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AN INVESTIGATION OF ELECTRIC AND MAGNETIC FIELDS AND OPERATOR
EXPOSURE PRODUCED BY VDTs: NIOSH VDT EPIDEMIOLOGY STUDY

“Summary
This' report addresses the subject of electric and magnetic field
emissions of video display terminals (VDIs), both radiofrequency (RF) amd
extremely-low frequency (ELF), at AT&T and Bellsouth telephone operator
facilities. The study represents one camponent of a larger study of
possible reproductive effects in VDT operators being conducted by the
National Institute for Occupaticnal Safety amnd Health (NIOSH). The
purpose of this sthudy was to assess the strength of the electric amd
magnetic fields produced by the different types of displays to which
participants in the NIOSH study could have been exposed, Because of the
study design used in the epidemiology investigation, the exposure
evaluation included a stidy of the fields associated with VDIs amd two
other forms of displays which do not use cathode-ray-tube technology#™,
these two non-VDT types of displays represent the equipment used by the
cantrol population in the NIOSH study. The non-VDT displays were
designated as either NGT (nixie glow tube) or LED (light emitting diode)”
and the VDTs were designated as CCT or IBM, after the names of their
mamifacturers (Camputer Consoles, Inc. and Intermational Business
Machines).

-~ -A study of 96 displays, selected at random, and located in nine
cities, was conducted during April 23 through May 6, 1590. The
camprehensive survey included measurements of very-low-frequency (VLF) RF
electric and magnetic field emissions asscciated with the horizantal
deflection circuits of the VDTs, at a distance of 30 centimeters {cm) fram
all accessible surfaces of each VDT. In addition, measurements of the ELF
electric and magnetic fields produced by the vertical deflection circuits -
associated with the vertical refresh of the screen display were measured

at a distance of 30 cnm. 'Ihedeflectionfrequenciswerealsomamred.\
The amount of electrical current induced in the body by exposure to VDT ™,
electric field emissions was determined and contrasted with those currents .

_—f -



NIOSH VDT Electric and Magnetic Fields - page 2

normally induced in irdividuals by exposure to envirommental levels of
radio broadcast station signals. For campleteness, measurements of the
waveforms of the electric amd magnetic fields were made for ccmparlson
with recommended limits used in Sweden for the time-rate-of-chamge of
magnetic fields. Each display selected for the study was also scammed for
the presence of low—-eneryy x-ray emissions.

Instrumentation used in the project consisted of commercially
available instruments designed specifically for VDT type field
measurements marufactured by Holaday Industries, Inc. " Separate
instruments, the Model HI-3600-01 and Model HI-3600-02, were used to
measure the electric and magnetic fields in the VILF arnd ELF barndds
respectively. Prior to the field stidy, each instrument was subjected to
a thorough evaluation relative to its calibration accuracy and all data
collected in the study were appropriately corrected for individual

It was found that the two different types of VDIs produced essentially
the same horizontal deflection frequerncy, the CCI units with a nominal
frequency of 15 kiz and the IBM units nominally 16 kHz. Vertical
deflection frequencies were dcbserved to be naminally 45 Hz for the OCI
displays and 60-Hz for the IBM units. The results of the study showed
that VLF electric and magnetic field strengths at 30 cm fram the VDT
screens fell predominantly in the range of 1.3-8.5 volts per meter (V/m)
arxd 4.0-161 milliamperes per meter (mA/m) respectively. A single value of
47 V/m was the one cutlier compared to the rest of the VIF electric field
measurements. Measurement of field strengths in the VIF range for the NGT
and IED displays were significantly less, electric fields beimng about
0.12-1.2 V/m and magnetic fields in the range of 1.3-1.7 mA/m at 30 cm
from the displays. The strength of the fields decreases extremely rapidly
with increasing distance from the VDT screen. Hence, exposure of
individuals using VDIs is strorgly related to how far they sit away from
the VDT. Clearly, VDT exposure to RF emissions can became more a function



NIOSH VDT Electric and Magnetic Fields - page 3

of the manner in which the VDT is used by the operator, in particular the
distance that the operator sits fram the display, than of the emission
characteristics of the unit.

A survey of the ELF electric and magnetic fields found that the field
strengths were generally in the range of 0.61-6.4 V/m and 71-571 mA/m at
30 an in front of the screens of the VDIs.

Electric fields produced by VDTS can be strongly perturbed by the
presence of cbjects near the VDT, including the operator. The degree to
which the operator’s body can influence the local strength of the electric
field was examined in coperators positioned at each of the 96 displays
showing that facial exposure is typically greater than that which the rest
of the body receives. Because of the camplicated manner in which the
human body couples with the electric and magnetic fields produced by the
VDT as a source, a more fundamental dosimetric parameter, for quantifying
exposure, may be the curent which is imduced in the body by the very
nommiform exposure fields. A sthidy of induced currents in all 96
cperators found that, in terms of the magnitude of the currents, an
individual’s exposure to ambient levels of AM radio broadcast station
signals generally results in significantly greater induced currents;
hence, in this sense, VDTs represent a relatively minor contribution to
everyday exposure. ’

The magnetic field waveform data indicated that the time-rate-of-
change of the magnetic field, represented mathematically by the expressicn
dB/dt, for locations 50 cm in fromt of the screen of the VDTS evaluated,
ranged from 0.22 to 37.6 millitesla per second; the largest values were
associated with the horizantal deflection system in the VDTs.

Examination of the measured electric and magnetic field strength
values abtained in this study shows that in no instance do either of the
two fields, determined at the position of the operator, exceed any of the
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standards for public exposure to RF fields fram any country in the world,
including applicable quidelines in the United States. In addition, the
values of dB/dt at a point 50 cm in front of the screen, corresponding to
the distance specified by a recent recammendation in Sweden, were, with
two exceptiaons, less than that value presently used by the Swedes as a
procurement specification for importing VDTs in Sweden. Based on the
findings of this study, it is concluded that typical personnel exposures
to VDT, NGT or LED electric or magnetic field emissions in the telephone
- offices investigated are relatively low, within the range of other
exposure data on VDTS reported by other researchers, and are substantially
less than any electric and magnetic field exposure limits developed for
radiation protection purposes by organizations within the United States
and many other countries.

On a comarative basis, the non-VDT type displays are distinctly
different in terms of operator exposure levels when campared to the two
types of VDTs used by cperators in this stidy for VLF fields; the NGT ard
1ED displays, not possessing intermal magnetic field deflection systems,
simply do not produce VIF fields above instrumentation background levels.
For ELF fields, such a distinction is less clear. For example, the LED
displays produced cperator ELF magnetic field exposures which were similar
to the values fourd for operators of both the CCI and IBM VDTs, however,
the NGT ELF magnetic fields were significantly less than those prcduced'
by either of the VDIs. When taken as a whole, operators of nom-VDT
displays (NGTs + LEDs) would have, an average, been exposed to lower ELF
magnetic fields than their counterpart operators at VDT units. For ELF
electric fields, the NGT displays produced operator exposure values less
than those for the CCI units but similar to those fouxd for the IBM VITs.
It is concluded that, for the most part, the EILF electric fields appear to
be principally a function of the roam electrical enviroment, prabably
being more representative of electrical wiring systems used in the
building than of any peculiar characteristic of the display. The ELF
electric fields found for the CCI VDTS as a group appear, however, to be
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demonstrably above those values found for the rest of the displays,
including the IBMs. : _

Background

Video display terminals (VDIs) are faud throughout the work
ervirorment. VDIs have becane so mmerous that same organizations simply
no longer know how many they own. With the increased use of VDIs, there
has been an increase in a mmber of health and safety issues associated
with VDIs. Electric and magnetic field emissions produced by VDTs have
driven concerns over their possible role, among other factors, in adverse
health effects. Since 1980, for example, approximately a dozen newspaper
reports of miscarriage clusters amorg VDT coperators have been described.
These anecdotal reports have progpted a mmber of scientific
investigations by scientists in the United States, Canada, Sweden, Norway,
Finland and Dermmark (see Apperdix A for a listing of same of these
reports). Most of these studies, however, have been unsuccessful in
arriving at any consistent findings suggesting that use of VDIs during
pregnancy is an unsafe practice. A recent study (Goldhaber, et al., 1988)
has suggested an elevated risk of miscarriage for working wamen who
reported using VDTs for more that 20 hours per week during the first
trimester of pregnancy campared to other working wamen who reported not
using VDIs. These authors, however, fourd no significantly elevated risk
for birth defects among women using VDTs. The stdy included o
determinations of actual exposure to VDT electric or magnetic field levels
ad the authors suggest that the findings might be due to umeasured
factors confourded with high VDT use such as poor ergonamic conditions or
jab-related stress.

The presemt study of electric and magnetic fields produced by VDTs was
deemed an important aspect to the NIOSH epidemiological stidy, addressing
the question of exposure not treated in most of the existing stidies.
These data can be used in developing a framework for evaluating the
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possible significance of electric and magnetic fields as they may relate
to amy potemtial health effects in the operators of VDTS and interpreting
the epidemiological data resulting from the NICSH study. The study
reported here was aimed at accurately detemmining the strength of the
electric and magnetic fields (emissions) of VDIs used by the work
population in the NIOSH study and examining these emissions in terms of
actual operator exposures so that such exposures can be put in the context
of cother exposures typically experienced in everyday life.

For purposes of the study, a total of 96 displays were used for
examining electric and magnetic fields. The NIOSH epidemiological study
identified two populations of workers; those who used conventional VDTs
and a control population consisting of individuals using either of two
alternative forms of data displays, either nixie glow tube (NGT) type
displays or light emitting diode (LED) displays. Neither the NGT or LED
displays, as used during the time frame of the NIOSH epidemiological
study, employed CRT technology which can produce stray electric and
magnetic fields due to their principal of cperation. One primary puzposer
of this study was to characterize the differences in electric amd maénetic
field aspects of the displays used by both groups of workers in the NIOSH
study. Of the total of 96 displays chosen for evaluation by NICSH, 48
~were of the conventional CRT design and 48 were divided equally between
the NGT (24) and LED (24) types.

Study Objectives:

This study had several abjectives, including the following:

(1) For a randam sample of 96 displays, measurement of the VLF RF
electric and magnetic field strengths at a fixed distance from the

closest accessible surface of the display for W to six sides (front, top,
bottam, left side, right side and rear);
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(2) For the same sample of displays, measurement of the ELF electric
and magnetic field strengths at a fixed distance fram the closest
accessible surface of the display for up to six sides (front, top,
bottam, left side, right side and rear), just the same as for the VIF RF
fields; ‘

(3) Gharacterization of the variation of the strength of the electric
ard magnetic fields, both VILF and EIF, as a function of distance for
samples of the types of displays involved in the study;

(4) For each of the displays evaluated in the study, an assessment of
the strength of the VLF and ELF electric fields actually impinging an the
body surface of a display operator and the strength of the VLF and ELF
magnetic fields at the locatian of the operator’s body;

(5) Measurement of the flyback (or sweep) frequency associated with
the emissions of the horizamtal and vertical deflection systems for each

VDT evaluated;

(6) For each display studied, measurement of the magnitude of the RF

_ amrrent which is induced in the body of an cperator by the electric fields

produced by the display;

(7) Measurement of the waveforms of the electric and magnetic fields
produced by the varicus types of VDTS in the study and determination of
the time-rate—of-change of the magnetic field since this parameter has
been discussed as a possible parameter of interest in characterizing
electric and magnetic field exposure caused by VDTs.

(8) For each display, a search for possible x-ray emissions by
conducting a surface scan of the display with a high sensitivity, large
area X-ray sensor device.
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Facility Descriptions and Sample Selection

Displays selected for inclusion in the exposure assessment study
included both non—CRT type display technology, represented by the NGT and
LED displays, ard conventional CRT type VDTs. For purposes of this study,
NIOSH designated two ATS&T telephone offices and a total of eight Bellsouth
offices, in the eastern part of the United States as the sites for field
measurements. The non—CRT type displays were evenly distribuated between
offices in Cincinnati, Ohio and Bloomington, Indiana, there being 24 in
each office. The VDIs were divided into groups of six each in eight
offices in seven cities including Nashville, Temnessee; Forest FPark,
Georgia; Macon, Georgia; Jacksonville, Florida; lake City, Florida;
Marrero, Louisiana; Bogalusa, Iouisiana.

The concentratian of NGT and ILED units in just two offices was based
on operational constraints of gaining access to a sufficient mmber of
displays without significant disruption to the telephone system.
Historically, the control pop.llétim in the NIOSH epidemiological study
used either the NGT or LED types of displays alone; more recently,
subsequent to the periocd for which the NIOSH study was concerned, the NGT
and IED types of displays were retrofitted with conventional VDIs as a
part of the workstation envirarment. This is in contrast to the equipment
configuration which existed during the time the NIOSH study examined
possible health effects. Consequerttly, to facilitate meaningful
measurement of the electric and magnetic fields to which operators would
have been exposed during the time of the stidy, special- arrangements had
to be made to deactivate the VDIs now fourd in conjunctiaon with the NGT
ard IED displays. This arrangement, of turning off the associated VDIs
during the measurement process for characterizing the emissions amd
exposure caused solely by the NGT amd IED displays, necessitated
concentration of this aspect of the measurements at the two locations
chosen. Western Electric was the mamifactirer of the NGT and IED type
displays evaluated.
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Of the conventional VDIs used by participants in the NIGSH
epidemiolagical study, those provided by two marufacturers were evaluated,
namely IBM (International Business Machines) and OCI (Computer Consoles
Incorporated). The IEM VDTs consisted of the Model 4978 while the CCI
units were the Model 4500 and essentially identical Model 4501 and Model
4502, The following table summarizes the mumber and distribution of the
displays evaluated in this study.

Summary of VDTs Selected for Mea‘surement in NIOSH Study

Display Type Number of Units Office Iocation
NGT 24 Cincinnati
1ED 24 Bloamington
IBM 4978 6 Forest Park
IBM 4978 6 Macon
IBM 4978 6 Jacksonville
IBM 4978 6 Lake City
CCI 4501 12 Nashville (two offices)
OCT 4500 6 . Marrero
OCTI 4502 = 6 Bogalusa
Total 96

The displays chosen for evaluatic_n were selected on a randam basis.
In practice, a floor plan of the office was cobtained framn the room
supervisor which showed the location of each workstation by station
mmber. A random number table was examined to determine which units were
to be selected for subsequent measurements. For exanple, for most of the
offices, a total of six VDIs were randamly selected from the larger
populatiaon of VDTs present in the office.

Each VDT selected for measurement was assigned a unique identification
tag to identify it for measurements. At the time of measurements, the
marufacturer and model were recorded for each unit as well as whether the
VDT was equipped with a glare filter. In practice, once the specific
displays were selected for subsequent measurements, individuals who might
be using a selected display were assigned another unit to work at to free
up the selected unit for the measwrement.  Area supervisors were
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especially helpful in these reassigmments during the course of the project
and in acquiring telephone operators to volunteer for participation in the
exposure measurement process when this aspect of the protocol was
accamplished. '

The following sections of this report provide an overview of VDTs amd
how electric and magnetic emissions are produced, a description of the
measurement approach that was used in collecting the data, a discussion of
the various types of instrumentation that were used including their
calibration, the actual measurement results abtained and a discussion of
the results with comparisons between the measured emission and operator
exposure levels and various exposure/emission standards. In addition, the
induced body currents measured are contrasted with ambient RF fields
caused by other ordinary sources, such as broadcast station signals, that
also induce RF currents in the body. Estimates of induced current
densities and the rate of energy absorption that might exist in an
operator of the VDTs are presented, based on thecretical considerations of
the measured electric and magnetic field strengths.

VDT Electric and Magnetic Field Emissions
General Description

Video display terminals (VDTs) and television receivérs are quite
similar in certain respects. Both are used to display information; the
VDT displaying information received from a ocamputer system, word
processing system, or cther digital information system and the television
receiver displaying video information transmitted from television
broadcast stations. In conjunction with a keyboard, the VIT serves as the
main interface between the ocperator amd a word processor, camputer, etc.
Television receivers are sametimes used in lieu of VDIs with hame camputer
systems.
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Principles of Operation

VDTs and television receivers use the same basic principles of
operation. Both contain a large evacuated glass tube called a cathode-ray
tube (CRT), or picture tube in the case of television receivers. The CRT
contains a source of electrons (the cathode) at ane erd and a fluorescent
coating on the inside of the viewing screen. Electruns released from the
cathode are accelerated by a high voltage (typically in the range of 10 to
25 kilovolts) amd are projected onto the flucrescent material of the
screen which then emits visible light when it is struck by the fast-moving
electrons. The CRT also includes various electrodes for focusing the
electron beam and for scanning the beam acress the fluorescent screen.
Electronic circuitry in the VDT modulates the electron beam to produce the
interzdedhmgasontheécreen.ﬂmeimagesseenmﬂaescreenare
actually the result of tiny areas of the phosphors, called pixels, being
struck in a controlled manner. Thus each character on the screen is made
up of many individual pixels being "turned on and off" by the scanning
electron beam. The circuitry leads to the production of electric amd
magnetic fields (emissions). There are four basic aspects to the
electrical ernviromment of VDT emissions: (1) ELF modulated dc (direct
current) fields; (2} ELF fields (typically in the range of 45-75 Hz
assocciated with the vertical deflection system):; (3) VIF RF fields
associated with the horizontal deflection systems; (4) higher frequency,
broadband RF fields caused by the digital electronic circuits which are
assocliated with character generation (Roy, et. al, 1983).

ELF Modulated DC Fields

To accelerate the electron beam toward the screen, a high DC voltage
is used. The high wvoltage is produced by pulsing a transformer (the
flyback transformer) which has a high turms ratio and is often derived
fram the line deflection circuitry, though in same cases it may have a
higher frequency depending on the character display system. The drive
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pulse is a square wave which produces a high voltage secondary pulse that
is rich in harmonic content. The ac camponents of this dc current pulse
flow to ground via the capacitance of the CRT formed by the screen and the
resistive coating on the autside of the CRT. This small capacitance
provides the filtering necessary for a relatively smooth high-voltage
accelerating potential. The field, nevertheless, possesses an ELF
modulation camponent originating from the pulsating oautput of the flyback
transformer/rectifier assembly. Roy et. al (1983} have reported that one
method of reducing the ac component of the dc field is to place an RC
(resistance-capacitance) series shunt filter between the high wvoltage
transformer ocutput and the CRT. They fourd that such a filter could, in
scme VDTs, reduce the ac camponent of the dc field by as much as 50 dB (a
factor of over 300 times).

The modulated dc field is produced by the charge on the face of the
CRT and is largely confined to the front of the unit. This field is
highly variable, being affected by humidity, capacitance between the CRT
and external abjects and touching the CRT (Harvey, 1984a). Several
investigators have measured the strength of this dc field and fourd values
ranging fram a few hunxdred volts per meter (V/m} to as high as 45
kilovolts per meter (kV/m) at the surface of the body of an operator, ard
depending on the proximity of the operator to the VDT, closer distances
resulting in higher measured incident dc fields  (Olsen, 1981: Harvey,
1984b; Nylen et. al, 1984; Bracken et al., 1985). Special treatments of
the CRT screen exterior surface to make it conductive can greatly reduce

the strength of the dc field camponent.
ELF Fields

 Extremely-low-frequency (ELF) magnetic fields are caused primarily by
the aorent flowing in the vertical deflection co0il and are nearly
symnetrical around the coil. ELF electric fields are produced by the same
mechanismthat.producasﬂzedcfield; the charge an the VDT screen which
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produces the dc field is actually not constant but builds up and decays by
a small amount each time the display is scanned by the electron beam.
This occurs at a naminal 60-Hz rate (the typical fregquency range of the
vertical deflection circuit is 45 to 75 Hz) although harmonics may exist
up to several kilchertz (kHz) (Harvey, 1983a). Measurements of the ELF
emissions ard harmonics in Canada fourd magnetic field strengths of 100 to
200 mA/m at a position 30 am in front of the VDT (Canada, 1983). Harvey
(1984b) reported measured EIF electric field strengths of between 5 and 60
V/m in an investigation of 5 VDIs. These relatively low values are in the
range of cther cammonly encountered 60—-Hz appliances found in the hame ard

office envirorment.

The vertical deflection circuit operates on the principal that the
force exerted on a moving electron is at right amgles to both the
direction of the electron’s motion and the applied magnetic field (known
as the Lorentz force in fundamental physics terms). To induce a vertical
camponent to the electron’s original direction, the magnetic field must
possess a horizontal polarization. Thus, the vertical deflection coils in
VDTs and television receivers, tend to generate magnetic fields which are
strongly horizontally polarized near the front of the screen. This aspect
is important when characterizing the magnetic fields of VDIs; the
measurement technique used in assessing the strength of magnetic field
emissions abtained in this project incorporated this polarization
characteristic. '

Horizontal Deflection System Fields

The principal RF component of VIT emissions is caused by the so-called
flyback circuitry which is responsible for a rapidly changing current
which flows in the horizontal deflection coils of the VDT and causes the
electron beam to be rapidly swept to the left side of the screen, ready
for ancther trace across the screen. Figure 1 depicts the normal electron
beam scamming across the screen of a VDI. The beam is repetitively
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scanmned across the screen through the use of a saw-tooth shaped curent
waveform flowing in the deflection coils of the VDT. The fact that the
electron beam moves down the screen fram trace to trace is a function of
the vertical deflection circuit discussed above which uses a similar, but
mich lower frequency, saw-tooth current waveform. Figure 2 illustrates
the basic camponents within a VDT which lead to the production of the
electric and magnetic field emissians near the VDI. The rate at which the
electron beam is scanned, the flyback frequency, is dependent on the
particular design of the VIT but typically falls in the range of 15 to 31
kHz. For television receivers, the flyback frequency is approximately
15.75 kHz. This particular flyback frequency is based on regulations by
the Federal Camumnications Camission (FCC) such that there is
standardization within the United States relative to decoding video
programuing information transmitted by tele\{isim broadcast statians.

Due to the relatively sharp saw-tooth-like waveform of the current
flowing in the horizental deflection coils of the CRT, the flyback circuit
is rich in harmonic production and any instnment intended for accurate
assessment of RF exposure fields produced by VDTs must be capable of true
ms (:mt—mean—squé;:e) measurement. Figure 3 illustrates the typical
saw-tooth-like waveform of the magnetic field produced by the horizomtal
deflection cirauitry current. The strong harmonic content of this type of
non-simusoidal waveform leads to the production of magnetic fields across
a range of frequencies thereby necessitating the need for a relatively
broadband frequency respanse in an instrument used to assess the strength
of such fields. Approximately 95 percent of the total energy of the
flyback circuit emissions is contained within the first five or six
harmonics (Roy et al., 1983).

VLF RF magnetic fields near VDTs are alsoc produced by the flyback
transformer which is used to step up the voltage pulses that are
eventually applied, after rectification (conversian fram ac to dc), to the
CRT to accelerate the electron beam. Qurrents flowing within the wirdings
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of the primary and secordary of the flyback transformer produce magnetic
fields, tending to lead to a distortion in the symmetry of the field
distribution about the VDT. The magnetic field strength at any given
point near a VDT is the resultant of the magnetic fields pruduced by both
the flyback transformer and the deflection coils. Nonetheless, while the
flyback transformer can be a potent source of magnetic fields very near to
it, the fields found in front of a VDT are generally driven predaminantly
by the current in the horizamtal deflection coils. Because of the
contribution of magnetic fields by the flyback transformer, a survey of
the magnetic field strengths about a VDT would be expected to reveal
differences in the magnitude of the field, depending on the location of
the sensor relative to the location of the flyback transformer.

In a manner similar in action to that of the vertical deflection
coils, the horizomtal deflection coils rely on the Lorentz force to impart
a horizontal shift in the direction of the electron beam so that the beam
travels across the screen from left to right amd back again. To
accomplish this, a magnetic field that is vertically polarized is
generated by the horizantal deflectian coils inside the CRT. The stray
fields which can be detected cutside the VDT possess a strong vertical
polarization characteristic to them, especially in front of the screen.

RF fields caused by the deflection circuitry can produce electric
fields at normal operator positions of typically a few volts per meter up
to same tens of volts per meter ard magnetic fields in the range of a few
milliamperes per meter up to several hundred milliamperes per meter
(Harvey, 1983b; Guy, 1987a; Boivin, 1986; Joyner et al., 1984; Marha and
Charron, 15983). Electric fields are produced by the high voltage lead
from the flyback transformer to the CRI' and the associated intermal
campanents of the CRT to which the high voltage is caomnected. High
potentials on these components, which are varying in amplitude (voltage)
quickly in time, give rise to the altermating electric fields near a VIT.
The instrumentation selected for use in this project was designed
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specifically for measurement of the RF fields associated with the beam
deflection systems in VDTs and television receivers. '

Broadband RF Fields

An electronic clock within the VDT which typically operates in the
frequency range of 1 to 20 MHz is the source of most of the radiated RF
signals fram the digital electronics sub-section (Roy et al., 1983).
Conventional shielding techniques are the usual method for eliminating or
reducing such emissions. Petersen et al. (1980) and Weiss and Petersen
(1979) evaluated RF emissions from a mmber of VDTS and found that RF
electric field strengths, measured at a distance of 1.5 meters from the
frent of the VDT, for those emissions not associated with the flyback
circuit, were well below 1 V/m ms, typically less than 0.01 V/m. For
VDIs attached to perscnal camuters, the camputer system unit, not the
VDT, is often the more significant source of these broadband, higher
frequency RF fields.

Electric and Magnetic Field Lines

The high-voltage circuitry and deflection coils in a VDT produce
electric and magnetic fields which each have their own individual
character. Figures 4 and 5 illustrate how the VLF RF electric amd
magnetic field lines are typically directed near a VIIT. 'mere are
significant differences in the pertirbation effect caused by the presence
of the cperator relative to electric and magnetic fields. Because of
capacitive coupling between the operator and ground, the operator tends to
bring the existing ground potential physically up nearer the VDT and
emerging electric field lines terminate on the operator. Thus the
electric field component of maximm strength will be that which is normal
to the surface of the exposed body; camponents of electric field parallel
to the bady’s surface are shorted ot and vanish because of the relatively
highly canductive nature of the body tissues. Consequently, measurements
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of operator exposure to electric fields must take into account this
polarization characteristic of the surface electric fields to obtain
accurate results. In this way a measure of the maximm electric field
strength can be cbtained. An associated aspect of the canductive nature
of the body tissues is that, relative to extermal electric fields, like
those produced near a VDT, the internal fields within the body are greatly
reduced in strength.

‘ Because of the perturbing effect of the operator’s body an the
electric field close to the VDT, it is apparent that the evaluation of
electric field emissions will be very dependent on proximity of the
operator and/or cther nearby objects. An example of how the electric
field lines issuing forth frum a VDT are perturbed by the proximity of
grounded potential surfaces is given in Figure 6. In this case, a glare
filter designed for reducing the visual problems of glare on VDT screens
and that has a conductive property, such as a conductive coating for
reducing dust build-up due ‘to the accumilation of static charge, .is
attached to the screen of a VIT and the filter is grounded with a wire
running to the chassis of the terminal or camputer. Because the glare
filter is at a relatively low electrical potential with respect to the

| high-voltage circuitry of the VDT, the electric field lines tend to

terminate on the grounded filter rather than the operator, reducing the
operator’s exposure to electric fields.

In Figure 5 it is seen that the magnetic field lines emerging fram the
VIT are not perturbed in their orientation with respect to the operator’s
body; this happens because the body is non-magnetic in nmature. Thus, in
measuring the VIF magnetic field (that generated by the horizomtal
deflection system) in fromt of a VDT, usually the maximm value is
associated with vertically polarized lines of flux and the magnetic field
sensihgprobe, normally a loop of same type, must be oriemted in such a
manner that a maximmm mumber of these magnetic field lines pass through
the aperture of the loop.
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A related issue is that while the body is non-magnetic, and hence dees
not perturb the distribution of the magnetic field, the magnetic fields
will induce caurrents, called eddy currents, which ciraculate around the
periphery of the body cross—section which is in a plane normal to the
magnetic field lines. This is based on the fact that a magnetic field,
which changes in time, induces a current in a conductive material.

Since the electron beam must also be deflected vertically so that it
covers the entire surface of the screen during the scanning process, a
magnetic field which is directed horizontally is produced by the vertical
deflection coils. The horizontal magnetic field produces a vertical force
on the electron beam, moving it fram top to bottam of the screen. Because
the electron beam makes many horizontal scans across the screen before it
mist be swept back to the top of the screen, the vertical deflection
(vertical refresh) frequency is much lower than the horizantal deflectian
frequerncy. The different direction of the magnetic field produced by the
vertical deflection circuit requires that the magnetic field sensor be
oriemted at 90 degrees to the direction for maximm field of the
horizontal deflection system. Such an orientation was used for the
measurements of the ELF magnetic fields.

Distinguishing Between VDT Emissions and Operator Exposure

Because of the perturbing influence of the VDT operator on measured
electric field strength values near VDIs, it is important to distinguish
between assessments of <¢perator exposure and Dbasic emission
characteristics of VDIs. Relative to electric fields, these two
properties are not the same.

Characterizing VDT Emissions

For the NIOSH proje&t, one abjective was to establish the general
emission levels of the VDIs for camparison with other VDT emission data.
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Such measurements, when conducted for mmerous VDIs, can be used to
determine unusual operating characteristics of particular VDIs within a
group. To collect this type of data, it is helpful to minimize
wmecessary, extranecus envirormental factors. In this way electric field
measurements abtained an the VDIs will be as reproducible as possible and
can be campared to electric field data collected frum other similar VDIs
with a maximm of consistency.

Emission characterizations were, therefore, performed without the
operator present. Although the literature comtains mmerous methods by
which emission data have been cbtained, the principal difference lies in
the locations about the VDT at which measurements are performed. An
exploration of the surfaces of a typical VDT will reveal areas of
particularly intense fields, but these areas are usually on the sides or
top of the VDT and are not directly applicable to frontal area exposure
where the operator would be positioned. ' Because of this, a nearly
universal measurement location positioned at a point 30 am directly in
front of the VDT screen has been most commonly used and has been
recamended in emissjion characterizations by the Food amd Dy
Administration (FDA, 1984).

Measurement distances of 50 cm and 1 m have also been used. A value
of 30 am actually represents a quite close distance when campared to the
viewing distance used by many, but certainly not all, VDT operators. In
fact, a minimm viewing distance closer to 36 cm has been recommended
(Diffrient et al., 1981). Nevertheless, because the value of 30 cm has

.been so often reported in the literature, measurements reported here were

cbtained at 30 om.

VDT emission data reported in the literature show that in many
instances a fixed screen condition has been used to pramte more
repeatable measurements. For example, a cammonly reported method involves
filling the screen with a single character such as an E or M or H and
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adjusting the brightness and contrast comtrols to their maximm position.
In contrast to these precautions, it has also been reported that these
measures often seem to have very little, if any, impact on the resulting
measured values of electric and magnetic field stremgth (Roy et al.,
1983). Nevertheless, because of peculiarities of same VDTS, a check of
the effect of varying the brightness and contrast controls may be
instructive, Roy et al. (1983) suggest that CRT performance, which
decreases with age, and the type of video generating system used are two
possible factors responsible for this phencmenaon.

On the more practical side of conducting a large scale survey,
however, is the fact that irdividual adjustmerits for every VDT can
substantially interrupt the flow of work in an office and cause a
significant increase in the amount of time required to accamplish the
survey. In many cases, depending on the functions .of the office, such a
disruption of work can represent a major impact, for example, in the
telephone operator work enviroment where workloads are very precisely
monitored. While the field strengths of emissions can vary according to
the contrast amd brightness adjustments, these variable effects can be
evaluatad statistically in the sense that the variabilities are contained
within the normal variance of the fields from a large group of VDIs.
Also, performing emission measurements with the preferred settings
established by the cperator probably reflects a more realistic assessment
of the fields (emissions) for that operator than using scame predefined set
of adjustments. For the study reported here, VIT emissions were measured
without any adjustment to the control settings established by the
operator; i.e., measurements were performed on the VDIs as they were fourd
at the operator’s work-station. In one case, a brief evaluation of the
effect of the degree of the screen being filled with characters, as
opposed to being blank, on measured fields was conducted during the
routine measurements in Nashville.
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Characterizing Operator Exposure

Measuring operator exposure to VDT electric field emissions requires
that the measuring instrumentation be supported with a non-conductive
holding device. This is to reduce the influence of the surveyor an the
measure of fields incident on the VDT operator. The strergth of the
electric field actually incident on the operator is a function of the
anatomical area of the body and the geametry of the operator’s body with
respect to the VDT and other aobjects in the roam.  Generally, the
unperturbed field where the operator is normally located will be less than
the field incident on the operator. Also the field strength will vary
strorgly with distance away from the body. For these reasons, the most
accurate measure of operator exposure is obtained when the measuring
instrument sensor is placed in direct contact with the operator’s body but
while being held with a nomrconductive holder by the individual performing
the survey. '

When assessing operator exposure levels, it is sametimes difficult to
cbtaintherequiredmeasmre:tsinplybecauseﬂnh‘stﬁment’sreadart
may be hidden from view because it is so clese to the VDT operator. This
problem was handled during the NICSH measurements through the use of a
remote fiber optic receiver device, permitting the measuring instrument to
be read at a distance. 1In this case, the VDT cperator holds the detection
instrument directly against their body and the measured electric field
value is read remotely by the surveyor via the fiber optic link. This
method of determining VDT operator electric field exposure is superior in
that it minimizes the influence of the surveyor on the measurement
process. Also when the operator performs this self-measurement, the
instrument may be held directly without the non~conductive holder since
the electric field lines are already terminating on the operator’s body.
The use of the remote fiber optic receiver proved to be especially useful
during the emission measurements as well. Its use allowed for much
greater convenience in performing the measures of electric field,
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especially beneath the displays, when the sensor had to be held with the
normal readout of the instrument facing away fram the location that the
user was standing; i.e., the sensor could be oriented in any fashion
necessary for the measurement and the instrument reading easily determined
by cbserving the readout of the remote receiver typically held in the
other hard of the user.

Induced Body Current

Another aspect of assessing VDT exposure irvolves the imteraction of
the electric field with the cperator’s body such that a very small RF
current is imduced to flow between the body and any grounded surface or
cbject. The fact that electric fields induce currents in the body has
been stidied at length by various researchers (Tell et al., 1979; Deno,
1977; Guy and Chou, 1982, Hill, 1985). Figure 7 illustrates how the
magnitude of RF current which is induced by external electric fields
varies as function of frequency. As can be seen, the induced current is
directly proportional to frequency; for a oonstant electric field
strength, if the frequency is doubled, then the -induced aurent is
doubled.

The utility in examining induced aurrents caused by VDTs stems fram
two points of view. First, induced current may be a better dosimetric
measure of exposwre than external field strength; different persons
sitting at a VDT can exhibit large differences in the surface electric
field strength because of body size, shape and the resulting degree of
shielding afforded by the body and its configuration relative to a given
VDT. Secord, by determining the induced current, one can compare these
alrrentstothosewrrentscausedbycmerexwummerrtalswrces.sudu
caparisons may be helpful in developing a perspective on relative risk
represented by electric and magnetic field emissions of VDTs. The
frequency range relevant to VDIs is imdicated on Figure 7. Using
established relations between externmal electric fields and induced
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currents for uniform exposure conditions, ane can campute the required
field that would induce the same current as measured in a VDT operator.

Practical constraints on measuring induced currents in the body limit
this assessment to those currents flowing through the body to groud.
Such currents are those induced principally by the electric fields which
caple to the body. Conventicnally, measurements can be conducted by
contacting the body at various poimts, such as the ankle or wrist, with
cne probe of the current measuring instrument and a ground point with the
other probe. | |

Magnetic fields which couple to the body induce electric fields which
in turn cause eddy currents about the periphery of the body, being a
maximm at the outer edges of the body (Tell et al., 1979). The
measurement of these "circulating" currents is limited by the inmability to
prcobe the body with appropriate devices. However, the induction of such
currents does lend itself to amalytical evaluation. Guy (1984) has
considered induced cGurrents in an ellipsoidal model of the body where it
was assumed that the electric and magnetic fields were polarized in such a
way as to couple in an optimum mamner with the body model, thereby
inducing the greatest current. Tell et al. (1979) and Durney et al.
(1986) illustrated the body orientation with respect to the incident
fields which would result in maximm induced currents in the body.
Although the polarization of the fields typical of exposure to VDI's is
not necessarily that which would result in maximm induced currents, such
an assumption was made out of conservatism in Guy’s worst case analysis
(Guy, 1984). Guy also assumed, for purposes of the analysis, that the
electric and magnetic fields were uniform over the entire body dimension;
this also is far from the actual case for VDT fields since the fields are
extremely nommiform. Thus the analysis will over predict the magnitude
of the induced currents. For the case of a flyback freguency of 16.7 kHz,
Guy found that the induced awrrent due to the electric field would be 2.74
microamperes/(V/m rms) with a resulting intermal amnrent density in the
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center (midsection) of the body of 5.12 x 10% micrcamperes/cm®. This
current is that curent one would expect to measure between the body and
ground, assuming that the model was a good approximation of the real body.
To obtain the total induced body current to ground caused by a uniform
electric field, the electric field strength in wvolts per meter is
miltiplied by the factor 2.74 gA/(V/m). As an example, if the body were
uniformly illuminated with an electric field of 4 V/m, then the induced
body current to ground would be 11.0 pA. This analysis makes the
assumption that the harmonic content, relative spectral amplitude, is
similar to that of a VDT. "

In the case of magnetic field exposure, Guy (Guy, 1984) determined
that the internal current density at the periphery of the body, arcaud the
midsection, would be 1.68 gA/cm® for a uniform field of 1 A/m. The current
~ density scales directly with the incident magnetic field strength. For
example, if a uniform magnetic field of 0.2 A/m was exposing the body
having a frequency of 16.7 kHz, the expected current density in the torso
of the body would be 0.34 gA/cm®. For a more realistic approximation of
exposure, camparable to that of an operator sitting or standing in front
of a VDT, the expected induced auxrrent density would be closer to 0.16
uA/cm®. The analysis indicates that a magnetic field of 1 A/m will
generateasubstantiallygmaterﬁtenalmrrertdensitjinﬂmeto:so
than that due to a 1 V/m electric field.

In reality, of course, the exposure fields are far from uniform; only
avezylimitedportimofthebodyisacb.:allyexposedtotbemaxim.ﬁn
field strength. Hence, the above predicted currents and current densities
are considerably greater than what would actually occur. Guy (1984), for
example, measured only 70 per cent of the crrent predicted by this very
canservative model. A key aspect of the above analysis, however, is that
it permits the camparison of exposure of an individual to the emissions of
a VDT with that from other sources for which the electric and/or magnetic
field strengths are known or can be estimated. One approach for drawing
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carparisons is to evaluate the body to ground current determined for VIT
exposures in terms of an equivalent, uniform electric field exposure which
would result in the same induced current in the body. In this fashion,
the very nomuniform field exposure of the bady can be related to the
samewhat more uniform exposures cammonly experienced fram other sources
such as AM radio broadcast signals. ‘ '

Actual body current measurements on humans exposed to uniform electric
fields have been reported by Tell el al. (1979), Guy and Chou (1982) and
Deno (1977) indicating that, for standing adults, the approximate body to
ground current is given by the simple relationship:

I__(4A) = 0.3fE (1)

where f is the freguency in kilchertz arnd E is the electric field strength
in volts per meter. This empirically developed relation seems to
accurately predict actual body currents from as low as 60-Hz to the
meqahertz frequency range. Thus, at VDT frequencies, this relation would
result in the following currents for different flyback frequencies:

Flyback Frequency (kHz) ) Body Qurrent Ewpression
15

4.5E
20 - 6.0E
25 ) 7.5E
31 9.3E

In these expressions, the factor E is the incident electric field strength
in ms volts per meter.

Takemcto et al. (1988) have also investigated the interaction of VDT
field emissions with a more scphisticated model of the body composed of a

 series of 14 prolate spheroids, each representing a different part of the

body. In this analysis, measurement data on electric and magnetic fields
were abtained fram a VDT ard used as input to the theoretical model. In
this case, field nouniformity was taken into accaunt. While the results
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were limited to a relatively small portion of the anatcamy in the torso,
induced current densities can be derived from their data. The camputed
internal fields were used to campute expected tissue cwrrent densities; an
average current density of 8.5 x 107 pA/cr® was determined. This value
is related to the measured exposure fields which had maximm values of
0.067 V/m and 13.8 mA/m for electric and magnetic field strengths
respectively. These data suggest that current densities resulting fram
VDT exposures are relatively weak.

Measurement Approach Used in Study
VLF Fields at 30 cm

For each of the selected displays, measurements of the VLF RF electric
and magnetic fields associated with the horizontal deflection system of
VDTs were accamplished at a fixed distance of 30 ¢m directly in front of
the screen ard at 30 cm from the sides, top and rear of each unit. In
many cases, the display was situated on a support platform and measurement
was made relative to that surface. The sensor was centered on each of the
surfaces measured. Electric field strengths were determined by measuring
the radial component of the field, i.e., the camponent of the electric
field directed radially outward fram the screen toward the position of an
operator. The measurement for this part of the stidy, however, was
performed with the VDT operator absent fram the VDT so that they did not
influence the measurement process. Figure 8 illustrates the orientation
of the field sensor as used for measuring the VIF electric fields aroud a
VIT; in each measurement, the plane of the electric field sensor was
oriented such that the maximm radial electric field camponent was aligned
for a maximm reading.

Asimilarpmcedurewasusedforthemeasmanentofthemmagnétic
field strength. The measurement was coducted at 30 cm fram each
accessible surface of the VDT by determining the magnitude of the
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vertically polarized magnetic field. Both electric and magnetic field
strengths were measured with the VDT contrast amd brightness controls set
at their normal position as found when the survey was performed. Figure 9
illustrates the orientation of the field sensor as used for measuring the
VLF magnetic fields aramnd a VDT; in this case, the plane of the magnetic
field sensing loop was aligned for maximm coupling of the emerging
vertically polarized magnetic field lines found in fronmt of the screen
with the apertwwre of the sensor. This same aligmment was used for all
accessible positions about the VDT as shown in Figure 9. While the
polarization of the VLF magnetic field at other locations besides the
front of the screen can exhibit differerces, generally, it was cbserved
that the greatest field strength was noted when the instrument was
oriented for horizontal polarization. In the interest of uniformity in
the data collection process and timeliness in campleting the measurements,
this single sensor orientation was used for all positions about the VDT
being investigated. '

ELF Magnetic Fields

A similar procedure was used to determine the magnetic field strength
associated with the vertical deflection system within the VDIs. Again,
the measurement was conpducted at 30 am in front of and fram the surfaces
of accessible sides of the VOT. Because of the difference in the
polarization of the ELF magnetic fields, the field sensor was oriented in
the way shown in Figure 10; it was in the indicated orientations that the
maximm ELF magnetic field strength was determined.

'ELF Electric Fields

The procedure used to determine the strength of the ELF electric
fields was essentially identical to that employed for assessing VIF
electric fields; i.e., a measurement of the radially directed field was
performed by orienting the field sensing paddle of the instrument normal
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to the VDT surfaces as illustrated in Figure 8. The only difference was
that the instrument was turned such that the front surface of the meter
was facing the VDT being evaluated. This was a peculiarity of the
instrumernt in that the opposite side of the sensor paddle is used for ELF
electric fields as opposed to the measurement of VIF electric fields.

Electric and Magnetic Fields vs. Distance

The variation of VIF and EIF electric and magnetic field strength with
distance in the range of 10-100 <m frum the front of the display screen
was determined for a total of ten displays. The measuring instrument was
held by a non—-conductive handle or support stand in front of each display
for determining the electric field strength. 1In this case, the instrument
was oriented so that the radial camponent of the electric field was
incident on the displacement type sensor employed in the instrument (see
the section on instrumentation for details of the instrumentation used in
the project). Field=distance variations were determined for one each of
the NGT and LED displays and for four each of the IEM and OCI VDTs (one in
each facility visited).

Flyback (Sweep) Frequ'encies

For each type of VDT surveyed, the flyback frequencies (the rate at
vhich the electron beam inside the CRT is scanned in the horizomtal ard
vertical dimensions) were measured. This was accomplished by using a
portable, digital multimeter (Fluke Model 8060A) with a frequency counter
function. The miltimeter was connected to the analog output jack of the
Holaday Industries Model HI-3600 field strength meter, configured for VIF
ard EIF fields, with the meter in the magnetic field measuring mode. By
holding the field strength meter near the VDT, sufficiemt signal level
from either the horizantal or vertical deflection circuits was abtained
for a frequency reading. |
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Measuring Operator Exposure

In addition to the large scale survey of VDIs for VIF and ELF electric
and magnetic field emission levels at 30 cm, measurements were conducted
of the actual electric field strengths incident an VDT operators as well
as the strength of the magnetic fields at the location of the body. This
was accamplished for the total of 96 displays evaluated in this project.
The measurements were performed by having the VDT operator hold the field
strength meter against their abdomen, chest and face while they were
seated in their normal operating position. In a limited mmber of LED
and NGT measurements conly, NICSH perscnnel were used for the exposure
measurements and asssumed the normally used position taken by the
telerhone operators. During the measurement procedure, the operater
participating in the measurements wore the associated headset that is
required for cammmnication on the phone system and the headset was plugged
into the workstation in its normal fashion. Measurements at three
anatamical locations were accmplislw& for campleteness in examining
potential inhomogeniety in the exposure of the body. A Holaday Industries
Model HI-3615 Fiber Optic Receiver was ocomnected to the M:del HI-3600
field strength meter to allow reading the meter at a distance. Figure 11
shows the position of the field strength meter for the measurement of
operator VILF electric field exposure at the chest in which case the
operator is holding the sensor. Figures 12 and 13 illustrate the self-
measurement of VIF electric and magnetic field exposure of the face; in
this case, a fiber optic remote receiver unit is used to remotely dbserve
the meter reading. While the operator participated directly in measuring
the VIF and ELF electric field exposures, most of the VIF and ELF magnetic
fields measurements were conducted as shown in Figure 14 where the
instrument was held by ane of the survey team. The raticnale behind the
face position measurement was to expleore differences in body surface
electric field strengths due to the shape of the body and its ability to
provide a shielding function in scme cases.
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Induced Body Currents

The amount of RF current imduced to flow in the body of the VDT
operator was determined for a total of 96 operators of VDTs and NGT or LED
displays in this study.: The technique used is applicable only to the
currents induced by the external electric field. Currents were measured
by applying a comductive wrist band to the arm of the cperator as
illustrated in Figure 15. The wrist band was comnected to ane input
terminal of a Fluke Mcdel 8060A digital multimeter, in microampere (ua)
measurement mode, while the other test lead was connected to the chassis
of the display (grourxd potential). In this fashion, the amount of current
flowing fram the body to ground could be directly read with the in-series
connected meter.: . This methad follows that of Guy (1987a) who examined the
waveforms of the induced currents and determined that the measured current
was principally due to the RF caponent of the electric fields via
capacitive coupling between the operator and the VDT electric field
source.

Since the magnitude of the induced current depernds on the degree of
coupling between the operator and the  electric field source, three
different hand positions were chosen for evaluation of the induced
currents. These positions consisted of the hands on the keyboard
associated with the particular display, placing the tip of a finger in
contact with the screen of the display as if the operator were pointing to
a particular word displayed on the screen and placing the hand flat
against the screen for a maximm contact area. Figure 16 shows an
cperator using the keyboard with the wristband attached for the induced
Qurent measurement while the induced aurrent is being measured with the
miltimeter. Figure 17 shows the measurement configuration with the
operator pointing to the screen. Figure 18 illustrates the measurement of
induced current with the hand in flat contact with the screen. The
keyboard measurement is more representative of typical induced cxrrent
values that are normally experienced by the VDT cperators using the
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equipment in the telephone operator’s work envirorment and thus are most
representative of long-term exposure.

A conventional conductive wristband, normally designed for reducing
static charge buildup on workers with solid-state camponents, was modified
by removing the current limiting resistor to permit accurate measurement
of the current flowing from the wrist to ground.

Electric and Magnetic Field Waveforms

An added aspect to this study was the measurement of the waveforms of
the electric and magnetic fields produced by the varicus VDIs in the
various telephone operator facilities. X Careful examination of the
electric and magnetic field waveforms permits determining the rate at
which the field strength is changing. In the case of the magnetic field,
this aspect of the waveform may be of same significance relative to the
- ability of the field to induce currents in the body of the operator.
Qurrents induced by magnetic fields circulate in the cross section of the
tissue via eddy curents and are directly proportional to the time-rate—of-
change (the derivative} of the field denoted mathematically by the
expression dB/dt. The greater the rate of change of the field, the
greater the magnitude of the induced current, assuming the peak magnitude
of the field remains the same. This issue has played a significant role
in the recommendation of placing limits on the rate of dmarge of magnetic
fields by the Swedes (MFR, 1988) as well as a precise measurement methed
for determining the rate of change (MPR, 1987). For the horizontal
deflection system in a VDT, during the relatively slowly changing magnetic
field strength related to the time that the electron beam travels across
the screen from left to right, one value of induced current will exist;
during the very rapid retrace of the beam back to the left side of the
screen, during a few microsecards, a cansiderably greater value of induced
cuwrrent will exist. See Figure 3 which illustrates the slower trace
pericd campared to the rapid retrace (flyback) period. It is the retrace
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period, ard the corresponding rate of change of the field during this
time, which controls the maximm peak currents that will be induced in the
body by the magnetic field rather than the root-mean-square (rms)
magnitude of the field. This is a crucial caoncept since magnetic field
waveforms having the same mms value but different rise and fall times can
induce substantially different peak currents.

Extremely limited data exist to suggest that any particular values of
dB/dt may be relevant to the production of biological effects, either in
laboratory test animals or humans. Nevertheless, for purposes of
procurement of office equipment for govermment offices, the Swedes have
implemented a procurement specification which, among cther factors, places
a limit on the time-rate—of-change of the magnetic fields emitted by
VDT’s. This specification calls for a maximm value of dB/dt < 25 mI/sec
measured at a distance of 50 cu fram the VDT but is not scientifically
based; the specification was derived, rather, from extensive measurements
performed on different models of VDI's, produced by a variety of
manufacturers, and cobserving the distribution of VDI's having varicus
values of dB/dt associated with the entire population of VDI's studied
(SSI, 1986). For example, Paulsscn et al. (1984) found in a study of 44
VDI’s that the time-rate-of-charge of magnetic field ranged fram a low of
7 mT/sec to a high of 170 mfI/sec. On the basis of this ard other stidies,
it was concluded that a peak-to-peak value of magnetic field equal to 200
nanotesla or 160 mA/m peak-to-peak and a time-rate—of-change of the
magnetic field of 50 mlysecornd could be relatively easily achieved with
present day technology when designing or modifying existing VDT/s. When
adopted as a procurement specification, a limit of 25 ml/s was chosen.
So, this procurement specification must be viewed more as a statement of
technologically achievable, or desirable, levels of magnetic fields rather
than a level associated with scientific information related to adverse
health effects. Waveform data were collected for the VDIs used in the
NICSH stidy so that a comparison could be made with the Swedish suggested
limit on dB/dt.



NIOSH VDT Electric and Magnetic Fields - page 33
X-Radiation Emissions

Any device capable of accelerating electrons to an energy level of
several thousand electron volts can be a source of x-radiation. VDTs and
television receivers operate with high voltages typically in the range of
12 to 25 kilovolts (kV) to accelerate the electron beam toward the screen.
Normally, x-ray production in VDIs and television receivers is of
incansequential effect: the thickness and absorbing properties of the so—
called face plate of the CRT attermates any possible x-ray emissions to
udetectable levels. In the 1960’s, considerable attention was focused on
x-ray leakage in same television receivers due principally to defects in
the manufacture of certain high-voltage power supply canponents (Braestrup
and Mooney, 1959; Callender ard White, 1961; Ciuciura, 1959; Bourne, 1959;
Hayashi et al., 1964). The potential for x-ray production from television
receivers, though now not a real problem, led to the development by the
Food and Drug Administration (FDA) of a performance standard for x-ray
emissions (FDA, 1973). This standard specifies that exposure rates
produced by a television receiver shall not exceed 0.5 millirocentgens per
hour (mR/hr) at a distance of 5 cm from any point on the external surface
of the receiver.

X-radiation emission varies expanentially with distance from the
source; hence, the intensity of x-rays, like RF emissions, decreases
rapidly with increasing distance. Sets exhibiting detectable x-ray
intensities equal to the FDA stamdard on the surface would result in
lower exposure levels at normal operator positions. While the FDA
starndards apply to television receivers, video monitors amd video
projectors, they do not apply specifically to VITs per se. However, same
VDT manufacturers use the 0.5 mR/hr specification in their quality control
programs during mamufacture. Discussions with FDA persannel indicated
that, conceptually, any type of "video display" could be covered by the
standard; this would then, presumably, apply to any type of VDT used for
graphics display purposes. -
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Each of the 96 displays surveyed in this project were evaluated for
possible x-ray emissions using a procedure outlined by the FDA (FDA,
1984). The technique involved the surface scanning of each VDT using a
large area, high sensitivity x-ray detector. This instrument, designed
after a prototype device developed at the FDA and called the Stams meter
after the individual who develcped it, was designed to measure x-rays from
color television recejvers but is an excellent instrument for rapidly
determining whether a VDT has any x-ray leakage. The instrument is not
absolutely calibrated, but is used as a screening tool to simply determine
if the x-ray emissions of a set are above background levels. In practice,
the background readings of the instrument were taken at several locations
throughout the VDT work area at least eight feet away from any VDT ard
then the instrument was moved across all accessible surfaces of each VIT.
The instrnment meter was abserved for any upscale reading above the
ambient background during the scanning process which would indicate the
possibility of x-ray leakage. Typically the screen surface, left and
right sides, top, rear and bottom of each display, if accessible, were
scanned with the Stams meter. Figure 19 shows the use of the Stams meter
as used in performirng a general surface scan of a VDT. While the Stoms
meters usad in this study were constructed by personnel of the FDA, a
cammercial version of the instrument is available from Wm. B. Johnson &
Asscciates (Research Park, Boonton Avermue, Montville, NI 07045) and is
designated as the Model TVX-1 monitor. -

In the event that an upscale reading was cbserved from a surface scan,
ancther instrument, a Victoreen Model 440RF/C, was available to be used
for quantitatively evaluating the possible x-ray emissions of the VDI.
The Model 440RF/C is designed specifically for the measurement of x-
radiation fram television receivers in conformance with the FDA standard
(FD&, 1973) but is samewhat less sensitive than the Stoams meter. The
Model 440RF/C has a very slow time respanse and requires a substantial
amourtt of time to camplete a thorough surface scan of a VDT. Hemnce, the
two instrument approach was selected for use in this study.
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Instrumentation Used in the Study
Electric and Magnetic Fields

The HI-3600-01 VDT Radiation Survey Meter, used for the VIF field
related measurements in this project, is designed specifically to measure
electric and magnetic field emissions produced by VDTs, camputer monitors,
television receivers and other devices using (RT‘s for information or data
display. The HI-3600-01 VDT Radiation Survey Meter has been designed to
permit rapid and accurate measurement of the electric and magnetic fields
generated by VDIs -and is presently the instrument of choice for such
surveys.

The HI-3600-01 VDT Radiation Survey Meter consists of a sensor module
which is mated to a readout module that comtrols the instrument and
provides for indication of the measured field parameters via a liquid
crystal display (ICD). Microprocessor technology is incorporated in the
HI-3600 (the meter module) to provide for autamatic range changing (marual
range changing may be selected) and autamatic zeroing of the instrument.

For the measurement of ELF fields, a model HI-3602 ELF input module
was used in conjunction with another Mcdel HI-3600 readout module.

Although the input modules are interchangeable, using two separate

instruments proved more time-efficient than having to charnge the imput
modules for measurement of VIF or ELF fields. During the data collection
phase of this project a total of four -instruments were used, two
configured for VIF field measurements and two for ELF measurements. The
ELF configured meter is designated as the Model HI-3600-02.

The unique nature of the VDT as a source of electric amd magnetic
fields demands that rather innovative approaches be taken to accurately
assess the magnitude of the emissions (see the above section on VIOT
electric and magnetic field emissians for more explanation of the
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characteristics of VDTs). Building an the pioneering contributions of S.
M. Harvey at the Research Division of Ontaric Rydro (Canada) (Harvey,
1982; 1983a; 1983b; 1984a; 1984b; 1985), the HI-3600 VDT Radiation Survey
Meter incorporates technology described in a report developed by A.W. Guy,
Director of the Bioelectrumagnetics Research laboratory, Center for
Bioengineering, at the University of Washington for the National
Institute for Occupational Safety and Health (NIOSH). This report (Guy,
1987a), describes the basic concepts upon which the Holaday HI-3600 was
developed. ' '

The HI-3600-01 is a single axis (responsive to one polarization
camponent at a time) field-strength meter designed to be respansive to the
caplex (non-siruscidal) electric and magnetic fields generated by VDIs
over a broad frequency range. It directly displays the root-mean-square
(rms) value of the electric and magnetic field strengths on a ICD screen.
Figure 20 shows the HI-3600-01 with its paddle-like sensor.

Electric fields are measured through the employment of a so—called
displacement current sensor as illustrated in Figure 21. A displacement
current sensor operates an the principle that two parallel conductive
flat-plate electrcdes, when electrically comnected together, will exhibit
a displacement current which flows between the two plates when immersed in
an electric field. This can be visualized by remembering that the
electric field between two such plates mist be 2zerv when they are
connected together; i.e., because they are at the same potential there can
be no electric field between them (an electric field exists when the
potential on the two electrodes is different). Ancther way of viewing
this phenamenon is to urderstand that when immersed in an electric field,
the external field causes a redistribution of electric charge on the two
electrodes and this redistribution of charge is in reality just a flow of
current, a displacement current, between the two plates.
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The HI-3600-01 and HI-3600-02 use this principle to detect electric
fields by measuring the displacement current caused by the ambient field
between two closely spaced circular disks. By placing such a detector in
a known electric field, the displacement current can be related directly
to the magnitude of the field causing it, permitting its calibration. A
circular sensing plate swrroanded by a "guard ring" is used in the
instrument sensors and the displacement current developed between this
smaller diameter disk anxd a closely spaced eight inch ciraular disk
electrode is sensed ard converted to equivalemnt electric field strength.
Because the larger electrode is used as a reference in the measurement
process, for accurate measurements of electric fields, the sensor must be
oriented in such a way that incident field lines which strike the smaller
disk are aligned perpendicular to the disk’s surface.

It is important to realize, however, that when the user holds the HI-
3600, there is generally an enhancement in the density of electric field
lines striking the sensor plate and thus the reading will be in error
relative to a free—field measurement. To reduce this user perturbation
effect (the instrument appears to be more sensitive because the bady tends
to cause an intensification of the electric field distribution near it),

‘the HI-3600 should be held with a nonmconductive holder so as to avoid

direct electrical connhection between the user and the instrument. An
opticnal nonconductive support hardle (Holaday Industries PN 490945) was
used in the project which provides for the required degree of decoupling
between the user’s body ard the instrument. '

VLF magnetic fields are measured through the use of a three-turn loop
waaand about the periphery of the circular electric field sensing
electrodes. This loop is shielded from electrostatic fields, insuring
that its respanse is due solely to the magnetic field. Open circuit loops
are frequency sensitive devices which provide an outpat that is
proportional to the time rate of change of the magnetic field fluxing
through the aperture of the loop. In contrast to this, in the case of the
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 HI-3600-01 design, the loop sensor has been resistively loaded to produce
a relatively flat response over the frequency range of interest for VDT
emissions and an output that is proportional to the magnitude of the
magnetic field. Figure 22 depicts the frequency response of a compensated
(loaded) loop sensor showing a frequency region over which the response is
essentially flat. Thus, the HI-3600~01 is capable of accurately measuring
the strength of magnetic fields fram all kinds of VDIs, regardless of

their frequency of cperation.

The Model HI-3600-02 uses a similar loop sensor kut one having
approximately 2000 tirns of wire. Again, the loop is carpensated to
control its frequency response producing a relatively flat response over
the frequency region of interest. The Model HI-3600-02 was originally
designed for electric transmission line applications but proves to be an
excellent device for determining the EIF emissions produced by the
vertical deflection systems of VDTs. !

Measurements of the magnetic field strength are considerably less
difficult since the presence of the human body does not perturb the
magnetic field. In this case, the instrument is generally held so that
the sensor paddle is in an crientation which yields the maximm reading on
the ICD screen. For most VITs, including the ones evaluated in this
project, this will be in a horizontal position with the paddle facing
upward with the center of the paddle located at a distance of 30 am fram'
the front of the VDT screen for the VIF magnetic field component and in a
vertical orientation for sensing the EIF magnetic field camponemnt (see
Figures 9 and 10 which illustrate these orientations). Because the body
does not influence the magnetic field, the user may, if desired, directly
hold the HI-3600 for these measurements.

Care should be taken in positioning the sensor for both electric and
magnetic field measurements because the spatial variation in both fields
near the VDT surface is very rapid. Because of the finite size of the
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sensing loop, magnetic field wmeasurements will be representative of
averages of the field strergth over the area of the sensing loops. As the
distance between the probe and the screen is decreased, greater error will
exist in the indicated value of magnetic field strength. This spatial
averaging error diminishes rapidly with distance fram the VDT since the
field rapidly becames more uniform.

Because the electric and magnetic field gradients are so great near
the VDT, significant error may ocaur if extra care is not exercised when
attempting repeated measurements at a specific location. This is apparent
when holding the instrument without a tripod or supporting device very
nearthescreenarﬂattenptmgtoobtamacomtantreadugof field
strength To enhance the repeatability of field measurements near the
VDT's evaluated in this project, a special nonconductive stand (Holaday
Industries PN 490957) which provides electrical isolation for the meter
was used in determining the variation of electric and magnetic field
strengths with distance. Orientation of the instrument on the
mnconducf_i.vé starnd for measurement of the VIF magnetic fields produced by
aVDrisshMinFigureza. In the case of fixed distance measurements
at 30 cm from accessible surfaces of the VDIs, a foam rubber spacing
device (PN 470443) was used as a spacer to insure an exact 30 am spacing.
Use of this device is illustrated in Figures 24 and 25 for the measurement
of electric amd magnetic fields respectively. Table 1 gives
specifications for the Holiday Industries Model HI-3600-01 VDT meter and
Table 2 gives the specifications for the Model HI-3600-02 ELF field meter
which was used for the measurement of the EIF electric and magnetic fields
produced by the vertical deflection system.

Field Waveforms
For the measurement of field waveforns, use was made of the analog

output jack an both the HI-3600-01 and HI-3600—-02. This jack provides an
analeg signal which is produced by the electric or magnetic field waveform
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prior to detection by the instrument. The output signal represents the
instantanecus field strength of the field and can be adbserved on an
oscillescope. During the survey, measurements were made of the waveforms
of both the electric and magnetic fields associated with both the
horizontal and vertical deflection circuits. The approvach used in the
measurements consisted of using a digital oscilloscope (Tektronix Model
2230) comnected to the analog output signal of the appropriate meter to
capture the waveform. A laptop camputer (Toshiba Model T-1000) was used
to transfer the waveform data from the oscilloscope via the RS-232 serial
interface between the computer and the oscilloscope. A conventional
telecamminications software package was used to serd instructions to the
digital oscilloscope. The waveforms were transferred to a floppy disk in
the camuter for subsequent analysis and plotting. The measurement setup
shown in Figure 30 was used for capturing the waveforms of magnetic and
electric fields.

For recording the magnetic field waveforms, the above approach proved
straightforward. For electric field waveforms, however, the electrical
connection required between the analog output jack of the field meter and
the digital oscilloscope modified the electric field response of the
instrument, tending to increase the readings. This is because the
instrument is no longer isolated electrically from the envirarment as it
normally is when held via the dielectric handle with no other connections
to the instrumentation. With the attaciment of the oscilloscope, the
displacement current sensor of the instrument becames referenced to a much
larger grownd plane and hence, the sensor appears electrically larger amd
thus more sensitive than otherwise., To campensate for this unaveoidable
perturbation, the electric field waveform amplitide data were corrected by
multiplying by the ratic of the free—space measured electric field when
the oscilloscope was not comnected to the meter to the indicated value
while the cable was attached. Although such an approach is not precise,
it yields values of the measured electric field waveform amplitudes which
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are approximately correct despite the undesired impact of changing the
meter’s response characteristic through the electrical connection process.

Calibration

Instrument accuracy was derived fram a field calibration using a ane
meter diameter pair of Helmholtz coils for establishing an accurately
known magnetic field strength and a pair of parallel electric field plates
for creating a known electric field strength. In the case of the
Helmholtz coils, a precisely controlled and measured simusoidal current is
driven through the coils ard, based on the dimensions of the coils, the
magnetic field strength in milliamperes per meter (mA/m) is calculated
(Tell, 1983). Figure 26 diagrammatically illustrates the use of a
Helmholtz coil system for establishing a known magnetic field strength ard
Figure 27 shows the actual Helmholtz coil pair used to evaluate the
response of the variocus instruments used in this project. Spatial
variation of the magnetic field within the principal volume used for
calibration in the Helmholtz coil system was determined to be less than
about three percent. '

For electric fields, a simusoidal wvoltage impressed across the
parallel plates is directly measured and, using the spacing between the
plates, the electric field strength in volts per meter (V/m) is determined
as the voltage difference divided by the spacing (Mantiply, 1984). Figure
28 shows the use of the parallel plates, spacad 50 cm apart for these
calibrations, for calibrating the electric field respanse of the HI-3600-
01 and HI-3600-02. In each case, both auorents and voltages in the
calibration set-ups are determined with a true mms detector responsive
over the frequency range of calibration desired. '

The HI-3600-01 and HI-3600-02 imdicate magnetic field strength in
units of milliamperes per meter (mA/m). Other alternative units are
scmetimes referred to in conmnection with magnetic field measurements,
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these being gauss (G) and tesla (T), or same derivative thereof. Magnetic
field strength may be converted to different units through the following
relations:

1me = 0.1 4T = 79.6 m/m (2]
1 mT = 796,000 mA/m (3]

1a/m=1.256 uT (4]

- The HI-3600 also provides for monitoring the waveform of the signal
coming from the sensor preamplifier cirauit in the input medule.
Connection of an oscilloscope to the cutput jack for the analog- signal
will allow abservation of the preamplifier output. It is through the use
of this signal that the flyback frequency ard waveforms of electric and
magnetic fields were measured. Figure 29 shows the HI-3600-01 beiny used
with a portable digital multimeter having a freguency counting feature to
determine the horizontal flyback frequency.

Each instrument used in the project was subjected to a calibration
duedcbyneaéurh‘gﬂ:ei:ﬂicztedrespaaseofﬂaemetertoappliedelectric
ard magnetic fields of known magnitude across the frequency ramge of
interest for the study. In addition, the value of the analog output
signal was determined in relation to the strength of the field to which
the instrument was subjected. This analog cutput calibration then insured
accurate measurements of the field waveform magnitudes in that wvoltages
measured on the digital oscilloscope used in the project could be directly
related to the instantaneous field strength of the field.

Applied fields for the calibration were produced by a B&K Precision
Model 3020 sweep/function generator used to drive the Helmholtz coils or
the parallel electric field plates. For the measwrement of cwmrrent
flowing in the magnetic field coils, the signal froam the function
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generator was passed through a resistor having a resistance of 50.8% ams.
A Fluke Model 8060A true rms multimeter was used to measure the voltage
drop occurring across the resistor fram which the carrent flowing in it
was calculated using Om’s Iaw. In the case of the electric field plates,
the voltage impressed across the plates was directly measured with the
digital miltimeter.

In total, a cambination of six instnmentation configurations for
measuring electric and magnetic fields was used during the project. Table
3 sumarizes the varicus instruments used and their serial mumbers. Each
configuration was evaluated for its response. The results of these
evaluations are given for a selection of the J.nstnmerrt confiqurations in
Figures 31 through 35 which illustrate the measured freguency responses.
Based on the data obtained fram the calibration phase, correction factors
were derived to be used with each instrument configuration in correcting
the data obtained during the measurement phase of the project. The
correction factor is that mmber which when multiplied by the indicated
meter reading yields the correct field strength value. Correction factor
data are sumarized in Table 4 for the instrument configurations used in
the stidy; the VLF band corrections are for a freguency of 15 kHz since
this corresponds closely to the measured VIF flyback frequencies. For the
EIF band, correction factors are given for 45 Hz and 60-Hz, these
correspording to the measured sweep frequencies of the vertical deflection
systems in the two types of VDIs characterized in the study. As the data
were collected, the exact instrument being used for the measurement was
recorded to permit proper correctian of the data. In each instance, the
measured field strengths for each display were corrected for instrument
response according to the data in Table 4. Approximately 3856 field
strength measurements were accmpiislwd not including the waveform
measurements.
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Measurement Results
VLF and ELF Electric and Magnetic Field Emission Results

The survey results are provided in Apperdix B which 1lists the
measurement results for each display evaluated in the project. Appendix B
indicates the flyback frequency associated with the horizontal amd
vertical deflection systems if the display was a VOT. This information is
noted as VIF Sweep and ELF Sweep and is given in units of kilchertz and
hertz respectively. It was faud that the two types of VDTS had
essentially the same horizontal deflection frequencies, the CCI displays
operating at naminally 15 kHz while the IEM units operated at nominally 16
KHz. The vertical refresh frequencies for the two types were different,
the CCI operating at nominally 45-Hz and the IBM at 60-Hz. Appendix B
shows the measured electric and magnetic VILF and ELF field strengths for
points 30 an from each accessible surface.

For corvenience in viewing the data, summary tables have been prepared
which give the geametric mean values for the electric and magnetic field
strengths at 30 cm for each type of VDT along with the gecmetric standard
deviation of the measured values to indicate the nature of the variability
of the data. It was determined that most of the emissions and operator
exposure data were not normally distributed; for this reason, these
statistical summary tables, Tables 5-8, present the geametric mean (a
measure of central tendency) and the geametric standard deviation (a
measure of the variance) for all the emission and exposure data contained
in Appendix B for the NGT, LED, OCI and IBM displays respectively. Lower
ard upper limits, which define the rarge within which 68 percent of the
values lie, can be cbtained as follows:

lower limit = Geametric Mean + Geametric Standard Deviation
Upper limit = Geametric Mean x Geametric Standard Deviation

it
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The values indicated in these tables have been adjusted to the
appropriate mmber of significant figures based on the the dbservations
cbtained in the measurement process. Inspection of Tables 5-8 indicates
that the measured mean VLF electric field strengths determined at 30 am in
front of the displays ranged fram a low of (.08 V/m for the IED displays
to a high of 4.2 V/m for the CCI units. A single outlier value of 47 V/m
was fourd for cne of the IBM VDIs. The corresparding VIF magnetic field
strengths ranged fram an average of 1.4 mA/m to 99 mA/m for the NGT and

CCI units: respectively.

The measured mean ELF electric field strengths rarged frum a low
of 0.38 V/m to a high of 1.9 V/m at 30 an in front of the screen for the
IED and CCI units. Average ELF magnetic field strengths were determined
to range from 30 mA/m to 314 mA/m at 30 cm in front of the screen for the

Inspection of Tables 5-8 provides a perspective on the spatial
distribution of the electric and magnetic emissions about the VDTs sampled
in this project. In a general sense, the data indicate that the VIF
electric field was, for the most part, maximm in front of the screen
campared to the sides, top, rear or bottam. In the case of the NGT and
IED displays, however, position did not seem to be consistently related to
the strongest field strength. For the VLF magnetic fields, again the NGT
and IED units showed no one position which was characteristically high but
in the case of the VDTs, the frontal value of field was strongest but did
not demonstrate as great a difference in field value when campared to
other positions as did the VIF electric field. One possible explanation
for this abservation is that the material from which the case of the VDT
is made has less impact on the magnetic field than on the electric field.
For example, with an all metal case the electric field tends to be
significantly reduced in strength at locations other than in front of the
screen. A metal case will have much less effect in shielding the magnetic
field camponent. Tables 5-8 indicate that for the VDTs, the VLF emissions
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~were strongest in front of the display. But the EIF data show a less
consistent pattern; sametimes the strongest fields were to the side or
back of the unit. During the swrvey measurements, the materials used in
the construction of the VDT cases was not determined.

Effects of Screen Condition on Measured Fields

While conducting measurements at the downtown Nashville location, a
brief evaluation of the potential effects of the degree that the screen
was filled with characters might have on the measured field strengths was
accompl ished. In this test, the CCI VDT was placed in the so-calleqd
maintenance mode which established a screen substantially filled with
characters. 'This mode could be toggled on ard off thereby alternately
producing a clear (blank) screen. The field sensors were established at a
distance of 50 am fram the VDT screen and produced the following results:

Field Measured Screen Blank Screen Filled
ELF E-field 1.23 : 1.21

ELF H-field 146 137

VLF E-field 0.92 0.93

VLF H-field 44.1 43.9

These results suggest that ‘the there is little difference in measured
fields as a furction of the extent to which the screen is filled with
characters.

Emission Levels vs. Distance Results

The strength of the RF emissions caused by VDIs is critically
dependent on the distance fram the VDT. This variation with distance was
stuidied with ten displays (8 VDIs, ane NGT and ane LED) to provide scome
perspective an the issue of exposure levels that exist at close anxd far
distances. These data are presented for the EIF and VLF magnetic fields
and EIF ard VIF electric fields of the OCI displays in Figures 36 through
39. Similar plots for the spatial variation of the ELF and VLF fields for
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the IBM displays measured are given in Figures 40 through 43. In each
instance, the general tremd is that the field strength decreases rapidly
with increasing distance from the screen of the VDT. A deviation from
this trend, seen in Fiqures 38, 40 and 42 for the ELF electric field, is
likely due to the contribution of ambient 60-Hz electric fields within the
roam.

~ Each figure illustrates the rapid decrease in field strengths for both
the electric and magnetic fields as the distance fram the screen is
increased. As can be seen from these plots, the field strengths fall
exponentially with distance. An analysis of the data from which these
figures were developed for the CCI VDIs shows that for a doubling of the
distance between the screen surface and the position of the field sensor,
foréreasclosesttothesc:reen (within the range of 10 to 40 am), the VIF
electric field strength typically decreases by a factor of 3.0-6.1 times
the field strength at the closer distance. The VIF magnetic field
strength decreases by a factor of between 2.9 and 4.8 for a similar
doubling of distance. For ELF electric fields the corresponding
reduction values for a doubling of distance are, for the CCI VDTs, 2.0 to
3.6; the reduction values for ELF magnetic fields range frum 2.5 to 5.4.

A similar analysis of the data for the IBM units shows the following
field reduction factors for a doubling of distance:

+

Field Reduction factor
VLF-E 3.3-7.1
VLF-H 1.9-7.2
ELF-E 2.8-6.7
ELF-H 1.5-5.1

Hence, exposure of individuals using VDTs is strongly related to how far
they sit away fram the VDT. Clearly, VDT exposure to the electric and
magnetic field emissions of conventicnal VDIs often becames more a
function of the manner in which the VDT is used by the operator than of
the emissian characteristics of the unit.
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Of particular interest is the presentation of the variation of VIF
magnetic field strength for the IBM VDT shown in Figure 41. These data
include four different IBM VDIs as identified in the figure but they
suggest that there are two substantially different populations of VDTs;
same producing significantly greater values of magnetic field than cthers,
all of the same model mumber. This was observed during the collection of
emission data at 30 cm ard was verified in the distance variation data
given here. Upon a brief investigation, it was determined that the actual
CRT chassis inside the cabinet was produced by two different
marmufacturers, Zenith and Motorola. For two VDIs so investigated,
specifically stations 1004 and 1006 at Forest Park, Georgia, it was fourd
that the Zenith CRT assembly produced the lesser of the magnetic fields,
typically by a factor of about 15 times. Figure 41 shows a somewhat
greater difference between the stations investigated for that figure.
While it cannot be proved from these limited data, there is strong reason
to believe that the IBM VDTs consisted of units of both CRT assemblies and
that one could predict with good confidence the type of assembly in the
VDT from the measured VLF magnetic field strength at 30 cm.

Figures 44 and 45 show the measured spatial variation of electric and
magnetic fields respectively for the NGT displays. These plots of the
field strergth suggest that the displays are not significant sources of
ELF fields since the field shows no characteristic decrease with
increasing distance. Similar plots of the electric and magnetic field
variation for the LED displays, in Figures 46 and 47, alsc support the
intuitive view that these units would not be expected to exhibit
significant VIF fields since they do not possess magnetic deflection
system like those in conventional VDIs. These data are more suggestive
that the measured fields were representative of the 60-Hz envircrment
within the roam where the measurements were taken. Normal 60-Hz fields
arise fram electrical wiring within the building and, to same extent,
possible outside sources such as overhead electric power distribution
lines in the vicinity.
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VDT Operator Electric and Magnetic Field Exposure Results

The influence of the operator on the spatial distrilution of the
electric field lines emitted by a VDT is illustrated in Figure 4. Data on
the body surface values of electric field strength were abtained for 96
different operators at randamly selected units. The results are
statistically summarized in Tables 5-8 and indicate that, for the sample
of operators used in the measurements, the strength of the VLF electric
field on the chest had a mean value of between 60 and 74 percent of the
value on the face for the IBM and CCI VDTs. For both VIF and ELF electric
fields, the mean field strength at the face was greater than the strength
at the chest. Mean values for the VLF electric field strength ramged
between 0.54 and 1.4 V/m at the face while the EIF field ranged between
0.78 ard 1.9 V/m. These data suggest that substantial distortion of the
local electric field strergth ocours due to the body shape, size amd
proximity of the operator to the VDT being evaluated.

Interestingly, the mean values of magnetic field strength were
greatest at the face with mean values for the VIF field ranging between
6.7 and 42 mA/m and mean values for the ELF field rarging between 76 and
82 mA/m. Physically, it would appear that the head of the cperator tends
to be samewhat closer to the VDT and tends to attract electric field lines
toward the face, thus decreasing the intensity of the electric field lines
terminating on the rest of the body. Alsc, the apparent closer distance
accaunts for the greater value of magnetic field at the face, the chest
and abdomen being farther from the source of magnetic fields.
Importantly, the operator exposure values are generally significantly less
than the values for electric and magnetic field emissions determined for
30 cn in front of the display: this dbservation supports the contention
that operator exposure levels are quite low.

Bposure data for the NGT and LED displays contrast sharply with that
fram the VDIs in that the field stremgth values, are generally
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substantially less. This is 1likely because the NGT and IED displays do
not cantain VIF field sources and any EIF emissions which may exist are at
or near the 60-Hz background level in the roams where the measurements
were conducted. One exception to this observation is that the EIF
magnetic field exposure levels associated with the IED displays were
approximately the same as for the OCT amd IBM VDTSs. ’

It should be noted that due to the measurement protocol used, any
potential influence that nearby, adjacent VDTs might exert on the operator
exposure would, in general, be taken into account. This is because, on
average, there were workstations in which adjacent VDIs were being used
during the time of the measurements.

Induced Body Current Results

Measurements of body currents induced by capacitive coupling between
the operator and the VDT are also summarized in Tables 5-8 for
measurements conducted on all 96 displays. Values of induced currents are
given for the cordition of the hands on the keyboard of the VDT, when
the operator pointed with a finger at a spot on the screen of the display
and with one hand placed flat against the screen of the VDT, maximizing
the capacitive coupling ard thus maximizing the induced current. For a .
total of 24 CCI VDTs, the average value of the maximm induced body current
was determined to be 88 microamperes (pmA) with the hand placed flat
against the screen surface ard 69 gA for the IEBM VDIs. These values
are consistent with the findings of Guy (1987b). With the hands on the
keyboard, a more typical situation for a VDT operator, the average induced
body current was only 4.1 pA and 0.38 A for the OCTI and IBM VDTS
respectively, substantially less than the screen contact measurement. For
the finger touchirg the screen, the induced axrrents were intermediate in
value, being 15 A for the OCI units and 6.6 for the IBM units. The
measured curents were found to be highly variable from operator to
cperator. A maximm induced axrrent of 424 A was measured with the hand
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on the screen for one operator while a minimm, with the hands on the
keybocard, of 0.02 iA was found for ancther.

Apperdix A and Tables 5-8 show that induced currents found for the NGT
and IED displays were extremely low with mean values between 0.008 and
0.014 pA, regardless of hamd position. This finding is indicative that
there are no high voltage sources within these displays camparable to the
high voltage supply contained in conventional VDTs.

The digital oscilloscope was used to verify the frequency of the
induced aurents measured with the digital maltimeter. The oscilloscope
was simply connected to the wrist bard such that the oscilloscopic display
was that of the voltage drop across the internal impedance of the scope.
The waveform was captured so that the period of the voltage waveform,
corresponding to the current waveform, could be determined. This is not a
highly precise way of determining the frequency of the current but was
sufficient for establishing that the current was related to the horizontal
deflection circuit produced fields. Figure 48 presents a representative
plot of the observed current waveform cbtained through this approach.
The periocd identified as T in the plot is related to the frequency through
the relation:

£f=uT - (5]

Each current waveform periocd was determined by analyzing the mumber of
digital data points stored within the digital oscilloscope correspanding
to the current spikes and miltiplying by the time interval between
successive data points. This process yielded the following results for
currents measured in various cities:
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City VDT _Type Period (us) Frequency (kHz)
Nashville cCI 58.0 17.241
Forest Park B 63.2 15.823
Macan I 63.0 15.873
Jacksonville IM 63.0 15.873
Iake City I 63.0 15.873
Marrerc o1 66.6 15.015
Bogalusa oI 68.5 - 14.598

These data confirm that the wrist cuorents measured were due to the
VLF electric field and not the EIF fields present. Because the induced
axrent waveform is directly related to the time-derivative of the
electric field (for example the waveform of Figure 54), it will possess a
bi-polar characteristic as seen in Fiqure 48 (see section on field
waveforms below). |

Field Waveform Measurement Results

Graphical representation of the measured electric and magnetic field
waveforms were developed from the digital oscilloscope data and are
presented for several different types of displays in Figures 49-68 for VLF
and EIF magnetic and electric fields. Each waveform is plotted as a
function of time, illustrating the peak-to-peak excursions of the
associated field strengths. Figures showing the magnetic field waveform
of the VDIs indicate the time-rate—of-charge (dB/dt) value which was
determined by analysis of the waveform. The dB/dt value is given in terms
of milliamperes per meter per microsecand normalized to one milliampere
per meter rms magnetic field strength. Thus, by knowing the rms magnetic
field strength as indicated on the measuring instrument, the correct value
of dB/dt can be deduced.

The indicated waveforms were abtained with the field sensor oriented
for the maximm indicated rms magnitude of the magnetic or electric field;
in this sense, the measurement technique differs with that specified in
the Swedish recammended measurement procedure in which three orthogonal
magnetic field loop sensors are to positioned at many specific distances
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ard directions froem the VDT urder test. This difference in measurement
apprcach will undoubtedly result in same difference in the resulting
values.

The analysis of the waveform data to cbtain dB/dt was accamplished by
examining the slope of the magnetic field between the minimm and maximm
values of the instantaneocus field. Specifically, the transition time
between points on the waveform corresponding to 20 percent above the
minimm point and 20 percent down from the maximm amplitude of the field
were used since in this central 60 percent of the transition, the slope is
the greatest. The abjective of this exercise was to find the greatest
value of dB/dt since magnetic field induced currents are proporticnal to
dB/dt.

As an example, Figure 49 shows the measured VIF magnetic field
waveform cbtained fram a CCT VDT in Nashville. The sharply rising part of
the waveform ocours during the rapid flyback of the electron beam to the
left side of the CRT screen. In this case, a value for dB/dt of 0.560
mA/m/us/ (mA/m rms) was determined. In this case, the waveform measurement
was made with the sensor positioned at 30 an fram the front of the screen
but in cother instances, the sensor was positioned at the surface of the
screen to investigate whether any significant differences might be
cbserved in the waveforms.

. The VIF electric field waveform for the same CCI VDT is shown in
Figure 50, illustrating the pulse like nature to the electric field due to
the flyback transformer action. The instantaneocus value of the electric
field strength can be determined by reading the vertical axis of the plot.
It is cbserved that the electric field changes polarity rapidly during its
pulse ard this leads to a bipolar character to the associated induced
currents.
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For camparison, the ELF magnetic field waveform is shown for the
above OCI VDT in Figure 51. In this case, the dB/dt value is
substantially less than with the VILF field, despite the much larger values
of magnetic field. This is due to the mich slower time associated with
the transition of the field to control the vertical sweep of the electron
beam on the screen of the VDT. In this figure, it can be seen that dB/dt
for the EIF magnetic field is more than 200 times smaller than the VLF
produced dB/&t.

Finally, Figure 52 shows the measured EIF electric field determined
for the OCI VIDT. This waveform is essentially similar to a 45 Hz
sine wave. 3

Similar waveform data are presented for IBM VDTs in Figures 53-55. Of
notable interest is the dB/dt value derived from Figure 55 which is for
the IBM VDT but which yields a substantially greater value of 3.99
mA/m/us/ (md/m  Ims). This is presumably a function of the unique
oscillatory nature of the magnetic field waveform. While this unit
produced the highest value of dB/dt of any of the VDIs evaluated, it also
produced among the weakest rms values of magnetic field in front of the
screen. Thus, the mms value of the field produced by the deflection
System of a VDT does not necessarily correlate with the rate at which the
field charges. From a magnetic field imduced Qurrent perspective, a unit
such as this ane could result in actually greater induced eddy currents
in the body of the operator than ancther unit exhibiting a much stronger
s value of field but with a lower dB/dt value.

Figure 56 is ancther waveform plot of the magnetic field for ancther
IBM VDT, apparently of the same design as the unit in Figure 55. Here the
value of dB/dt is somewhat less (2.75 mA/m/us/(mA/m rms)). But the same
waveform, when cbserved frum a distance of 30 cm, as seen in Figure 57,
has deteriorated substantially because of the rapid fall-off in field
strength with distance from the screen. In this case, the waveform was
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not solid enough to carry out the dB/dt analysis. The associated VIF
electric field waveform, shown in Figure 58, of the same VDT (station 1028
in Macon) is very similar to that of the other electric field waveforms
presented. Figures 59 and 60 show the measured waveforms of the EIF
magnetic and electric fields respectively.

Since the NGT and LED displays do not use magnetic field deflection in
their dperation, one would not expect to see the same type of waveforms
for these displays. Such is the case as seen in Figures 61-64. In fact,
the cutput of the sensors is so low ard the gain of the digital
oscilloscope was so high for these recordings that a residual signal,
apparently related to the circuitry of the EILF ard VIF meters, was
cbserved in the graphical results. For example, in Figure 64, internal
noise spikes appear, spaced in time corresponding to a freguency of about
7.5 Hz. Discussions with persormel at Holaday Industries suggested that
this ancmaly was probably due to the manner in which the instruments are
programmed to take readings; 7.5 Hz is the approximate cycling rate that
the amaleg to digital converter uses to update the readout. Presumably,
because of the circuit power demarnds, a noise signal can appear an the
analog output when cbserving for very low level fields near the intemal
noise level of the instrument.

Figures 65 through 68 camplete the views of waveforms for the 1ED
displays. These waveforms are very similar in character to those produced
by the NGT displays discussed above. With the gain on the oscilloscope
turned up, because of the very low field strengths indicated on the field
sensors, the internal noise spike is again visible in the recordings.

'Hmewavefomdataobtahedfranallofﬂaemeaé:ramrtscorﬂucted

during the field study have been summarized in Table 9. In this table

the value of dB/dt obtained by placing the sensor at the surface of the
screen is compared to the value with the sensor placed at 30 am in front
of the screen of the VDI. Table 9 reveals that, except for ane apparent
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discrepancy, the values of dB/dt, whether determined at the screen surface
or at 30 cm, are no greater than 20 percent different fram one another.
The actual percentage differences in the data ramged from 0 to 19.8,
barring the one exception associated with the IBM VDT in Macon for the ELF
field. These data support the proposition that, for practical purposes,
magnetic field waveforms for evaluating dB/dt can be cbtained by placing
the field sensor on the surface of the VDT screen. Generally, mich
cleaner waveforms can be cbtained by placing the sensor next to the screen
since the magnetic field is so mxh stroger at this point, thereby
reducing the potential of noise on the detected waveform cbserved from a
distance. Table 9 clearly illustrates that the greatest values for the
time-rate-of-change of the magnetic field are those associated with the
horizontal deflection system VLF fields.

For practical camparison of the dB/dt values to the Swedish
procurement specification, two transformations are necessary. First, the
values must be converted to equivalent units of millitesla per second
(mT/s) and secordly, they must be referenced to a distance of 50 cm from
the screen. dB/dt in units of mI/s can be obtained by multiplying dB/dt
in units of mA/m/is by the factor 1.256. Next, by evaluating the spatial
variation in the VLF magnetic field with distance, the rms field at 50 am
can be estimated by taking the appropriate ratios. For the VDIs listed in
Table 9, values for dB/dt in units of mI/s were derived for a distance of
50 cm using the larger of the two indicated values of dB/dt specified in
units of mA/m/is/(mA/m mms). Table 10 cartains the results and indicates
that in units of millitesla per second, values for dB/dt for VLF emissions
range fram a low of 9.03 mI/s to a high of 37.6 mI/s. For ELF emissions
the low ard high values were 0.25 ml/s and 1.8 ml/s.

X-Radiation Measurement Results

Although considerable time was experded in conducting the survey for
possible x-radiation leakage, none of the 96 displays evaluated were
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determined to produce detectable x-ray levels above the background of the
large area scanning Stoms meter, On one occasion, near the beginning of
the field measurement phase, cne Stams meter began to malfunction. ‘This
meter was subsequently replaced with ancther unit which contimued to
function properly throughout the remainder of the project. Because no
above background levels were found in the survey, the Victoreen Model
440RF/C was not needed. The FDA established limit for x-ray leakage is
0.5 mR/hr which is equivalent to half scale deflectiaon an the lowest range
of the Model 440RF/C.

This finding is consistent with other studies which have examined x-
ray emissions from VDI’s (Paulsson et al., 1984; Ontario Hydro, 1985). In
both of these studies, for example, the authors found that measurements
using very sensitive techniques were required to detect any ionizirig
radiation emissions from VDT’s. In the Omtario Hydro study, it was fourd
that the only radiation emissions that could be detected from same units
was that due to the radiocactivity, principally potassium-40, contained in
the glass of the picture tube, or (RT. This was surmised since the
measurement was independent of the VDT being taumed on.

Discussion of Measurement Results
Comparison of Data to Values in the Technical Literature

To form a perspective on the data collected in this study, the data
here may be campared to those of other researchers who have explored
electric and magnetic fields near VDIs. The literature contains a
surprisingly large amount of data on field strengths which may be used for
camparison. Table 11 is a compilation of data taken from mmerous
technical reports and the scientific literature. In this table, the mean
values, and associated standard errors, for the mms electric and magnetic
field strengths as determined via measurement at a distance of 30 cm from
the front of the VDT screen are given alang with the range of the values,
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“i.e., the maximm and minimm field strengths. The first column lists the
mmber of units for which each researcher reports data.

Inspection of Table 11, as a reference, shows that the values of
electric and magnetic field emissians of the various VDIs in the various
telephane operator offices visited in this study fall generally within the
observations of others, determined in other office envirorments in the
United States as well as several other countries.,

The measurement protocol used in the project provided for additional
measurements to be made if any of the selected displays were found to be
equipped with glare filters, especially those that might be grounded. In
no instance, for any of the 96 displays examined, was a glare filter of
any type attached to the unit.

The one outlier value of 47 V/m for an IRM VDT may be due to
inadequate grounding of the CRT because of a loose ground strap on the VOT
chassis. In any event, this higher value was not irdicicative of the
field strength typically fourd in fromt of the VDTs. "

Spatial Distribution of Fields

For the VDTs investigated in this project, VIF magnetic fields were
generally strongest directly in front of the screen or cn top of the
display. VLF electric field strengths were always strungest in fromt of
the screen, this finding probably being due to the conductive nature of
the VDT cabinet acting as a form of electrustatic shield. The evaluation
of operator exposure levels revealed that almost categorically, operator
exposures are less than the fontal emission measurement data for VOIS,
usually significantly lower. While it is true that in same instances,
measured field strengths were strongest in directions other than to the
fromt of the screen, the data tend to suggest that, for routine survey
measurenments of VDT emission levels, a single measurement with the sensor
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placed at 30 amn in front of the screen is probably sufficient for
documenting field levels relevant to potential exposure of VDT operators.
Certainly, the actual operator exposure measurements include contributions
of fields produced by adjacent VDTs ard thus, in effect, take into account
the fact that an operator’s exposure may be derived, in part, from not
only fields generated by the VDT the coperator is using kut also, nearby
units used by others. The data showing the strong spatial variation of
field strengths with distance from the VDT support the contention,
however, that any given operator’s exposure is predaminated by the unit
they are using. Bxhaustive evaluations of the spatial variation of VDT
produced fields - appear, therefore, unnecessary frum a practical
perspective.

Comparison of - Measurement Results with Exposure/Emission
Standards - '

To provide a means of judging the potential significance of the
measured electric and magnetic field emissions found in this study, the
literature was reviewed to campile information on suggested exposure or
emission limits. The exposure standards reviewed here apply to humans for
the purpose of establishing safe working or living enviroments where
electric and magnetic fields exist. The exposure limits campiled in this
report are those found that correspond most closely to the predominant
frequency rarge of VDIs. In same cases, the standards apply to
ccaupational exposure envirorments and in other cases, to the general
living envirorment; oftenstarﬂardsforthisléttercasearereferredto
as general population or public exposure limits. :

Based on practices used in the ionizing radiation commmity,
occupational and public exposures to RF - fields are usually
differentiated. Generally, occcupational exposure limits are higher, i.e.,
more permissive, than public limits. This is because of the greater
uncertainties associated with the general public; in the work place,
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employees are generally healthier, amd the possible exposure to
potentially hazardous physical agents is usually wder much better
control. For example, employers can inform workers of situations which
should be avoided; this is not the case for the general population as a
whole. Regardless of these considerations, however, it is informative to
exammesaxeofthevanmsrec:mne:dedexposuregmd%ﬂmatapplyto
different organizations and/or countries.

Table 12 sumarizes the RF field exposure standards found in the
literature that either directly apply to the frequency range appropriate
to VDT emissions or pertain to a frequency rarge close to that of
interest. Fram the literature searched, only one reference was found that
offered a quantitative emission limit as a guideline specific to VDIs
(Telecom, 1986). The standards listed in Table 12 are applicable to
occupationally exposed personnel arnd the general public as noted.

Examination of the measured electric and magnetic field strengths
reported in Appendix B and Tables 5-8 show that in no instance do either
of the two fields, determined at the position of the cperator, exceed any
of the standards in Table 12, even the extremely stringent Polish and
Czechoslovakian standards for the general public (Poland, 1972; Czerski,
1985). Based on this findirnyg, it is cbserved that typical personnel
exposures to VDT electric and magnetic field emissions that are relevant
tc exposure of telephone operators in the NIOSH epidemioclogy study are
relatively low, within the ramge of cother exposure data reported by other
researchers, and are generally substantially less than any electric and
magnetic field exposure limits developed for radiation protection purpcses
by organizations within the United States and many other countries.

Unfortunately, there are very few stamxdards which have been
established for exposure to EIF magnetic fields. Driven principally by
public concern, several states have developed regulatians an the strength
of 60-Hz electric amxd magnetic fields produced by electric power
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transmission lines at the edge of the right-of-way. A total of seven
states have done so, six of these placing limits only on the electric
field (ranging fram 1 to 3 kilovolts per meter at the edge of the right-
of-way); recerntly Florida included limits on magnetic field strength as
well, placing the limit at 0.015 mT at the edge of the right-of-way for
230 kilovolt transmissiaon lines. These limits have all been set on the
basis of maintaining the status quo, i.e., not letting the field levels
exceed present values as fourd near transmission lines; they have not been
set an the basis of scientific insight about biological effects. As one
can see, the 0.015 mT figure (equivalent to 150 milligauss or 11,940 mA/m)
is a large value when campared to typical VDT emission values (TDHSR,
1989). Similarly, the state of New York has recently proposed an interim
magnetic field limit of 200 mG (equivalemt to 15,920 mA/m) for new
transmission line right-of-ways (Microwave News, 1990). |

The Imternational Radiation Protection Association (IRPA) has also
studied the issue of EIF exposure amd developed recommendations on
exposure criteria (IRPA, 1990). ‘These new guidelines are summarized
below: ,

Summary of IRPA ELF Exposure Guidelines for 50/60-Hz

BExposure Electric field stremgth Magnetic flux density
characteristics KV/m (rms) mT (rms) mA/m{rms)
Occupational
Whole working day 10 0.5 398,000
Short term 302 £ 3,980,000
For limbs o -_ . 25 19,900,000
General Public c '
Up to 24 h/day 5 0.1 79,600
Few l'nms/dayd 10 » 1 796,000

a'medl.:raticmofe:-q::c:suretofieldsbe‘b-‘een10arxi30kV/mmaybe
calaulated from the formula t<80/E, where t is the duration in hours per
work day ard E is the electric field strength in kV/m.
cHaxim.nnexposzreduxatimithmrsperwrkday. ,
This restriction applies to open spaces in which members of the
general public might reascnably be expected to spend a substantial part of
the day, such as recreational areas, meeting grauds, and the like.
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dﬂmevaluscanbeexceededforafewmimxtsperdaypmvided
precautions are taken to prevent imdirect coupling effects.

The IRPA EIF field limits are based solely aon immediate, adverse
reactions that might occur fram excessively high induced caurrent densities
in the body. In particular, the fields have been set on the basis of
limiting the current densities to below those levels typical of endogencus
current densities. IRPA recognized that there appears to be an emerging
literature developing around the hypothesis that 50/60-Hz fields may be
associated with cancer but tock the position that such studies do not
"ectablish" that such a relation exists and that "present data do not
provide any basis for health risk assessment useful for the development of

exposure limits."

Similarily, the American Conference of Goverrmental Industrial
Rygienists (AOGIH) has recently published a notice of intended changes (for
1990-91) for inclusion in its Threshold Limit Values for Chemical
Substances and Physical Adgents and Biological Exposure Indices handbook
(ACGIH, 1990) which include trial limits for electric and magnetic fields
below 30 kHz. For routine occupational exposure, ACGIH recommerds a
maximm magnetic field not to exceed:

B (mT) = 60 mT-Hz/f (f in Hz) (6]

For example, at a frequency of 15 kHz, this relation yields a maximm
exposure of 0.004 mT or the equivalent of 40 mG or 3.2 A/m. For electric
fields in the frequency range 4 kHz to 30 kHz, the ACGIH limit is 625 V/m.

The Soviets are noted for having among the most stringent standards for
electric and magnetic fields of any country in the world. For 50-Hz
fields, the Soviet ocaupatianal limit is 5000 V/m for electric fields. No
specification is placed an the strenmgth of the magnetic field.
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In 1989 the British National Radiological Protection Board (NRPB, 1989)
published recommendations on exposure which included the EIF range. The
recamended maximum electric field strength at 60-Hz is 10.2 kV/m with a
maximm magnetic field flux density of 2 mI'. In addition, a specification
of maximm induced body current at 60-Hz of 1.04 mA is contained in the
recammendations. No distinction is made between occupational ard general
population exposure.

The West Germans (Germany, 1986) include ELF field limits in their
standard which at 60-Hz correspord to an electric field strength of 19.2
kKW/m and a magnetic flux density of 4.62 mr' (3,679,000 mA/m). This
standard is based principally on the electrophysiological insights of
Bernhardt (1979). —

Poland, similar to the Soviet Union, has regulations (Szmigielski,
1989) which set limits on 50-Hz electric fields for workers of 15 kV/m for

'8 hours/day ard 20 kV/m for 2 hoxrs/day. For the general public, the

Polish limits specify a maximm electric field of 10 kV/m but no buildings
are to be constructed where fields exceed 1 kV/m.

The ELF fields summarized in Tables 5-8 for the 96 display units
evaluated do not approach any of the ELF limits described above.

Although the scientific basis for establishing recammended limits on
the time-rate-of-change of magnetic fields is essentially nonexistent, the
results contained in Table 10 may be campared to the Swedish recamended
value of 25 ml/s for dB/dt (MPR, 1988). A prime abservation is that those
fields produced by the vertical deflection systems in VDIs result in values
of dB/dt that are typically between 20 and 100 times smaller in magnitude
than the dB/dt values associated with the horizomtal deflection systems.
The largest value of dB/dt for ELF magnetic fields at 50 cm (found in Table
10) is 0.69 mI/s. Thus, in nane of the VDTS examined, did the EIF time-
rate—of-change for the magnetic field approcach the 25 mI/s value given in
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MPR (1988). For the VIF emissions, two VDTs of those evaluated exhibited
values for dB/dt at 50 cm greater than 25 ml/s, one of these only
marginally. The differences in dB/dt for the IBM VDTs is presumably due to
the differences in the design of the two types of CRT assemblies which
produced very noticeable differences in the waveform of the VIF magnetic
field as discussed above.

Implications of Induced Body Currents

When an individual is immersed in an electric and/or magnetic field,
electrical currents are induced in the body. Figure 7 illustrates the
general frequency dependence of such an induced current produced by
exposure to an electric field that is polarized with the long axis of the
body. In the VLF range pertinent to VDT operation, for an adult, the
induced RF caurrent in the body will be approximately 9 fA/(V/m). The data
upon which Figure 7 was produced, however, are relevant to the case of
uniform, whole-bcdy exposure. This is not the case with VDT exposure
fields; because of the highly nomuniform field strengths arourd a VDT, the
body simply cannct ever be uniformiy exposed over its full extent. Thus,
when a measurement of the maximum electric field is made at the location of
a VDT operator, generally only a very limited portion of the body is
actually exposed to this value. The rest of the body is typically exposed
to significantly lesser values of field strength. The summarization tables
(Tables 5-8) illustrate this point for three anatamical regions.

Nevertheless, the magnitude of induced currents in VDT operators
probably provides a better dosimetric parameter for camparing exposures
than simply the incident field stremgth. Due to the rather camplicated
capacitive coupling effect by which the body electrically couples to the
VDT souwrce and results in an induced current, it is not a simple matter to
estimate the induced current just by the incident field strength alone.
For edample, two different operators can experience significantly
different induced curents when using the same VDT. By camparing currents
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between operators, a more meaningful measure of relative exposure can be
achieved. Also, by noting the current, exposure to VDIs can be campared
to cother RF radiation sources in the enviroment which lead to induced
currents in the body. Such a camparison may be useful in developing a
perspective on relative risk associated with electric and magnetic field
emissions of VDTs. ‘

Numercus types of electric and magnetic field sources are fournd in the
enviromment today including AM and FM radio, VHF and UHF TV broadcasting,
radar, satellite commmications earth stations, microwave point-to-point
radio, land-mobile radio such as cellular telephones, and amateur radio
stations as well as VDTs. Despite the mmber of categories of source
types, the RF radiation envirormment in urban areas is daminated by signals
produced by broadcast stations: broadcast stations are generally quite
powerful and exist for the purpose of providing signals for reception by
the public. A normal backgrourd of RF signals is made up of a multiplicity
of signals being broadcast by many different stations. Generally the
accumilative power densities associated with these many signals are very
low, at least for the majority of individuals who are exposed. In same
instances, however, exposure which takes place in the immediate area of a
high power source can be substantial. Thus, public exposure to RF sources
cames about from two kinds of situations, the low-level multi-source
enviromment and the high-level, close proximity situation.

The Envirormental Protection Agency (EPA) has studied the issue of the
broadcast comtribution to normal RF exposure in 15 U.S. cities (Tell amd
Mantiply, 1980). This study made use of extensive envirormental
measurements o©of ambient RF field strengths throughout the varicus
broadcast bands within each city. Using these measured data, c:nputenzed
propagation models were constructed that were then exercised to campute
the expected RF field strengths at the many census emumeration districts
(CEDs) within each metropolitan area. Using a camputer autcmated database
of population, exposures could be assigned to the population within each
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of the CEDs and thereby, accumlative population exposures could be
estimated. Figure 69 illustrates the population in the 15 cities in the
study exposed to varicus ranges of RF power densities contributed by the
very-high-frequency (VHF) ard ultra-high-frequency (UHF) broadcast bands.
Figure 69 is based on approximately 14,000 individual field strength
measurements at 486 measurement sites in 15 large cities. Expected power
densities were camputed for 46,789 CEDs.

Two key findings from this study were (1) that approximately 99
percert of the population are exposed to RF fields with power densities
less than 1 microwatt per square cemntimeter (uW/cmz) (equivalent to about
2 V/m) and (2) that the median exposure of the population is about' 0.005
uH/cm?® (about 0.14 V/m). Figqure 69 illustrates that most pecple are
exposed most of the time in the power density range of only 2 to 5
nanowatts per square centimeter (niW/cm®) (0.09-0.14 V/m), a very low
value.

Figure 69 pertains to higher frequency broadcast fields but Table 13
provides the cumilative population exposure fourd during the study in the
AM standard broadcast bard (0.535 to 1.605 MHz). Inspection of Table 13
reveals that less than a tenth of a percent of the population are
apparently exposed to RF fields in the AM band with field strengths greater
than about 2.5 V/m (Hankin, 1986). These data relating to AM radio
broadcast signals were used to campare exposures to VDTs with ambient radio
signals.

Table 13 indicates that the median electric field strength to which
the population is routinely exposed is about 0.28 V/m. The median field
strength is that value to which half of the population is exposed less
than and the other half is exposed greater than. Reference to Figqure 7
reveals that, in the AM radio broadcast band, RF electric fields will
induce about 300 gA/(V/m): 1 V/m will induce about 300 pA. Thus, a field
of 0.28 V/m is expected to induce about [300 uA/(V/m)][0.28 V/m]=84 pA of
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total cawrrent in an adult of normal height. Shorter persons will have a
reduced magnitude of induced curremt. When this value of cmrent is
compared to that value measured for VDT operators in this study, it is
apparent that normal use of the VDTs by telephone operators results in
significantly lower values of current being induced in the body than
already exists due to exposure to local AM radio broadcast stations. As an
example, 98 percent of the population are exposed to AM radio electric

fields greater than 0.07 V/m; this electric field strength results in a RF

current induced in the body of about 21 4A. For normal keyboard contact at
the VDT, the largest mean value of induced current of 7.6 pA (for the CCI
VDIS)canbecmparedtotheexpectaivalueolegAﬂnatexistsinnnstof
the population due to AM broadcasting. Even if the maximm value of
mean induced current determined with the hand in direct contact with the
screen of the VDT is used in the comparison, 115 YA from Table 7, this is
canparable to about 0.38 V/m exposure fram an AM radio station. By
reference to Table 13, approximately 34 percent of the population are
exposed to this value of AM radio electric field strength or greater. This
value of electric field strength is also in the range of the approximate
electric field strength found around AM broadcast stations within about cne
to four miles of the station’s transmitting antemma. Figure 70 shows the
electric field strength as a function of distance from AM radio broadcast
stations which are operating at the maximm power level (50 kilowatts) for
AM stations authorized by the Federal Commmications Commission.
Approximately three percent of the United States population are estimated
to be exposed to AM radic field strengths of 1 V/m or greater (see Table

'13) and, hence, experience induced RF currents of about 300 gA on a more or

less cortimuous basis.

While the waveforms ard furdamental frequencies of VDIs differ from
those of .other envirommental sources of RF fields to which everyone is
exposed, the result of this analysis is that, in terms of the magnitude of
the electrical currents which are imduced by the fields, VDTS represent a
minor contributicn to everyday exposure. Presently, the issue of any

N
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difference between the particular induced current waveforms produced by VDT
fields and those of cther scurces, such as AM radio broadcast signals, on
possible biclogical effects at the current levels determined in this study
remains unresolved.

Electrical auxrents induced by exposure to magnetic fields are more
difficult to assess since these anrents do not flow to ground through the
body. Rather, the curremts circulate about the periphery of the body as
illustrated in Figure 71 adapted from the work of Reilly on peripheral
nerve stimulation by magnetic fields (Reilly, 1990). Since present
technology does not permit a direct noninvasive method for measuring these
circulating currents, theoretical approaches are used.

It is of interest to examine the dosimetric implications of the
‘currents which may be induced by exposure of an individual to cammonly
encountered electromagnetic fields produced by AM radio breadcast stations
ard the two different types of VDTs evaluated in this project. Table 14
provides a sumary of this camparison in terms of induced currents, induced
current densities, and the resulting rates of energy absorption or specific
absorption rate (SAR) in the tissues of the bady. The electric field
~induced body current to ground for AM radio broadcast signals has been
projected an the basis of the earlier relation between electric field
strength and frequency (equation 1). In this case, reference has been made
to Table 13 for selecting electric and magnetic fields to which 80 percent
of the population are always exposed. This is eguivalent to about 0.16 V/m
for electric fields and 0.42 mA/m for magnetic fields. The currents shown
for the two VDTs correspond directly to the average measured values for the
hands placed an the keyboard, the most usual situation for the telephone
operators. This camparison ‘again shows that the normal electric field
induced arrents during operation of the VDIs is small compared to that
existing most of the time from exposure to ambient AM radio signals in the
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These induced currents have been used to project the current density
that would be expected to flow in the abdaminal region of the body by
dividing the acurents by an effective area of 600 cm?. This area
correspords to the human adult model used by Guy (1984). For this assumed
area of the body, Table 14 indicates a greater current density for common

exposure to AM radio signals when compared to either VDT.

Since the electric field over the body is very nommiform, it is
masmnbletoarguethatvnre}q:osureisassmtiallyacaseofpartialbody
exposure. If all of the induced current, produced by electric field
exposure, were to flow through the wrist, a much higher local current
density would result as shown in Table 14. An effective wrist cross-
sectional conductive area of 10.1 cm® has been assumed following the work
of Gardhi et al. (1986) and Chen and Gandhi (1988). In this camparison,
the local current densities in the wrist are slightly greater for the case
of placing the hand against the screen of the VDT as opposed to assuming
that the AM radio induced body current flc&s through the wrist. Either
situation, however, would not be typical of long=-térm exposure. o

The curent density induced by a magnetic field was camputed from the
relation

J = OE ~ where [7)
J is the current density expressed in amperes per square meter (A,/mz), o is
the tissue conductivity in siemens per meter and E is the electric field in
volts per meter in the tissue. For a cylindrical tissue section, and
simusoidally varying magnetic fields, the resulting internal current
density is given by |

J = OUATHE where (8]

iy is the magnetic permeability of tissue (471 x 10'7), r is the radius
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(meters) of the circular area about which the eddy currents circulate, H is
the applied magnetic field strength (A/m) amd f is the frequency in Hz.
For all of these calculations, 0 was assumed to be 0.6 siemens per meter.
The above relation was used to campute the expected current density at the
periphery of the body froum the AM radio broadcast signal magnetic field
since the current density will be greatest for the largest value of r.

In the case of the saw-tooth shaped waveform of the magnetic fields
produced by VDTs a different calculational approach was taken. The rms
current density was determined from the relation: '

J(rms) = [(J,%t; + J,%t,)/T}/2 [9]

Here, J, and J, refer to the current densities associated with the
short and long transitions of the sawtooth waveform, having transition
times of t; and t, respectively. T is the total period of the waveform.

The individual values of J were determined fram the relationship:

J = [op r/2]dH/dt {10]

The value of dH/dt, the time rate of change of the magnetic field
strength, was taken directly fram an analysis of the waveform data measured
for cne CCI ard ane IBM VDT evaluated in the project. The above
relationship yields the instamntanecus peak current densities fram which
the ms value is then determined as described above. Table 14 shows that
the AM radio signal will produce the larger value of circulating current
density at the periphery of the abdomen. Table 14 provides footnotes
indicating the crientation of the body that was assumed for the
calailatians. |

Finally, SAR values were camputed fram the cwrrent densities for
camparisan between the VDTs and AM radio signal exposures. SAR was
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camputed from the relation:
SAR (W/kg) = J%/0p where [11)

Jisthecmrre.rrtdersityinA/mz, 0 is the conductivity in siemens per meter
and p is the density of tissue (taken here to be 1040 ky/m’). This approach
follows the method outlined by Tell (1990) in a treatment evaluating the
significance of locally enhanced field strengths associated with RF
hotspots caused by reradiation from varicus cbjects exposed to ambient RF
fields.

Using this relationship, SARs were camputed and are shown in Table 14
for several situations of interest. 1In the case of VDT exposure, the SARs
are extremely small, ranging between 3.1 x 10712 W/kg and 1.2 x 1072 W/kg.
When coampared to those values of SAR most often cited in electrumagnetic
field exposure standards, the estimated SARs that might result from using
either of the VDIs in this study are at least six orders of magnitude less. -

Comparison of VDTs to TV Receivers

Probably the device producing electric and magnetic fields most similar
to those of a VDT is the camon television (TV) receiver. The TV receiver
employs circuits almost idertical to those found in most VDIs. Thus,
electric and magnetic fields produced by the deflection coils and the high-
voltage wiring in the set are virtually identical to those of VDIs; a
notable exception is that many TV sets exhibit strunger field strengths at
given distances than VDIs at the same distance. This disparity in field
strengths is often due to the fact that the picture tubes are larger, often
times flatter, requiring more deflection forces on the electron beam to
deflect it across the wide amgle of the screen and thus greater magnetic
fields and the fact that most TVs are color, using higher accelerating
voltages.
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A mitigating factor for exposure to TV generated electric and magnetic
fields is the generally greater viewing distance campared to that when
using a VDT; none the less, same imdividuals may routinely remain very
clese to the picture tube, particularly children using high technology
video games. Harvey (1983b) and Boivin (1986) have reported on RF
emissions of TV receivers. Table 11 irdicates field strerngths .of 8.6 V/m
(Boivin, 1986) for electric field strengths and Harvey (1983b) has reportad
magnetic field strengths of 1000 mA/m and 380 mA/m for the vertical amd

horizontal flyback frequency camponents respectively. These data show that
the enissions measured from same TVs can exceed those of typical VDTIs.

Comparison of VDT Fields With Other Sources

AM radio stations are, of course, not the only socurces of RF energy in
our ervirorment to which one can be exposed. A multitude of intentional
and unintentional socurces lead to electramagnetic field exposures which may
have relevance, or camparability, to VDT emissions. -

Television broadcast stations, for example, transmit signals which must
provide synchronization with the scamning electron beam contained inside
the TV receiver picture tube so that the picture displayed on the TV is in
synchrony with the video programming which originates at the TV station.
To accamplish this, the TV signal, which is in the frequency range of 54-
806 MHz) includes information, in the form of amplitude modulated pulses
called synchronization pulses (or synch pulses for short), which are
interpreted by the TV receiver as trigger signals to begin each horizontal
scan of the electran beam across the screen and each vertical retrace when
the beam must start tracing ancther path from the top of the screen. These
synchronization pulses, particularly the 60-Hz vertical refresh signal,
produce instantanecus peak field strengths repeating at a rate of 60 times
per second and 15,750 times per second for vertical and horizamtal scan
triggering respectively. '
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TV stations must, by FCC regulations (FCC, 1984), provide a sufficient
signal strength to insure sufficiently high quality picture reception in
the city of license. Such so~called grade A signal quality is specified as
signals having an electric field strength of at least 0.005 V/m for
channels 2-6, at least 0.007 V/m for chamnels 7-13 and at least 0.01 V/m
for ultra~high-frequency (UHF) channels (14-69).

Same VLF radio stations used as navigational aides produce emissions to
which same individuals may be exposed, at least an an intermittent basis.
These include both IORAN and QMEGA stations cperated by the U.S5. Coast
Guard. IORAN systems (long range radio navigatian) transmit signals at 100
kHz using vertically polarized antennas, similar to those employed by aM
radio stations. The IORAN system works an the basis of using pulsed
signals, pulsed at a repetition rate of 10 Hz, from several different
stations positioned at widely separated geographical points.  Using
receivers which can discriminate the phase differences in the received
signals, a user can determine his position at sea or in the air. The QMEGA
system operates in the frequency band of 10-14 kHz, also using large
vertically polarized artennas.  This system, which can produce
electromagnetic fields directly in the same frequency range as VDI’s, uses
intermittent signals (on for periods of about 1 secard) on several
frequencies to provide navigational assistance for both ships and aircraft,
similar to the LORAN system hut due to propagation considerations (how well
the radiated signal travels about the earth’s surface with low
attermation), can provide langer range coverage than ILORAN. Presently,
there are eight functicnal OMEGA stations in existence in the world
campared to 13 chains of IORAN systems (master and slave statians)
consisting of between 3 amd 5 transmitting stations each.

McEnroe (1580) and Gailey (1987) have imnvestigated the field strengths
near both IORAN and CMEGA transmitting stations. Their data indicates that
on the transmitter sites of these stations, rms electric field strengths in
the range of 1 to 4400 V/m can be fourd with correspording magnetic fields
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cammonly in the range of 0.01 to 2.9 A/m. At very close distance to the
radiating structure of the antennas, considerably more intense fields can
be measured with maximm fields being in the range of several kilovolts per
meter for electric fields ard 6 A/m for magnetic fields. A fundamental
difference between the fields of these two VLF sources is that the fields
of the IORAN systems are pulsed; thus, the average field strengths from
IORAN systems are considerably less than the instantanecus peak levels.
For example the ratio of peak to average field strengths for IORAN stations
is in the ramge of 11.8 to 17.5 as determined from the data of Gailey
(1987) .

VIF cammunications systems operated by the NAVY include stations in
the 18 to 20 kHz frequency range. An example includes the radio station
NAA at Cutler, Maine, which operates on a frequency of 17.8 KkHz, being
identical with same VDT flyback frequencies, ard uses a 2,000,000 watt
transmitter. In the enviromment of this transmitter site, ambient RF
fields will be significantly stronger than those typically experienced by
VDT operators. For this power, expected electric and magnetic field
strengths are 6 V/m and 16 mA/m respectively at a distance of ogne mile
fram the station: thseﬁeldstrerqthsnsetouv/mam&mA/matozs
miles from the source.

‘Ancther source of occupaticnal exposure to pulsed, low frequency
electric and magnetic fields has been associated with radar transmitter
modulators by Jokela (1988). Jokela has fourd that the modulators which
are used to amplitiude modulate the source of microwaves into a series of
pulses, that are eventually transmitted by the radar for surveillance
functions, can produce significant peak magnetic field levels near the
modulator units in the range of 150 mA/m rms. These pulsed fields occur at
the pulse repetition frequency of the radar, but because of the rapid
transition times of the pulse the magnetic fields extend over a relatively
wide frequency range of 20-2000 kHz; independent of the pulse modulator
emissions, the radar signal radiated from the antenna consists of a pulsed
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microwave signal. Jokela also has measured the pulsed electric fields 50
cn fram a radictherapy accelerator unit and found rms electric fields of
0.35 V/m in the frequency range of 4-40 kHz.

Anya:rrentsamoewhid':ispﬂsedorswitmedcnanioffwithrapid
switching times will produce magnetic fields in the RF range. Switching
type power supplies, now being used in electronic equipment because of
their higher efficiency and small sizes, are ane sourcve of VLF fields which
is becoming more cammon in consumer product applications.

A gocd example of the electric and magnetic fields which can arise from
interrupted currents, with which many individuals have same experience, is
the electrical ignition systems for autamcbile engines. The electrical arc
created in the gap of the distributor, which occurs when the spark plugs
ignite the fuel-air mixture within the cylinders of the engine, produces
broadband RF signals which can often be heard over the car’s AM radio
receiver. The impact of the radio noise, or static, caused by these RF
fields has been investigated by numercus researchers, including Shepherd
(1974) and others, ard is normally mitigated through the use of special
suppressicn devices like resistive ignition cables and filters.
Nonetheless, rather imtense RF fields can be caused by this common source
at very close distances to the engine and have been the subject of concern
averintarfere:netoscneczrdiacpacanékexswmbyirdividualsdoing
autanotive repair work. Paulsson et al. (1984) report values of peak-to—-
peak magnetic field strength near an autamcbile running at a high idle
speed of 400 mA/m and time-rates-of-change of the magnetic field of 12800
A/m/sec (0.016 nT/s peak-to-peak). The dominant area of the frequency
spectrum created by the ignition system investigated was centered arowd 12
kHz. ‘

Ancther very cammon source of RF fields in the VIF ramge is the
flucrescent light. These lights consist of two electrodes separated by the
light column filled with a gas mixture cantaining argon and mercury. RF



NIOSH VDT Electric and Magnetic Fields - page 76

fields are emitted during the alternmating-current electric discharge
produced by pulses of high-potential current from the electrodes. The
pulsed cwrrent flowing in the ionized gas colum generates RF emissions
which extend over a very wide frequency range. Clark (1961) has examined
the peak field strengths at a distance of three feet fram a 8 ft, 4-unit
fluorescent lamp ard reported peak values of 0.1 V/m electric fields.
Aams et al. (1974) measured radiated magnetic fields fram a fluorescent
light fixture at a distance of 3 m (9.84 ft) and determined that the fields
peaked at harmonics of the 60-Hz line frequency with strengths varying in
the range of 6.3 mA/m rms to 0.001 mA/m depending on frequency between 60-
Hz ard 4 kHz. ) ‘

Most people are unaware that VIF magnetic fields are so frequently
experienced due to everyday living activities. Examples include devices in
which magnetic fields are used for souxd production like magnetic ear
phones, telephone receivers and high-fidelity loud speaker systems. In
these instances, audio frequency rarnge Qurrents are used in conjunction
with an electromagnet assembly to create a varymg magnetic field which, in
turn, causes same form of mechanical diaphragm to move. Rapid movement of
the diaphragm causes sarxd waves to be created at the same frequency as the
applied electrical signal. As an example, Paulsson et al. (1984) mentioned
values of magnetic field strengths of 480 mA/m peak-to-peak with a dB/dt
value of 6400 A/m/sec (8 mI/s) measured at 30 am fram a high fidelity
loudspeaker for frequercies less than 20 kHz. Detectable levels of fields
associated with the stereco pilot signal at 19 kHz ard its harmonic at 38
kHz were also noted. Recently, Baumann and Alagarsamy (1990) presented
data from measurements of the magnetic fields produced by sterec
headphones. Their data indicate that magnetic fields as great as 225 nT
(equivalent to 280 mA/m field strength) were possible at a distance of 4
cm fram the headphones when operated at a sourd pressure level of 95 dB.
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Conclusions

This report has elaborated on how VDI's work and how, through the
action of the various electronic cirauits, incidental electric and magnetic
emissions are produced. A substantial amount of data on the
characteristics of these emissions, including field strengths, fregquencies
and waveform peculiarities has been provided showing that VDTs are at the
same time not umsual saxces of exposure of individuals to electric ard
magnetic fields and yet, are unique in same respects. More specifically,
VDTs can lead to exposures not dissimilar to that experienced near cammon
television receivers. Television sets were found to possess even strorger
emissions in same cases. But the unique character of the electric ard
magnetic field waveforms and exact frequency spectra (the spectrum caused
by the furdamental flyback frequency and its associated harmonics) do make
the VDT different in these respects. :

Taken as a class, the non-VIT type displays are distinctly different in
terms of operator exposure levels when campared to the two types of VDIs
used by operators in this study for VIF fields. Table 15 is a simplified
sumary of the measurement results for fromtal emissions, chest exposure
and induced currents for the NGT, I£D,>CC[arﬁIB4d.isplays. The NGT and
LED displays, not possessing internal magnetic field deflection systems,
simply do not produce VIF fields above instrumentation background levels.
For ELF fields, such a distinction is less clear. For example, the IED
displays produced cperator ELF magnetic field exposures which were similar
to the values faurd for operators of both the CCI and IBM VDIs. For ELF
electric fields, the NGT displays produced coperator exposure values less
than those for the OCI units but similar to those found for the IBM VITs.
It is concluded that, for the most part, the ELF electric fields appear to
be principally a fimction of the roam electrical enviroment, prabably
being more representative of electrical wiring systems used in the building
than of any peculiar characteristic of the display. The ELF electric
fields foud for the CCI VDIs as a group appear, however, to be
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demonstrably above those values foud for the rest of the displays,
including the IBMs. Table 15 sumarizes the measurement results in a
simplified format for easier comparison between the NGT, 1ED, CCTI and IBM
displays for frontal emissions, chest exposure and keyboard induced
currents. The results imply that the greatest difference in overall
exposure would exist between operators of the NGT and OCI displays; in
terms of VLF field exposure, both the NGT and IED displays are markedly
lower than either the OCI or IBM VDIs.

Nevertheless, when cumpared to cother sources of electric and magnetic
fields commonly found in the workplace and the hame envirorment, it was
suggested that persanal exposure to VDT produced fields could be campared
by examining the electrical currents which are induced in the body by
altermating electric and magnetic fields. Use of the induced current as an
index of exposure, despite the fact that it does not differentiate various
waveforms, facilitates the camparison of exposures caused by a wide variety
of sources, especially scurces which lead to highly nommniform exposure
over the body, like that of a VDI. When viewed in this context, ‘it is
faurd that induced currents can be categorized as those caused by exposure
to the electric field and those caused by the magnetic field. . While the
currents induced by the electric field generally lead to currents which
flow throxhout the baxdy and through bady contact, like the feet or hards,
to grounded surfaces, those currents that are magnetically induced
generally circulate about the periphery of the body or exposed abject (amm,
hand, abdomen, etc.).

~ Measurements of cwrrents flowing between operators of the displays
examined and ground showed that very measurable differences exist between
the VDTs (both OCI and IBM types) and the non-VDT displays represented by
the NGT and LED displays. The VDTs produced consistently significantly
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By considering the currents typically induced by AM radio broadcast
stations, as an example, it was found that normal exposure to VDI’s in the
workplace is not significantly different fram that induced virtually all of
the time by ambient radio station signals to which everyone is exposed.
Exposures in the vicinity of same low frequency cammmnications and radio-
navigation stations which use high powers ard frequencies very similar to
the VDT range could cause substantially greater induced currents than
caused by the VLT. -

When the field strengths found near VDIVs are campared to various
standards which specify maximm safe human exposure to .electric and
magnetic fields one is also impressed by the generally wide margin which
exists between the limits and VDT exposure levels. Examination of the
measured electric and magnetic field strengths reported in summary Tables
5-8 and in Appendix B shows that in no instance do either of the two RF
fields, determined at the position of the operator, exceed any of the
standards in Table 12, even the extremely stringent Polish and
Czechoslovakian standards for the general public. Based an this finding,
it is concluded from measurements on 96 displays camprised of both VDT and
nan-VDT type displays that typical persamel exposures to electric amd
magnetic fields are (1) relatively low, {2) within a relatively confined
range of magnitudes reported by many researchers, (3) are not highly
dissimilartoexposmscmmﬂyemmtemdfrmmdiostatimsarﬁcmer
devices routinely found in the hame or workplace and (4) are generally
substantially less than any electrumagnetic field exposure limits developed
for radiation protection purposes by organizations within the United States
and many other countries. In addition, measures of dB/dt, the time-rate—
ofchange of the magnetic field, were found to be, with three exceptions
for the units examined, naminally equal to or less than the recammended
limit for VDTS imported in Sweden.
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Table 1.

Specifications of the Holaday Industries Model HI-3600-01

VDT survey meter,

Sensors:

Sensitivity:

Features:

Concentric plate displacement cunrrent electric
field sensor

8 inch diameter magnetic field sensing loop

Switch selectable between electric and magnetic
fields

Electric fields - 0.1 - 2000 volts/meter
Magnetic fields - 0.001 - 2.000 amperes/meter

Three autoselect or marmally selected field

strength ranges
Max hold feature stores and displays highest reading

True rms field measurement for accurate measurement
of non=simisoidal waveforms

Electric fields: +/- 0.5 dB, 10 KHz to 100 kiHz
+/- 2 dB, 2 kHz to 300 kiz

Magnetic fields: +/- 0.5 dB, 12 kHz to 200 kiz
+/= 2 dB, 8 kHz to 300 kHz

Autamatic zero setting via a front panel ZERO
pad which controls an intermal microprocessor

™o {(2) nine-volt alkzline batteries (NEDA 16044,
Duracell MN1604, or egual)

Liquid crystal display, preamplifier cutput via
phono jack (analoy signal from sensor/preamplifier
equal to 1 ov/(mA/m)) , digital fiber optic signal
(for remcte reading via comnection to HI-3615 Fiber
Optic Receiver)

The HI-3600-01 VDT Radiation Survey Meter package includes the HI-3600
readout module, HI-3601 VDT sensor assembly, batteries, fitted carrying
case, and a user mamal.
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Table 2. Specificaticns of the Holaday Industries Model HI-3600-02
ELF survey meter.

Sensors: Concentric plate displacement auxrrent electric
field sensor
8 inch diameter magnetic field sensing loop
Switch selectable between electric and magnetic

fields
Sensitivity: Electric fields: 1 - 199 kV/m
Magnetic fields: 10 mA/m - 1999 A/m
Features: Three autoselect or marmally selected field
strerngth rarnges

Max hold feature stores and displays highest reading

Response: True s field measurement for accurate measurement
of non—-simusoidal waveforms

Frequency Response: Electric fields: +/- 0.5 dB, 50 Hz to 700 Hz
Magnetic fields: +/- 0.5 dB, 50 Hz to 200 Hz

Zero Adjustment: . Aitamatic zero setting via a front panel ZERD
pad which controls an internal microprocessor
Power: Two (2) nine-volt alkaline batteries (NEDA 1604A,
_ Duracell MN16C4, or equal)
Output: Liquid crystal display, preamplifier cutput via

phano jack (analog signal fram sensor/preamplifier
equal to 1 mV/(mA/m) or 0.1 mV/(mA/m)), digital fiber
ocptic signal (for remote reading via connection to
HI-3615 Fiber Optic Receiver)

The HI-3600-02 ELF Survey Meter package includes the HI-3600 readout
module, HI-3601 VDT sensor assembly, batteries, fitted carrying case, ard a
user marmal.
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Table 3. Summary of field instruments used ard serial mmbers.

Frequency Band Meter SN Sensor SN
VLF 54700 54802
VLF 55501 55349
VLF 54599 54820
ELF 55014 58493
ELF 55501 60088
ELF 54599 €1068
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Table 4. Summary of correction factors used for correcting the
field strength data cbtained with various instrument
configurations of the Holaday Industries meters.

' Correction Factor
Meter/Sensor SN E-field H-field

Band Fregquency

VLF 15 kHz 54700/54802 0.964 0.941
ELF 45 Hz 55014/58493 1.120 0.999
ELF 60 Hz 55014/58493 1.053 0.966
VLF 15 kHz §5501/55349 1.028 1.050
VLF 15 kHz 54599/54820 1.095 0.954
ELF 45 Hz 55501/60088 1.159 —-1.021
ELF 60 Hz 55501/60088 1.097 0.991
ELF 45 Hz 54599/61068 1.244 1.030
ELF 60 Hz 54599/61068 1.172 0.997

Analog output calibration factors:

, E-fields H-fields
Bard Meter/Sensor SN V/o/ (mV_auat) mA/m/ {mV oat)
ELF . 55014/58493 0.881 : 9.583
VLF 54700/54802 1.005 0.992
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Table 5.

Statistical summarization of data on emission field strengths,
cperator exposure levels and induced currents for 24 NGT displays.
Indicated values are the geametrical means and (gecmetrical
standard deviations).

Position

NGT Emission Field Strength Statistical Summary, N=24

VLF-E VLF-H ELF-E ELF-H
(V/m) (mA/m) (V/m) (md/m)
Top 0.137 (1.814) 1.38 (1.036) 1.19 (1.687) 30.0‘(1.691)
Front 0.077 (2.05) 1.36 (1.044) 0.470 (1.400)  30.3 (1.724)
Bottom 0.056 (1.987) 1.38 (1.036) 0.351 (1.328) 32.7 (1.826)
Back 0.059 (1.505) 1.38 (1.036) 0.452 (1.436) 33.6 (1.737)
Ieft side 0.044 (1.353) 1.39 (1.023) 0.282 (1.223) 43.7 (1.787)
Right side  0.048 (1.204) 1.37 (1.034) 0.388 (1.175) 44.2 (1.772)
NGT Operator Exposure Statistical Summary, N=24
Position VLF-E VLF-H ELF-E EILF-H
(V/m) (mA/m) (V/m) (mA/m)
Abdamen 0.177 (1.636) 1.6 (1.0) 0.405 (1.92) 32.4 (2.01)
Chest 0.099 (1.653) 1.6 (1.0) 0.308 (1.530) 33.0 (1.877)
Face 0.147 (1.515) 1.6 (1.0) 0.813 (1.417) 32.6 (1.808)
NGT Induced Current Statistical Summary, N=24
Hand Location Induced Qurrent (pA)
Hands on Keyboard 0.019 (1.021)
Finger touching screen 0.018 (1.024)
Hand placed flat on screen 0.019 (1.022)
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Table 6. Statistical summarization of data on emission field strergths,
operator exposure levels and induced currents for 24 LED displays.
Indicated values are the geametrical means and (geametrical
standard deviatians).

LED Emission Field Strength Statistical Summary, N=24

Position VLF-E VLF-H ELF-E ELF-H
(V/m) (mA/m) (V/m) (mA/m)

Top 0.160 (1.391) 1.6 (1.0) =~ 1.270 (1.885) 6€9.6 (1.855)

Front 0.114 (1.161)  1.604 (1.012) 0.376 (1.103) 72.3 (1.682)

Bottam 0.196 (1.147)  3.811 (1.439) 0.409 (1.059) 62.2 (2.01)

Back - 0.524 (1.582) 1.6 (1.0) 12.2 (1.534)  79.0 (1.607)

Left side 0.113 (1.092) 1.620 (1.026) 0.449 (1.229) 59.2 (2.83)

Right side 0.110 {1.052) 1.621 (1.026) 0.471 {1.309) 55.2 (2.61)

" LED Operator Exposure Statistical Summary, N=24

Position VLF-E VLF-H ELF-E ELF-H
(V/m} (mA/m) (V/m) (mA/m)
Abdamen 0.081 (1.346)  1.97 (1.150) 0.351 (1.175) 62.4 (2.79)
Chest 0.059 (1.475)  1.53 (1.067) 0.299 (1.107) 69.6 (2.70)
Face 0.073 (1.957)  1.39 (1.025) 0.317 (1.105) 80.4 (2.57)

LED Induced Current Statistical Summary, N=24

Hand Location Induced Current (gA)
Hands on keyboard 0.014 (1.009)
Finger touching screen 0.008 " (1.007}
Hard placed flat on screen " 0.009 (1.009)
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Table 7. Statistical summarization of data an emission field strengths,
operator exposure levels and induced currents for 24 CCI displays.
Inxdicated values are the gecmetrical means and (gecmetrical
standard deviations).

CCI Emission Field Strength Statistical Summary, N=24

Position VLF-E VLF-H ELF-E ELF-H
(V/m) (md/m) (V/m) (mA/m)

Top 3.06 (1.31) 61.4 (3.11) 3.23 (1.588)  401. (4.11)

Front 4.22 (1.54) 98.9 (2.61) 1.85 (1.633) 314. (1.216)

Bottom 0.302 (3.45)  15.9 (3.04) 1.65 (4.654) 172. (2.23)

Back 2.46 (1.75) 62.2 (2.11) 4.25 (1.762) 507. (2.10)

Left side 0.749 (1.55)  82.6 (1.332) 2.09 (2.56)  504. (2.13)

Right side  1.10 (1.95) 82.5 (1.461)  8.49 (1.678) 487. (1.712)

CCi Operator Exposure Statisticai Summéry, N=24

Position VLF-E VLF-H ELF-E ELF-H
(V/m) {(mA,/m) (V/m) (m&/m)
Abdamen 0.544 (1.683) 17.4 (1.741) 0.845 (3.610) 62.30 (1.590)
Chest 1.05 (1.399)  14.8 (1.503) 1.020 (1.987) 80.6 (1.653)
Face 1.41 (1.424)  41.7 (1.597) 1.90 (1.894)  81.6 (1.597)

CCl induced Current Statistical Summary, N=24

Hand Locatian Induced Current (ua)
Hands on keybocard 4.13 (4.42)
Finger touching screen 14.6 (3.10)
Hand placed flat on screen B87.8 (2.19)
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Table 8. Statistical summarization of data on emission field strengths,
operator exposure levels arnd induced currents for 24 IBM displays.
Irdicated values are the geametrical means and (geametrical
standard deviations).

IBM Emission Field Strength Statistical Summary, N=24

Position VLF-E VLF~H ELF-E EIF-H
(V/m) (mA/m) (V/m) (mA/m)
Top 0.177 (1.567) 27.5 (2.01) 0.560 (1.483) 232. (2.62)
Front 3.26 (2.07) 22.1 (4.68) 1.78 (1.928) 236. (2.14)
Bottam 0.086 (1.745) - 2.21 (1.32) 0.839 (2.31) 46.9 (2.08)
Back 0.151 (1.455) 16.4 (2.10) 0.708 (1.889) 140. (1.909)
Left side 0.139 (1.755) 11.8 (2.57) 0.453 (2.03) 306. (1.888)
Right side  0.115 (1.566) 15.6 (1.391) 1.25 (2.31) 205. (1.928)
' IBM Operator Exposure Statistical Summary, N=24
Position VLF-E VLF-H ELF-E ELF-H
(V/m) (mA/m) (V/m) (mA/m)
Abdamen 0.142 (1.710) 3.98 (1.852) 0.429 (1.698) 57.7 (2.12)
Chest 0.328 (1.864) 4.23 (2.13) 0.506 (1.780) 66.6 (2.12)
Face 0.543 (1.682) 6.72 (3.00) 0.779 (1.867) 76.4 (1.518)

IBM Induced Current Statistical Summary, N=24

Hand Iocation Induced Current (uA)

Hands on keyboard 0.377 (4.65)

Finger touching screen
Harxd placed flat on screen

' 6.64 (1.968)

€9.1 (1.600)
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Table 9. Summary of measures of maximm dB/dt for various VDTs

ARAARAARYHHEEHEHE
bR

City
Forest Park
Forest Park
Macon
Macaon
Jacksonville
Jacksanville

Station
1006
1006
1028
1028

139
139
426
426
48
48
45
45

obtained at the surface of the VDT ard at 30 cm in
front of screen. Mawimm refers to area of waveform in
which the greatest rate of change of the magnetic field
occurs. :

dB/dt (mA/m/us/ (mA/m rms) .
Surface 8@ 30 cm % difference

0.336 0.321 4.6
0.00284 0.00319 11.6
0.00297 0.0613 182
2.75 *%
0.442 0.479 8.0
0.00268 0.00306 13.2
3.99 %k
0.00287 0.00312 8.3
0.429 0.446 —3.9
0.00300 0.00268 11.3
0.514 0.550 6.8
0.00286 0.00275 3.9
0.533 0.560 4.9
0.00288 0.00236 19.8
0.429 0.429 0.0
0.00308 0.00319 3.5

* Percent difference is defined as the absclute difference between the
values of dB/dt cbtained at the screen surface and at 30 an divided
by the average of the two values.

** Waveform not sufficiently defined to determine accurate value of dB/dt
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Table 10. Derived values of dB/dt expressed in units of millitesla
per secord applicable to a distance of 50 can from
the screen of the VIT.

VvOT Band City Station dB/dt (mT/s) € 50 cm
B VLF Forest Park 1006 9.0

I EIF Forest Park 1006 0.69

M EIF Macon 1028 1.8

B VLF Macon 1028 10.0

= VLF Jackscriville 139 16,

IR ELF Jacksonville 139 0.61

IBv VLF lake City 426 17.

M ELF lake City 426 0.25

CCI VLF Marrero 48 24.

oI ELF Marrero 48 . 0.52

CcCI VLF Bogalusa 45 25.

I EF usa 45 ’ 0.48

oI VLF Nashville 1 13 38.

I ELF Nashville 1 13 0.25

I VLF Nashville 2 1399 20.

oI ELF Nashville 2 1399 *

* EIF magnetic field not measured as a function of distance



Table 11. A summary of VDT electromagnetic field emission data from the technical 1iterature.+

RMS E Field Strength (V/m) RMSH Field Strength (mA/m)

No. Units Band VDI/TV Mean{+/— SD)++ Min. Max., Mean{+/- SD) Min. Max, Reference
44 VLF voT 50.0 (45.5) 0.72 172.8 Paulsson(1984)
3 VLF voT 56.7 (46.5) 25 110 Harvey (1983b)
5 VLF voT 12.4(13) 4 35 Harvey(1984a)
54 VLF voT 0.48%* 0.05 2.64 Harvey(1984b)
38 VIF voT 20%+ Marha (1983)
21 VLF VDT 6.92(2.13) 3.0 10.2 49.3 (14.5) 30 76 Guy (1987a)
1 VIF VDT 0.83(0.83) 0.22 2.7 27.8 (26.6) 0.26 76 Roy (1983)
11 VLF VDr(color) 1.31(0.83) 0.39 3.1 33.4 (23.0) 7.3 78 Joyner (1984)
39 VLF VDT 1.96(2.98) 0.2 15 20.4 (17.6) 0.3 76 Joyner (1984)
39 VIF VDT 6.4 (1.5) 47 Boivin(1986)
52 VLF ™ 8.6 (0.5) 21 Boivin(1986)
3 ELF VDT 85.3 (26.9) 54 103 Stuchly(1983)
7 ELF voT 260 (52.6) 200 350 Juutilainen(1986)
4 ELF voT 12.0(12.4) 3 30 Harvey (1982)
3 ELF VDT 293 (234) 120 560 Harvey (1983b)
5 ELF VDT 30.0(24) 10 65 Harvey(1984a)
86 VLF VDT <1 4.4 Canada(1983)

* Equivalent median unperturbed field strengths derived from a measurement of perturbed field.
** Measured at 20 cm in front of the screen
+ Measured at 30 cm in front of the screen.
++ Arithmetic means and standard deviations given in this table

86 ab6ed - spja|d onaube pue 5u108|3 LAA HSOIN
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Table 12. Selected standards for exposure to radiofrequency fields
pertinent to the VDT frequency range. E = electric field
strength; H = magnetic field strength; B = magnetic field
flux density; Occ = occupational; GenP = general public.

- Standard/ref  Occ GenP E(V/m) H(A/m*  B(uT) f(MHz})

AQGIH(1990) X 614 1.63 1.98 0.03-3
ANST (1982) X X 632 1.58 1.98 0.3 =3
Australia(1985) X 194 0.515 0.647 0.3 -9.5
Australia(1985) X 87 0.23 0.29 0.3 =9.5
Canada (Stuchly,

1989) X 600 4.0 5.0 0.01-1.2
Canada (Stuchly,

1589) X 280 1.8 2.3 0.01-1.2
Czech(Czerski,

1985) X 50 - - 0.03-30
Czech (Czerski,

1985) X 5 - - 0.03-30
IRPA(1988) X 614 = 1.6/f | . 2.0/f 0.1 -1
IRPA (1988) X 87 0.23/£%% 0.24/¢Y% 0.1 -1
Italy(Grardolfo,

1986) X 140 0.36 0.45 0.1 -10
Germany (1986) X X 1500 2500 3141 0.03%%
MASS (1983) X 275 0.729 0.916 0.3 -3 -
NATO(1979) X 1000 2.6 3.3 0.01-1
NRPB(1989) X X 614 4.89/f 6.14/f 0.03-1
Poland (Szmigielski,

1989) X 70 10 12 0.1 =10
Poland (Szmigielski,

1989) X 20 - - 0.1 -10
Portland(1987) X 283 0,707 0.888 0.1 -3
Seattle(1989) X 283 0.707 0.888 0.1 -3
Telecam (1986) X X 87 0.23 0.288 0.010 - 10
USAF(1987) X X 632 1.58 1.98 0.01-3
USSR(1984a) X 50 5.0 6.3 0.06-1.5
USSR(1584b) X 25 - - 0.03-0.3

* JA/m = 12.57 mG in free space and most biologic media

** Values given are for 30 kHz but vary according to formula in standard.
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Table 13. Cumlative population exposure in the AM standard
broadcast band (0.535-1.605 MHz).

Electric Field Magnetic Field*
Strength : Strerngth Cumilative Percent
(V/m) (mA/m) of Populatian®*
0.07 0.19 2.0
0.12 0.32 5.9
0.16 -0.42 19.2
0.20 0.53 33.5
0.25 0.66 44.8
0.28 0.74 51.2
0.35 0.93 66.0
0.45 1.2 75.9
0.50 1.3 81.3
0.63 1.7 87.7
0.79 2.1 92.6
1.00 2.7 97.0
2.51 6.6 99.9

*Plane wave equivalent magnetic field strengths derived from
the electric field strengths.

** For example, 2 percent are exposed to less than 0.07 V/m,
33.5 percent are exposed to less than 0.2 V/m, etc.
Source: (Bankin, 1986).
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Table 14. Sumary of dosimetric camparison of AM radio broadcast
- exposure with VDT exposure for electric amd magnetic
fields in terms of imduced currents, current densities
ard specific absorption rates (SARs). All currents,
curre.rrtdemitiesardsmsaminmsmits.

Exposure parameter Camon AM radio [e.064R") 4 IEM VDT
E-field induced bedy to ground b b
current (fA) 48 4.1 0.38
E-field induced current de.ns1ty 2 ‘
in abdgmml region, A_ = 600 cm ‘

© (pb/cm®) e 0.080 0.0068 0.00063
E-field induced current'density
in wrist (harnd on screen or all
body current pass thrcugh wrlst
for AM radio) (A = 10.1 om (uA,/cn ) 4.8 8.7 6.8
H-field imduced c:.rwlatmg c d d
current density (gA/cm”) 0.041 0.032 0.0044
E-field imduced SAR in wrist, hamd
cnh screen or all body current passing - -5 »
through wrist for AM radio (W/kg) 3.6x10 1.210 7.5x10
H-field induced SAR at body R -10 -10 -12
periphery (W/kg) 2.7x10 1.7x10 3.1x10
H-flald :Ln:!uged SAR in wrist, - _
A, =10.1 an’ (W/kg) 5,130 1.2x0°  s.1x10 °

2 Those field strergths towmc'h 80 percent of the population are always
bexposed(E 0.16 V/m; H = 0.42 mA/m, see Table 13)
Baseionmeasuredanrentsmthhandsonkeyboaxﬂ(mrmaloperatlrg
pasition)

ccrrp.xtatim assumes horizentally pelarized magnetic field passing through
a side-view ¢ross section of the body with an ‘effective’ radius of

0.413 m (radius of circle with the same area as an ellipse with a = 0.195 m
ard b = 0.875 m). Conductivity = 0.6 S5/m.

d Camputation assumes vertically polarized magnetic field passing through
a horizamtal cross section of the body trunk with an ‘effective’ radius
of 0.138 m (radius of circle with the same area as an ellipse with
a=0,19 mand b = 0.098 m). Conductivity = 0.6 S/m.
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Table 15.

Simplified summary of measurement results for frontal
emissions, chest exposure and induced curremnts for the

NGT, LED, CCI and IBM displays.

of gecmetric means and standard deviations.

Frontal Emissions Summary

Values given in units

Display VLF-E VLF-H. EIF-E EIF-H
(V/m) (ma/m) {V/m) (mA/m)

NGT 0.077 (2.05) 1.36 (1.044) 0.470 (1.400) 30.3 (1.724)

LED 0.114 (1.161) 1.60 (1.012) 0.376 (1.103) 72.3 (1.682)

ccI 4.22 (1.536) 99.0 '(2.61) 1.85 (1.633) 314. (1.216)

IBM 3.26 (2.07) 22.1 (4.68) 1.78 (1.929) 236. (2.14)

Chest Exposure Summary

Display VLF-E VLF-H EIF-E ELF-H
v/m) (ma/m) (V/m) (m&/m)

NGT 0.099 (1.653) 1.6 (1.0) 0.308 (1.530) 33.0 (1.877)

LED 0.059 (1.475) 1.53 (1.067) 0.299 (1.107) 69.6 (2.70)

I 1.05 {1.399) 14.8 (1.503) 1.02 (1.987) 80.6 (1.653)

IBM 4.23 (2.13) 0.506 (1.780) 66.6 (2.12)

0.328 (1.864)

Keyboard Induced Current Summary

" pisplay Induced Current (uA)
NGT 0.019 (1.021)
1ED 0.014 (1.009)
ocT 4.13 (4.42)

TBM 0.377 (4.65)
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interlaced gcanning in @ Cathode Ray Tut
Trace is left to right

!

£ " Start of fielc
Start of field 1= A r_g.— - —
G ————— — ‘-— — l!

C “““““ ‘—.__’ —— A

—— First field R e
_ — =Second field End of field 1 End of field 2

Figure 1. 11lustration of the horizantal and vertical scarning of
the electYon peam in &
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High Voltage and Deflection Circuits in a VDT

Circuit operation produces electic and magnetic field emissions

12 kV
O b
+30 V o
0 Input
Deflection
Yoke

Horizontal Deflection
Circuit

Vertical Deflection
Circuit

Figure 2. Block diagram of the horizental and vertical deflection
systems in a canventicnal VIT.
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Figure 3.

Sawtooth waveform of the magnetic field proeduced by current
flowing in the horizontal deflection coils. During the
shorter transition of the field, the electron beam is
deflected back to the left side of the screen to begin
ancther trace. Vertical axis is proporticnal to magnetic
field ard horizontal axis is time. CQurvature in long

" transition is partially due to instrumentation response

and imdividual characteristic of particular VDT.



NIOSH VDT Electric and Magnetic Fields - page 106

VDT Electric Field Lines Incident on VDT Operator
are Perpendicular to the Body Surface

E Fields

Illustration of the spatial distribution of the electric
fields near a VIT with an operator present. The presence
of the body perturbs the electric field lines which tend

to terminate on grounded surfaces.

Figure 4.
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VDT Magnetic Field Emissions are Unperturbed
by the Presence of the Operator

Figure 5. Illustration of the spatial distribution of the magnetic
fields near a VDT. The presence of the operator does not
perturb the magnetic field lines.
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VDT Electric Field Lines Normally Incident on
VDT Operator, Tend to Terminate on the
Grounded Filter Rather than the Operator

E Fields

Figure 6. A grounded glare filter will terd to reduce the mumber of
electric field lines which would normally terminate on the

body of the cperator.
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Theoretical and Measured Short Circuit Body Current
of Grounded Man Exposed to VLF-MF Electric Field
Parallel to Body Axis

E
< 1000
=
= . Th
o by = 0.09h:1
E ) ‘.‘\Il'ners-l_‘l-= Height
- 100 L f = frequency
- vDT
Fre . - .
£ "Range ;iavc\;zu VLF Stations
= y Guy '
a 10 « Las Vegas Broadcast Stations
.g - - by Tell
2 ' + Jim Creek WA. Naval VLF Station
o by Guy & Chou
t 1 1 g
_g 10 100 1000
7

Frequency (kHz)

Figure 7. Electric field induced camrent in the body as a function
of frequency. Induced current varies in direct proportion
to the applied field frecuency.
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Orientation of Sensor for RF Electric Fields

]
30CM TOP
o
FRONT .
30 CM 30 CM
vDT LEFT t‘ 0 ¢ RIGHT
30CM FRONT VIEW OF VDT
——

TOP VIEW OF VDT

Figqure 8.

Orientation of the field sensor that was used for measuring
the predominant VIF (horizontal deflection) electric field
strength at different points near a VDT. This correspords
to the same sensor orientation for ELF electric fields except

that the sensor paddle was reversed due to the design of the
instnument (see text).
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Orientation of Sensor for RF Magnetic Fields

30CMm

I Ve
{ 30CM 30CM | LEFT FRONT RIGHT
- -

-
[jo
b

ﬁ}
30CM FRONT VIEW OF VDT
-

TOP VIEW OF VDT

Figure 9. Orientation of the field sensor that was used for measuring
the predaminant VLF (horizcntal deflection) magnetic field
strength at different peints near a VDT.
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Orientation of Sensor for ELF Magnetic Fields

TOP

FRONT .
LEFT ¢ , ¢ Q RIGHT

FRONT VIEW OF VDT

TOP VIEW OF VDT

Figure 10. Orientation of the field sensor that was used for measuring
the predaminant ELF (vertical deflection) magnetic field
strength at differemt poimts near a VDT.
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Figure 11. TPositioning of the field sensor for the self-measurement of
the VLF electric field incident on the body surface of the
VDT operator (chest position).
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Figure 12. Positioning of the field sensor for the self-measurement of
the VIF electric field incident on the body surface of the
VDT cperator (face position).
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Figure 13. Positicning of the field sensor for the self-measurement of
the EIF magnetic field incident on the body surface of the
VDT operator (face position).
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Figure 14. Pcsitionjhg of the field sensor for the measurement of the
VLF magnetic field incident on the body of the VDT
cperator.
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Figure 15.

“d

Close-up photograph showing the comductive wrist band for
measurement of electric field induced body current. One of
three hand positions used for determining induced current
was with the hands on the keyboard.
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Figure 16. Measurement of the electric field induced current in,
the cperator was accanplished through the use of a
conductive wrist band connected to a digital multimeter,
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Figure 17.

One of three hand positions used for determining the
electric field induced current was pointing to a spot
on the screen of the display.
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Figure 18. The third of three different hand positions used for
determining induced current was with the hand placed flat
against the screen of the VDT, In this position the
capacitive caupling to the electric field source is
greatest.,



NIOSH VDT Electric and Magnetic Fields - page 121

N .
-
Ay
N
2

£

ion o

ter for detect

scanning me

radiation leakage fram the VDT.

Usirg the Stoms planar
possible low energy x-

18

igure

F

g d



ke

NIOSH VDT Electric and Magnetic Fields - page 122

Figure 20. Photograph of the Holaday Industries Model
VDT survey meter.

HI-3600
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Measurement of Electric Field Strength via
Displacement Current Sensor

Both disks are
forced to the
same potential

tE,

A displacement current i flows between the shorted disks
to maintain zero electric field between the disks

Figure 21. Principle of operation of a displacement current sensor
for measuring the strerxgth of an electric field.

B
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Measurement of Magnetic Field Strength via
Induced Loop Current

Compensated Loop

Tailored frequency response
with loop loading

Output ———=

Output

Frequency ——»

Figure 22. The frequercy response of a campensated (loaded) locp
for measuring megnetic fields., The loop loading produces

a shaped frequency response that is flat in a given
frequency rarge.
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Reproduced from
best available copy.

Figure 23. Variation of electric and magnetic field strength with
distance fram a display was accamplished with a
nonconductive stand to hold the field strength meter.




g

Figqure 24.

For measurements of electric field emissions, a speci
spacing device was used to position the sensor surfac
30 e from the surface of the display.
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Figure 25. For measurements of magnetic field emissions, a special
spacing device was used to position the center of the
locp sensor 30 ¢m from the surface of the display.
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Method for Calibrating the HI-3600 Magnetic Field
Response Using 3 Turn Helmholtz Coils

|

[H,=4.32imA/m) 0.5m

Figure 26. Diagram of one-meter diameter Helmholtz coil system for
: generating a magnetic field of known strength for
calibrating the field senscrs.
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Reproduced from
bes! availabie <opy.

Figure 27. -Photograph of the cne-meter Helmholtz coil system used
to evaluate the response of the magnetic field sensors.
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Figure 28. Photograph of the cne-meter square parallel plates used
to develop a known electric field strergth for evaluating
the electric field sensors used in the project.
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Figure 29. Horizomtal ard vertical deflection frequencies were
determined by using a frequency counter feature on the
Fluke Model 8060A digital multimeter connected to the
analog output signal of the field sensors.
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Reproduced from
best available copy.

Figure 30. Usirllg the HI-3600 analog autpuat with a digital
oscilloscope and laptop camuter to measure and
s;ore the waveform of electric and magnetic fields
of a VDT.
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Indicated electric field (V/m)

VLF ELECTRIC FIELD FREQUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3600
Meter S/N 54700, Sensor S/N 54802
20 ————y ey

18 | -

16

14

12 .

| Calibration field = 16 V/m

10 N ; b0l R , N |

1 10 100
Freguency (kHz)

Figure 31. VIF electric field frequency response of the Holaday
Industries Model HI-3600-01, meter s/n 54700, sensor
s/n 54802.
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- VLF MAGNETIC FIELD FREQUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3800
Meter S/N 54700, Sensor S/N 54802
200 ——————T ——

180

160

140 F

120 r

Indicated magnetic field (mA/m)

100 k & - — . - N TP |
4 10 ) 100
Fregquency (kHz)

Figure 32. VLF magnetic field frequency response of the Holaday
Industries Model HI-3600-01, meter s/n 54700, sensor
s/n 54802.
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ELF ELECTRIC FIELD FF%EGUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3602

Meter S/N 55014, Sensor S/n 58483
20 —— . —

15 F

10k

- Calibration field = 16.0 V/m
5 N . N s . .1‘

10 | 100
Frequency (Hz)

Indicated electric field (V/m)

Figure 33. EIF electric field frequency response of the Holaday
Industries Model HI-3600-02, meter s/n 55014, sensor
s/n 58493,
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ELF MAGNETIC FIELD FREQUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3802

Meter S/N 55014, Sensor S/n 584383
400 '

Calibration field = 337 mA/m
360 - ]

T

320

280

T

240 +

Indicated magnetic field (mA/m)

200

10 100
Frequency (Hz)

Figure 34. ELF magnetic field frequency response of the Holaday
Industries Mcdel HI-3600-02, meter s/n 55014, sensor
s/n 58493,

4



I

NIOSH VDT Electric and Magnetic Fields - page 137

Indicated magnetic field (mA/m)

ELF MAGNETIC FIELD FREQUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3B602

Meter S/N 55501, Sensor S/n 60088

350
330‘-
310 |
250 i
270 i
230
230

210
1380

T v 1T

1

Calibration field = 337 mA/m

10

Figure 35.

100
Freguency (Hz)

ELF magnetic field frequency response of the Holaday
Industries Model HI-3600-02, meter s/n 55501, sensor
s/n.60088.
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SPATIAL VARIATION OF ELF MAGNETIC FIELD
FOR CCI VIDEO DISPLAY TERMINALS

LEGEND
A STN 13, NAS 1
®m  STN 48, MAR
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LR |

[N

(e

O
T

! 1 |-

0 1 1 1 1 1 ! ]
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Distance from display (cm)

RAMS magnetic field strength (mA/m)

Figure 36. Spatial variation of ELF magnetic fields (vertical
deflection) for three OCI VDIs.
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SPATIAL VARIATION OF VLF MAGNETIC FIELD
FOR CCI VIDEO DISPLAY TERMINALS
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Figure 37. Spatial variation of VLF magnetic flelds (horizontal
. deflection) for four CCI VDTs.
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RAMS electric field strength (V/m)

SPATIAL VARIATION OF ELF ELECTRIC FIELD

10

0.1

FOR CCI VIDEO DISPLAY TERMINALS
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Figure 38. Spatial variation of EIF electric fields for four

CCI VDTs.
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SPATIAL VARIATION OF VLF ELECTRIC FIELD
FOR CCI VIDEO DISPLAY TERMINALS

10 F

0.1
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Figure 39.

g
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Distance from display (cm)

Spatial variation of VLF electric fields for four
CCI VDTs.
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SPATIAL VARIATION OF ELF MAGNETIC FIELD
FOR IBM VIDEO DISPLAY TERMINALS
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| Figure 40. Spatial variation of ELF magnetic fields for four
IBM VDIs. .
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SPATIAL VARIATION OF VLF MAGNETIC FIELD
'FOR IBM VIDEQO DISFLAY TERMINALS

I T 1 1 1 ] 1 ] T 1

E

2

1000 ¢ - LEGEND E
c - A STN 1006, FP ]
=) B STN 1028, MAC]
[oh)

O Y STN 139, JAC
+ 100 f 3
0 d * STN 426, LC
o - y
— 5

1]

ot L

S

L 10 f E
g ]
C -
@)

@® - )

E

0 1 1 1 1 1 1 ] 1 1 |

>

(e

0 10 20 30 40 50 60 70 B0 S0 4100 110
Distance from display (cm)

| Figure 41. Spatial variation of VIF magnetic fields for four
IBM VDOTs. Datas.:;ports&.lppomtmnthattherea:etwo
different designs used for the same model.
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SPATIAL VARIATION OF ELF ELECTRIC FIELD
FOR IBM VIDEO DISPLAY TERMINALS
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Figure 42. Spatial variation of ELF electric fields for four
IBM VDTs.
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SPATIAL VARIATION OF VLF ELECTRIC FIELD
FOR IBM VIDEO DISPLAY TERMINALS
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Figure 43. Spatial variation of VLF electric fields for four
IBM VITs.
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SPATIAL VARIATION OF ELECTRIC FIELD
FOR NGT DISPLAY, STATION 352 |

CINCINNATI
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Figure 44.
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Spatial variation of electric fields measured in the

EIF ard VLF bands for the NGT display.
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SFPATIAL VARIATION OF MAGNETIC FIELD
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Figure 45. Spatial variation of magnetic fields measured in the
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ELF and VIF bands for the NGT display.
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SPATIAL VARIATION OF ELECTRIC FIELD
| FOR LED DISPLAY, STATION 40
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Figure 46, Spatial variation of electric fields measured in the
ELF and VLF bands for the LED display.
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SPATIAL VARIATION OF MAGNETIC FIELD
FOR LED DISPLAY, STATION 40
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Fiqure 47. Spatial variation of magnetic fields measured in the
ELF ard VIF barnds for the LED display.
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REPRESENTATIVE WRIST CURRENT
WAVEFORM MEASUREMENT FOR
DETERMINING FREQUENCY

Abritrary wrist-strap voltage

Figure 48.

Time per division = 20 us

Measured on IBM, station 139, Jacksonville

Bxample wrist current waveform measurement for determining
frequency of the current.
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VLF MAGNETIC FIELD WAVEFORM
AT 30 CM FRGCM CCI VDT
STATION 13, NASHVILLE
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Figure 49. Measured VIF (herizontal deflection) magnetic field ‘

e

waveform determined at 30 cm for the CCI VDT, station
13, Nashville.
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VLF ELECTRIC FIELD WAVEFORM
AT 30 CM FROM CCI VDT
STATION 13, NASHVILLE
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Figure 50. Measured VLF (horizomtal deflection) electric field
! waveform determined at 30 am for the CCI VDT, station
13, Nashville.
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ELF MAGNETIC FIELD WAVEFORM
AT 30 CM FROM CCI VDT
~ STATION 13, NASHVILLE
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Figure 51. Measured EIF (vertical deflection) magnetic field
waveform determined at 30 am for the QCI VDT, station
13, Nashville.
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ELF ELECTRIC FIELD WAVEFORM
AT 30 CM FROM CCI VDT

STATION 13, NASHVILLE
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Fiqure 52. Measured ELF (vertical deflection) electric field
waveform determined at 30 cm for the CCI VDT, station
13, Nashville.
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VLF MAGNETIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VOT
STATION 1006, FOREST PARK
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Figure 53.

Time per division = 20 uS
dB/dt=0.336 mA/m/us/(mA/m rms)

Measured VIF (horizonmtal deflection) magnetic field
waveform determined at the screen surface for the ITEM
VDT, station 1006, Forest Park.
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VLF ELECTRIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VDT
STATION 1006, FOREST PARK
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Figure 54. Measured VLF (horizontal deflection) electric field
waveform determined at the screen surface for the IBEM
VDT, staticn 1006, Forest Park.
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VLF MAGNETIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VDT
STATION 426, LAKE CITY
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Figure 55,

Time per division = 10 ps
- dB/dt=3.98 mA/m/us/(mA/m rms)

Measured VIF (horizomtal deflection) magnetic field
waveform determined at the screen surface for the ITM
VDT, station 426, Lake City.
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VLF MAGNETIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VDT
STATION 1028, MACON
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Figure 56.

Time per division = 20 puS
dB/dt=2.75 mA/m/us/(mA/m rms)

Measured VIF (horizantal deflection) magnetic field
waveform determined at the screen surface for the IBM
VDT, station 1028, Macon.
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VLF MAGNETIC FIELD WAVEFORM
AT 30 CM FRCM IBM VDT

STATION 1028, MACON
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Figure 57.

Time per division = 20 usS

Measured VIF (horizontal deflection) magnetic field
waveform determined at 30 an for the IBM VDT, station
1028' m@. ' ‘
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VLF ELECTRIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VOT

STATICN 1028, MACON
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Figure 58. Measured VIF (horizomtal deflection) electric field
waveform determined at the screen surface for the TEM
VDT, station 1028, Macon.
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ELF MAGNETIC FIELD WAVEFORM
AT 30 CM FROM IBM VDT
STATION 1028, MACON
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Figure 59.

Time per division =5 ms

dB/dt=0.0613 mA/m/ps/(mA/m rms)

Measured ELF (vertical deflection) magnetic field
waveform determined at 30 cm for the IBM VDT, station
1028, Macon. -
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ELF ELECTRIC FIELD WAVEFORM
AT 30 CM FROM IBM VDT
STATION 1028, MACON
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Figure 60. Measured EIF (vertical deflection) electric field
waveform determined at 30 am for the IBM VDT, station
1028, Macon. :
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Figure 61.

VLF MAGNETIC FIELD WAVEFORM
AT SURFACE OF NGT DISPLAY
STATION 3322, CINCINNATI
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Noise level of electronics in sensor -

dam " i n i

Time per division = 200 us

Measured VLF magnetic field waveform determined at the
surface of the RGT display, station 352, Cincinnati.
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VLF ELECTRIC FIELD WAVEFORM
AT SCREEN SURFACE OF NGT DISPLAY
- STATION 352, CINCINNATI

y—

Time per division = 50 ms
Internal noise spikes of sensor
repeat at approximately 7.5 Hz

Measured VLF electric field waveform determined at the
surface of the NGT display, station 352, Cincinnati.
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ELF MAGNETIC FIELD WAVEFORM
AT SURFACE OF NGT DISPLAY
STATION 352, CINCINNATI
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Figure 63. Measured ELF magnetic field waveform determined at the
surface of the NGT display, station 352, Cincimnati.



NIOSH VDT Electric and Magnetic Fields - page 166

ELF ELECTRIC FIELD WAVEFORM
AT SURFACE OF NGT DISPLAY
STATION 352, CJNCINNATI
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, 'Figure 64. Measured EIF electric field waveform determined at the
surface of the NGT display, station 352, Cincinnati.
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Magnetic field strength (mA/m)
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VLF MAGNETIC FIELD WAVEFORM
AT 30 CM FROM LLED DISPLAY
STATION 408, BLOOMINGTON
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Time per division = 50 ms

. 'Figure 65. Measured VIF magnetic field waveform determined at

e

" 30 cm for the LED display, station 408, Bloamington.
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VLF ELECTRIC FIELD WAVEFORM
AT 30 CM FROM LED DISPLAY

STATION 408, BLOOMINGTON
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Figure 66. Measured VIF electric field waveform determined at
30 an for the LED display, station 408, Blocmington.
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ELF MAGNETIC FIELD WAVEFORM AT 30 CM
FROM LED, STATION 408, BLOOMINGTON
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Figure 67. Measured ELF magnetic field waveform determined at
30 om for the LED display, station 408, Bloamington.
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ELF ELECTRIC FIELD WAVEFORM
AT 30 CM FRCM LED DISPLAY
STATION 408, BLOOMINGTON
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Figure 68.

Measured ELF electric field waveform determined at
30 cn for the ILED display, station 408, Bloomington.
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Figure 69. Frum cambined data for cities listed, percentages of
population exposed to various ranges of RF power densities
contributed by VHF ard UHF broadcast bands. From EPA
study of FM ard TV brvadcasting (Tell and Mamtiply, 1980).
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Magnetic field
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Magnetic field

(a) Longitudinal field (b) Frontal field

Figure 71. Distrikution of internally induced electric fields from
whole-body exposure to time-varying magnetic fields.
Magretic field directicn is parallel to long axis of body
in part (a), ard perperdicular to front of body in (b).
Direction of internal E-field ard induced current reverses
every 1/2 cycle of the magnetic field. Source: Reilly,
1590. :
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Appendix A
List of Epidemiological Studies
Related to VDT Workers
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APPENDIX B

Compilation of Electric and Magnetic Field Emission,
Operator Exposure and Induced Current Data

for 96 VDT, NGT and LED Displays Evaluated in NIOSH Study
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Location: Cincinnati
Display type: NGT VLF Sweep = -

Serial/station mmber: 302

Emission RMS Field Strength Values

Field - Top Front Bottam Back Ieft Right
VLF E (V/m) 0.07 0.05 0.05 0.05 0.05 Na
VLF H (mA/m) 1.4 1.4 1.4 1.4 1.4 NA
ELF E (V/m) 0.62 0.45 0.34 0.23 0.23 NA
ELF H (mad/m) 36 22 16 84 79 NA

Operator Exposure RMS Fieid Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.12 0.06 0.07
VIF H (md/m) 1.6 1.6 1.6
ELF E (V/m) . 0.42 0.27 0.43
EIF H (mA/m) 35 32 26
Operator RMS Induced Currents
Hand Position Induced Qurrent (ul)
Hands on keyboard 0.02
Finger touching screen 0.01
Hand placed flat on screen 0.01
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Iocation: Cincimnati
Display type: NGT VLF Sweep = = ELF Sweep = -
Serial/station muber: 303

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VLF E (V/m) 0.08 0.07 0.05 0.04 NA 0.05
VIF H (mA/m) 1.4 1.4 1.4 1.4 NA 1.4
ELF E (V/m) 0.66 . 0.45 0.89 0.45 NA 0.42
EIF H (mad/m) 14 19 19 21 NA 46

Operator Exposure RMS Field Strength Values

Field Abdamen  Chest Face
VIF E (V/m) 0.30 0.21 0.10
VIF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 2.1 1.2 1.5
ELF H (DA/m) 21 26 24

Operator RMS Induced Currents

Hard Position Induced CQurrent (uA)
Harnds on keyboard 0.02
Finger touching screen 0.01
Hard placed flat oan screen 0.01
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location:

Display type: NGT

Cincinnati

VLF Sweep = =

Serial/station mumber: 304

Emission RMS Field Strength Values

Field - Top Front Bottam  Back Left Right
VLF E (V/m) 0.09 0.05 0.05 0.05 C.05 NA
VLF H (mA/m) 1.3 1.3 1.3 1.3 1.3 v
EIF E (V/m) 0.91 0.33 0.36 0.50 0.34 NA
EIF H (md/m) 29 26 25 22 34 NA

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VIF E (V/m) 0.25 0.22 0.22
VLF H (mA/m) 1.6 1.6 1.6
EIF E (V/m) 0.33 0.45 0.70
EIF H (mA/m) 27 27 28

Operator RMS Induced Currents
Hand Position Indiced Current (ul)

Harnds on keyboard
Finger touching screen
Hand placed flat on screen
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Iocation: Cincimnati
Display type: NGT VLF Sweep = - ELF Sweep = -
Serial/statiocn rumber: 307

Emission RMS Field Strength Values

Field Top Front Bottam Back Left Right
VLF E (V/m) 0.18 0.10 0.05 0.07 NA 0.05
VLF H (mA/m) 1.3 1.3 1.4 1.3 NA 1.4
ELF E (V/m) 1.7 - 0.56 0.34 0.74 NA 0.45
ELF H (mA/m) 39 42 13 37 NA 41

Operator Exposure RMS Field Strength Values

Field - Abdamen Chest Face
VLF E (V/m) 0.20 0.10 0.14
VIF H (md/m) 1.6 1.6 1.6
ELF E (V/m) 0.18 0.29 1.2
EIF H (m3/m) 38 42 45

Operator RMS Induced Currents

Hand Position Induced Qarrent (uA)
Hards ¢n keyboard 0.03
Finger touching screen 0.03
Hand placed flat on screen 0.04
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location: Cincinnati
Display type: NGT VLF Sweep = -
Serial/station number: 308

ELF Sweep = =-.

Emission RMS Field Strength Values

Field Tep Front Bottan Back left Right
VIF E (V/m) 0.07 0.07 0.08 0.07 0.05 NA
VLF H (mA/m) 1.4 1.3 1.4 1.4 1.4 NA
EIF E (V/m) 0.60 0.45 0.30 0.28 0.33 NA
ELF H (mA/m) 46 32 28 64 - 40 A

Operator Exposure RMS Field Strength Values
Field Abdomen Chest Face
VLF E (V/m) 0.28 0.07 0.11
VLF H (md/m) 1.6 1.6 1.6
ELF E (V/m) 0.73 0.32 0.47
ELF H (md/m) 37 35 32
Operator RMS Induced Currents
Hand Position Induced Qurrent (uA)
Hands an keyboard 0.02
Finger touching screen 0.01
Hand placed flat on screen , 0.01
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Iocation: Cincinnati
Display type: NGT VLF Sweep = = ELF Sweep = -
Serial/station mmber: 310

Emission RMS Field Strength Values

Field Top - Front Bottom  Back Left Ri
"VLF E (V/m) 0.14 0.07 0.05 0.05 0.05 NA
VIF H (ma/m) 1.3 1.4 1.3 1.3 1.4 NA
ELF E (V/m) 1.0 0.60 0.36 0.43 0.33 NA -
ELF H (mad/m) 33 34 22 27 34 NA

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.23 0.08 0.13
VIF H (md/m) 1.6 1.6 1.6
EIF E (V/m) 1.0 0.36 0.62
EIF H (mA/m) 33 35 33

Operator RMS Induced Currents

Hand Position Induced Current (ud)
Hands on keyboard 0.01
Finger touching screen 0.01

Hand placed flat on screen 0.00
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Iocation: Cincinnati
Display type: NGT VLF Sweep = - ' ELF Sweep = -
Serial/station number: 313

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VLF E (V/m) 1.3 1.2 1.2 0.07 NA 0.05
VLF H (mad/m) 1.4 1.3 1.4 1.4 NA 1.4
ELF E (V/m) 1.3 0.68 0.29 0.50 NA 0.59
EIF H (mA/m) 43 42 30 50 NA 67

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.23 0.08 0.14
VIF H (mA/m) 1.6 1.6 1.6
EIF E (V/m) 0.33 0.23 1.2
EIF H (mA/m) 38 39 50

Operator RMS Induced Currents

Hand Position Induced Current (ul)

Hands on keybocard
Finger touching screen
Hard placed flat on screen
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location: Cincinnati
Display type: NGT VLF Sweep = -

Serial/station number: 316

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right
VLF E (V/m) 0.12 0.05 0.05 " 0.05 0.05 NA
VLF H (ma/m) 1.4 1.4 1.4 1.4 1.4 NA
EIF E (V/m) 0.91 0.28 0.38 0.23 0.22 NA
ELF H (mA/m) 40 31 32 32 80 NA

Operator Exposure RMS Fieild Strength Values

Field Abdaomen Chest Face
VLF E (V/m) 0.07 0.06 0.09
VLF H (md/m) 1.6 1.6 1.6
ELIF E (V/m) 0.47 0.16 0.57
ELF H (mA/m) 41 a3 34

Operator RMS Induced Currents

Hand Position Induced Qurrent (uA)

Hards on keyboard 0.02
Finger touching screen 0.02
Hand placed flat on screen 0.05
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Location: Cincinnati
Display type: NGT VIF Sweep = - ELF Sweep = =
Serial/station mmber: 317

Emission RMS Field Strength Values

Field Top Front  Bottom Back left Right
VIF E (V/m) 0.16 0.09 0.05 0.07 N 0.05
VIF H (md/m) 1.4 1.4 1.4 = 1.4 NA 1.4
ELF E (V/m) 2.0 0.66 0.29 0.62 MNA 0.33
ELF H (m&/m) 30 24 33 24 NA 34

Operator Exposure RMS Field Strength Values

Field " abdamen Chest Face
VIF E (V/m) 0.21 0.06 0.12
VIF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 0.42 0.18 0.91
EIF H (md/m) 36 31 23

Operator RMS Induced Currents

Hand Position Induced Current (uA)
Hands on keyboard 0.06
Finger touching screen 0.08
Hand placed flat an screen , 0.05
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location: Cincinnati
Display type: NGT VLF Sweep = = ELF Sweep = -
Serial/station mmber: 318

Emission RMS Field Strength Values

Field Top Front Bottam Back Left Right
VIF E (V/m) 0.10 0.08 0.05 0.03 0.05 NA
VLF H (mA/m) 1.4 1.4 1.4 1.4 1.4 NA
EIF E (V/m) 1.0 0.35 0.34 0.29 0.23 N
EIF H (mA/m) 23 29 42 34 90 N

Operator Exposure RMS Field Strength Values
Field Abdamen Chest Face
VLF E (V/m) 0.25 0.06 0.12
VLF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 0.35 0.26 0.80
EIF H (mA/m) 104 96 92
Operator RMS Induced Currents
Hand Position Induced Qurrent (uA)
Hands on keyboard 1 0.01
Finger touching screen 0.01

Hand placed flat on screen 0.02
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Iocation: Cincinnati
Display type: NGT VLF Sweep = - ELF Sweep = -
Serial/station mumber: 319

Emission RMS Field Strength Values

Field Top Front Bottam Back. left Right

VIF E (V/m) 0.21 0.09 0.05 0.07 MNA 0.05
VLF H (md/m) 1.4 1.4 1.4 1.4 NA 1.4
ELF E (V/m) 1.8 0.69 0.35 0.62 Na 0.38
EIF H (mA/m) 19 20 43 34 NA 48

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.08 0.07 0,11
VIF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 0.46 0.19 0.96
EIF H (mA/m) 34 31 24

Operator RMS Induced Currents

Hand Position Induced Current (ua)

Hands on keyboard
Finger touching screen
Hand placed flat on screen
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Ilocation: Cincimnati
Display type: NGT VLF Sweep = — ELF Sweep = -
Serial/station mumber: 321

Emission RMS Field Strength Values

Field Top Front Bottam Back = left Right
VLF E (V/m) 0.19 0.07 0.05 0.07 MNA 0.05
VLF H (mA/m) 1.4 1.4 1.4 1.4 NA 1.4
EF E (V/m) 2.1 0.56 0.33 0.67 NA 0.38
EIF H {mA/m) 16 22 44 28 NA 45

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.12 0.20 0.25
VLF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 0.60 0.25 0.68
EIF H (md/m) 34 29 31

Operator RMS Induced Currents

Hand Positiaon Induced Current (ud)

Hards on keyboard
Finger touching screen
Hand placed flat an screen
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NIOSH VDT Electric and Magnetic Fields, Appendixes, page 17 A—/

Iocation: Cincinnati
Display type: NGT VLF Sweep = - ELF Sweep = -
Serial/station mmber: 325

Emission RMS Field Strength Values

Field Top Front Bottam  Back left Right
VIF E (V/m) 0.20 0.10 0.05 0.08 NA 0.05
VLF H (mA/m) 1.4 1.3 1.4 1.4 NA 1.3
EIF E (V/m) 2.7 .82 0.49 0.73 NA 0.43
ELF H (mA/m) 26 29 30 28 ‘NA 37

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.21 - 0.09 0.17
VIF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 0.83 0.25 0.87
ELF H (mA/m) 31 32 27

Operator RMS Induced Currents

Hard Position Induced Current (uA)

Hands on keyboard
Finger touching screen
Harnd placed flat on screen
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NIOSH VDT Electric and Magnetic Fields, Appendixes, page 18/Q_

Location:

Display type: NGT

Cincinnati

VLF Sweep = -

Serial/station number: 328

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VIF E (V/m) 0.10 0.07 0.05 0.08 0.03 MA
VLF H (mA/m) 1.4 1.4 1.4 1.4 1.4 NA
EIF E (V/m) 0.89 0.40 0.25 0.39 0.27 N
EIF H (mA/m) 43 48 33 59 36 NA

Operator Exposure RMS Field Strength Values

Field Abdamen chest Face
VLF E (V/m) 0.24 0.21 0.33
VLF H (md/m) 1.6 1.6 1.6
EIF E (V/m) 0.14 0.23 0.86
ELF H (mA/m) 33 37 37
Operator RMS Induced Currents
Hand Position Induced Currernt (uh)
Hards on keyboard 0.01
Finger touching screen 0.01
Hand placed flat an screen 0.01
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NIOSH VDT Electric and Magnetic Fields, Appendixes, page 19 7‘31

Location: Cincinnati
Display type: NGT VLF Sweep = = ELF Sweep = -
Serial/station mmber: 329

Emission RMS Field Strength Values

Field Top Front Bottam Back = left
VLF E (V/m) 0.16 0.08 0.05 0.05 NA
VLF H (mA/m) 1.4 1.4 1.4 1.3 NA
EIF E (V/m) 1.8 0.54 0.34 0.56 NA
ELF H (md/m) 58 73 108 71 NA

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VLF E (V/m) 0.22 0.20 0.10
VLF H (md/m) 1.6 1.6 1.6
ELF E (V/m) 0.36 0.47 0.80
ELF H (mA/m) 103 94 84

Operator RMS Induced Currents

Hand Position ; Induced Current (ua)
Hards on keyboard 0.02
Finger touching screen 0.06
Hand placed flat on screen 0.07




NIOSH VDT Electric and Magnetic Fields, Appendixes, page 20 /7

Iocation: Cincinnati
Display type: NGT VLF Sweep = - ELF Sweep = -
Serial/station mumber: 337

Emission RMS Field Strength Values

Field Top Front Bottam Back Ieft Right
VLF E (V/m) 0.16 0.19 0.05 0.07 N 0.07
VLF H (md/m) 1.4 1.3 1.3 1.4 NA 1.4
EIF E (V/m) 2.2 0.64 0.38 0.47 N 0.3
ELF H (mA/m) 57 63 52 46 NA 100

Operator Exposure RMS Field Strength Values
Field Abdamen = Chest Face
VLF E (V/m) 0.21 0.21 0.33
VLF H (mad/m) 1.6 .. 1.6 1.6
EIF E (V/m) 0.35 0.33 1.2
EIF H (mA/m) 76 76 74
Operator RMS Induced Currents
Hand Position Induced Current {ui)
Hands on keyboard 0.0
Finger touching screen 0.0
Hard placed flat on screen 0.0
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Location: Cincinnati |
Display type: NGT VLF Sweep = - ELF Sweep = -
Serial/station mumber: 342

Emission RMS Field Strength Values

Field Top Front Bottam  Back left Right
VLF E (V/m) 0.10 0.07 0.05 0.07 0.05 NA
VIF H (ma/m) 1.4 1.3 1.4 1.4 1.4 NA
EIF E (V/m) 1.3 0,38 0.61 0.35 0.42 NA
ELIF H {(mA/m) 64 80 146 6l 87 NA

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.07 0.07 0.11
VLF H (mA/m) 1.6 1.6 l.6
EIF E (V/m) 0.25 0.28 0.83
ELF H (mA/m) 67 62 58

Operator RMS Induced Currents

Hand Position Induced Current (uA)
Hards on keyboard 0.03
Finger touching screen 0.02

Hand placed flat on screen 0.01
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Location: Cincinnati
Display type: " NGT VLF Sweep = = ELF Sweep = =
Serial/station mmber: 345

Emission RMS Field Strength Values

Field Top Front  Bottom Back Left Right
VIF E (V/m) 0.14 0.07 0.05 0.05 MNA 0.05
VLF H (md/m) 1.4 1.3 1.3 1.4 NA 1.3
ELF E (V/m) 1.4 0.49 0.30 0.41 NA 0.35
ELF H (mA/m) 83 100 101 103 NA 42

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VLF E (V/m) 0.22 0.07 0.22
VLF H (m&/m) 1.6 1.6 1.6
ELF E (V/m) 0.13 0.30 1.2
ELF H (md/m) 108 111 108

Operator RMS Induced Currents

Hand Position Induced Current’ (ud)

Hands on keyboard
Finger touching screen
Hand placed flat on screen
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Iocation: Cincinnati
Display type: NGT VLF Sweep = - EIF Sweep = =
Serial/station mumber: 348

Emission RMS Field Strength Values

Field Top Front Bottom Back Left Ri
VLF E (V/m) 0.09 0.07 0.05 0.18 0.05 Na
VLF H (mA/m) 1.4 1.4 1.4 1.4 1.4 NA
EIF E (V/m) 0.80 0.29 0.35 0.45 0.26 NA
EIF H (maA/m) 19 13 15 13 19 NA

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VLF E (V/m) 0.27 0.09 0.10
VIF H (mA/m) 1.6 1.6 1.6
EIF E (V/m) 0.35 0.34 0.63
EIF H (md/m) 15 14 14

Operator RMS Induced Currents

Hand Position Imuced Qurrent (uA)
Hands on keyboard 0.03
Finger touching screen 0.01

Hand placed flat on screen 0.01
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Iocation: Cincinnati
Display type: NGT "~ VLF Sweep = - ELF Sweep = -
Serial/station number: 349

Emission RMS Field Strength Values

Field Top Front Bottam  Back 1eft Right
VLF E (V/m) 0.19 0.09 0.05 0.07 NA 0.04
VLF H (mA/m} 1.4 1.4 1.4 1.4 NA 1.4
ELF E (V/m) 2.4 0.55 0.28 0.73 MNA 0.33
ELF H (mA/m) 25 30 27 17 NA 21

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.24 0.07 0.16
VLF H (ma/m) 1.6 1.6 1.6
ELF E (V/m) 0.16 0.27 1.3
EIF H (maA/m) 11 11 14

Operator RMS Induced Currents

Hand Position Induced CQurrent (uA)
Harnds on keyboard 0.01
Firnger touching screen 0.01
Hand placed flat on screen 0.0
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Iocaticn: Cincinnati
Display type: NGT VLF Sweep = - ELF Sweep = ~
Serial/station mmber: 351

Emission RMS Field Strength Values

Field Top Front  Bottam Back Left Right
VLF E (V/m) 0.19 0.07 0.05 0.07 N 0.03
VIF H (md/m) 1.3 1.3 1.4 1.4 NA 1.4
ELF E (V/m) 2.2 0.73 0.43 0.55 MNA 0.38
ELF H (m&/m) 16 17 35 16 NA 21

Operator Exposure RMS Field Strength Values

Field Abdcomen Chest Face
VLF E (V/m) 0.08 . 0.07 0.21
VIF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 1.0 0.63 0.91
ELF H (mA/m) 8.1 11 14

Operator RMS Induced Currents

Hand Position Induced Current (ua)
Hands on keyboard 0.02
Finger touching screen 0.01
Hand placed flat on screen 0.03

1
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Location: Cincinnati
Display type: NGT VLF Sweep = - ELF Sweep = -
Serial/station mmber: 352

Emission RMS Field Strength Values

Field Top Front Bottam Back Ieft Right
VLF E (V/m) 0.08 6.02 0.02 0.02 0.02 MA
VLF H (mA/m)} 1.5 1.5 1.5 1.5 1.4 NA
EIF E {V/m) 0.49 0.23 0.25 0.29 0.26 NA
ELF H (md/m) 25 18 21 22 40 NA

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.08 0.08 0.1
VLF H (mA/m) 1.6 1.6 1.6
EIF E (V/m) 0.34 0.27 0.48
EIF H (md/m) 12 21 27

Operator RMS Induced Currents

Hard Position Induced Qurrent (ud)

Harnds on keyboard
Finger touching screen
Hand placed flat on screen
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NIOSH VDT Elecfric and Magnetic Fields, Appendixes, page 27 /Q_.

Iocation: Cincinnmati

Display type: NGT VLF Sweep = - ELF Sweep
Serial/station muber: 358

Emission RMS Field Strength Values

Field Top Front  Bottam Back  left Right
VIF E (V/m) 0.10 0.04 0.05 0.05 0.05 NA
VIF H (mA/m) 1.4 1.3 1.4 1.4 1.4 NA
ELF E (V/m) 1.2 0.33 0.27 0.66 0.27 NA
EIF H (md/m) 10 14 27 23 18 N

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VLF E (V/m) 0.25 0.07 0.22
VLF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 0.49 0.43 1.0
ELF H (mA/m) 15 16 15

Operator RMS Induced Currents

Hard Position Induced Qurrent (uA)

Hards on keyboard
Finger touching screen
Hand placed flat on screen
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Location: Cincinnati
Display type: NGT . VLF Sweep = - ELF Sweep = -
Serial/station mumber: 361

Emission RMS Field Strength Values

Field Top Fromt  Bottam Back Left Right
VIF E (V/m) 0.11 0.04 0.05 0.05 MNA 0.05
VLF H (md/m) 1.3 1.3 1.3 1.3 NA —
ELF E (V/m) 0.49 0.43 0.29 0.35 NA 0.33
EIF H (mA/m) 22 22 22 23 NA 25

Operator Exposure RMS Field Strength Values

Field Abdcmen = Chest Face
VLF E (V/m) 0.25 0.20 0.19
VIF H (mA/m) 1.6 1.6 1.6
ELF E (V/m) 0.36 0.27 0.53
EIF H (mA/m) 21 21 22

Operator RMS Induced Currents

Hand Position Incced Qurrent (LA)
Hands aon keyboard 0.01
Finger touching screen 0.01

Hand placed flat on screen 0.01
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NIOSH VDT Electric and Magnetic Fields, Appendixes, page 29 /

Iocation: Blocmington
Display type: IED = VLF Sweep = - ELF Sweep = -
Serial/station mmber: 413

Emission RMS Field Strength Values

Field Top Front Bottom  Back left Right
VLF E (V/m) 0.21 0.14 0.25 0.56 NA 0.12
VIF H (mA/m) 1.6 1.6 4.4 1.6 NA 1.6
ELF E (V/m) 2.9 0.45 0.39 13 NA 0.48
EIF H (mA/m) 185 155 138 177 NA 132

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.04 0.04 .0.18
VLF H (mA/m) 1.6 1.4 1.4
ELF E (V/m) 0.33 0.30 0.30
EIF H (mA/m) 147 170 205
Operator RMS Induced Currents
Harnd Positiaon Induced Current (ud)
- Hards on keyboard ,0.01
- Finger touching screen 0.01
Hand placed flat on screen 0.01
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Iocation: Bloamington

Display type: LED
Serial/station mumber:

VLF Sweep = -
402

ELF Sweep

Emission RMS Field Strength Values

Field Tcp Front Bottom  Back left Right
VLF E (V/m) 0.15 0.13 0.20 0.58 0.11 NA
VLF H (mA/m) 1.6 1.6 4.8 1.6 1.7 NA
ELF E (V/m) 0.94 0.36 0.43 14 0.56 Na
EILF H 6 39 25 44 139 NA

(mA,/m) 4

Operator Exposure RMS Field Strength Values

Field Abdcmen Chest Face
VLF E (V/m) 0.12 0.04 0.04
VIF H (md/m) 2.3 1.6 1.4
ELF E (V/m) 0.53 0.31 0.34
ELF H (mA/m) as 50 62

Operator RMS Induced Currents

Hard Position

Imduced Current (uld)

Hands on keyboard
Finger touching screen
Hard placed flat ¢n screen
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Locatian: Bloamington
Display type: LED VLF Sweep = = ELF Sweep = -
Serial/station mmmber: 403

Emission RMS Field Strength Values

Field Top Frtmt Bottaom Back Left Right
VIF E (V/m) 0.12 0.11 0.20 0.42 MNA 0.11
VIF H (mA/m) 1.6 1.7 5.4 1.6 NA 1.7
ELF E (V/m) 1.2 0.43 0.41 12 A 0.39
ELF H (md/m) 45 30 89 50 NA 153

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.10 0.08 0.05
VIF H (md/m) 1.9 1.6 1.4
EIF E (V/m) 0.30 0.26 0.33
ELF H (mA/m) : 36 55 66

Operator RMS Induced Currents

Hand Positian Induced Current (uA)
Harnds on keyboard 0.01
Finger touching screen 0.0
Hand placed flat on screen 0.01




NIOSH VDT Electric and Magnetic Fields, Appendixes, page 32/~

' Iocation: Bloamington
Display type: LED VLF Sweep = - : ELF Sweep
Serial/station mmber: 404

Emission RMS Field Strength Values

Field ‘ Top Frant Bottam Back Left Right
VLF E (V/m) 0.11 0.11 0.19 0.51 0.14 NA
VIF H (mA/m) 1.6 1.6 4.8 1.6 1.6 NA
EIF E (V/m) 0.44 0.34 0.39 13 0.45 MNA
ELF H (mA/m) 55 52 19 33 158 NA

Operator Exposure RMS Field Strength Vailues

Field Abdomen Chest Face
VIF E (V/m) 0.09 0.03 0.03
VLF H (mA/m) 2.1 1.5 1.4
EIF E (V/m) 0.41 0.32 0.30
EIF H (mA/m) 52 64 80

Operator RMS Induced Currents

Harnd Position Induced Qurrent (ui)
Hards on keyboard 0.02
Finger touching screen 0.01

Hand placed flat on screen 0.01
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Location: Bloamington
Display type: LED VLF Sweep = - EIF Sweep = -
Serial/station rmumber: 405

Emissibn-RMS Field Strength Values

Field Top Fromt  Bottom Back Left Right
VIF E (V/m) 0.13 0.11 0.19 0.64 MNA 0.10
VLF H (m&/m) 1.6 1.6 5.0 1.6 NA 1.6
ELF E (V/m) 1.8 0.34 0.39 17 - NA 0.37
EIF H (md/m) 57 31 32 63 NA 175

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.10" 0.05 0.04
VIF H (ma/m) 2.4 1.6 1.4
ELIF E (V/m) | 0.38 0.30 0.37
ELF H (mA/m) . 46 60 - 83

Operator RMS Induced Currents

Hand Position ' Induced CQurrent (ua)
Hards on keyboard 0.02
Finger touching screen 0.01
Hand placed flat on screen : 0.01
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ILocation: Bloamington
Display type: LED VLF Sweep = - ELF Sweep
Serial/station mmber: 406 .

Emission RMS Field Strength Values

Field Top Front  Bottam Back Left Ri
VLF E (V/m) 0.12 0.12 0.21 0.35 0.11 NA
VLF H (mA/m) 1.6 1.6 4.9 1.6 1.7 NA
EIF E (V/m) 1.3 0.35 0.38 7.1 0.49 MNa
EIF H (mA/m) 40 49 11 61 191 NA

Operator Exposure RMS Field Strength Values
Field Abdamen Chest Face
VLF E (V/m) 0.08 0.08 0.18
VLF H (mA/m) 1.9 1.5 1.4
ELF E (V/m) 0.31 0.29 0.34
ELF H (mA/m) s S1 65
Operator RMS Induced Currents

Hand Position Induced Qurrent (ud)

Hands on keyboard )
Finger touching screen
Hand placed flat on screen
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location: Bloamington
Diéplay type: LED VLF Sweep = - ELF Sweep
Serial/station rumber: 408

Emission RMS Field Strength Values

Field Tep Front  Bottam Back left Right
VLF E (V/m) 0.22 0.11 0.17 0.49 0.11 NA
VLF H (mA/m) 1.6 1.6 5.7 1.6 1.6 _Na
ELIF E (V/m) 1.1 0.37 0.44 17 0.46 NA
EIF H (md/m) 85 125 65 S5 157 NA

Operator Exposure RMS Field Strength Values
Field Abdomen Chest Face
VLF E (V/m) 0.04 0.08 0.09
VLF H (mA&/m) 1.7 1.7 1.4
EIF E (V/m) 0.30 0.29 0.31
ELF H (mA/m) 1.1 1.3 1.6
Operator RMS Induced Currents
Hand Position Induced Current (ud)
Hards on keyboard 0.01
Finger touching screen . 0.02
Hand placed flat on screen 0.02
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Location: Bloamington
Display type: LED VLF Sweep = = ELF Sweep = -
Serial/station mmber: 411

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VLF E (V/m) 0.11 c.12 0.17 0.69 NA 0.11
VLF H (ma/m) 1.6 1.6 3.5 1.6 NA 1.7
ELF E (V/m) 2.4 0.43 0.39 14 NA 0.45
ELF H (mA/m) 151 131 114 166 NA 130

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VIF E (V/m) 0.09 0.08 0.07
(VLF H (ma/m) 1.72 1.42 1.34
- ELF E (V/m) 0.41 0.30 0.30

ELF H (ma/m) 121 143 169

Operator RMS Induced Currents
Hand Position Induced Qurrent (uA)

Hands on keybcard 0.01
Finger touching screen 0.0
Hand placed flat aon screen 0.0
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Iocation: Bloamington
Display type: LED VLF Sweep = - ELF Sweep = -
Serial/station mmber: 415

Emission RMS Field Strength Values

Field Top Frant Bottam Back left
VLF E (V/m) 0.13 - 0.12 0.21 0.89 Na
VLF H (md/m) 1.6 1.6 6.4 1.6 NA
ELF E {V/m) 1.4 0.35 0.41 19 NA
EIF H (mA/m) 102 102 86 115 NA

Operator Exposure RMS Field Strength Values

Field . Abdamen Chest Face
VIF E (V/m) 0.09 - 0.08 0.05
VIF H (ma/m) 1.8 1.4 1.4
ELF E (V/m) 0.34 0.30 0.30
ELIF H (mA/m) 118 125 134

Operator RMS Induced Currents

Hand Position Induced Current (ua)
Hards on keyboard 0.0
Finger touching screen 0.0
Hand placed flat on screen 0.0
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Location: Rloamington
Display type: LED VLF Sweep = =
Serial/station mmber: 416

ELF Sweep

Emission RMS Field Strength Values

Hand placed flat on screen 0.01

Field Top Front Bottam Back Left Right
VLF E (V/m) 0.13 0.12 0.21 0.23 0.10 NA
VLF H (mA/m) 1.6 1.6 1.9 1.6 1.6 NA
EIF E (V/m) 0.45 0.37 0.48 8.1 0.35 N&A-

~ELF H (mA/m) 107 114 111 107 69 NA
Operator Exposure RMS Field Strength Values
Field Abdamen Chest Face
VLF E (V/m) 0.09 0.04 0.03
VIF H (mA/m) 2.1 1.5 1.4
ELF E (V/m) 0.38 0.30 0.31
ELF H (mA/m) 132 146 147
Operator RMS Induced Currents
Hamd Position Induced Qurrent (uA)
Hands an keyboard ' 0.02
Finger touching screen ' 0.01
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Iocation: Blocxning‘tbn
Display type: LED VLF Sweep = = EIF Sweep = -
Serial/station mmber: 417

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VLF E (V/m) 0.13 0.12 0.20 0.93 NA 0.10
VLF H (mA/m) 1.6 1.6 3.3 1.6 NA 1.6
EILF E (V/m) 2.1 0.41 0.42 20 NA 0.39
ELF H (md/m) 111 106 109 118 NA 55

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VIF E (V/m) 0.10 0.04 0.03
VLF H (mA/m) 2 1.5 1.3
EIF E (V/m) 0.37 0.27 0.31
EIF H (mA/m) 131 150 156

Operator RMS Induced Currents

Hard Position Imduced Current (ul)
Hands an keyboard 0.01
Finger touching screen 0.01
Hard placed flat on screen 0.0
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Location: Bloamington
Display type: LED VLF Sweep = - ELF Sweep
Serial/station mmber: 421

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VLF E (V/m) 0.11 0.12 0.20 0.27 NA 0.11
VLF H (md/m) 1.6 1.6 4.2 1.6 NA 1.6
EIF E (V/m) 1.1 0.39 0.44 7.8 NA 0.71
EILF H (mA/m) 117 101 110 115 NA 95

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.05 0.04 0.09
VLF H (mA/m) 1.7 1.4 1.3
ELF E (V/m) 0.41 0.35 0.29
ELF H (mA/m) 117 130 133

Operator RMS Induced Currents

Hand Position Induced Current (ua)
Hards on keyboard 0.02
Finger touching screen 0.01

Harnd placed flat on screen 0.01
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Iocation:

Display type: LED

Bloomington
VLF Sweep = -

Serial/station mmber: 422

Emission HMS Field Strength Values

Field Top Front Bottam Back Left Right
VLF E (V/m) 0.17 0.11 0.16 0.67 0.11 NA
VLF H (mA/m) 1.6 1.6 3.4 1.6 1.6 NA
EIF E (V/m) 1.4 0.35 0.42 13 0.66 NA
ELF H (mad/m) 103 102 100 106 25 ‘NA

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VLF E (V/m) 0.08 0.04 0.07
VLF H (mA/m) 2.7 1.7 1.4
EIF E (V/m) 0.27 0.27 0.30
ELF H (mA/m) 101 105 110
Operator RMS Induced Currents
Hand Position Inhuced CQurrent (ua)
Hards on keyboard 0.02
Finger touching screen 0.01
Hand placed flat on screen 0.01
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Iocation: Bloamington
Display type: LED VLF Sweep = - ELF Sweep = =
Serial/station mmmber: 423 '

Emission RMS Field Strength Values

Field - Top Front  Bottam Back Left Right
VLF E (V/m) 0.16 0.12 0.21 0.60 NA 0.11
VIF H (ma/m) 1.6 1.6 1.6 1.6 N 1.6
ELF E (V/m) 2.1 0.42 0.43 - 13 NA 0.38
EIF H (mA/m) 115 99 105 115 NA 123

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VIF E (V/m) 0.09 0.09 0.11
VLF H (mA/m) 2.2 1.6 1.4
ELF E (V/m) 0.31 0.29 0.33
ELF H (mA/m) 109 113 116

Operator RMS Induced Currents

Hand Position Induced Current (ud)
Hands on keybaard 0.02
Finger touching screen 0.01

Hand placed flat an screen 0.02
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Iocation:

Display type: LED

Bloomington
VIF Sweep = =

Serial/station mmber: 424

EIFSweep=

Emission RMS Field Strength Values

Field Top Front  Bottom Back Left Right
VIF E (V/m) 0.12 0.11 0.20 0.20 0.11 M
VIF H (mA/m) 1.6 1.6 5.0 1.6 1.6 NA
EIF E (V/m) 0.38 0.33 0.39 3.9 0.33 NA
ELF H (m&/m) 106 100 92 103 10 NA

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.09 0.09 - 0.23
VIF H (m3/m) 2.1 1.7 1.4
EIF E (V/m) 0.39 0.30 0.30
EIF H (mA/m) 104 110 112

Operator RMS Induced Currents

Hard Position

Induced Current (uA)

Hands on keyboard
Finger touching screen
Hand placed flat an screen

©00
288
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Iocation: RBloamington
Display type: LED VLF Sweep = - ‘ ELF Sweep = -
Serial/station muber: 425

Emission RMS Field Strength Values

Field Top Front Bottom Back Left “Right
VLF E (V/m) 0.14 0.11 0.24 0.44 NA 0.12
VLF H (mA/m) 1.6 l.6 1.7 1.6 NA 1.6
EIF E (V/m) 1.8 0.34 0.39 12 NA . 0.42
ELF H (maA/m) 122 113 119 124 NA 11

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VLF E (V/m) 0.09 0.08 0.20
VLF H (mA/m) 2.1 1.7 1.4
ELF E (V/m) 0.39 0.26 0.30
ELF H (ma/m) 111 117 123

Operator RMS Induced Currents

Hand Position Induced Current (ud)

Hards on Keyboard
Finger touching screen
Harnd placed flat on screen

o900
ol = o
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location: Bloamington
Display type: ILED VIF Sweep = = . ELF Sweep = -

Serial/station mumber: 427

Emission RMS Field Strength Values

Field Top Fromnt Bottan Back left Right
VLF E (V/m) 0.13 0.11 0.16 0.87 NA - 0.11
VLF H (ma/m) 1.6 1.6 3.4 1.6 NA 1.6
EIF E (V/m) 1.2 0.43 0.42 18 NA 0.48
ELF H (mA/m) 91 87 82 84 NA 47 .

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.05 " 0.05 0.03
VIF H (m&/m) 1.7 1.5 1.4
EIF E (V/m) 0.39 0.30 0.29
EIF H (mA/m) 98 108 110

Operator RMS Induced Currents

Hand Position Induced Current (uA)
Harnds on keyboard 0.02
Finger touching screen 0.02

Hand placed flat on screen 0.01
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Location: Bloamington
Display type: LED VLF Sweep = - ELF Sweep = -
Serial/station number: 429

Emission RMS Field Strength Values

Field Top Front Bottam Back Ieft Right
VLF E (V/m) 0.31 0.12 0.21 0.54 NA 0.11
VIF H {(ma/m) 1.6 1.6 3.7 1.6 NA 1.6
EIF E (V/m) 2.0 0.39 0.42 14 NA 0.35
ELF H {mA/m) 86 79 73 83 NA 29

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.10 0.09 0.05
VLF H (maA/m) 1.7 1.5 1.4
ELF E (V/m) 0.41 0.30 0.38
ELF H (mad/m) 85 44 89

Operator RMS Induced Currents

Harxd Position Induced Qurrent (uA)
Hands on keyboard 0.01
Finger touching screen 0.01

Hard placed flat on screen 0.01
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location: Bloomington
Display type: LED VLF Sweep = = ELF Sweep
Serial/station mmber: 431

Emission RMS Field Strength Values

Field Top  Front  Bottom Back Left Right
VLF E (V/m) 0.28 0.11 0.20 0.60 NA 0.11
VLF H (mA/m) 1.6 1.6 4.1 1.6 NA 1.6
EIF E (V/m) 2.0 0.35 0.41 14 NA 0.45
ELF H (md/m) 14 76 82 82 NA 16

Operator Exposure RMS Field Strength Values

Field Abdamnen Chest Face
VLF E (V/m) 0.07 0.05 0.12
VIF H (ma/m) 2.1 1.5 1.4
ELF E (V/m) 0.29 0.31 _0.31
ELF H (mA/m) 80 87 88

Operator RMS Induced Currents

Hard Position Induced Current (ua)
Hands on keyboard 0.0
Finger touching screen 0.0
Hand placed flat on screen 0.01
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Iocation: Bloamington
Display type: LED VLF Sweep = =

Serial/station mumber: 434

ELF Sweep

Emission RMS Field Strength Values .

Field Top Fromt Bottom Back Left Right
VLF E (V/m) 0.16 0.12 0.13 0.66 0.11 A
VLF H (mA/m) 1.6 1.6 4.5 1.6 1.6 NA
ELF E (V/m) 0.88 0.37 0.39 13 0.44 NA
ELF H (mA/m) 60 58 47 62 31 N

Operator Exposure RMS Field Strength Values
Field Abdamen Chest Face
VLF E (V/m) 0.09 0.05 0.08
VLF H (mA/m) 1.9 1.5 1.4
EIF E (V/m) 0.38 0.32 0.27 g
ELF H (mA/m) 63 64 66
Operator RMS Induced Currents
Hard Position Induced Current (uAd)
Hands on keyboard 0.02
Finger touchirg screen ' 0.01

Hand placed flat on screen 0.01
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Iocation: Bloamingtan
Display type: LED VLF Sweep = - ELF Sweep = -
Serial/station mmber: 437

Emission RMS Field Strength Values

Field Top Front Bottam  Back Left Right
VLF E (V/m) 0.21 0.06 0.21 0.52 MNA 0.11
VLF H (mA/m) 1.6 1.6 2.8 1.6 NA 1.6
ELF E (V/m) 2.3 0.35 0.39 12 NA "0.44
EIF H (mA/m) 15 62 65 64 NA 19

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.07 0.09 0.21
VIF H (mA/m) 1.9 1.5 1.4
ELF E (V/m) 0.29 0.42 0.43
ELF H (m3/m) 68 73 74

Operator RMS Induced Currents

Hand Position Induced Current (ul)
Hards on keyboard 0.03
Finger touching screen 0.02
Hard placed flat on screen 0.03
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location: Bloamington

Display type: LED VLF Sweep = — ELF Sweep = -

Serial/station rumber: 444

Emission RMS Field Strength Values

Field Top Fromt Bottam Back Left Right
VLF E (V/m) 0.29 0.12 0.21 0.79 0.12 NA
VIF H (mA/m) 1.6 1.6 3.8 1.6 1.6 NA
EILF E (V/m) 0.54 0.44 0.39 15 0.45 NA
EIF H (mA/m) 44 23 21 33 19 NA

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.10 0.03 0.05
VIF H (md/m) 1.7 1.4 1.4
EIF E (V/m) 0.31 0.27 0.32
ELF H (ma/m) 18 22 31

Operator RMS Induced Currents

Hand Position Induced Qurrent (ud)

Hards con keyboard 0.01
Firger touching screen 0.0
Hand placed flat on screen 0.0
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location: Bloamington
Display type: LED VLF Sweep = = ‘ ELF Sweep = -
Serial/station mumber: 445 | '

Emission RMS Field Strength Values

Field Top Front Bottom Back Left Right
VIF E (V/m) 0.26 0.12 0.21 1.1 NA 0.11
VLF H (mA/m) 1.6 1.6 3.5 1.6 NA 1.6
EIF E (V/m) 4.0 0.36 0.38 22 NA 0.67
EIF H (md/m) 50 41 26 38 NA 19

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.10 0.09 0.11
VLF H (mA/m) 2.5 1.6 1.4
EILF E (V/m) 0.32 0.27 0.32
ELF H (mA/m) 34 37 44

Operator RMS Induced Currents

Hand Position Induced Qurrent (uA)
Hards on keyboard 0.01
Finger touching screen 0.0
Hand placed flat on screen " 0.0
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Tocation: Bloanington
Display type: LED

Serial/station mumber:

VLF Sweep = - ELF Sweep =

458

Emission RMS Field Strength Values

Field Top Front Bottom Back left Right
VLF E (V/m) 0.16 0.11 0.20 0.23 0.11 NA
VLF H (m3/m) 1.6 1.6 4.9 1.6 1.6 NA
ELF E (V/m) 0.57 0.34 0.42 4.6 0.39 NA -
ELF H (mA/m) 58 71 69 62 79 NA

Operator Exposure RMS Field Strength Values
Field Abdamen Chest Face
VIF E (V/m) 0.09 0.08 0.05
VLF H (mA/m) 1.8 1.5 1.4
EIF E (V/m) 0.30 0.31 0.30
ELF H (md/m) 112 115 133
Operator RMS Induced Currents
Hand Position Induced Current (uA)
Hands on keyboard 0.02
Finger touching screen 0.01
Hard placed flat on screen 0.01
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Iocation: Nashville - Welch Road
Display type: CCI -VLF Sweep = 14.997 kHz ELF Sweep = 45.72 Hz

Serial/station mumber: 81974/50

Emission RMS Field Strength Values

Field Top Front Bottam Back Ieft Right
VLF E (V/m) 2.8 3.6 1.6 1.4 0.90 3.7
VIF H (mA/m) 36 1.2 36 186 111 108
ELF E (V/m) 5.5 2.6 4.1 4.1 11 ‘8.6
EIF H (md/m) 335 293 617 2900 1540 1158

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) _ 0.68 0.82 1.1
VLF H (md/m) 15 12 40
ELF E (V/m) 0.44 0.75 1.5
EIF H (mA/m) 48 56 50

Operator RMS Induced Currents

Hand Position Induced Current (uA)
Hands an keyboard 7.8
Finger touching screen 13
Hand placed flat on screen gl
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Iocation: Nashville - Welch Road
Display type: I VLF Sweep = 14.997 kHz EIF Sweep = 45,72 Hz

Serial/station rumber: 82101/12

Emission RMS Field Strength Values

Field Top Front  Bottam Back left Right
VIF E (V/n) 2.7 4.0 1.7 2.1 0.49 2.2
VIF H (md/m) 11 124 39 117 57 83
EIF E (V/m) 7.0 4.9 1.4 4.5 1.6 12
EIF H (mA/m) 127 182 481 747 68 956

~ Operator Exposure RMS Field Strength Values

' Field Abdomen Chest Face
VIF E (V/m) 0.68 1.3 1.6
VIF H (mA/m) 26 12 53
EIF E (V/m) 2.9 1.6 0.95
ELF H (mA/m) 23 26 30

Operator RMS In'duced Currents

Hand Position Induced Qurrent (uA)
Hands on keybcard 13
Finger touching screen 16

Hand placed flat on screen €5
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location: Nashville - Welch Road
Display type: CCI VLF Sweep = 14.998 kiz ELF Sweep = 45.73 Hz

Serial/station mmber: 89028/2

Emission RMS Field Strength Values

Field Top Front Bottom  Back left Right
VLF E (V/m) 7.4 8.5 0.15 1.7 1.2 3.8
VLF H (mA/m) 206 124 9.7 46 107 63
ELF E (V/m) 3.1 3.4 0.85 3.4 4.7 16
EIF H (mA/m) 311 256 5.'?1 3094 1702 1402

Operator Exposure RMS Field Strength Values

Field Abdamen Chest. Face
VIF E (V/m) 0.53 0.87 1.5
VIF H (mA/m) 31 5.9 41
ELF E (V/m) 0.30 0.49 1.1
ELF H (mA/m) 56 45 49

Operator RMS Induced Currents

Hand Position Induced Current (uA)
Harnds an keyboard 3.3
Finger touching screen 3.7
0

Hand placed flat an screen 3
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Iocation: Nashville - Welch Road
Display type: CCI VLF Sweep = 14.994 kHz EIF Sweep = 45,71 Hz

Serial/station mmber: 89997/7

Emission RMS Field Strength Values

Field Top Front ~Bottam Back  Left Right
VIF E (V/m) 3.1 1.6 0.25 1.4 3.1 0.77
VLF H (md/m) 21 143 63 171 103 135
EIF E (V/m) 2.9 2.2 1.2 7.3 7.0 5.7
ELF H (md/m) 421 322 411 2318 1478 874

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.79 0.90 1.3
VLF H (mA/m) 26 9.2 48
ELF E (V/m) 0,32 0.37 0.79
EIF H (mA/m) 31 32 40

Operator RMS Induced Currents

Hand Position Induced Current (uad)
Hards on keyboard 14
Finger touching screen 25

Hard placed flat on screen 121
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Iocation: Nashville - Welch Road
Display type: I VLF Sweep = 14,997 kHz ELF Sweep = 45.72 Hz
Serial/station mumber: Serial mmber removed from unit/13

Emission RMS Field Strength Values

Field Top - Front Bottam  Back left Right
VLF E (V/m} 3.2 3.8 0.77 2.4 0.68 2.4
VLF H (mA/m) 5.1 129 21 132 64 39
ELF E (V/m) 5.2 1.8 0.63 8.5 0.90 11
EIF H (mA/m) 118 257 836 945 129 1032

Operator Exposure RMS Fleld Strength Values

Field ‘ Abdaomen Chest Face
VIF E (V/m) 0.45 1.3 1.9
VIF H (mA/m) 20 4.8 62
ELF E (V/m) 0.57 0.52 1.8
ELF H (md/m) 26 34 36

Operator RMS Induced Currents

Hand Position Induced Current (ud)
Hands on keyboard 0.08 -
Finger touching screen 0.8 -

7.3

Hand placed flat an screen
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Iocation: Nashville — Welch Road
Display type: <1 VLF Sweep = 14.996 kHz ELF Sweep = 45,72 Hz
Serial/station mmber: Serial mmber removed from unit/44

Emission RMS Field Strength Valués

Field Top Front Bottan Back - Ieft Right
VLF E (V/m) 4.1 4.7 1.9 2.7 0.51 4.0
VLF H (mA/m) ‘ 54 160 84 103 69 53
ELF E (V/m) 5.0 5.7 3.4 5.3 2.1 23
ELF H (mA/m) 457 206 272 . 761 90 974

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.39 1.1 1.6
VIF H (md/m) 38 7.3 59
ELF E (V/m) 0.68 1.2 2.0
ELF H (mA/m) 26 39 48

Operator RMS Induced Currents

Hand Position Induced Qurrent (uA)
Hards on keyboard 0.51
Finger touching screen 18

Hand placed flat an screen 89
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Iocation: Nashville - Downtown
Display type: <CI VLF Sweep = 14.997 KHz ELF Sweep = 45.72 Hz

Serjal/station mummber: 05027/1399

Emission RMS Field Strength Values

Field Top .Front Bottom Back Left Right
VLF E (V/m) 2.5 3.3 0.57 6.8 0.91 1.1
VLF H (mA/m) 42 120 13 72 115 82
EIF E (V/m) 7.1 2.0 1.4 8.8 3.7 4.8
EIF H (ma/m) 515 376 533 187 710 489

Operator Exposure RMS Field Strength Values

Field Abdcmen Chest Face
VIF E (V/m) 0.79 0.81 0.83
VLF H (md/m) 23 33 - 20
ELF E (V/m) 4.4 6.9 9.1
ELF H (ma/m) 101 114 98

Operator RMS Induced Currents

Hard Position Induced Current (uA)
Hands on keyboard 9.7
Finger touching screen 7.4
Hard placed flat an screen 65
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Iocation: Nashville - Downtown
Display type: CCI VLF Sweep = 14.997 kHz ELF Sweep = 45.72 Hz
Serial/station mmber: 05182/1412

Emission RMS Field Strength Values

Field Top Fromt  Bottom  Back Left  Right
VLF E (V/m) 3.3 6.1, 0.83 4.1 1.12 0.93
VLF H (mA/m) 57 98 104 26 125 72
ELF E (V/m) 1.6 1.4 23 2.4 2.8 4.2
EILF H (mA/m) 455 341 235 455 644 463

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.96 0.87 0.97
VLF H (mA/m) : 12 23 22
ELF E (V/m) 7.9 0.79 2.9
ELF H (mA/m) 80 123 123

Operator RMS Induced Currents

Harnd Position Induced Current (ua)
Hands on keyboard 9.0
Finger touching screen 9.0
Hand placed flat on screen 107
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Location: Nashville - Downtown
Display type: CCI VLF Sweep = 14.997 kiz ELF Sweep = 45.72 Hz
Serial/station number: 94328/1382

Emission RMS Field Strength Values

Field Top Front  Bottom Back left Right
VIF E' (V/m) 3.5 . 5.3 1.3 2.2 1.2 0.65
VIF H (mA/m) 70 89 56 38 104 26
EIF E (V/m) 3.3 2.2 45 5.5 9.6 16
ELF H (mA/m) 424 315 201 410 494 405

Operator Exposure RMS Field Strength Values

Field Abdamen  Chest Face
VIF E (V/m) 1.1 10,96 1.3
VIF H (maA/m) 10 20 22
EIF E (V/m) 6.1 1.0 2.4
ELF H (mA/m) 85 89 85

Operator RMS Induced Currents

Hand Position - Induced Current (ua)
Hands on keyboard 2.3
Finger touching screen 8.4
Hand placed flat on screen 86
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Iocation: Nashville - Downtown
Display type: CCI

Serial/station number: 94501/0756

VLF Sweep = 14.998 kHz

ELF Sweep = 45.73 Hz

Emission RMS Field Strength Values

Field Tcp Front Bottom Back left Right
VLF E (V/m) 2.4 4.9 0.58 1.5 0.71 0.58
VLF H (mA/m) 32 83 48 8.6 63 73

- EIF E (V/m) 1.2 1.9 14 1.3 0.68 12
ELF H (md/m) 394 271 192 325 461 407
Operator Exposure RMS Field Strength Values
Field Abdamen Chest Face
VIF E (V/m) 0.78 1.0 1.7
VLF H (mA/m) 6.7 13 19
EIF E (V/m) 0.88 3.7 0.58
ELF H (mA/m) 64 82 89
Operator RMS Induced Currents
- Hard Position Induced Current (ul)
Harnds on keyboard 5.3
Finger touching screen 8.6
Hand placed flat on screen 73
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Ilocation: Nashville - Downtown
Display type: CCI VLF Sweep = 14.997 kHz ELF Sweep = 45.72 Hz

Serial/station number: 94505/1391

Emission RMS Field Strength Values

Field Top Front Bottan Back . Left Right
VLF E (V/m) 2.6 4.1 0.72 1.5 0.67 0.60
VIF H (md/m) 16 99 18 23 60 79
EIF E (V/m) 1.55 1.39 25 11 9.0 3.2
EILF H (ma/m) 537 300 256 392 604 439

Operator Exposure RMS Field Strength Values

Field ) Abdamen Chest Face
VIF E (V/m) 0.97 1.5 = 1.3
VLF H (mA/m) 13 27 . 26
ELF E (V/m) 16 l.4 3.1
ELF H (mA/m) 110 122 111

Operator RMS Induced Currents

Hand Position Induced Qurrent (UA)
Hands on keyboard 10
Finger touching screen 15
Hard placed flat on screen ' 96
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Iocation: Nashville - Downtown
Display type: OCT VIF Sweep = 14.997 kiz ELF Sweep = 45.72 Hz

Serial/station mmber: 95179 (?)/1375

Emission RMS Field Strength Values

Field Top Front Bottom Back left Right
VLF E (V/m) 2.5 3.9 1.5 3.2 0.60 0.70
VLF H (mA/m) 72 68 69 47 82 76
ELF E (V/m) 3.7 1.3 12 4.4 10 16
ELF H (mA/m) 402 327 253 477 577 428

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.35 0.85 1.1
VLF H (mA/m) 8.1 28 30
ELF E (V/m) 6.3 2.7 8.6
EIF H (mA/m) 69 89 83

Operator RMS Induced Currents

Hand Position Induced Qurrent (ui)
Hards cn keyboard 6.2
Finger touchirg screen 11

Hand placed flat on screen 58
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Iocation: f‘orast Park
Display type: IBM
Serial/station mummber: 34632/1014

VIF Sweep = 15.840 kHz ELF Sweep = 60.00 Hz

Emission RMS Field Strength Values

Field Top Front  Bottom Back left Right
VIF E (V/m) 0.13 2.1 0.07 0.22 0.08 0.10
VLF H (ma/m) 22 4.3 1.9 28 3.9 26
ELF E (V/m) 0.45 4.5 0.57 2.3 0.41 0.78
EIF H (mA/m) 135 109 57 108 91 152

Operator Exposure RMS Field Strength Values

Field Abdcmen Chest Face
VLF E (V/m) 0.10 0.14 0.21
VLF H (mA/m) 2.1 2.0 2.1
ELF E (V/m) 0.27 0.30 0.67
ELIF H (mA/m) 91 86 115

Operator RMS Induced Currents

Hard Position

»Irdu.:ced Qurrent (uA)

Hards on keyboard C.06
Fimger touching screen 3.4
Hand placed flat on screen 80
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Iocation: Forest Park

Display type: IBM
Serial/staticn mumber:

VLF Sweep = 15.844 Ki=z

35817/1025

ELF Sweep = 60.00 Hz

Emission RMS Field Strength Values

Field Top Front  Bottom Back Left Right
"VLF E (V/m) 0.14 1.8 0.07 0.26 0.08 0.07
VIF H (md/m) 24 5.8 2.0 43 6.7 26
EIF E (V/m) 0.79 1.4 1.6 1.6 0.67 1.5
ELF H (mA/m) 179 193 129 122 287 115

Operator Exposure RMS Field Strength Values
Field Abdamen Chest Face
VLF E (V/m) 0.13 0.14 0.22
VLF H (mA/m) 1.6 2.1 2.0
ELF E (V/m) 0.36 1.0 1.2
ELF H (mA/m) 155 166 179 -
Operator RMS Induced Currents
Hand Position Induced Current (uA)
Hands on keyboard 0.09
Finger touching screen 5.7
Hard placed flat an screen 85
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location: Forest Park
Display type: IBM _ VLF Sweep = 15,839 kHz ELF Sweep = 60.00 Hz

Serial/station mumber: 35819/1038

Emission RMS Field Strength Values

Field Top Front Bottam Back Ieft Right
VLF E (V/m) 0.15 1.8 0.07 0.14 - 0.08 0.07
VLF H (mA/m) 26 4.6 1.9 20 6.0 11
ELF E (V/m) 0.42 2.0 1.8 0.53 1.3 1.4
EIF H (mA/m) - 83 71 41 42 152 127

_Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.07 0.14 0.34
VLF H (mA/m) 2.5 2.8 2.2
ELF E (V/m) 1.2 0.84 1.1
ELF H (mA/m) 58 69 80

Operator RMS Induced Currents

Hand Positian Induced Qurrent (uA)
Hands on keyboard 0.63
Finger touching screen 1.7
Hand placed flat on screen 40
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Location: Forest Park

Display type: IEM
Serial/station mumber:

VLF Sweep = 15.844 kiHz

35882/1006

E[.FSweep= 60.01 Hz

Emission RMS Field Strength Values

Field Top Front Bottam Back Left Right
VLF E (V/m) 0.16 4.2 0.19 0.28 0.20 0.14
VIF H (mA/m) 27 81 1.9 8.3 27 10
ELF E (V/m) 0.42 4.8 1.9 1.1 0.61 3.3
EIF H (md/m) 393" 420 91 167 339 326

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VLF E (V/m) 0.23 0.46 0.53
VIF H (mA/m) 4.4 9.9 1
EIF E (V/m) 0.82 0.80 1.1
EIF H (mA/m) 102 52 134

Operator RMS Induced Currents

Hard Position

Incduced Current (ua)

.07

Hards on keyboard 0
'9

0
Finger touching screen 8
Hand placed flat an screen 55
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Ioccation: Forest Park

Display type: IBM VLF Sweep = 15.845 kHz EIF Sweep = 60.02 Hz

Serial/station mumber: 36026/1030

Emission RMS Field Strength Values

Field Top Fromt  Bottam Back Left Right
VIF E (V/m) 0.16 47 0.07  0.13 0.10 0.14
VIF H (mA/m) 30 103 2.4 39 13 19
EIF E (V/m) 0.43 1.4 1.5 1.0 0.90  0.52
ELF H (mA/m) 527 571 51 245 723 416

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.16 0.49 0.66
VLF H (md/m) 13 6.7 19
ELF E (V/m) 0.86 1.2 1.1
EIF H (mA/m) 128 130 191

Operator RMS Induced Currents

Hard Position Induced Current (uA)
Hands on keyboard 0.02
Finger touching screen 2.8

1

Hand placed flat on screen 5
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Iocation:

Display type: IEM
Seriai/station number:

Forest Park
VLF Sweep = 15.844 kiz ELF Sweep = 60,01 Hz

36151,/1004

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VLF E (V/m) 0.13 1.9 0.09 0.11 0.66 0.07
VIF H (mA/m) 3.4 5.3 3.3 27 8.0 8.8
EIF E (V/m) 0.50 3.3 0.86 1.6 0.53 1.2
ELF H (ma/m) 136 127 71 144 218 100

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.12 0.31 0.37
VLF H (ma/m) 2.5 2.4 2.0
ELF E (V/m) 0.32 0.34 0.72
ELF H (mA/m) 77 84 52

Operator RMS Induced Currents

Hand Position Induced Qurrent (uA)

Hards on keyboard
Finger touching screen
Hard placed flat on screen

0.04
5.2
51
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Iocation: Macon

Display type: IBM

VLF Sweep = 15,845 kHz

Serial/station mmber: 9$3809/1006

ELF Sweep = 60.02 Hz

Emission RMS Field Strength Values

Field - Tep Front Bottam Back left Right
VIF E (V/m) 0.12 1.9 0.07 0.09 0.09 0.07
VLF H (mA/m) 22 4.2 1.8 19 5.2 17 :
EIF E (V/m) 0.46 1.3 0.42 0.26 0.37 0.54
ELF H (ma/m) 152 123 21 87 179 87

Operator Exposure RMS Field Strength Values
Field Abdamen . Chest Face
VIF E (V/m) 0.10 0.19 " 0.55
VLF H (md/m) 2.2 2.4 5.1
ELF E (V/m) 0.29 0.34 0.45
EIF H (mA/m) 12 26 42
Operator RMS Induced Currents
Hand Position Induced Current (ua)
Hards on keyboard 0.92
Finger touching screen 1.5
Hand placed flat on screen 27
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Location: Macaon
Display type: IBM VLF Sweep = 15.840 kiz ELF Sweep = 60.00 Hz

Serial/station mmber: 93812/1017

Emission RMS Field Strength Values

Field . Top Frent  Bottom Back Left Right
VIF E (V/m) 0.11 2.0 0.07 0.09 0.08 0.10
VLF H (mA/m) 11 4.0 1.6 15 3.4 12
ELF E (V/m) 0.42 3.1 0.42 0.34 0.31 0.31
ELF H (mA/m) 87 88 20" 65 120 83

Operator Exposure RMS Field Strength Values

Field - Abdamen Chest Face
VIF E (V/m) 0.08 0.25 0.60
VLF H (mA/m) 2.0 1.9 2.2
ELF E (V/m) 0.39 0.61 0.83
ELF H (mA/m) 20 16 28

Operator RMS Induced Currents

Hand Position ' Induced Qurrent (uh)

Hands on keyboard 0.3
Finger touching screen 4.6
Hard placed flat on screen 43
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Iocation: Macon

Display type: IBM
Serial/statjon mumber: 93899/1035

VLF Sweep = 15.840 kHz

ELF Sweep = 60.00 Hz

Emission RMS Field Strength Values

Field Top. - Front © Bottom Back Ieft Right
VIF E (V/m) 0.14 1.8 0.08 0.11 0.08 0.07
VIF H (md/m) 15 5.9 1.7 23 5.2 23
EIF E (V/m) 0.42 1.6 0.89 0.71 0.38 1.1
ELF H (mb/m) 132 117 3 102 201 125

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VIF E (V/m) 0 0.24 0.56
VLF H (mA/m) 3 2.6 2.7
EIF E (V/m) 0.29 0.42 0.50
EILF H (mA/m) 25 23 20 .

Operator RMS Induced Currents

Hand Position

Induced Current (ua)

Hands an keyboard
Finger touching screen
Hand placed flat on screen

11
11
44
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Location: Macon
Display type: IBM VLF Sweep = 15.840 kHz ELF Sweep = 60.00 Hz
Serial/station mmber: 93901/1018

Emission RMS Field Strength Values

Field Tcp  Front Bottam Back Left Right
VLF E (V/m) 0.12 2.0 0.07 0.13 0.08 0.08
VLIF H (mA/m) 23 4.6 1.8 19 4.4 9.4
EIF E (V/m) 0.39 1.5 0.47 0.45 0.27 0.46
ELF H (mA/m) 124 121 12 92 195 85

Operator Exposure RMS Field Strength Values

Field = Abdamen Chest Face
VIF E (V/m) 0.09 0.46 0.59
VIF H (mA/m) 2.4 3.1 2.2
ELF E (V/m) 0.31 0.38 0.46
EIF H (m3d/m) 33 39 36

Operator RMS Induced Currents

Hand Position Induced Current (ua)
Hards on Keyboard 0.49
Finger touching screen 8.9
Hard placed flat on screen 91
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Iocation: Maocon

Display type: IBM VLF Sweep = 15.840 kHz ELF Sweep = 60.00 Hz

Serial/station mumber: 94590/1028

Emission RMS Field Strength Values

Field Top Front  Bottom Back left Right
VIF E (V/m) 0.10 1.3 0.08 0.11 0.09 0.23
VLF H (ma/m) 18 4.6 2.0 20 3.8 21
ELF E (V/m) 0.49 6.4 0.67 0.93 0.29 4.7
ELF H (m3d/m) 134 108 23 81 178 107

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.10 0.18 0.25
VIF H (md/m) 2.8 2.5 2.4
EIF E (V/m) 0.32 0.76 1.5
EILF H (mA/m) 22 29 48

Operator RMS Induced Currents

Hard Position Induced Current (ua)
Harnds on keybcard 2.7
Firnger touching screen 7.3
Hard placed flat an screen 50
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location:

Display type: IRM
Serial/station nunber:

Macon

VLF Sweep = 15.840 KkHz EIF Sweep = 60.00 Hz

94607/1022

Emission RMS Field Strength Values

Field Top Front Bottom  Back left Right
VLF E (V/m) 0.15 2.1 0.10 0.12 0.08 0.08
VLF H (ma/m) 15 6.1 1.8 28 4.6 18
ELF E (V/m) 0.84 6.4 1.1 0.72 0.25 1.0
ELF H (ma/m) 117 117 22 122 178 66

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face

VIF E (V/m) 0.11 0.48 1.05

VLF H (ma/m) 3.5 3.0 3.6

EIF E (V/m) 0.56 1.3 2.6

EIF H (mA/m) 24 19 29

Operator RMS Induced Currents

Hand Position Induced Qurrent (ua)
Harnds on keybocard 0.14
Finger touching screen 7.8
Hard placed flat on screen 55




e

NIOSH VDT Electric and Magnetic Fields, Appendixes, page TH?

Iocation: Jacksonville

Display type: IBM
Serial/station rmumber: 30434/124

VLF Sweep = 15.841 kHz

ELF Sweep = 60.00 Hz

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VLF E (V/m) 0.20 4.6 0.07 0.19 0.26 0.09
VLF H (ma/m) 45 108 2.6 12 -3 .14
ELF E (V/m) 0.56 1.0 0.95 0.49 0.78 0.78
EIF H (mA/m) 421 512 65 277 641 358

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.20 0.55 0.71
VLF H (md/m) 5.9 7.3 18
EIF E (V/m) 0.34 0.39 0.67
ELF H (mA/m) 62 88 99

Operator RMS Induced Currents

Hard Position

Induced Qurrent (LA)

Hands en keyboard ~ 0.78
Finger touching screen 12
Hand placed flat on screen 128
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Location: Jacksonwville
Display type: IBEM - VLF Sweep = 15.840 kHz ELF Sweep = 60.00 Hz

Serial/statiaon mmber: 30491/132

Emission RMS Field Strength Values

Field Top- Front Bottam Back Left Right
VLF E (V/m) 0.16 4.4 0.08 0.14 0.18 0.15
VLF H (mA/m} 32 91 2.3 10 27 12
EIF E (V/m) 0.58 1.4 0.43 0.35 C.44 3.2
EIF H (m&/m) 447 474 X 21l 602 286

Operator Exposure RMS Field Strength Values

Field Abdaomen Chest Face
VIF E (V/m) 0.30 0.55 0.61
VIF H (ma/m) 4.5 7.1 10
ELF E (V/m) 0.35 0.32 0.49
EIF H (mA/m) 70 73 64

Operator RMS Induced Currents

Hard Position Induced Current (uA)
Harnds on keyboard 2.9
Finger touching screen 6.0
Hand placed flat on screen €9
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V
Location: Jacksonville
Display type: IBM VLF Sweep = 15.844 kiHz ELF Sweep = 60.02 Hz
Serial/staticn mumber: 30518/139
Emission RMS Field Strength Values
Field Top Front Bottom  Back Left Right
VLF E (V/m) 0.31 5.1 0.07 0.14 0.16 0.10
VIF H (md/m) 47 100 : 2.9 10 30 15
ELF E (V/m) .50 1.6 1.0 7 0.42 0.57 1.5
ELF H (mA/m) 511 510 .72 327 €19 340
Operator Exposure RMS Field Strength Values
Field . Abdcmen  Chest Face
VIF E (V/m) 0.19 0.72 1.6
VIF H (mA/m) 10 2.7 30
EIF E (V/m) 0.69 0.42 1.1
EIF H (mA/m) 71 87 104
Operator RMS Induced Currents
Hard Position Induced Curremnt (ua)
Hands an keyboard 2.4
Finger touching screen - 13
Hand placed flat on scxreen 105
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Iocation: Jacksonville
Display type: IBM VLF Sweep = 15.844 kHz ELF Sweep = 60.00 Hz

Serial/station mmber: 30533/136

Emission RMS Field Strength Values

Field Top Fromt  Bottam Back left Right
VIF E (V/m) 0.16 4.8 0.07 0.19 0.18 0.10
VLF H (md/m) 34 101 2.5 1.6 32 13
ELF E (V/m) 1.8 0.61 0.44 0.88 1.4 0.97
EIF H (mA/m) 411 515 26 486 607 457

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.74 1.5 0.88
VLF H (md/m) 12 37 6.4
EIF E (V/m) 0.39 0.65 0.55
EIF H (maA/m) 130 218 181

Operator RMS Induced Currents

Hand Position Induced Qurrent (uA)
Hards on keyboard - 1.2
Finger touching screen 15

Hand placed flat on screen 148
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Location: Jacksonville
Display type: IEM VLF Sweep = 15.841 kHz ELF Sweep = 60.00 Hz

Serial/station number: 30628/120

Emission RMS Field Strength Values

Field Top Front Bottam Back Left Right
VLF E (V/m) 0.54 4.6 0.07 0.31 -0.22 - 0.14
VLF H (ma/m) 113 124 3.5 21 79 18
EIF E (V/m) ‘ 0.55 1.5 0.41 0.35 0.63 3.7
ELF H (mA/m) 524 521 76 310 ‘646 - 344

‘Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.28 0.58 0.59
VILF H (mA/m) 4.1 16 18
EIF E (V/m) 0.29 0.32 0.48
ELF H (mA/m) 79 131 106

Operator RMS Induced Currents

Hand Position Induced Current (uA)
Hands an keyboard .75
Finger touching screen 21
Hand placed flat on screen _ 148
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Iocation: Jacksonville
Display type: IERM VLF Sweep = 15.840 KkHz ELF Sweep = 60.00 Hz

Serial/station mumber: 91-94748/130

Emission RMS Field Strength Values

Field Top Front Bottam  Back left Right
VIF E (V/m) 0.12 2.1 0.16 0.15 0.15 0.07
VLF H (mA/m) 23 4.2 1.8 13 4.3 9.7
EIF E (V/m) 0.59 3.4 1.1 1.4 0.42 0.92
ELF H (m3/m) 94 104 22 82 174 181

Operator Exposure RMS Field Strength Values

Field " Abdaomen Chest Face
VIF E (V/m) 0.10 0.14 0.34
VIF H (mA/m) 2.6 2.0 2.0
ELF E (V/m) 0.44 0.31 0.29
ELF H (maA/m) 13 30 38

Harnd Position Imnduced Qurrent (UVA)
Hards on keyboard 0.33
Finger touching screen 6.5
Harnd placed flat on screen €5
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location: Iake City
Display type: IBM VLF Sweep = 15.845 kHz ELF Sweep = 60.02 Hz

Serial/station mmber: 29735/408

Emission RMS Field Strength Values

Field Top Front Bottam Back Left Right
VLF E (V/m) 0.25 4.7 0.07 NA 0.28 0.11
VLF H (mA/m) 42 97 2.4 NA 32 14
ELF E (V/m) 0.39 0.97 0.53 MNA 0.48 0.30
EIF H {mA/m) 320 409 11.9 NA 476 367

Operator Exposure RMS Field Strength Values

Field Abdanen Chest Face
VLF E (V/m) C.18 0.35 0.69
VIF H (md/m) 4.4 4.9 30
EIF E (V/m) 0.47 0.30 0.32
ELF H (mA/m) 79 47 77

Operator RMS Induced Currents

Hard Position Induced Current (uA)
Harnds on keyboard 0.11
Finger touching screen 5.1
Harnd placed flat on screen 37
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Locatian: Ilake City

Display type: IEM VLF Sweep = 15.844 kHz EIF Sweep = 60.00 Hz

Serial/station number: 29744/418

Emission RMS Field Strength Values

Field Top Front  Bottam Back Left Right
VIF E (V/m) 0.28 4.6 0.05 NA 0.18 0.15
VLF H (md/m) 59.9 95 1.8 NA 31 18
ELF E (V/m) 1.0 1.0 0.46 MNA 0.44 1.1
ELF H (md/m) 248 484 79 NA 513 404

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.15 0.51 0.77
VIF H (mA/m) .4 6.0 18
EIF E (V/m) 0.31 0.30 1.3
ELF H (md/m) 65 69 70

Operator RMS Induced Currents

Hard Positiaon Induced Current (uA)
Hands an keyboard 0.14
Finger touching screen 16

Hand placed flat on screen 80
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location: Lake City
Display type: IEM VLF Sweep = 15.842 kHz ELF Sweep = 60.00 Hz

Serial/station mumber: 30592/437

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VIF E (V/m) 0.25 4.8 0.07 MNA 0.23 ' 0.27
VLF H (mA/m) 34 97 2.2 NA 19 17
ELF E (V/m) 0.48 1.0 0.41 NA 0.48 4.8

7 NA 515 377

ELF H (ma/m) 525 474 11

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.11 0.24 - 0.67
VLF H (mA/m) 7.9 - 6.5 27
ELF E (V/m) 0.29 0.30 0.36
EILF H (mA/m) 97 123 124

Operator RMS Induced Currents

Hand Position Induced Qurrent (ud)
Hands on keyboard 0.37
Finger touching screen 10
Hand placed flat an screen 125
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Location: lake City
Display type: IRM VLF Sweep = 15.842 kHiz ELF Sweep = 60.00 Hz

Serial/station number: 30593/426

Emission RMS Field Strength Values

Field Top Front  Bottam Back Left Right
VIF E (V/m) 0.14 2.1 0.83 NA 0.08 0.19
VIF H (md/m) 29 6.1 1.9 NA 6.2 24
ELF E (V/m) 0.46 1.4 19 NA 0.33 2.6
ELF H (md/m) 142 . 134 50 NA 171 188

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VILF E (V/m) 0.12 0.16 0.24
VLF H (ma/m) 3.0 2.2 2.5
EIF E (V/m) 2.1 2.3 3.1
ELF H (mA/m) 87 93 29
Operator RMS Induced Currents
Hand Position Induced Current (uh)
Hands an keybocard 1.1
Finger touching screen 4.2
Hand placed flat on screen 89
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Location: lake City
Display type: IBM VLF Sweep = 15.840 kHz EIF Sweep = 60.00 Hz

Serial/station mumber: 30598/402

Emission RMS Field Strength Values

Field Top Front Bottom Back left Right
VLF E (V/m) 0.51 4.8 0.07 NA 0.22 0.23
VLF H (mA/m) 93 125 5.4 NA 27 22
ELF E (V/m) 0.48 0.92 0.57 MA 0.46 0.64
EILF H (mA/m) 513 486 48 NA 515 428

Field Abdamen Chest. Face
VLF E {V/m) 0.08 0.36 1.0
VLF H (ma/m) 3.8 8.3 38
EIF E (V/m) 0.27 0.32 0.53
ELF H (mA/m) 99 160 180

Operator RMS Induced Currents

Hand Position . Induced Qurrent (ud)
Hards on keyboard 0.12
Finger touching screen 4.1
Harmd placed flat on screen 53
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location: ILake City
Display type: I VLF Sweep = 15.844 kHz ELF Sweep = 60.02 Hz

Serial/station mumber: 30612/412

Emission RMS Field Strength Values

Field Top Fraont Bottam Back Left Right
VLF E (V/m) 0.22 4.2 0.07 NA 0.14 0.24
VIF H (mA/m) 29 81 2.0 NA 18 15
EIF E (V/m) 1.3 1.0 0.76 NA 0.57 3.8
EIF H (mA/m) 471 483 138 NA

441 406

Operator Exposure RMS Fieid Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.10 0.41 0.70
VIF H (mA/m) 13 3.5 19
EIF E (V/m) 0.32 0.44 1.4
ELF H (mA/m) 123 176 106

Operator RMS Induced Currents

Hand Position © Induced Qurrent (ud)
Hands on keyboard 0.51
Finger touching screen 12

Hand placed flat on screen 122
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ILocation: Marrero
Display type: OCI VLF Sweep = 14.998 kiHz EIF Sweep = 45.73 Hz
Serial/station number: 06316/53

Emission RMS Field Strength Values

Field Top Front Bottom Back left Right
VLF E (V/m) 2.4 5.9 0.09 3.4 0.62 2.5
VIF H (ma/m) 134 143 8.81 81 78 105
ELF E (V/m) 3.9 2.2 0.64 2.4 1.3 7.5

EIF H (mA/m) 488 352 102 341 558 257

Operator Exposure RMS Field Strength Values

- Field Abdamen Chest Face
VIF E (V/m) 0.33 1.3 1.8
VILF H (mA/m) 19 ‘ 20 ‘38
EIF E (V/m) 0.30 0.71 1.2
EIF H (mA/m) 47 88 66

Operator RMS Induced Currents

Hand Position Induced CQurrent (uA)

" ‘Hands on keyboard 1
Finger touching screen 6.
Hand placed flat aon screen 46
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Iocation: Marrero
Display type: CCI VLF Sweep = 14.998 KkHz ELF Sweep = 45.73 Hz
Serial/station mummber: 06536/48

Emission RMS Field Strength Values

Field Top Front  Bottom Back Ieft Right
VIF E (V/m) 2.0 4.7 1.2 7.9 0.68 0.67
VLF H (md/m) 185 136 13 128 168 92
ELF E (V/m) 3.6 4.0 1.6 8.0 1.3 11
ELF H (mA/m) 535 412 99 482 486 416

Operator Exposure RMS Field Strength Values

Field Abdcamen . Chest Face
VIF E (V/m) 0.34 1.1 2.1
VIF H (ma/m) 27 41 104
EIF E (V/m) 0.36 . 2.1 3.3
EIF H (m3/m) 90 156 155

Operator RMS Induced Currents

Hand Position Induced Qurrent (uA)
Hands on keyboard 5.6
Finger touching screen 19

Hard placed flat on screen 84
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Location: Marrero
Display type: CCI VLF Sweep = 14.997 kHz EIF Sweep = 45.72 Hz

Serial/station rumber: 94747/27

Emission RMS Field Strength Vailues

Field Top Front  Bottam Back Left Right
VLF E (V/m) 3.3 5.3 0.08 2.6 0.70 0.73
VIF H (mad/m) 132 125 6.0 80 91 ~132
ELF E (V/m) 4.0 1.2 0.50 2.3 1.0 8.4
ELF H (md/m) 498 342 101 522 514 199

Operator Exposure RMS Field Strength Values

Field Abdomen Chest Face
VIF E (V/m) 0.66 1.2 2.2
VIF H (mA/m) 23 20 42
ELF E (V/m) 0.34 0.64 1.2
ELF H (mA/m) 72 83 101

Operator RMS Induced Currents

Hard Position Induced Qurrent (uA)
Hards on keyboard 0.49
Finger touching screen 6.6

5

Hand placed flat on screen 6
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Iocation: Marrero
Display type: CCT VLF Sweep = 14.997 kHz ELF Sweep = 45.72 Hz
Serial/station mmber: 94840/17

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VLF E (V/m) 3.6 5.2 0.08 3.3 0.84 0.89
VLF H (mA/m) 108 117 8.3 41 92 105
ELF E (V/m) 2.7 1.3 0.51 3.0 0.51 8.3
ELF H (mA/m) 458 304 S0 337 513 210

Operator Exposure RMS Field Strength Values

Field - Abdcmen Chest Face
VLF E (V/m) 0.82 1.3 1.4
VIF H (md/m) 15 7.7 29
EIF E (V/m) 0.30 0.63 1.7
EIF H (mA/m) 76 77 .88

Operator RMS Induced Currents

Hand Positian Induced Current (ud)
Hands an keyboard 0.34
Finger touching screen 10

Hand placed flat on screen BS
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Locatian: Marrero
Display type: CCI
Serial/station rumber:

VLF Sweep = 14.997 kHz ELF Sweep = 45.73 Hz

94883/49

Emission RMS Field Strength Vaiues

Field Top Front  Bottam Back Left Right
VILF E (V/m) 2.9 4.4 O.bB 2.7 0.61 .81
VLF H (md/m) 136 123 15 78 72 113
ELF E (V/m) 2.3 1.1 0.39 1.9 2.1 9.3
EIF H (mA/m) 415 321 79 300 590 532

Operator Exposure RMS Field Strength Values
Field Abdamen Chest Face
VIF E (V/m) 1.1 1.1 1.42
VIF H (ma/m) 26 11 49
ELF E (V/m) 0.37 0.57 2.1
EF H (mA/m) 95 123 130
Operator RMS Induced Currents
Hand Position Induced Current (ua)
Hands on keyboard 15
Finger touchirxy screen 22
Hard placed flat on screen 128
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Iocation: Marrero
Display type: CCT VLF Sweep = 14.997 kiz ELF Sweep = 45.72 Hz
Serial/station mumber: 94961/18

Emission RMS Field Strength Values

Field Top Front - Bottam Back left Right
VIF E (V/m) 3.6 6.0 0.10 3.4 1.2 0.54
VLF H (mA/m) 162 118 1.7 51 53 64
ELF E (V/m) 5.4 1.3 0.38 8.6 2.5 9.7
ELF H (ma/m) 445 368 33 384 570 311

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.99 1.7 2.6
VLF H (mA/m) 3.5 16 33
EIF E (V/m) 1.9 1.3 2.4
ELF H (mA/m) 71 103 120

Operator RMS Induced Currents

Hand Position Imhuced Qurrent (uA)
Hards on keyboard 15
Finger touching screen 25

Hard placed flat on screen 157
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ILocation: Bogalusa
Display type: COCI VLF Sweep = 14.690 KkHz ELF Sweep = 43,72 Hz

Serial/station mumber: 06504/44

Emission RMS Field Strength Values

Field Top Front  Bottam Back Left Right
VIF E (V/m) 4.1 1.9 0.08 1.9 0.56 " 1.3
VLF H (ma/m) 150 131 2.1 71 79 104
ELF E (V/m) 2.1 1.2 3.9 3.9 1.6 6.8
EIF H (md/m) 505 365 97 306 662 613

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.19 0.55 0.64
VLF H (maA/m) 31 6.0 4
ELF E (V/m) 0.31 0.87 2.2
EIF H (mA/m) 72 114 115

Operator RMS Induced Currents

Hand Positiaon Induced Qurrent (uA)
Hands on keyboard 0.66
Finger touching screen 280
Hard placed flat on screen 424
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Location: Bogalusa
Display type: CCI VLF Sweep = 14.692 kiz ELF Sweep = 43,732
Serial/station mmber: 06526/22

Emission RMS Field Strength Values

Field Top Front Bottam Back left Right
VIF E (V/m) 2.8 5.1 0.14 1.4 0.49 0.96
VLF H (mA/m) 130 126 7.0 48 75 115
EIF E {V/m} 2.4 1.5 0.46 5.2 0.82 4.6
ELF H (ma/m) 459 355 82 310 431 266

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VIF E (V/m) 0.44 2.0 2.3
VLF H (mA/m) 17 32 85
EIF E (V/m) 0.52 0.88 2.1
ELF H (mA/m) 56 113 107

Operator RMS Induced Currents

Hard Position Induced Qurrent (LA)
Hands on keyboard 14
Finger touching screen 23

Hand placed flat on screen 114
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ILocation: Bogalusa

Display type: CCI ~ VLF Sweep = 14.650 kHz ELF Sweep = 43.72 Hz

Serial/station mumber: 06782/45

Emission RMS Field Strength Values

Field Top Frant Bottam Back Left Right
VLF E (V/m) 2.8 5.6 0.1 1.5 0.56 1.5
VIF H (mA/m) 140 125 13 68 74 99
EIF E {(V/m) 3.4 1.7 0.41 4.0 1.2 11
EIF H (md/m) 511 347 91 387 472 531

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.39 0.83 1.5
VIF H (md/m) . 14 5.2 40
ELF E (V/m) c.31 0.76 1.4
. EIF H (m3d/m) 95 117 135

Operator RMS Induced Currents

Hand Position Induced Current (uA)
Hands on keyboard 11
Finger touching screen 18
Hand placed flat an screen . 121
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Iocation: Bogalusa

Display type: OCI VLF Sweep = 14.697 kHz ELF Sweep = 43.74 Hz

Serial/station munber: Serial mumber undetermined/09

Emission RMS Field Strength Values

Field Top Front  Bottom Back Left Right
VLF E (V/m) 3.7 6.2 0.08 1.1 0.90 0.95
VIF H (ma/m) 4.7 130 8.1 66 72.7 81
ELF E (V/m) 2.6 2.0 0.41 2.4 0.95 11
ELF H (md/m) 420 332 101 253 605 414

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.47 1.6 1.8
VLF H (mA/m) 17 21 &0
EIF E (V/m) 0.41 1.2 2.0
EIF H (md/m) 92 111 103

Operator RMS Induced Currents

Hand Position Induced Qurrent (uA)
Hands on keybocard “12
Firger touching screen 28

Hand placed flat on screen © 150
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location: Bogalusa
Display type: CCI VIF Sweep = 14.697 kHz ELF Sweep = 43.74 Hz

Serial/station mmber: Serial mmber undetermined/16

Emission RMS Field Strength Values

Field Top - Front  Bottam Back left Right
VIF E (V/m) 2.0 3.7 0.09 8.0 0.48 0.72
VLF H (mA/m) 211 l6l 6.8 169 57 g8
ELF E (V/m) 3.6 . 1.5 0.39 7.2 1.5 6.9
ELF H (mA/m) 525 413 108 335 592 399

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.31 1.1 1.2
VLF H (mA/m) 27 23 57
ELF E (V/m) 0.41 0.92 1.2
EIF H (mA/m) 102 135 135

Operator RMS Induced Currents

Hand Position Imduced Qurrent (UA)
Hards an keyboard 15
Finger touching screen 16
Hand placed flat on screen 96
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Iocation: Bogalusa
Display type: CCI VIF Sweep = 14.702 XHz =~  ELF Sweep = 43.76 Hz
Serial/station mmber: Serial mmber undetermined/24

Emission RMS Field Strength Values

Field Top  Front  Bottam Back Left Right
VIF E (V/m) 3.3 1.4 0.13 1.6 0.40 0.40
VIF H (md/m) 136 137 6.8 21 94 102
ELF E (V/m) 2.3 0.73 0.49 2.6 0.75 3.1
ELF H (mA/m) 409 298 86 338 570 309

Operator Exposure RMS Field Strength Values

Field Abdamen Chest Face
VLF E (V/m) 0.19 0.46 0.74
VLIF H (mA/m) 22 26 89
EIF E (V/m) 0.30 0.54 1.7
EIF H (mA/m) 48 73 55

Operator RMS Induced Currents

Hand Position Induced Current (ul)
" Hards on keyboard 9.5
Finger touching screen 166

Hand placed flat on screen 400
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