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

""-Summary

~,v
'Ihi:!I' report addresses the smject of electric ani magnetic field

emissions of video display tenni.nals (VDI's), both radiofrequency (RF) ani

extremely-l~ frequency (ElF), at 'AT&T ani 8ellsouth tel~ operator

facilities ° '1l1e study represents one carponent of a larger stu1y of

possible reprcductive effects in vor operators bein;J cx:n:hJcted by the

National Institute for OCCUpational safety ani Health (NIQSH) ° '1l1e

purpose of this study was to assess the st:ren:1th of the electric an:l

magnetic fields prcx:h1ced by the different types of displays to which

participants in the NIQSH study cc:uld have been'~ Because of the

study design used in the epidemiology investigation, the e>qX>Sure

evaluation included a stu::!y of the fields associated with VDI's ani two

other forms of displays whidl. do not use cat:hcde-ray-tube tedmologyr-,_
\

these two non-VDr types of displays represent the equipnent used by the .

control pop.l1ation in the NIQSH stu1y° '!he non-vor displays were_'

designated as edther NGT (nixie gl~ tube) or !.ED (light emittin; dicxier/

an:l the VDrs loo1ere designated as cx::I or IB-!, after the namesOf~ir
manufacturers (Cc:IIp.It.er Consoles, In::: ° am Intematialal Business

Machines) •

-.-. "-A stu1y of 96 displays, selected at raman, am located in nine

cities, was con1ucted durin;J April 23 through May 6, 1990. 'Ihe

c:arprehe1lsive survey included measurements of very-low-frequency (VIF) RF

electric an:l magnetic field emissions associated with the horizontal

deflection ciroJits of the VDrs, at a distance of 30 centimeters (en) fran

all accessible surfaces of eadl. VDr. In addition, measurements of the ElF

electric an:l magnetic fields PI'''rlIJCpd by the vertical deflection ciroJits

associated with the vertical refresh of the screen display were IIBaSUI'ed

at a distance of 30 en. 'Ihe deflection frequencies were also DA3suredo"

'Ihe anomt of electrical current inillced in the body by e>qX>Sure to VDr '\.,

electric field emissions was det:sJ:mined am contrasted with those currents '\..

~,
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nonnally iIrluca::l in in:lividuals by~ to environmental. levels of

radio broadcast station signals. For c:arpleteness, measurements of the

waveforms of the electric am magnetic fields were made for carparison

with recommerded limits used in Sweden for the time-rate-of-c:harge of

magnetic fields. Each display selected for the stu.:iy was also scanned for

the presence ofl~ x-ray emissiCB1S.

Instn.nnentation used in the project cx:rlSisted of ~.rcially

available instruments designed specifically for VOl' type field

IIeaS\ll"E!IIets manufactured by Holaday In:hlstries, Inc. . separate
instruments, the Medel HI-360D-01 am Mcdel HI-360D-02, were used to

measure the electric an::i magnetic fields in the VIF an::i ElF barxis

respectively. Prior to the field stu.:iy, each i..nstroment was subjected to

a thorough evaluation relative to its calibration aCX".lraCY an:i all data

ex>llected in the study were at:Propriately ex>rrected for in:lividual

i..nstroment response.

It was foun::i that the two different types of VOI's prcxiuced essentially

the same horizontal deflection frequency, the CCI units with a naninal

frequency of 15 kHz am the !EM units naninally 16 kHz. Vertical

deflection frequencies were ci:sel:ve:i to be n:minally 45 Hz for the CCI

displays am 6o-Hz for the !EM units. 'Ihe results of the stu.:iy showed

that VIF electric am magnetic field stren:;Jths at 30 an fran the VOl'

screens fell predani.nantl.y in the rarqe of 1.3-8.5 volts per meter (Vjm)

am 4.0-161 milliaIrperes per meter (mAIm) respectively. A siIgle value of

47 VIm was the one outlier carpared to the rest of the VIP electric field

measurements. Measurement of field stren:;Jths in the VIP ran;e for the NGl'

am lED displays were significantly less, electric fields beiIg about

0.12-1.2 Vjm am magnetic fields in the ran;e of 1.3-1.7 mAIm at 30 an

fran the displays. 'Ihe~ of the fields decreases extremely rapidly

with increasi..n:] distance fran the VOl' screen. Hence, ~ of

in:lividuals usin} VOI's is st.ron;Jly related to how far they sit away fran

the VOl'. Clearly, VOl'~ to RF emissions can be::U1e more a fun::ti.on

"'-"1i/
""-

_..
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of the manner in which the VDI' is used by the operator, in partio..1l.ar the

distance that the operator sits fran the display, than of the emission

characteristics of the unit.

A suzvey of the EIF electric an::i magnetic fields fa.m:i that the field

strengths were generally in the rarJ;1E! of 0.61-6.4 Vjm an:! 71-571 mA/mat

30 em in front of the screens of the VDrs.

Electric fields prcxhlced by VDI's can be stl:aqly pert:urbed by the

presence of objects near the vrJr, i.n:lu::lin;J the operator. '!he degree to

which the operator's bc:dy can influence the local strergth of the electric

field was examined in operators positioned at eadl of the 96 displays

shc:Mirq that facial exposure is typically greater than that which the rest

of the bc:dy receives. Because of the CXlTPlicated manner in which the

human body couples with the electric an::i magnetic fields proouced by the

vrJr as a source, a JIO:re furrlamenta.l dosimetric parameter, for quantifyirq

exposure, may be the 0ll"I'eITt which is imuced in the body by the very

nommifonn exposure fields. A stuiy of in:lnced currents in all 96

operators foun:::l that, in tenns of the magnitude of the currents, an

in::lividual ' s exposure to ambient levels of AM radio broadcast station

signals generally results in significantly greater iJYb105!d currents:

hence, in this sense, VDrs :represent a relatively minor contribItion to

everyday exposure.

'!he magnetic field wavefOnD data in::licated that the time-rate-of­

dlan:Je of the magnetic field, represented mathematically by the eJqJression

dB/cit, for locations 50 em in fraTt of the screen of the VDI's evaluated,

rarqed fran 0.22 to 37.6 millitesla per secorxl: the largest values were

associated with the horizontal deflection system in the VDl's.

Examination of the measured electric an:! nSgnetic field strergth

values obtained in this study shows that in 00 instance do either of the

two fields, determined at the position of the qJerator, exceed arty of the

....,,--,
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starrlards for public exp:s.lre to RF fields fran any c::a.IIltzy in the \WOrld,

includin:J applicable guidelines in the united states. In addition, the

values of dB/dt at a PJint 50 en in front of the screen, corresp:::n:li. to

the distance specified by a recent recunnet'rlatioo··in sweden, \lIeI"e, with

two exceptions, less than that value presently used by the SWedes as a

proo.JreInent specification for :i:aport.in; VDI's in Sweden. Based on the

fin::lirqs of this st::udy, it is CCIl"duded that typical personnel~

to VDr, NGI' or LED electric or magnetic field emissions in the telepxme
'offices investigated are relatively low, within the ran:Je of other

~ data on vors repJrted by other researd1ers, an::i are substantially

less than any electric an::i magnetic field exp:s.lre limits developed for

radiation protection p.n:p::ses by organizations within the united states

an:i many other countries._-- ... --.

on a ~tive basis, the non-VDr type displays are distinctly

different in terms of operator exp:s.lre levels when O"J!P3red to the two

types of VDl's used by operators in this st::udy for VU' fields: the NGT an:l

lED displays, no:t. ~in:3' internal magnetic field deflectioo systems,

siIrply do not prcx:hlce VU' fields alx:rve i.nst:nImentatioo backgrc:Jun:l levels.

For ELF fields, such a distinction is less clear. For exanple, :the lED

displays prcxiuced operator ELF magnetic field~ which \lIeI"e silllilar

to the values foun::i for operators of both the a::r an::i !EM VDl's, ha.Never,

the NGI' ELF magnetic fields were significantly less than those prCXiUlE

by either of the VDI's. When taken as a whole, operators of 1'lCIl-VDI'

displays (NGTs + IECs) would have, CI'1 average, been expa;ed to l~ ELF

magnetic fields than their c:::amterpart operators at VDI' units. For EU'

electric fields, the NGT displays pnx3nO?rl operator exp:s.lre values less

than those for the a::r units l:ut similar to those fami for the IEM VDI's.

It is concluded that, for the IICSt part, the EIF electric fields~ to

be principally a function of the roan electrical envi.ra1ment, prdJably

be.in:J mre representative of electrical wiriIg systems used in the

b.li.1di.n; than of any peculiar characteristic of the display. '!he EIF

electric fields foun::i for the a::r VDI's as a graJp arPMr, however, to be
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de.rIonstrably above those values fam:i for the rest of, the displays,

incl~ the IIMs.

Background

Video display tem:inals (VOrs) are fOJrd thro.xjlalt the work

environment. VDrs have becane so rn.IJDera]S that sane organizations siJIply

no lorger know how many they own. With the i.nc:reased use of VDrs, there

has been an increase in a number of health and safety issues associated

with VDrs. Electric and magnetic field emissions produced by VDrs have

driven conc:erns over their possible role, am:>n:;J other factors, in adverse

health effects. Since 1980, for example, awroximately a dozen newspaper

reports of mj scarriage clusters am:>n:;J vcr operators have been described.

'Ihese anea:lotal reports have prarpted a number of scientific

investigations by scientists in the United states, canada, Sweden, Norway,

Finland and Denmark (see Appendix A for a li.st.i.n; of sane of these

reports). Most of these studies, however, have been unsuccessful in

arrivin;' at any cxmsistent fin::li.n;Js~ that use of vms durin;'

pregn.an=y is an unsafe practice. A recent stu:iy (Goldhaber, et al., 1988)

has suggested an elevated risk of miscarriage for worki.J'g waoen who

reported usin;' vms for lICre that 20 hours per week durin;] the first

trimester of pregn.an=y CXJ1i)aI"E!d to ather workin; waoen who reported not

usin;' vms. 'Ihese authors, hc:Mever, fam:i no significantly elevated risk

for birth defects am:Jrq waDen usin;J vms. 'Ihe stu:iy inclu::ied no

deteJ:minations of actual eJqX)SUre to vcr electric or magnetic field levels

and the authors suggest that the fin::li.n;Js might be due to unmeasured

factors confam:iecl with high VOl' use such as poor E:Iyen.mic c:xn:li.tions or

jc:b-related stress.

'n1e present stu:iy of electric and magnetic fields prcrlncai by vms was

cJeemed an iJIp:>rtant aspect :to the NICSH epidemiological st1xly" ad:iressin;J

the question of eJqX)SUre not treated in JOOSt of the exi.st.i.Ir;J stlxties.

'Ihese data can be used in developin;' a framework for evaluat.in:j the
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IX'SSible significance of electric arrl magnetic fields as they may relate

to arrj potential health effects in the operators of VDI's arrl inteJ:preti.n:3

the epidemiological data resulti.n:3 fran the NICSH study. '!he study

reported here was aimed at acc:urately determinin; the st.rergt.h of the

electric arrl magnetic fields (emissions) of VDI's used by the \YOrk

pc:pl1ation in the NICSH sb..rly arrl~ these emissions in tenDs of

actual operator e>qX)SUreS so that such e>qX)SUreS can be p.1t in the context

of other e>qX)SUreS typically experienced in eveIj'day life.

For purposes of the study, a total of 96 displays were used for

~ electric arrl magnetic fields. 'D1e NICSH epidemiological sb..rly

identified two pop.l1.ations of \YOrkers; those who used cxmventianal VDI's

arrl a control pop.l1.ation consi..sti.n:J of irrlividuals usin; either of two

alternative forms of data displays, either nixie glCM tube (NGT) type

displays or light emitt.i.n::J diode (LED) displays. Neither the NGT or LED

displays, as used durirg the time frame of the NICSH epidemiological

study, errployed en' technology whidl can produce stray electric arrl

magnetic fields due to their prin=ipal of operation. One primaJ:y p.np:se

of this study was to characterize the diffe.rerres in electric arrl magnetic

field asr.ects of the displays used by 00th gra.JpS of \YOrkers in the NICSH

sb..rly. Of the total of 96 displays d10sen for evaluation by NICSH,48

were of the conventional en' design arrl 48 were divided equally between

the NGT (24) arrl LED (24) types.

StUdy Objectives:

'!his sb..rly had several objectives, in=lu::l:in; the followin;;:

(1) For a rardan semple of 96 displays, measurement of the VIP RF

electric arrl magnetic field st.ren:Jths at a fixed·~ fran the

closest accessible surface of the display for up to six sides (front, top,

bottan, left side, right side arrl rear);
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(2) For the same sanple of displays, measurement of the EIP electric

am magnetic field stren:Jths at a fixed~ fran the closest

accessible surface of the display for up to six sides (front, top,

bottan, left side, right side an:} rear), just the same as for the VU' RF

fields:

(3) O1aracterization of the variation of the stren:Jth of the electric

am magnetic fields, l:xJth VU' an:} ElF, as a furcti.on of~ for

sanples of· the types of displays involved. in the study:

(4) For each of the displays· evaluated in the study, an assessrrent of

the stren:Jth of the VU' an:} ELF electric fields actually iJIpirgirg on the

body surface of a display operator an:} the stren:Jth of the VIF an:} EIF

magnetic fields at the location of the operator's body:

(5) Measl..1I"eren of the flyback (or sweep) . frequency associated with

the emissions of the horizontal an:} vertical deflection systems for eadt

VDr evaluated:

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

current whidt is in:hlced in the body of an ~tor by the electric fields

prcxluced by the display:

(7) Measl..1I"eren of the wavefoI1DS of the electric an:} magnetic fields

proiJ1OO!d by the various types of VDl's in the study ani detennination of

the t.ilne-rate-of-chan;Je of the magnetic field sin=e this parameter has

been d j S01SSE!d as a possible parameter of interest in c:.haracterizirg

electric ani magnetic field e>qX'Sure caused by VDl's.

(8) For eadt display, a seardl for possible x-ray emissions by

corr::hlcti.rq 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 selecte::i for inclusion in the exposure assessrrent study

in:luded both non-(RI' type display tedmology, represented by the NGI' an::l

lED displays, an::l corwentional eRr type vms. For p.n:poses of this study,

NICSH designated two AT&T teleJi10ne offices an::l a total of eight Bellsouth

offices, in the eastern part of the united states as the sites -for field

n-easurements. '!he I1Ol'KRI' type displays were evenly clistril:uted between

offices in Cin:i.nnati, Chio an::l Bl~, Irxtiana, there bein:] 24 in

each office. '!he vms were divided into graJpS of six each in eight

offices in seven cities includi.n:J Nashville, Tennessee; Forest Park,

Georgia; Macon, Georgia; Jacksonville, Florida; rake City, Florida;

Marrero, Louisiana; Bogalusa, Louisiana.

'Ihe concentration of NGI' an::l lED units in just two offices was based

on operational canstra.ints of gai.ni.n:J aa:ess to a sufficient rnnnher of

displays without significant di.snJpti.on to the telephone system.

Historically, the control pop.l1ation in the NICSH epidemiolc:gical study

used either the NGI' or lED types of displays alone; mre recently,

subsequent to the pericxi for which the NICSH study was CCJl'Om'lE!Cl, the NGI'

an::l lED types of displays were retrofitted with conventional vms as a

part of the workstation environment. 'Ihi.s is in contrast to the equipnent

configuration which exi.ste::i durin:] the time the NIasH study examined

possible health_ effects. Q:n;equent1y, to facilitate meanin;Jfu1

measurement of the electric an::l magnetic fields to which operators woold

have been e>q:lOSE!d durin:] the time of the study, special-~ had

to be made to deactivate the vms rDII foorrl in oonjurcti.an with the NGI'

an::l lED displays. '!his arrar¥3ement, of tumin:J off the associated vms
durin:] the measurement process for c:haracterizin:] the emissions an::l

exposure caused solely by the NGI' an::l lED displays, necessitated

concentration of this aspect of the measurements at the t\oiIO locations

chosen. western Electric was the manufacturer of the NGT am UD type

displays evaluated.
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Of the conventional VI1I's use:i by participants in the NICSH

epidemiolcqical study, those provided by two manufacturers were evaluate::i,

namely TIM (International Business Mad1i.nes) an:i CCI (CcnTp.lter Consoles

Incorporate::i) . '!he lIM VI1I's consi..ste1 of the Model 4978 while the CCI

units were the Mcxlel 4500 arrl essentially identical Model 4501 an:i Mcx:iel

4502. '!he followin;J table summarizes the number an:i distribution of the

displays evaluate::l in this study.

Summary of VDTs Selected for Measurement in NIOSH Study

Display 'TYpe
NGI'
lED
lIM 4978
!EM 4978
!EM 4978
lIM 4978
CCI 4501
CCI 4500
CCI 4502
Total

Number of Units
24
24

6
6
6
6

12
6
6

96

Office Location
Cincinnati
Blc:x:mU.n;ton
Forest Park
Macon
Jacksonville
lake City
Nashville (two offices)
Marrero
Bcgalusa.

'!he displays chosen for evaluatiCB'l were selected on a ran:lcxn basis.

In practice, a floor plan of the office was ootaine::l fran the :roc:.m

supervisor which showed the location of each workstation by station

number. A ran:lcxn number table was examined to detennine which units were

to be selected for subsequent measurements. For exaIl'ple,. for m:st of the

Offices, a total of six VIm; were ran:ianl.y selected from the larger

pop.1lation of WI's present in the office.

Each WI' selected for measurement was assigned a unique identification

tag to identify it for measurements. At the time of measurements, the

marnlfacturer an:i IIOOel were recorded for each unit as well as whether the

WI' was equiR'Erl with a glare filter. In practice, once the specific

displays were selected for subsequent measurements, intividuals \tr'ho mii;ht

be usin;J a selected display were assigned another unit to work at to free

up the selected unit for the measurement. Area supervisors were
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especially helpful in these reassignments durin;J the course of the project

an::l in acqui.rin;J teletX10ne operators to volunteer for participatial in the

~ measurement process when this aspect of the protocol was
ac::carplished.

'!be foll~ sections of this report provide an ovezview of vcrs an::l

heM electric an::l magnetic emissions are pnxDx::ed, a description of the

measurement approadl that was used in oollect.i.n;J the data, a diSOJSSion of

the various types of instnIrnentatian that were used incllXii.rg their

calibration, the actual measurement results obtained an::l a discussion of

the results with cc:rrparisons bet\¥een the measured emission an::l q:lerator

exposure levels an::l various ~/emission stan::1ards. In addition, the

Wuced b:x!y o.Jrrents measured are contrasted with ambient RF fields

caused by other ordinary sources, sud1 as broadcast station signals, that

also i.n:iuce RF currents in the bcx:!y. Fstimates of in::h.Jced ClITellt

densities an:! the rate of energy absoIption that might exist in an

q:erator of the vcrs are presented, based al theoretical considerations of

the measured electric an::l magnetic field st:ren;ths.

VDT Electric and Magnetic Field Emissions

General Description

video display terminals (VDI's) am televisial receivers are quite

s:illli.lar in certain respects. Both are used to display infcmnatial; the

wr displayi.n;' infonnation receive::1 fran a carp1ter system, word

processin;J system, or other digital infonnatian syStem am the television

receiver clisplayin;J video infonnatial transmitted fran television

broadcast stations. In oonjunct.ion with a keyboard, the wr seI'Ves as the

main interface between the operator am a word processor, carp1ter, etc.

Television receivers are sanetimes used in lieu of vcrs with heme carp1ter

systems.
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Principles of Operation

VDI's am television receivers use the same basic prin::iples of

operation. Both contain a large evacuated glass tube called a ca~ray

tube (CRI'), or picture tube in the case of television receivers. 'n1e CRl'

contains a soorce of electrons (the cat:hcrle) at one en::! am a fluorescent

coatin:J on the inside of the viewin;J screen. Electrons released fran the

cathcx:ie are accelerated by a high voltage (typically in the tcm;1e of 10 to

25 kilovolts) am are projected onto the fluorescent material of the

screen which then emits visible light when it is struck by the fast-JIOVi.n;

electrons. 'n1e CRI' also includes varicus electrodes for foa.JSi.n; the

electron beam am for scanni.rg the beam across the fluorescent screen.

Electronic ci.ro..ritIy in the WI' nOOulates the electron beam to prcduce the

i.nten:led iJnages on the screen. '!he images seen on the ~ are

act:ua.lly the result of tiny areas of the ~rs, called pixels, bein:J

struck in a controlled manner. 1hus each dlaracter on the screen is made

up of many in:lividual pixels bein3' "turned on am off" by the scanni.rg

electron beam. '!he ciro.ri.try leads to the production of electric ani

magnetic fields (emissions). '!here are four basic aspects to the

electrical envirorunent of vor emissions: (1) ElF m:dulated de (direct

0llTel"lt) fields; (2) EIF fields (typically in the rarqe of 45-75 Hz

associated with the vertical deflection system); (3) VU' RF fields

associated with the horizontal deflection systens; (4) higher frequency,

broadband RF fields caused by the digital electronic ciro.ri.ts which are

associated with dlaracter generatial (Roy, et. al, 1983).

ELF Modulated DC Fields

To accelerate the electron beam toward the screen, a high OC voltage

is used. '!he high voltage is prcxiuced by p..ll.sin3' a transfomer (the

flyback transformer) which has a high turns ratio am is often derived

fran the line deflection ciro.ri.t:zy, thcu;jl in sane cases it may have a

higher frequency depen:iin; on the dlaracter display~. 'Ihe drive
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pllse is a square wave which prcduces a high voltage SE!C01"rlal:y pulse that

is rich in hanronic content. '!he ac cc:rrp:>nents of this de a.uTeIlt pulse

flao! to groun:i via thecapacit:.arloa of the eRr formed by the screen ard the

resistive coatirq on the outside of the eRr. '!his small capacit:.arloa

provides the filteri.rg necessary for a relatively srooth high-voltage

acceleratirg p:1t.ential. The field, nevertheless, possesses an ELF

ncdulation carponent originati.rg fran the pulsatirg a.rt:p.It of the flyback

transformer/rectifier assembly. Roy et. al (1983) have reported that one

methcx:l of reduci.rg the ac carp:ment of the de field is to place an RC

(resi.stance-capacit:.arloa) series shtmt filter between the high voltage

transforner outp.It ard the CRI'. '!hey fourx:l that such a filter CXAl1d, in

same VlJI's, reduce the ac carponent of the de field by as DU.ld1 as 50 dB (a

factor of over 300 times).

'!he m::dulated de field is prcxhJced by the d1arge on the face of the

eRr arxl is largely confined to the front of the unit. 'D1is field is

highly variable, bei.rg affected by humidity, capacit:.arloa between the eRr

arxl external d::ljects arxl toudli.n::1 the eRr (Hal:vey, 1984a). several

investigators have measured the st.ren:Jth of this de field arxl fo.nrl values

rargi.rg fran a few hUl"rlred volts per meter (vim) to as high as 45

kilovolts per meter (kVjm) at the surface of the bcdy of an cpu-ator, arxl

~ on the proximity of the cperator to the VDI', closer c:listan:es

resultirg in higher measured incident de fields (Olsen, 1981: Harvey,

1984b: Nylen et. al, 1984: Bracken et al., 1985). Special treatments of

the eRr screen exterior surface to make it oorrluctive can greatly reduce

the st.ren:Jth of the de field carp:ment.

ELF Fields

.. Ext.rem::ly-Iow-frequercy (EIP) magnetic fields are caused primarily by

the o.xrrent flowi.n; in the vertical deflection coil an::l are nearly

synmetrical aram::I the coil. ELF electric fields are prcxhJced by the same

med1anism that proiJ lees the de field: the charge an the VDI' screen which
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produces the de field is actually not ronstant J::ut l:uilds up ani decays by

a srrall ano.mt eadl tilDe the display is scanned by the electron beam.

'Ihi..s occurs at a nani..nal 6Q-Hz rate (the typical frequency raI'X3'e of the

vertical deflection circuit is 45 to 75 Hz) although harIIonics may exist

up to several kilohertz (kHz) (Hal:vey, 1983a). Measurements of the EIF

emissions ani hanIv:mi.cs in canada fam:! magnetic field strergths of 100 to

200 mA/m at a position 30 en in fra1t of the WI' (canada, 1983). Hazvey

(1984b) reported ineasured EIF electric field strergths of between 5 ani 60

Vim in an investigation of 5 vms. 'Ihese relatively IaN values are in the

raI'X3'e of other c::anrronly enc:OlD1tered 6o-Hz awliances fam:! in the haDe ani

office envi..ronment.

'!he vertical deflection circuit operates on the prin::ipal that the

force .exerted on a novi.n:1 electron is at right argles to both the

direction of the electron's mtiCll ani the awlied magnetic field (knc7.m

as the Lorentz force in furdamental Iilysics tenIs). To in:iuce a vertical

c:arp:ment to the electIon's original directiCll, the magnetic field llIJSt

possess a horizontal polarization. 'Ihus, the vertical deflection roils in

vms ani television receivers, ~ to generate magnetic fields whidl are

stron;Jly horizontally polarized near the front of the screen. 'Ihi..s aspect

is iJrportant when characterizin; the magnetic fields of vms; the

measurement technique used in assessiIg the stren;Jth of magnetic field

emissions obtained in this project inco:rporated this polarization

dlaracteristic.

Horizontal Deflection System Fields

'!he principal RF cx:mp:ment of WI' emissions is caused by the so-called

flyback circuitry whidl is responsible for a rapidly c::han;in; cUrrent
whidl flOW'S in the horizontal deflectiCll ooils of the WI' ani caUses the

electron beam to be rapidly swept to the left side of the screen, ready

for another trace across the screen. Figure 1 depicts the noImal electron

beam scanni.n:J across the screen of a vcr. '!he beam is repetitively
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scanned across the screen t.hra1gh the use of a saw-tooth shaped current

waveform flC7ttlirq in the deflection coils of the vor. '!he fact that the

electron beam m::JVes down the screen fran trace to trace is a fl.D'x=tion of

the vertical deflection ci..rcui.t disolsse1 above which uses a similar, b.It

nuch lc:wer frequency, saw-tooth current waveform. Figure 2 illustrates

the basic c.a:rpanents within a vor which lead to the prcx:luction of the

electric am magnetic field emissicns near the VDI'. '!he rate at which the

electron beam is scanned, the flyback ~, is d~ on the

particular design of the vor oot typically falls in the l"Cln:1e of 15 to 31

kHz. For television receivers, the flyback frequency is appraxi:mately

15.75 kHz. '!his particular flyback frequency is based on regulations by

the Federal caram.mi.cations cemnission (FCC) sudl. that there is

staroardization within the united states relative to deccxli.n:J video

progranmi.n;J infonnation transmitted by television broadcast stations.

,D.Je to the relatively sharp saw-tooth-like waveform of the current

flC7ttlin:J in the horizontal deflection coils of the CRI', the flyback ci.ro.ti.t

is rich in haI'm:mic prcxhJcti.on am arrt inst.nJment i.nterrled for accurate

assessrrent of RF e>q:lOSllre fields prcxbn:ri by vms D11St be capable of true

I11lS (root-mean-square) measurement. Figure 3 illustrates the typical

saw-tooth-like wavefonn of the magnetic field prcduced by the horizontal

deflection ci.ro.ti.try current. '!he st.ranJ han1xmi.c content of this type .of

oon-sinusoidal wavefonn leads to the p~ion of magnetic fields across

a rarge of frequerx::ies thereby necessitat.in::f the need for a relatively

broadbarrl frequency response in an instroment used to assess the stren;rth

of such fields. AI:\:>raxi:mately95 percent of the total energy of the

flyback ci.ro.ti.t emissions is cantained within the first five or six

harmonics (Roy et al., 1983).

VU' RF magnetic fields near vms are also prcduced by the flyback

transformer which is used to step up the voltage p.1lses that are

eventually applie::l, after rectification (CX3'1Versian fran ac to de), to the

CRI' to accelerate the electron beam. 0Jrrents flC7ttlin:J within the win::lin::Js
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of the prilnazy ani secormzy of the flyback transfonner prcxluce magnetic

fields, t.en::lin:3' to lead to a distortion in the synmetry of the field

distribution aba1t the VDI'. '!he magnetic field st.ren:Jt:h .at any given

point near a VDI' is the resultant of the magnetic fields prrxbrei by both

the flyback transformer ani the deflection coils. Nonetlleless, while the

flyback transformer can be a potent sc:urce of magnetic fields very near to

it, the fields foon::l in front of a VDI' are generally driven predaninantly

by the o.Jrrent in the horizontal deflectioo coils. Because of the

contribution of magnetic fields by the flyback transfonner, a smvey of

the magnetic field st.rerqths abaIt a VDI' WOlld be expected to reveal

differences in the magnitude of the field,~ on the location of

the sensor relative to the location of the flyback transfonner.

In a manner similar in action to that of the vertical deflection

coils, the horizontal deflection coils rely on the Lorentz force to inpart
I

a horizontal shift in the direction of the elecLIOJl beam so that the beam

travels across the screen fran left to right an:) back again. To

acc:c:mplish this, a magnetic field that is vertically polarized is

generated by the horizontal deflection coils inside the CRI'. '!he stray

fields W'hidl can be detected outside the VDI' possess a strong vertical

polarization characteristic to t:heJn, especially in front of the screen.

RF fields caused by the deflectioo ci..rc:ui.try can produce electric

fields at nonral operator positions of typically a feM volts per meter up

to sane tens of volts per meter an:) magnetic fields in the rarge of a feM

mill j aJTP?res per meter up to several In.1n:U:'e:l mill ianp"'res per meter

(Harvey, 1983b; Guy, 1987a; l3oivin, 1986; Joyt"er et al., 1984; Martla an:!

Charron, 1983). Electric fields are produced by the high voltage lead

fran the flyback transformer to the CRI' and the associated internal

ccrcp:ments of the CRI' to W'hidl the high voltage is o:a uJeC.1:ed. High

potentials on these cx:arp:ments, 'Nhidl are vazyin:J in anplitude (voltage)

quickly in time, give rise to the altematin; electric fields near a VDI'.

'!he 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 vms arrl television receivers•.

Broadband RF Fields

An electronic clock within the VDI' whidl typically cperates in the

frequ.erx:y rarqe of 1 to 20 MHz is the source of m::st of the radiated RF

signals fran the digital electronics sub-secti.oo (Roy et al., 1983).

conventional shiel~ techniques are the usual methcx:i for eliminatin:J or

reducirg such emissions. Petersen et al. (1980) an.:i Weiss ani Petersen

(1979) evaluated RF emissions fran a number of vms arrl fourx:i that RF

electric field st:rerqths, measured at a distance of 1.5 meters fran the

front of the vor, for those emissions net associated with the flyback

circuit, were well belCM 1 Vim I1IlS, typically less than 0.01 Vim. For

vms attached to personal eatp.Iters, the CCIIpIter system unit, net the

VDI', is often the more significant source of these broadban:l, higher

frequency RF fields.

Electric and Magnetic Field Unes

'!he high-voltage cirellitl:y ani deflectioo OJils in a vor produce

electric ani magnetic fields whidl each have their am :intividual

d1ara.cter. Figures 4 ani 5 illustrate how the VU' RF electric ani

magnetic field lines. are typically directed near a vor. 'Ihere are

significant differences in the perturtlatioo effect caused by the presence

of the cperator relative to electric ani nagnetic fields. Because of

capacitive couplin:J between the cperator ani gram:3., the cpmltor terDs to

brin:J the exi..sti.rq grourrl }XJtenti.al JilYsically up nearer the vcr ani

emergin:J electric field lines terminate al thecperator. 'Ihus the

electric field ccrrponent of maximJm strergt:h will be that whidl is oonnal

to the surface of the eJq)CSed. bcdy~ cx:IIpJl1el'lts of electric field parallel

to the bcxiy's surface are shorta:i out ani vanish because of the relatively

highly c:::orrlucti.ve nature of the bcdy tissues. OJnsequently, measurements
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of operator~ to electric fields mJSt take into accamt this

polarization dlaracteristic of the surface electric fields to d:Jtain

accurate results. In this way a rneaSlJre of the maxim.nn electric field

st:ren:Jth can be obtained. An associated aspect of the con:iucti.ve nature

of the bcrly tissues is tl1at, relative to external electric fields, like

those prcduced near a vor, the internal fields within the bcrly are greatly
reduced in st:ren:Jth.

Because of the perturbi..rq effect of the operator's bcrly an the

electric field close to the vor, it is a,r.parent tl1at the evaluation of

electric field emissions will be very depen::lent -on proximity of the

operator arrljor other neart>y objects. An exanple of heM the electric

field lines i.ssui.n:J forth fran a vor are pert:urt:le:i by the proximity of

grourrled potential surfaces is given in Figure 6. In this case, a glare

filter designed for reduci..rq the visual prci>lems of glare on vor screens

arrl tl1at has a con::h1ctive property, sudl as a con:iucti.ve cxat.i.n; for

reducing dust build-up due to the acamvlation of static charge, __is

attadled to the screen of a vor arrl the filter is grourrled with a wire

runni.n; to the dlassis of the terminal or CXIlplter. Because the glare

filter is at a relatively low electrical potential with respect to the

high-voltage circuitry of the vor, the electric field lines terrl to

terminate on the grourrled filter rather than the operator, reduci..rq the

operator's~ to electric fields.

In Figure 5 it is seen tl1at the magnetic field lines emergi..rq fran the

vor are not pert:urt:le:i in their orientation with respect to the operator's

body; this happens because the body is non-magnetic in nature. 'IhuS, in

measuring the VU' magnetic field (tl1at generated .by the horizontal

deflection system) in front of a VDI', usually the maxi.rmJm value is

associated with vertically polarized lines of flmc arrl the magnetic field

sensi..rq probe, normally a loop of sane type, mJSt be oriented in sudl a

manner that a maxiJmJm number of these magnetic field lines pass tl'u:'cu3h
the aperture of the loop.
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A related issue is that while the bcdy is nan-magnetic, an:! hen::e does

not perturb the distrib.Ition of the magnetic field, the magnetic fields

will - i.rrluce o.Jrre11ts, called e:1dy o.Jrre11ts, which ci.ro..l1.ate aro.J]')j the

periphel:y of the bcdy cross-section which is in a plane nonnal to the

magnetic field lines. '!his is based on the fact that a magnetic field,

which c::han:Jes in time, irxtlO?S a current in a o:n:iuctive material.

Since the electron beam ImJSt also be deflected vertically so that it

covers - the entire surface of the screen durin; the scann.i.r'g process, a

magnetic field which is directed horizontally is prcxiuced by the vertical

deflection coils. '!he horizontal magnetic field produces a vertical force

on the electron beam, movi.n;1 it fran tc:p to bottan of the screen. Because

the electron beam makes many horizontal scans across the screen before it

IIDJSt be swept back to the tc:p of the screen, the vertical deflection

(vertical refresh) frequency is nI.1d1 laver than the horizontal deflection

frequency. '!he different direction of the magnetic field prrxb JO?d by the

vertical deflection ci.ro.lit requires that the magnetic field sensor be

oriented at 90 J:iegl:ees to the direction for maximum 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 perturbin; influerx:e of the vcr qleI'ator on measured.

electric field strergth values near VDI's, it is inportant to di..st.in;Jui.s

between assessments of qleI'ator eJq)QSUI'e an:! basic emission

dlaracteristics of VDI's • Relative to electric fields, these two

properties are not the same.

Characterizing VDT Emissions

For the NICSH project, one objective was to establish the general

emission levels of the VDI's for c::c:IIparison with other vcr emission data.
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SUm me.asurezrents, when COl"rluctecl for l"11JIDIara1S VDl's, can be used to

determine Ul'U.lSUa1 operat.irg d'laracteristics of particular· VDl's within a

group. To collect this type of data, it is helpful to mi.n:iJni.ze

unnecessazy, ext.raneaJs envi..ronmental. factors. In this way electric field

measurements obtained on the VDI's will be as reproducible as possible ard

can be c:arpared to electric field data collected fran other similar VDl's

with a maxi.nulm of consistency.

Emission dlaracterizations were, therefore, perfo:rmed without the

operator present. Although the literature contains numerous methods by

which emission data have been obtained, the pri.nc::ipal difference lies in

the locations about the vor at which measurements are perfonned. An

~loration of the surfaces of a typiCa1 vor will reveal areas of

particularly intense fields, but these areas are usually on the sides or

top of the vor ard are not directly awlicable to frontal area e>qX:lSUl"e

where the operator would be positioned.. Because of this, a nearly

universal measurement location positioned. at a point 30 en directly in

front of the vor screen has been most 0 ilUi. mly used ard has been

recamrnen:led in emission d'laracterizations by the . Food ard DIUg

Administration (F'OA., 1984).

Measurement cli.stan:es of 50 en ard 1 m have also been used. A value

of 30 en actually represents a quite clcse di..starx:e W'hen carpared to the

viewirg distance used by many, oot certainly not all, WI' operators. In

fact, a mi.nimurn viewi..rq di..starx:e clcser· to 36 en has been fi1!I::> iiAien::led

(Diffrient et al., 1981). Nevertheless, .because the value of 30 en has .

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

obtained at 30 en.

vor emission data reported in. the literature show that in many
:inst:an:es a fixed screen corrli.tion has been used to praICte mre

repeatable measurements. For ex:anple, a C:ulAiUl1y reported method involves

fillirq the screen with a sirqle dlaracter sud1 as an E or M or H ard
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adjustirg the brightness am contrast controls to their maximJm position.

·In contrast· to these .precautions, it has also been repJrted that these

meaSlJI'eS often seem to have very little, if any, impact on the resultin;

measured values of electric am magnetic field strergth (Roy et al., .

1983). Nevertheless, because of peculiarities of sane VOI's, a dleck of

the effect of varyirg the brightness am a::ntrast controls may be

i.nstructi.ve. Roy et ale (1983) s.q:rest that em' perfO:rmaI'X::e, Widl

decreases with age, am the type of video generatin; system used are two

possible factors resp:msible for this~.

on the m::lre practical side of c:orducti..rg a large scale suzvey,

however, is the fact that in::lividual adjustments for every VOl' can

substantially i..nterropt the flow of work in an office am cause a

significant increase in the anomt of .tiIre required to aCCCiTplish the

suzvey. In nany cases, c:lepen:ii.n;J on the flmcti.onsof the office, sud1 a

disruption of work can represent a major iJIpact, for exanple, in the

teletilone operator work envi.rorunent wnere workloads are very precisely

m:mitored. While the field st.rerqths of emissions can vary acx:orcl:in;J to

the CX)J'ltrast am brightness -adjustments, these variable effects can be

evaluated statistically in the sense that the variabilities are contained

within the normal variance of the fields fran a large group of VOI's.

Also, perfoIlIlin:;J emission measurements with the preferred settirgs

established by the operator probably reflects a mre realistic assessrent

of the fields (emissions) for that operator than usirg sane predefined set

of adjustments. For the study reported here, VI1I' emissions were measured

witha.It any ~justJnent to the control settirgs established by the

operator; i.e., measurements were performed CB'l the VDI's as they were fourxi

at the operator's work-station. In ale case, a brief evaluation of the

effect of the degree of the screen bei..n:J filled with dlaracters, as

owcsed to be:in:3' blank, on measured fields was con:iucted durirg the

routine measurements in Nashville.
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Characterizing Operator Exposure

Measuri.n;J operator~ to vor electric field emissions requires

that the measuriIq i.nstromentation be Sl.lWOrted with a non-corductive

holclirq device. 'Ihi.s is to reduce the infl~ of the SUIVeyor on the

measure of fields incident on the vor c:perator. '!he strergth of the

electric field actually incident on the c:perator is a function of the

anatanical area of the bxly and the qec:.met.Iy of the operator's bxly with

respect to the vor and other objects in the I"CXIIl. Generally, the

unperturbed. field where the operator is nonnally located will be less than

the field incident- on the operator. Also the field strergth will vary

strorgly with distance away fran the bxly. For these reasons, the nost

accurate measure of operator~ is obtai.ne:J when the measuriIq

i.nstnIment sensor is placed in cli.rect contact with the operator's bxly but

while beirg held with a non-corrluctive holder by the i.rxlividual perfoI'Illi.n;J

the suzvey.

When assessiIq operator exp::sure levels, it is saretllnes' -diffio.l1t' to

obtain the required measurement sin1?ly because the instnIment's readout

my be hidden fran view because it is so c1c:se to the vor c:perator. 'Ihi.s

problem was harrlled duriIq the NICSH measurements thrc:03h the use, of a

remJte fiber optic receiver device, penni.ttin;J the measuriIq instnIment to

be read at a distance. In this case, the vor c:perator holds the detection

:instrument directly against their bxly and the measured electric field

value is read rerrotely by the smveyor ,via the _f:UJer optic link. 'Ihi.s

methcrl of detennini.n:] vor operator electric field exp::sure is superior in

that it minimizes the influel"O! of the smveyor al the measureIIEnt

prc::o:!SS. Also when the operator perfOI'IDS this self-measurement, the

i.nstnIment may be held directly withaIt the oon-coJrlucti.wholder s:in=e

the electric field lines are already terminati.n;J on the c:perator's bxly.

'!he use of the renote fiber optic receiver proved to be especially useful

duriIq the emission measurements as \oiell. Its use allowed for JIIJdl

greater convenience in perfonni..rg 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 instnnnent facin::1 away fran the location that the

user was starx:lin:J: i.e., the sensor could be' oriented in artj fashion

necessary for the rne.asurerent an:l the instnnnent readin] easily detenni.ned

by obseIviIg the readout of the renote receiver typically held in the

other han::i of the user.

Induced Body Current

Another aspect of assessin::1 VDI'~ involves the interaction of

the electric field with the operator's bcxiy sudl that a very small RF

a.rrrent is iniuced to flow between the bcxiy an:l any grcun:ied surface or

abject. 'D1e fact that electric fields iniuce a.rrrents in the bcxiy has

been studied at lerqth by various researchers ('rell et al., 1979: Dena,

1977: Guy an:l Olou, 1982, Hill, 1985). Figure 7 illustrates how the

nagnitude of RF current whim is i.n:iuced by external electric fields

varies as function of frequency. As can be seen, the i..rrlJlee1 current is

c:lirectly proportional to frequency: for a constant electric field

5tren3th, if the frequency is cbJbled, then the ·irduoed current is

doubled.

'!he utility in exarnJ.JUIl3' irrluced currents caused by VDI's stems fran

two points of view. First, i..rrlJlee1 current may be a better dosimetric

measure of~ than external field 5tren3th: different persons

sittin;J at a ,VDI' can exhibit large differences in the surface electric

field 5tren3th because of bcxiy size, shape an:l the resultin::1 degree of

shield:irq afforded by the bcxiy an:l its configuration relative to a given

VDI' • secon:I, by determ.ini.rg the i..rrlJrei current, one can o::mpare these

a.rrrents to those currents caused by other erwironmental sc:urces: such

cc:mparisons may be helpful in devel~in::1 a perspective on relative risk

represented by electric an:l nagnetic field emissions of VDI's. '!he

frequency raIl3'e relevant to VDI's is in:licated on Figure 7. Usin::1

established relations between external electric fields an:l i..rrlJlee1
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o.Jrrel'1ts for unifonn exposure con::litions, one can CCIIp.lte. the required

field that woold irrluce.the same current as meas:ured in a vcr c:perator.

Practical constraints on measuri.n:J in1nced currents in the body limit

this assessment to those currents flar.rin; thrc:u:Jh the body to grcun:l.

SUch currents are those Wuced prin=ipally by the electric fields whidl

couple to the body. o:mventionally, measurements can be cordJcted by

contacti.n:J the body at various points, sudl as the ankle or wrist, with

one probe of the o.Jrrel'1t measuri.n:J instrument an:i a gram:l point with the

other probe.

Magnetic fields which couple to the body irduce electric fields which

in tum cause eddy currents about the peri~ of the body, bei.n:J a

nmdmurn at the outer edges of the body ('I'ell et al., 1979). 'n1e

measurement of these "circulat.i.rq" currents is limited by the inability to

probe the body with appropriate devices. However, the i.n:iuction of sud1

o.rrrents does len:! itself to analytical evaluation. Guy (1984) has

considered irduced o.Jrrents in an ellipsoidal m:xiel of the body wherE! it

was assumed that the electric ani' magnetic fields~ polarized in such a

way as to couple in an cpt.in'DJm manner with the body m:xiel, thereby

in:iuci.n:J the greatest o.JrreJ'1t. Tell et al. (1979) arx:l DJ.rney et al.

(1986) illustrated the body orientation with respect to the in=ident

fields which woold result in ma.YiDlJm Wuced currents in the body•

Although the polarization of the fields typical of exposure to vor's is

not necessarily that which woold result in maximJm imJJo:'Ci currents, suc:h

an assurrption was made out of conservatism in Guy's worst case analysis

(Guy, 1984). Guy also assumed, .for pJrpOSeS of the analysis, that the

electric arx:l magnetic fields were unifonn aver the entire body diJnension;

this also is far fran the actual. case for vcr fieldssi.n::e the fields are

extremely nornmifonn. 'Ihus the analysis will aver predict the magnit1.xE

of the irduced currents. For the case of a flyback frequerx:y ·of 16.7 kHz,

Guy fourrl that the in:iuced o.n-rent due to the electric field WCAl1d be 2.74

microaIrpereS/ (vim :rms) with a resultiIg internal o.Irrellt density in the
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center (midsection) of the bOOy of 5.12 x 10-4 microanp3reS/on2• 'll1is

o..trrent is that current one walld expect to measm'e between the lxdy an:!

grourxi, a5SlIllli.Iq that the m:xiel was a gcxxi awrox:iJnation of the real lxdy.

To obtain the total induced lxdy o..trrent to grourrl caused by a uniform

electric field, the electric field strength in volts per meter is

multiplied by the factor 2.74 W(vjm). As an exanple, if the lxdy were

uniformly illuminated with an electric field of 4 Vjm, then the irrJucm

lxdy current to grcun:i walld be 11.0 /lAo 'Ihi.s analysis makes the

assunption that the haIm:mi.c content, relative spectral anplit1Xie, is

similar to that of a vor.

In the case of magnetic field exp:sure, Guy (Guy, 1984) determined

that the internal o.Jrrent density at the periph£uy of the body, arcurxi the

midsection, would be 1. 68 IJA/c:rr? for a uniform field of 1 A/m. 'n1e o..trrent

density scales directly with the incident magnetic field strength. For

exarrple, if a uniform magnetic field of 0.2 AIm was ~i.n:3' the lxdy

havi.n:3' a frequency of 16.7 kHz, the~ o..trrent density in the torso

of the lxdy WOlld be 0.34 War? For a mre :realistic awroximation of

exposure, c:arpara.ble to that of an cperator sit:tirq or st.an:tin; in front

of a vor, the~ induced current density WOlld be closer to 0.16

IJA/c:m2 • 'n1e analysis in:ticates that a magnetic field of 1 AIm will

generate a substantially greater internal current density in the torso

than that due to a 1 Vjm electric field.

In, reality, of course, the exp:sure fields are far fran uniform; only

a very limited p:>rtion of the bOOy is actually exposErl to the max:imJm

field strength. Hence, the above predicted currents and current densities

are considerably greater than what \felOUld actually occur. Guy (1984), for

exanple, measured only 70 per cent of the o.xrrent predicted by this very

consexvative m:xiel. A key aspect of the aI::xJve analysis, hc:wever, is that

it pennits the CClIparison of exp:sure of an inllvidual to the emissions of

a vor with that fran other sources for lro'hic:h the electric arrJIor magnetic

field strergths are known or can be estimated. one awroac:h for drawing
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carparisons is to evaluate the bc:dy to grcun:l current detemined for VOl'

exposures in terms of an equivalent, uniform electric field exposure which

would result in the same in::h1ced current in the bc:dy. In this fashion,

the very nornmiform field exposure of the bc:dy can be related to the

sanewhat more uniform exposures cx:mOCluly e>q)erienced fran other sources

sudl as AM radio broadcast signals.

Actual l:x:dy current n-easurernents on humans e>cposed to uniform electric

fields have been rep:>rted by Tell el ale (1979), Guy an::! Olou (1982) an::!

Dena (1977) in::licati.n3' that, for starrli.n:;J adults, the awroximate bc:dy to

grourrl o.rrrent is given by the siIrple relationship:

Isc(~A) = 0.3fE

where f is the frequerx.y in kild1ertz an::! E is the electric field stren:Jth
in volts per meter. 'Ihi.s eJ'll)irically develope::l relation seems to

accurately predict actual bcdy 0JrreJ'1ts fran as low as 6o-Hz to the

megahertz frequency raIl:3'e. 'Ihus, at VOl' frequencies, this relation would

result in the followi.n3 currents for different flyback frequen:::ies:

Flyback Frequency (kHz)

15
20
25
31

Body 0Jrrent Expression
4.5E
6.0E
7.5E
9.3E

In these e>cpressions, the factor E is the incident electric field stren:Jth
in rms volts per meter.

TakeJrcto et ale (1988) have also investigated the interaction of VOl'

field emissions with a IOClre sq:hi.sticated DX1el of the b:dy cUit-::rsed of a

series of 14 prolate SIX1e:roids, eadt represent.i.n:J a different part. of the

body. In this analysis, measurement data an electric an::! magnetic fields

were obtained fran a VOl' an::! used as inpIt to the theoretical 1OCldel. In

this case, field nornmiformity was taken into acx::omt. While the results
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were limited to a relatively small IX'rtion of the anatany in the torso,

induced o.nTel"lt densities can be derived fran their data. '!he CXIIp1ted

internal fields were used to c:x:.np.rt:e e>qJeCted tissue current densitiesi an

average current density of 8.5 x 10-4 War?- was detel:mi..ned. 'n1is value

is related to the measured exposu:re fields whidl had maximJm values of

o. 067 Vim an::l 13.8 IM/lIl for electric an::l magnetic field strerqths

re:,-p:ctively. 'Ihese data suggest that o..trrerTt densities resultirq fran

VOl' e>qXlSUreS are relatively weak.

Measurement Approach Used in Study

VLF Fields at 30 cm

For each of the selected displays, measurerrents of the VI.F RF electric

an::l magnetic fields associated with the horizontal deflection system of

VDI's were ac::eatplished .at a fixed distance of 30 an directly in front of

the screen an::l at 30 an fran the sides, tc:p am rear of ead'l unit. In

many cases, the display was situated at a SlJRX)rt platfonn an::l measurement

was made relative to that surface. '!he sensor was centered on ead'l of the

surfaces measured. Electric field strerqths were detel:mi..ned by measurirq

the radial c:xJlIlX'nent of the field, Le., the CCl'l'pJI'lel'1 of the electric

field clirected radially aItward fran the screen toward the position of an

c:perator. 'Ihe measurement for this part of the sbDy, ~er, was

performed with the vor operator absent fran the WI' so that they did not

influence the measurement process. Figure 8 illustrates the orientation

of the field sensor as used for n-easurirq the VI.F electric fields arc:md a

VOl'i in ead'l measurement, the plane of the electric field sensor was

oriented sudl that the maxiIID..Im radial electric field 0 ii(anent was aligned

for a maxinnJm readi..rg.

A similar procedure was used for the measurement of the VI.F magnetic

field S'tren;th. 'Ihe measurement was conducted at 30 an fran ead'l

accessible surface of the WI' by determi.ni.rg the magnitude of the
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vertically polarized magnetic field. Both electric and magnetic field

stren3ths were measured with the VDI' contrast and brightness controls set

at their nonraJ. p::>sition as fourrl when the survey was performed. Figure 9

illustrates the orientation of the field sensor as used for measurirq the

VLF magnetic fields arcun:i a VDI'; in this case, ·the plane of the magnetic

field sensirq loop was aligned for maxim.lm caJPlirq of the emergirq

vertically polariZed magnetic field lines famd in front of the screen

with the aperture of the sensor. 'Ihi.s same alignment was used for all

accessible p::>sitions about the VDI' as sham in Figure 9. While the

polarization of the VIP magnetic field at other locations besides the

front of the screen can exhibit differences, generally, it was cXseIved

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 cc::rrpleti..rq the measurements,

this sirgle sensor orientation was used for all positions about the VDI'

bei.rq investigated.

ELF Magnetic Fields

A siInilar procedure was used to deteJ:m:i.ne the magnetic field strength

associated with the vertical deflectioo system within the vms. Again,

the measurement was cx:n:h1cted at 30 CD in front of ani fran the surfaces

of accessible sides of the VDr. Because of the differerx::e in the

polarization of the ELF magnetic fields, the field sensor was oriented in

the way shown in Figure 10; it was in the irxlicated orientations that the

maximum ELF magnetic field strength was determined.

ELF Electric Fields

'!he procedure used to determine the strength of the EIF electric

fields was essentially identical to that enployed for assessirq VLF

electric fields; Le., a measurement of the radially directed field was

performed by orientirq the field sensi.rq paane of the instrument normal
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to the WI' surfaces as illustrated in Figure 8. '!he only differerx:::e was

that the i..nstrument was turned such that the front surface of the meter

was fac~ the WI' be~ evaluated. 'Ihi.s was a peculiarity of the

i..nstrument in that the CJR)OSite side of the sensor paddle is used for ElF

electric fields as q:poserl. to the measurement of VU' electric fields.

Electric and Magnetic Fields vs. Distance

'!he variation of VU' arxi ElF electric arxi magnetic field stren:;rth with

~ in the ~e of 10-100 en fran the front of the display screen

was detenni.ned for a total of ten displays. '!he meaSl.lr~ i..nstrument was

held by a J'lCJI"KXJI'Xhve han::ll.e or SlJRXlrt starx:i in front of eadl display

for detem.:in.in:J the electric field stren:;rth. In this case, the i..nstrument

was oriented. so that the radial CUllfonent of the electric field was

i.ocident on the displacement type sensor enployed in the i..nstrument (see

the section on instrumentation for details of the i..nstrurrentation used· in

the project). Field-di..st.arre variations were determined for one eadl of

the NGI' arxi lED displays arxi for foor eadl of the !EM ama::I VDI's (one in

eadl facility visited) •

Flyback (Sweep) Frequencies

For eadl type of WI' surveyed, the flyback frequencies (the rate at

whidl the electron beam inside the CRl' is scanned in the horizontal arxi

vertical d:im:msions) were measura:l. 'Ihi.s was ae:xx.trplished by us~ a

portable, digital Dllltimeter (Fluke JokJdel 8060A) with a freqt.leOCy cnmter

function. '!he nul.timeter was oanleCted to the analog aItp.1t jack of the

Holaday Irrlustries M:x:1e1 HI-3600 field stren:;rth meter, configured for VU'

am ElF fields, with the meter in the magnetic field measurirg naJe. By

hold.i.n;' the field stren:;rth meter near the WI', sufficient signal level

fran either the horizontal or vertical deflection ci..rcui.ts was obtained

for a frequency readin;.
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Measuring Operator Exposure

In addition to the large scale survey of VDI's for VLF an:l EIF electric

an:l ma.gnetic field emission levels at 30 en, measurements were corxiucted

of the actual electric field st.reJ'J;Jths in:ident on vor operators. as well

as the~ of the ma.gnetic fields at the location of the body. 'Ihis

was accarrplished for the total of 96 displays evaluated in this project.

'!he measurements were performed by haviIg the vor operator hold the field

~ meter against their al::daxen, dlest an:l face while they were

seated in their normal operatin:J position. In a lilnited rn.nnber of !.ED

an:i NGT m=asurements only, NICSH personnel were used for the exposure

measurements an:l asssumed the normally used position taken by the

telephone operators. DJrirq the measurement procedure, the operator

participatirq in the measurements wore the associated headset that is

required for communication on the IDone system an:l the headset was plugged

into the workstation in its normal fashion. Measurements at three

anatanical locations were ac:x::arplished for CClI'pleteness in exam.:ini.n:J
potential ~eniety in the exposure of the body. A Holaday Irrlustries

Mcx:lel HI-3615 Fiber ~c Receiver was connected to the Medel HI-3600

field~ meter to allow re.adin;J the meter at a distance. Figure 11

shows the position of the field~ meter for the measurement of

operator VU' electric field exposure at .. the chest in whid1 case the

operator is holcliIg the sensor. Figures 12 an::l 13. illustrate .the self­

measurement of VU' electric am magnetic field exposure of the face; in

this case, a fiber optic :ren:cte receiver unit is used to renotely observe

the meter reac:linq. While the operator participated directly in measurin:]

the VU' an::l EIF electric field e.xpa;ures, m::st of the VU· an::l EIF ma.gnetic

fields measurements were cxn:h1cted as shown in Figure 14 were the

i.nstnIment was held by one of the survey team. '!he rationale beh.in1 the

face lXSition· measurement was to e>cplore differences in body surface

electric field st.reJ'J;Jths due to the shape of the body an::l its ability to

provide a shielcliIg furcti.on insane cases.
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Induced Body Currents

'!he ancmrt: of RF aJrreI1t in:iucecl to flOli in the bcdy of the VOl'

operator was determined for a total of 96 operators of vms and NGT or LED

displays in this study.' '!he technique used is awlicable only to the

aJrreI1ts irrluced by the external electric field. D.Jrrents were~

by apply~ a oorrluctive wrist bam to the arm of the operator as

illustrated in Figure 15. '!he wrist bam was connected to one input

tenninal of a Fluke Mo:lel 8060A digital m.1l.timeter, in mi~ (t!A)

rre.asurernent m:de, while the other test lead was connected to the dlassis

of the display (groun:l potential). In this fashion, the anomt of o.n:-rent

flow~ frem the bcdy to grourrl could be directly read with the in-series

oonnected meter.. '!his methcxi follOW'S tho3t of Guy (1987a) who examined the

waveforms of the in:hlced currents and determined that the measured o.Jrrent

was principally due to the RF c:::arponent of the electric fields via

capacitive ooupl~ between the operator and the VOl' electric field

source.

Since the magnitude of the in:iucecl current depends a1 the degree of

coupl~ between the operator and the electric field source, three

different han:l positions were d10sen for evaluation of the in:hlced

aJrreI1ts. 'Ihese positions oonsisted. of the bards an the keyboard

associated with the particular display, plac~ the tip of a fiIger in

contact with the screen of the display as if the ~tor were p:lintiIg to

a particular word displayed an the screen and placirg the han:l flat

against the screen for a naxiJm.rm contact area. Figure 16 shaws an

operator usiIg the keyboard with the wri.stl::laniattad1ed for the iJ"rl!1o:rl

current measurement while the irduced Olrrent is beirg reaSlJred with the

mlltimeter. Figure 17 show's the measurement configuration with the

operator pointin:j to the screen. Figure 18 illustrates the measurement of

in:hlced current with the han:l in flat contact with the screen. '!he

keyboard measurement is I1Dre representative of typical i.njllC)?d current

values that are no:nnally e>q::erienced by the vor operators usin:1 the
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equipnent in the telephone q::erator's work environment ard thus are m:st

representative of 1000000-term~.

A conventional con:iuctive wri..stband, oormally designed for reducin:]

static dlarge buildup on workers with solid-state UJillG'le11ts, was IOOdified

by rem:JVj,n; the current limiti.n; resistor to pennit accurate neasurezrent

of the current flowi.n;J fran the wrist to gra.Il'd..

Electric and Magnetic Field Waveforms

An added aspect to this .study was the measurement of the waveforms of

the electric an:i magnetic fields prcduced by the various VDI's in the

various telephone q::erator facilities. careful examination of the

electric an:i magnetic field wavefonns permits detenni.ni..rr:J· the rate at

which the field strergth is dlan:;rj,n;. In the case of the magnetic field,

this aspect of the waveform may be of SCIDe significance relative to the

ability of the field to in:hJce currents in the body of the operator.

0Jrrents in:iuced by magnetic fields circulate in the cross section of the

tissue via eddy orrents am are directly proportional to the tiJIe-rate-of­

dlange (the derivative) of the field denoted mathematically by the

expression dB/cit. 'Ihe greater the rate of dlan:Je of the field, the

greater the magnitu:le of the i.rducErl c::urrent, assnnirg the peak magnitude

of the field remains the same. 'Ihi.s issue has played a significant role

in the recamlerrlation of placj,n; limits an the rate of c:harqe of magnetic

fields by the swedes (Mm, 1988) as well as a precise measurement method

for cletermini.rg the rate of d'1a.rge (MPR, 1987). For the horizontal

deflection system in a vor, clurj,n; the relatively sla-rly c:han;;in:] magnetic

field strergth related to the t:ime that. the electron beam travels across·

the screen frem left to right, one value of irdx:ed c::urrent will exist;·

durin:] the very rapid retrace of the beam back to the left side of the

screen, durj,n; a few micrasec:::orm, a considerably greater value of imncej

current will exist. see Figure 3 which illustrates the slower trace

pericd c::arpared to the rapid retrace (flyback) period. It is the retrace
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perioo, arxi the corresporrlin;J rate of d1arqe of the field duri.rg this

time, whid'l controls the maximJm~ currents that will be i.rdlO3d. in the

body by the magnetic field rather than the root-mean-square (rms)

magnitude of the field. '!his is a cnlCial concept s:iIx:e magnetic field

waveforms havi.rg the same nns value but different rise arxi fall times can

irduce substantially different~ o.n:rents.

Extremely limited data exist to SU9:Jest that any particular values of

dB/dt may be relevant to the prcducti.on of biological effeci:.s, either in

laboratory test aniJnals or hUl1'aI1S. Nevertheless, for p.lrpOSeS of

procurement of office equipnent for government offices, ~ the Swedes have

implemented a procurement specification whid'l,~ other factors, places

a limit on the tiJne-rate-of-dJarge of the magnetic fields emitte:3. by

vor's. '!his specification calls for a maximum value of dB/dt·s 25 lIiI'/sec

measured at a d.ista.rre of 50 en fran the VDI' but is not scientifically

based: the specification was derived, rather, fran extensive measurements

perfonned on different m:x:1e1s of wr's, prrrlnced by a variety of

manufacturers, arrl ci>sel:vi.rg the distribution of VDI"s havi.n;J various

values of dB/dt associated with the entire pcp.1lation of VDI"s studied

(SSI, 1986). For exanple, Paulsson et al. (1984) fo.m:l in a study of 44

vor's that the ti.me-rate-of-d'lanle of magnetic field ran:Jed fran a low of

7 lIiI'/sec to a high of 170 lIiI'/sec. On the basis of this arxi other studies,

it was concluded that a peak-to-peak value of magnetic field equal to 200

nanotesla or 160 mAIm peak-to-peak arxi a tiJDe-rate-of-dlan;e of the

magnetic field of 50 mr/secorrl CXJU1d be relatively easily adU.eved with

present day tedmology lroIhen designi.n;J or DCdifyi.n;J exi.sti.n; vor's. When

adopted as a procurement specification, a limit of 25 mr/s' was d'losen.

So, this procurement specification mJSt be viewed mre as a statement of

tedmologically adU.evable, or desirable, levels of magnetic fields rather

than a level associated with scientific infornation related to adverse

health effects. Wavefonn data were collected for the VDrs usa:! in the

NIOSH study so that a CX'I11piU"ison could be made with the Swedish SU9:Jested

limit on dB/dt.
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X-Radiation Emissions

Arrj device capable of acx:elerati..rg elect.rCns to an energy level of

severalthousan:i electron volts can be a source of x-radiation. VDI's an::l

television receivers operate with high voltages typically in the ran:Je of

12 to 25 kilovolts (kV) to acx:elerate the electron beam~ the screen.

Normally, x-ray production in VDI's an::l television receivers is of

inconsequential effect; the thickness an::l absorbiIg pIqlerti.es of the so­

called face plate of the CRI' attemlates any possiJ:>le x-ray emissions to

undetectable levels. In the 1960's, cxmsiderable attention was focused on

x-ray leakage in same television receivers due pri.Ix:ipa1ly to defects in

the nanufacture of certain high-voltage pa.oJer SUWly cx:.ITp:)nents (Braest.rup

an::i Mooney, 1959; callen:ler arx:l White, 1961; Ciuciura, 1959; Beume, 1959;

Hayashi et al., 1964). '!he potential for x-ray prcx:hlcti.on fran television

receivers, though r'tJ::h/ not a real prd::llem, led to the develcpnent by the

Feed arx:l Drug Adrni..ni.stra.tion (FDA) of a perfo:rmarx:e starx3ard for x-ray

emissions (FDA, 1973). 'lhis starx3ard specifies that eJqJOSUre rates

prcxiuced by a television receiver shall not exceed 0.5 milliroentgens per

boor (mR/hr) at a distance of5 an fran any point on the external surface

of the receiver.

X-radiation emission varies ~ly with distance fran the

source; hence, the intensity of x-rays, like RF emissions, decreases

rapidly withinc:reasiIg distance. sets eJd1ibiti..rg detectable x-ray

intensities equal to the FDA starx3ard al the surface ~d result in

l~ eJqJOSUre levels at normal operator positions. While the FDA

st.arrlards awly to television receivers, video DJni.tors ani. video

projectors, they do not a,wly specifically to VDI's per see ~er, sane

VDI' marnJ.facturers use the 0.5 mR/hr specificatial in their quality control

programs duriIg manufacture. Disa1ssions with FDA personnel indicate::l

that, conceptually, any type of ''video display" cal1d be covered by the

starx3ard; this would then, presumably, a,wly to any type of VDI' used for

grapucs display p.1rposes.



NIOSH VDT Electric and Magnetic Fields· page 34

Fach of the 96 displays smveyed in this project were evaluated for

p:>ssible x-ray emissions usirg a proce:iure cutlined by the Fn\ (F'lY>.,

1984) • '!he technique involved the surface scannin;J of each vor usin::J a

large area, high sensitivity x-ray detec:1:or. '!his instrument, designed

after a prototype device developed at the I'm an::l called the stans meter

after the irxiividual who developed it, was designed to measure x-rays fran

color television receivers but is an excellent instrument for rapidly

determ:ini.rq whether a vor has any x-ray leakage. '!he instrument is rot

absolutely calibrated, but is used as a screenin:J ,.tool to simply determine

if the x-ray emissions of a set are above backgrourxi levels. In practice,

the backgrourxi readi.rgs of ·the instrument were taken at several locations

t:hrcAlghaut the VOT ~rk area at least eight feet away fran any VOT arrl

then the i..nstnnnent was IIOVed· across all accessible surfaces of each VOT.

The instrument meter was obseIved for, any ut:Sca1e read..in::1 above the

ambient backgrourxi durirg the scannin;J process which \IlQlld in:licate the

p:>ssibility of x-ray leakage. 'tYPically the screen surface, left arrl

right sides, top, rear' an::l bottan of each display, if accessible, were

scanned with the stans meter. Figure 19 shows the use of the staDs meter

as used in perfonni..rq a general surface scan of a VOT. While the staDs

meters used in this stuiy were c:anst.n1cted by personnel of the Fn\, a

cammercial version of the instrument is available fran \>ml. B. Jc:hnson &

Associates (Research Park, Boonton AVerroe, Jot)ntville, ID 07045) an::l is

designated as the lokdel 'lVX-1 monitor.

In the event that an upscale read..in::1 was obsel:ved fran a surface scan,

another instrument, a Victoreen loi:rlel 440RF/C, was available to be used

for quantitatively evaluat.i.rg the p:>ssible x-ray emissions of the VDr.

'!he Mcxiel 440RF/C is designed specifically for the measurement of x­

radiation fran television receivers in canfonnance with the Fn\ starx:3ard

(F'lY>., 1973) but is sarewh.at less sensitive than the stans meter. '!he

lokdel 440RF/C has a very slor"r time response an::l requires a substantial

anount of time to c::c:mplete a thorough surface scan of a VOT. Herx:e, the

two instrument approach was selected for use in this stuiy.
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Instrumentation Used in the Study

Electric and Magnetic Fields

'!he HI-360o-01 VDI' Radiation SUrvey Meter, used for the VLF field

related n-easurements in this project, is designed specifically to iDeasure

electric arrl magnetic field emissions prrxb'Ced by VDI's, c::x:mp.rter m:mi.tors,

television receivers arrl other devices usin;J OU's for information or data

display. '!he HI-360D-Ol VDI' Radiation SUrvey Meter has been designed to

pennit rapid ani accurate measurement of the electric ani magnetic fields

generated by VDI's -ani is presently the instrument of dloice for sud'l

suzveys.

'!he In-3600-01 vor Radiation SUrvey Meter consists of a sensor m:xlule

which is mated to a readout m:xlule that controls the instrument arrl

provides for indication of the measured field parameters via a liquid

crystal display (I.a». Microprocessor tedmology is inco:rporated in the

HI-3600 (the meter m:xh.1le) to provide for autanatic I"an3"e dla.rgin;J (manual

ran:Je c::hargin;J may be selected) and autanatic zeroin; of the instrument.

For the measurement of EIE fields, a m:x:iel. HI-3602 ELF i.np..rt 1J¥XhJle

was used in conjunction with another !b:lel HI-3600 readout D¥Xiule.

Altha.lgh the i.np..rt D¥Xiules are int:.erdlan;Jeable, usin; two separate

i.nstrurrents proved m:>re time-efficient than havin; to d1an;Je the inp.rt

D¥Xiules for measurement of VLF or ELF fields. turin; the data collection

p,ase of this project a total of fc:m- .i.nstrurrents were used, two

configured for VLF field measurements and two for ELF measurements. '!he

ErE configured meter is designated as the Medel HI-3600-02.

'!he. unique nature of the VDI' as a soorce of electric and magnetic

fields dema.rrls that rather i.nnovative cq::proadles be taken to accurately

assess the magnitude of the emissions (see the above section on VOl'

electric arrl magnetic field emissions for m:>re explanation of the
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characteristics of VDI's). arildi.n;J 00 the pioneerin;J contribItions of S.

M. Harvey at the Research Divisioo of Ontario Hydro (canada) (HaJ:vey,

1982; 1983a; 1983b; 1984a; 1984b; 1985), the HI-3600 VDT Radiation survey

Meter incorporates techoolcgy descril::le:l in a report developed by A. W. Guy,

Director of the Bioelectranagnetics Research laboratory, center for

Bioerqineerin;J, at the University of Washi.n1ton for the National

Institute for OColpational safety am Health (NICSH). 'Ihis report (Guy,

1987a), describes the basic concepts upon web the Holaday HI-3600 was

developed.

'!he HI-3600-01 is a sin;Jle axis (resp:msive to one polarization

c:orrponent at a tilre) field-stren:1th meter designed to be resp:msive to the

carplex (non-sinusoidal) electric am magnetic fields generated by VOI's

over a broad frequency rarxJe. It directly displays the root-mean-square

(nns) value of the electric am magnetic field st.rerJ:fths on a LCD screen.

Figure 20 shows the HI-3600-01 with its paddle-like sensor.

Electric fields are measured thrc::u#l the errployment of a so-called

displacement o.n-rent sensor as illustrated in Figure 21. A displacement

o.Jrrent sensor operates on the principle that two parallel corx:lucti.ve

flat-plate electrcx:les, when electrically connected together, will exhibit

a displacement 0ll"I'eI'1t web flows between the two plates when iJmDersed in

an electric field. 'Ihis can be visualized by rememberin;J that the

electric field between two such plates mJSt be zero 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 electrc:des is different). Another way of viewin:;J

this }ilenane.non is to urxierstan::l that when iJmDersed in· an electric field,

the external field causes a redistribItion of electric charge on the two

electrc:des am this redistribItion of dlaIqe is in reality just a flow of

o.Jrrent, a displacement current, between the two plates.
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'!he HI-3600-01 an:l. HI-360O-Q2 use this principle to detect electric

fields by measurirg the displacement current caused by the ambient field

between two closely spaced ci.ro.l1ar disks. By placirg sudl a detector in

a known electric field, the displacement current can be related clirectly

to the magnitude of the field causin:] it, permi.ttin;J its calibration. A

circular sensirg plate surrcmxled by a "guard ring" is used in the

i.nst.nIment sensors an:l the displacement current develcpe;:l between this

smaller diameter disk an:l a closely spaced eight ind1 circular disk

electrcx:le is sensed an:i converted to equivalent electric field stren:J1:h.
Because the larger electrcx:le is use::l as a reference in the measurement

process, for accurate measurements of electric fields, the sensor mJSt be

oriented in such a way that incident field lines which strike the smaller

disk are aligne:i pexperrlicular to the disk's surface.

It is i:aportant to realize, hawever, that when the user holds the HI­

3600, there is generally an enhancement in the density of electric field

lines striki.ng the sensor plate an:i thus the reacli.n; will be in error

relative to a free-field~. To reduce this user perturbation

effect (the i.nst.nIment~ to be mre sensitive because the body terrls

to cause an intensification of the electric field distribution near it),

. the HI-3600 should be held with a non-cctduc:ti.ve holder so as to avoid

direct electrical connection between the user anj the instnmlent. An

optional nancorductive support hamle (Holaday Iniustries m 490945) was

used in the project which provides for the required degree of decouplirg

between the user's body an:l the i.nstIument.

\'IF magnetic fields are measured t:hrc:u;h the use of a three-tum loop

lIt'OUlrl about the peri~ of the circular electric field sensirg

electrcx:les. '!his loop is shieldej fran elecLLa:.-tatic fields, insurirg

that its response is due solely to the magnetic field. q,en circuit locps

are frequency sensitive devices which provide an aI1:pIt that is

proportional to the time rate of charqe of the magnetic field nlIXi.ilg
t:hrc:u;h the aperture of the loop. In carlLLast 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 ran:;Je of interest for vor
emissions arrl an outp.It that is proportional to the magnitme of the

magnetic field. Figure 22 depicts the frequency response of a ~ted

(loaded) loop sensor sl1aiin;J a frequency region over which the response is

essentially flat. 'Ihus, the HI-3600-01 is capable of accurately measuri.n;J

the strerqth of magnetic fields fran all Jci..zm of VDI's, regardless of

their frequency of operation.

'!he Medel HI-3600-02 uses a similar loop sensor but one havi.n;J

approximately 2000 turns of wire. Again, the loop is ~ted to

control its frequency response prcduci.n:J a relatively flat response over

the frequency region of interest. '!he!txiel HI-3600-02 was originally

designed for electric transmission line awlications but proves to be an

excellent device for det.eIminin:J the EIF emissions prcrluoed by the

vertical deflection systems of VDI's.

Measurements of the magnetic field strerqth are considerably less

difficu1t since the presence of the human J::xxly does rot perturb the

magnetic field. In this case, the i.nstn.Dnent is generally held so that

the sensor paddle is in an orientation which yields the maxiJmJm rea.cl.in; on

the LCD screen. For JOOSt VDI's, includ.in;J the ones evaluated in this

project, this will be in a horizontal position with the paddle faci.rg

up-Jard with the center of the paddle located at a distance of 30 en fran·

the front of the vor screen for the VIP magnetic field OOiilooner1t arrl in a

vertical orientation for sensi.rg the EIE magnetic field C,'h'lfOooner1t (see

Figures 9 and 10 which illustrate these orientations). Because the l:x:rly

does not influence the magnetic field, the user may, if desired, directly

hold the HI-3600 for these measurements.

care should be taken in positionirq the sensor for both electric arrl

magnetic field measurements because the spatial variation in both fields

near the vor surface is very rapid. Because of the finite size of the
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sensin;J .loop , magnetic field maasurements will be representative of

averages of the field st:reI'qt.h Oller the area of the sensi.rq loops•. As the

distance between the probe am the screen is decreased, greater error will

exist in the inlicated value of magnetic field st:reI'qt.h. '!his spatial

averagin;J error diminishes rapidly with distance fran the VOl' si.n=e the

field rapidly becanes IJX)re unifonn.

BeCause the electric and magnetic field gradients are so great near

the VDI', significant error may 0C0Jr if extra care is not exercised \tJhen

atterrptin;J repeated measurexrents at a specific location. '!his is awarent

when holdirg the i.nstnIrrent without a tripod or suwortin;J device very

near the screen and atterrptin:J to obtain ~ constant readirg of field

~. To enhance the repeatability of field measuremen~i1ear the

VIJI's evaluated in this project, a special non::orx:lucti.ve stam (Holaday

Industries m 490957) whim provides electrical isolation for the meter

was used in detenninin;J the variation of electric and magnetic field

strer¥3ths with distance. Orientation of the i.nstroment on the

noncorx:luctive stam for measurement of the VU'magnetic fields produce::l by

a VDI' is shown in Figure 23. In the case of fixed distance measurexrents

at 30 em fran accessible surfaces of the VDI's, a foam IUl::ber spaci.rq

device (m 470443) was used as a spacer to insure an exact 30 em spaci.rq.

Use of this device is illustrated in Figures 24 and 25 for the measurement

of electric am magnetic fields respectively. Table 1 gives

specifications for the Holiday In:lustries l-i:ldel. HI-3600-01 VOl' meter and

Table 2 gives the specifications for the ftk)del HI-3600-02 EI.P field meter

which was used for the measurement of the EI.P electric an:1 magnetic fields

produce::l by the vertical deflec::tiCll system.

Field Waveforms

For the measurement of field waveforms, use was made of the analo;

outpJt jack on both the HI-3600-01 and HI-3600-02. '!his jack provides an

analo; signal which is prerluced by the electric or magnetic field wavefonn
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prior to detection by the i..nstrument. '!he cutput signal represents the

instantaneous field strerqth of the field an:! can be c±served on an

oscilloscope. D..1ri.l'l; the SJrVey, measurements \IIere made of the waveforms

of both the electric an:! magnetic fields associated with both the

horizontal an:! vertical deflection cirellits.· '!be awroadl used in the

measurements consisted of usi.l'l; a digital oscilloscope (Tektronix Mcx:iel

2230) connected to the analog CllItpIt signal of the awropriate meter to

capture the waveform. A laptcp o::rrp.Iter (Toshiba Joi:rlel T-l000) was used

to transfer the waveform data fran the oscilloscope via the RS-232 serial

interface between the o::rrp.Iter an:! the oscilloscope. A conventional

telecormmmi.cations software package was used to serx:i .instnlctions to the

digital oscilloscope. '!he waveforms~ transferred to a floppy disk in

the o::rrp.Iter for subsequent analysis am plotti.l'l;. '!he measurement setup

sh~ in Figure 30 was used for capturi.l'l; the waveforms of magnetic am

electric fields.

For recordi..rq the magnetic field waveforms, the above awroadl proved

straightforward. For electric field wavefonns, however, the electrical

connection required between the analog aItput jack of the field meter an:!

the digital oscilloscope m:x:lified the electric field response of the

instrument, terx:li.n; to in::rease the reacli.nJs. 'ntis. is because the

instrument is no lon;rer isolated electrically fran the envirorment as it

nonnally is when held via the dielectric han::1le with no otl1er connections

to the instrumentation. with the attad1ment of the oscilloscope, the

displacement a.trrent sensor of the i..nstrument beo"JTeS referen::ed to a imch
larger grourxi plane an:! herre, the sensor arPMrs electrically larger an:!

thus nore sensitive than otheIwise. To c::arpensate for·this unavoidable

perturtation, the electric field waveform anplitude data 'Nere corrected by

IIUl1.tiplyi.l'l; by the ratio of the fiE£! space measured electric field when

the oscilloscope was not connected to the meter to the in;;licated value

while the cable was attad1ed. Alt.l1cu;h sudl an awroadl is not preciSe,

it yields values of the meaSlU"ed electric field waveform anplit:lDes wdl
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are approximately correct despite the urdesi.Ied impact of dlan3'irg the

meter's response characteristic~ the electrical connection process.

Calibration

Inst:nIrrent accuracy· was cierived fran a field calibration usirg a one

meter diameter pair of He1Jnholtz coils for establishing an accurately

knc1wn magnetic field st.rerqth an:! a pair of parallel electric field plates

for creatin;J a knc1wn electric field strength. In the case of the

He1II'lholtz coils, a precisely controlled an:! measured sinusoidal o..u-rent is

driven~ the coils an:! , based on the dimensions of the coils, the

magnetic field st.rerqth in millianperes per meter (mAIm) is calo.llated

(Tell, 1983). Figure 26 diagramnatica1ly illustrates the use of a

Hellnholtz coil system for establi.shin1 a~ magnetic field st.rerqth an:!

Figure 27 shows the actual Helmholtz coil pair used to evaluate the

response of the various inst.roments used in this project. Spatial

variation of the magnetic field within the prin::ipal volume used for

calibration in the He1Jnholtz coil system was determined to be less than

about three percent.

For electric fields, a sinusoidal voltage inpressed aCross the

parallel plates is directly measured ard, usin:;J the spacirq between the

plates, the electric field st.rerqth in volts per meter fVjm) is determined

as the voltage diff~ divided by the spacirq (Mantiply, 1984). Figure

28 shows the use of the parallel plates, spaced 50 an apart for these

calibrations, for calibratin;J the electric field response of the HI-3600­

01 ard HI-3600-02. In each case, 1::xJth currents ard volta,ges in the

calibration set-ups are determined with a tJ:ue :rms detector responsive

over the frequency raI"ge of calibratioo desired.

'!he HI-3600-01 ard HI-3600-02 i.n:lic:ate magnetic field strength in

units of milliaIrperes per meter (mAIm). other alternative units are

sanetimes referre:i to in cx:aDJeCtiOO with magnetic field measurements,
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these bein:] gauss (G) an:} tesla (T), or sane derivative thereof. Magnetic

field stren:Jth may be converted to different mrlts t:hrc:Jujl the follCMi.rq

relations:

1 1IG = 0.1 JjT = 79.6 mAIm

1 mT = 796,000 mAIm

1 AIm = 1.256 JjT

[2]

[3]

[4]

The HI-3600 also provides for m:mi.torin:] the· wavefonn of the signal

CClI!Ii.rg fram the sensor preanplifier ci.ro.li.t in the i.np..It m::x:lule.

Connection of an oscilloscope to the outpJt jack for the analog-.signal

will all~ observation of the preanplifier outpJt. It is t:hrc:Jujl the use

of this signal that the flyback frequency an:} waveforms of electric arxi

magnetic fields were ·measured. Figure 29 shows the HI-3600-Q1 bein:] used

with a portable digital m..1ltiJneter havin:] a frequen::y c:amtin:J feature to

determine the horizontal flyback frequency.

Fad'l instrument used in the project was subjecte:1 to a calibration

check by measurin:] the in:ticated response of the meter to applie:i electric

an:} magnetic fields of kn::7.rm n:agni.tu:Ie across the frequency ran;e of

interest for the stuiy. In ad::lition, the value of the analog outpJt

signal was detennined in relation to the stren:Jth of the field to whid'l

the instrument was subjecte:1. '!his analog outpJt calibration then insured

accurate measurements of the field waveform magnitudes in that voltages

measured on the digital oscilloscope used in the project CXlU1d be directly

related to the instantanecus field stren:Jth of the field.

Applie:i fields for the calibration were prcxiuced by a B&K Precision

Mcxiel 3020 sweep/function generator used to drive the Helmholtz ex>ils or

the parallel electric field plates. For the measurement of current

flowirg in .the magnetic· field ex>ils, the signal fran the function
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generator was passed through a resistor havin;J a resistance of 50.89 d1ms.

A Fluke Mcx:iel 8060A true rms JIIl1.timeter was used to measure the voltage

drop ClCD.lrrirg across the resistor fran whidl the 0lrI'el1t flCMin;J in it

was calculate::l usirg Cl'1m's law. In the case of the electric field plates,

the voltage iJrpressed across the plates was directly measured with the

cligital multilneter.

In total, a CCIIlbination of six i.nstnImentation cx:mfigurations for

measurin;J electric arrl magnetic fields was used durirg the project. Table

3 summarizes the various instroments use1 arrl their serial numbers. Fadl

configuration was evaluate::l for its response. '!he results of these

evaluations are given for a selection of the instrument cx:mfigurations in

Figures 31 through 35 whidl illustrate the measured frequen:::y responses.

Based on the data obtained fran the calibration P1ase, correction factors

were derived to be used with eadl instrument cx:mfiguration in correctirg

the data obtained durirg the measurement. phase of the project. '!he

correction factor is that rnnnIY..r whidl when JIIl1.tiplied by the in:licate::l

meter readi.rg yields the correct field s1:ren;Jt:h value. correction factor

data are summarized in Table 4 for the instrument configurations used in

the study; the VU' ban:l corrections are for a frequency of 15 kHz si.rx:::e

this correspon:js closely to the measured VU' flyback freq\.leD:ies. For the

ELF ban:l, correction factors are given for 45 Hz arrl 6o-Hz, these

correspon:li.rg to the measured sweep frequencies of the vertical deflection

systems in the two types of VDI's characterized in the study. As the data

were collected, the exact instrument be.i.rg used for the measurement was

recorded to pennit proper correction of the data. In eadl instance, the

measured field st.ren;Jths for each display were corrected for instrument

response accordi.rg to the data in Table 4. 1q:proximately 3856 field

s1:ren;Jt:h measurements were acx::arplished not incl\Xiin; the wavefo:rm

measurements .
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Measurement Results

VLF and ELF Electric and Magnetic Field Emission Results

'D1.e survey results are provide::! in~ B which lists the

measurement results for each display evaluated in the project. ~ B

irdicates the flyback frequency associated with the horizontal an:l

vertical deflection systems if the display was a vcr. '!his infonnation is

noted as VU' sweep an:l EIF sweep an:l is given in units of kild1ertz an:l

hertz respectively. It was foun:i that the two types of VDI's had

essentially the same horizontal deflection frequencies, the a::I displays

operating at naninally 15 kHz while the nM units operated at naninally 16

kHz. 'D1.e vertical refresh frequencies for the two types were different,

the a::I operatirg at rx:minally 45-Hz an:l the nM at 6o-Hz. ~ B

shows the measured electric an:l nagnetic VU' an:l ElF field strerY;Jths for

points 30 em fran each accessible surfaCe.

For COl1Venience in viewi..rq the data, SllIIIDal:Y tables have been prepared

which give the geanetric mean values for the electric arx:i magnetic field

strerY;Jths at 30 em for each type of WI' alCln3' with the gecmetric st:arrlard

deviation of the measured values to irdicate the nature of the variability

of the data. It was detenni.ned that m:st of the emissions arx:i cpmitor

exposure data were oot nonnally distrib.Ited: for this reason, these

statistical SUl11l'IaI'Y tables, Tables 5-8, present the geareLric mean (a

measure of central t.errlencY) arx:i the gecmetric st:arrlard deviation (a

measure of the varian::e) for all the emission an:l exposure data contained

in~ B for the NGT, lED, a:I arx:i !EM displays respectively. Lower

an:l upper limits, which define the ran;Je within which 68 percent of the

values lie, can be obtained as follows:

lower limit = Geanetric Mean + GearetIic S'tarrlard Deviation

~ limit = Geanetric Mean x Gecmetric S'tarrlard Deviation
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'Ihe values in:licated in these tables have been adjusted to the.

awropriate mnnber of significant figures based on the the ct:seIvations

obtained in the measurement process. Inspection of Tables 5-8 in:licates

that the measured mean VU' electric field~ determined at 30 en in

fIOllt of the displays rarged fran a lC7ti of o. 08 Vim for the LED displays

to a high of 4.2 VIm for the o:::r units. A sjn;le outlier value of 47 VIm

was foun:l for one of the !EM vcrs. 'Ihe conespardin;J VU' magnetic field

~ raJ'l3'ed fran an average of 1.4 mA/ID to 99 mA/ID for the NGT an:i

o:::r units· respectively.

'!he measured mean ELF electric field~ raJ'l3'ed fran a lCM

of 0.38 VIm to a high of 1.9 VIm at 30 en in front of the screen for the

LED an:i CCI units. Average ELF magnetic field~ were determined

to I"an:3'e fran 30 IM,Im to 314. mAIm at 30 en in front of the screen for the

NGT an:i o:::r units.

Inspection of Tables 5-8 provides a perspective on the spatial

distri.bJti.on of the electric an:i magnetic emissions aba.tt the vcrs scmpled

in this project. In a general sense, the data in:licate that the VU'

electric field was, for the m:st part, ma,Y;DUID in front of the screen

c::arpared to the sides, tq:>, rear or bottan. In the case of the NGT an:i

LED displays, ha.-lever, position did oot seem to be c:xmsistently related to

the strorr:1est field st.ren;th. For the VU magnetic fields, again the NGT

ani LED units showed no one position whidl was dlaracteristically high bIt

in the case of the vcrs, the frontal value of field was sUaqest but did

oot deroonstrate as great a differerre in field value when c::arpared to

other positions as did the VU' electric field. one possible explanation

for this o1::sezvation is that the material fran whidl the case of the VOl'

is made has less ill'pact on the magnetic field than on the electric field.

For exaJri)le, with an all metal case the electric field ten::ls to be

significantly reduced in strergth at locations other than in front of the

screen. A metal case will have DI..ld1 less effect in shielc:li.ng the magnetic

field cUill'onent. Tables 5-8 in:licate that for the VI:1I's, the VU' emissions
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were strorgest in front of the display. But the ElF data shcM a less

consistent pattern; sanetimes thest.l:'orqest fields were to the side or

back of the unit. D.1rin;J the survey measurements, the materials used in

the constiuction of the vor cases was n:Jt detel:mi.ned.

Effects of Screen Condition on Measured Fields

While con::luctin;J measurements at the dowr1t.ovm 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 st.ren:;rths was

aCCCll'Iplished. In this test, the CCI vor was placed. in the so-called

maintenance mxie whidl established a screen substantially filled with

characters. '!his mode eew.d be tcx;Rled on ani off thereby alternately

prexfucin;J a clear (blank) screen. '!he field sensors were established at a

di..staoc:e of 50 en fran the VDI' screen ani prtduce:l the followin;J results:

Field Measured
EIF E-field
ELF H-field
VIP E-field
VIP H-field

screen Blank
1.23

146
0.92

44.1

screen Filled
1.21

137
0.93

43.9

'Ihese results suggest that the there is little differerre in rrea.sured

fields as a function of the extent to whidl the screen is filled with

d1aracters•

Emission Levels vs. Distance Results

'!he stren:fth of the RF emissioris caused by VDI's is critically

deperrlent on the di..staoc:e fran the WI'. '!his variation with di..staoc:e was

studied with ten displays (8 VDl's, CI18 lCI' ani CI1e Im) to provide sane

perspective on the issue of exposure levels that exist at close ani far

distances. 'Ihese data are presented for the E!F ani VIP magnetic fields

anj ElF ani VU electric fields of the CCI displays in Figures 36 thrc:u3h
39. Similar plots for the spatial variation of the EIF arxi VU' fields for
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the IEM displays measured are given in Figures 40 through 43., In each

inst:arce, the general tren:l is that the field~ decreases rapidly

with increasi.rgc:li.stana:! fran the screen of the VDr. A deviation fran

this tren:i, seen in Figures 38, 40 am 42 for the ELF electric field, is

likely due to the oontrib.rti.on of ambient 6O-HZ electric fields within the

roam.

Eadl figure illustrates the rapid decrease in field strergths for both

the electric an:i magnetic fields as the c:li.stana:! fran the screen is

increased. As can be seen fran these plots, the field strergths fall

exponentially with c:li.stana:!. An analysis of the data fran which these

figures were developed for the a:I VIm; shOJNS that for a doubli.rg of the

distance between the screen surface am the positian of the field sensor,

for areas closest to the screen (within the rarge of 10 to 40 an), the VLF

electric field~ typically decreases by a factor of 3. Q-6.1 times

the field~ at the closer c:li.stana:!. 'Ihe VLF magnetic field

~ decreases by a factor of between 2.9 an:i 4.8 for a similar

doubli.rg of c:li.stana:!. For ELF electric fields the corresporxii.rg

reduction values for a doubling of c:li.stana:! are, for the CCI VDI's, 2.0 to

3.6; the reduction values for ELF magnetic fields ran;e fran 2.5 to 5.4.

A similar analysis of the data for the TIM units shcws the foll~

field reduction factors for a doublirg of c:li.stana:!:

Field
VLF-E
VLF-H
ELF-E
ELF-H

Reduction factor
3.3-7.1
1.9-7.2
2.8-6.7
1.9-5.1

Hence, exposure of in:lividuals usi.rg VIm; is sLtagly related to ~ far

they sit away fran the VDr. Clearly, VDr exposure to the electric an::i

magnetic field emissions of conventional VIm; often be:Clles DDre a

function of the manner in which the VDr is used by the operator than of

the emission d1aracteristics of the lU'li.t.
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Of partiaJ1ar interest is the presentation of the variation of VI.2

magnetic field stren:rth for the !B'! vor shaom in Figure 41. 'Ihese data

include four different !B'! VIm; as identified in the figure but they

suggest that there are two substantially different pc:p.l1atians of VIm;i

sate prcduciIg significantly greater values of magnetic field than others,

all of the same nxx3el. number. 'll1i.s was OOse!:ved durin::] the collection of

emission data at 30 CD ard was verified in the distance variation data

given here. Upon a brief investigation, it was detel:mined that the actual

eRr chassis inside the cabinet was protlO?d by two different

nanufacturers, Zenith ard Motorola. For two VIm; so investigated,

specifically stations 1004 ard 1006 at Forest Park, Georgia, it was found

that the zenith CRI' assembly prcduced the lesser of the magnetic fields,

typically by a factor of aba.It 15 times. Figure 41 shc:Ms a sanewhat

greater difference between the stations investigated· for that figure.

While it cannot be proved fran these limita:l data, there is S'tI"cID;J reason

to believe that the !B'! VIm; consisted of units of both CRI' assemblies ard

that one could predict with gocxi canfiderre the type of assembly in the

vor fran the maasured VI.2 magnetic field stren:rth at 30 CD.

Figures 44 ard 45 shar.r the reasured spatial variation of electric an::!

magnetic fields respectively for the NGI' displays. 'Ihese plots of the

field stren:rth Slg;est that the displays are not significant sources of

ELF fields since the field sha.r.'s 00 characteristic decrease with

increasiIg distance. Similar plots of the electric an::! magnetic field

variation for the Im displays, in Figures 46 an::! 47, also ~rt the

intuitive view that these units WOlld not be expected to eJChibit

significant VI.2 fields since they do not pcssess magnetic deflection

system like those in conventional VDI's. 'Ihese data are mre suggestive

that the maasured fields \ro1eI"e representative of the 6o-Hz environment

within the rcxm where the measurements \ro1eI"e taken. Normal 6o-Hz fields

arise fran electrical wiriIg within the 1:ui.ldin:;J an::!, to sane extent,

possible outside sources such as overhead electric pc7Ner distr.iJ:lUti.on

lines in the vicinity.
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VOT Operator Electric and Magnetic Field Exposure Results

'!he influence of the operator· CI'1 the spatial distriJ::utian of the

electric field lines emitted by a vcr is illustrata:i in Figure 4. rata an

the body surface values of electric field stren:Jth were obtained for 96

different operators at rarrlanly selected units. '!he results are

statistically summarized in Tables 5-8 ani indicate that, for the saIrple

of operators used in the measurements, the stren:Jth of the VIP electric

field on the d1est had a mean value of between 60 ani 74 percent of the

value on the face for the TIM an:i a:::I VI1I's. For 00th VIP and ELF electric

fields, the mean field stren:Jth at the face was greater than the stren:Jth

at the d1est. Mean values for the VIP electric field stren:Jth ran:;1ed

between 0.54 and 1.4 V1m at the face \rw'h:ile the ELF field ran:;1ed between

0.78 and 1.9 VIm. 'Ihese data !m39est that substantial distortion of the

lcx:al electric field stren:Jth occurs due to the body shape, size ani

proxilnity of the operator to the vcr beiIq evaluata:i.

rnterestin:;Jly, the mean values of magnetic field stren:Jth were

greatest at the face with mean values for the VIP field ran:;1in:;J between

6.7 and 42 JMlm and mean values for the ELF field rargin:;J between 76 and

82 JMIm. Fhysically, it WOlld awear that the head of the operator tems

to be sarewhat closer to the vcr and ten:is to attract electric field lines

toward the face, thus decreasin:;J the intensity of the electric field lines

tenninat.in;J .on the rest of the body. Also, the apparent closer cli.stan::e

accounts for the greater value of magnetic field at the face, the dlest

and aMarren bein:;J farther fran the sc:m-ce of magnetic fields.

!Irp:>rtantly, the operator expc:sure values are generally significantly less

than the values for electric and magnetic field emissions determined for

30 em in front of the display: this obSeIvatiCl'1 SlJRX)rts the contention

that operator expc:sure levels are quite low.

Exposure data for the NGT and lID displays contrast sharply with that

fram the VI1I's in that the field stren:Jth values, are generally
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substantially less. '!his is likely because tlle NGTam lED displays do

not contain VIP field saJrCeS am aIrf EIP emissions whim may exist are at

or near the 6o-Hz backgraIn:l level in the rcx:ms where the measurements

were corxiucted. One exception to this c::bservation is that the EIP

magnetic field exposure levels associated with the lED displays were

approximately the same as for tlle o:I am !EM VDI's.

It sha.11d be noted that due to the measurement protocol used, aIrf

p:ltential influence that nearl:Jy, adjacent VDI's might exert an the operator

exposure would, in general, be taken into accx:unt. '!his is because, on

average, there were workstations in whim adjacent VDI's were bein:J used

dur~ the time of the measurements.

Induced Body Current Results

Measurements of bcrly currents imrei by capacitive coupl~ between

the operator am the VDI' are also summarized in Tables 5-8 for

measurements con::lucted an all 96 displays. Values of im Jo:rl currents are

given for the c::on::lition of the~ althe keyboard of the VDI', when

the operator pointed with a fi.rqer at a spot al the screen of the display

am with one ham placed flat against the screen of the VOl', maxilniziJJ3'

the capacitive couplin;J am thus maxiJDizin;J the iniJlCed 0Jn'eJlt. For a

total of 24 o:I VDI's, the average value of the maximJm in:luoed bcrly c:urient

was detennined 1;0 be 88 mic:rocmperes (~) with the harxi plao:rl flat

against the screen surface am 69 p.A for the !EM VDI's. 'Ihese values

are consistent with the fi.n:iiIgs of Guy (1987b). With the han::1s on the

keyboard, a DDre typical situation for a VOl' operator, tlle average imJCErl

bCdy current was only 4.1 JJA am 0.38 JJA for the o:I am !EM VDI's

respectiVely, substantially less than the screen contact measurement. For

the fin:Jer ta.ld1.irg the screen, the in:luced currents were intemedi.ate in

value, bein;J 15 JJA for the o:I units am 6.6 for the IEM units. '!he

measured. currents were fo.m:i to be highly variable fran q:erator to

operator. A maxiJDum i.n:iuced current of 424 JJA was measured with the hard
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on the screen for one oparator while a minimJm, with the ll.arrls on the

keyboard, of 0.02 ~ was fourrl for another.

Appen:lix A am Tables 5-8~ that irdnosd currents foon:! for the NGl'

an:i lED displays were extl:ene.ly lOti. with mean values between 0.008 an:i

o. 014 ~, regardless of hard positian. 'lhi.s fi.n::lirg is indicative that

there are no high voltage scurces within these displays cxxrparable to the

high voltage SUWly contained in CXII'JVeJTti.aw. VDI's.

'Ihe digital oscillosoope was used to verify the frequency of the

i.rduced o.u-rents measured with the digital m.l1timeter. 'Ihe oscillosoope

was siIrply connected to the wrist bard sud1 that the oscilloscopic display

was that of the voltage drop across the internal iIrpedance of the scope.

'!he waveform was capt:ure:i so that the pericxi of the voltage waveform,

correspondi.rg to the ,OJrreJlt waveform, could be determined. 'lhi.s is not a

highly precise way of determini.n3' the frequency of the 0JrreJlt but was

sufficient for establi.sh.in;J that the 0JrreJlt was related to the horizontal

deflection circuit p:rcxiuced fields. Figure 48 presents a representative

plot of the observe:l 0JrreJlt wavefonn c:i:Jta.i.ned t1'u:'aJgh this awroach.

lJhe pericxi identifie:l as T in the plot is related to the frequency t1'u:'aJgh

the relation:

f = l/I' [5]

Fadl 0JrreJlt waveform pericxi was determined by analyziI'g the rn~.r of

digital data PJints stored within the digital oscillosoope ooIIespanlirg

to the 0JrreJlt spikes an:i m.l1tiplyiI'g by the time inteIval between

suo:essive data PJints. 'lhi.s process yielded the followi.rg results far

o.u-rents measured in varicus cities:
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City
Nashville
Forest Park
Macon
Jacksonville
lake City
Marrero
Bogalusa

Pericxl (us)

58.0
63.2
63.0
63.0
63.0
66.6
68.5

Frec:JuencY (kHz)
17.241
15.823
15.873
15.873
15.873
15.015
14.598

..

'Ihese data confinn that the wrist a.xrrents JOOasured were due to the

VLF electric field an:i oot the EIF fields present. Because the irrluced

aJrrent wavefo:rm is directly related to the ti.me-derivative of the

electric field (for exanple the wavefo:rm of Figure 54), it will possess a

bi-polar characteristic as seen in Figure 48 (see section on field

waveforms below) •

Field Waveform Measurement Results

Grapucal representation of the JOOasured electric an:l magnetic field

waveforms were developed fran the digital oscillClSCq)e data an:l are
presented for several different types of displays in Figures 49-68 for VLF

an:l ELF magnetic an:i electric fields. Ead1 wavefo:rm is plotted as a

function of time, illustratirq the peak-~ excursions of the

associated field stren;t:hs. Figures shatIi.n:;J the magnetic field waveform

of the vcrs indicate the time-rate-of-dlan;Je (dB/dt) value which was

determined by analysis of the waveform. '!he dB/dt value is given in terms

of milliamperes per mater per micrcseccn::l mnna1.ized to one milliampere

per mater rms magnetic field st:rerl;th. 'Ihus, by JcncJwin3' the rms magnetic

field stren;Jth as indicated on the me.asurin; instJ:ument, the correct value

of dB/dt can be de:iua!d.

'!he indicated wavefonns were cbtai.ned with the field sensor oriented

for the maximum indicated nns magnitude of the magnetic or electric field;

in this sense, the measurement technique differs with that specified in

the swedish recamnen::led measurement pzocMure in which three orthogonal

magnetic field loop sensors are to positioned at many specific distances
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arrl directions fran the wr l.Il"Der test. '!his difference in measurement

awroadl will undoubtedly result in sane difference in the resultin;J

values.

'!he analysis of the wavefoI'1D data to cbtain dB/cit was ac::c:aIq:llish.ed by

exami.nin; the slope of the magnetic field between the minimum arrl max.inum

values of the i.nstantanecus field. Specifically, the transition time

between points on the wavefoI'1D <XIrl:esp:rding to 20 percent above the

m:ini.ImJm point and 20 percent down fran the max.imJm amplitlxie of the field

were used since in this oentral 60 percent of the transition, the slope is

the greatest. '!he objective of this exercise was to fin::i the greatest

value of dB/cit since magnetic field in:hlced currents are proportional to

dB/cit.

As an exanple, Figure 49 show's the measured VU' magnetic field

wavefonn obtained fran a CCI wr in Nashville. 'Ihe sharply risi.ng part of

the wavefonn occurs duri.ng the rapid flyback of the electron beam to the

left side of. the ~ screen. In this case, a value for dB/cit of 0.560

mAlmjJls/ (mA/I!1 DDS) was detenni.ned. In this case, the wavefonn measurement

was made with the sensor positioned at 30 en fran the front of the screen

but in other instances, the sensor was positioned at the surface of the

screen to investigate whether arrj significant differen:es might be

ct:served in the wavefoI'1DS.

'!he VIP electric field wavefonn for the same cc::I vcr is shaom in

Figure 50, illustrati.rg the p.Use like nature to the electric field due to

the flyback transformer action. '!he i.nstantanecus value of the electric

field st.rergth can be detenni.ned by readirg the vertical axis of the plot.

It is observed that the electric field c::han:3'es polarity rapidly duri.ng its

p.Use am this leads to a bipolar character to the associated in:blcai

currents.
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For <:XIlprrison,. t)1e ElF magnetic field waveform is shewn for the

above CCI VOl' in Figure 51. In this case, the dB/cit value is

substantially less than with the VI2 field, despite the DD.1dl larger values

of magnetic field. 'Ihi.s is due to the lI1.1dl slarJer tiJne associated with

the transition of the field to o:>ntrol the vertical sweep of the electron

beam on the screen of the VOl'. In this figure, it can be seen that dB/cit

for the ElF magnetic field is mre than 200 times smaller than the VI2

prcduce::i dB/cit.

Finally, Figure 52 ~ the measured ElF electric field detemined

for the CCI VOl' • '!his waveform is essentially similar to a 45 Hz-

sine wave.

Similar wavefonn data are presented for IBi VDI's in Figures 53-55. Of

notable interest is the dB/cit value derived fran Figure 55 which is for

the I&I VOl' l::ut which yields a substantially greater value of 3.99

rM,Im,I/Js/ (mAIm nos). 'Ihi.s is presumably a function of the unique

oscillatory nature of the magnetic field waveform. While this unit

prcduce::i the highest value of dB/cit of any of the vcrs evaluated, it also

produced am:ID1 the weakest DDS values of magnetic field in front of the

screen. 'Ihus, the nos value of the field produced by the deflection

system of a VOl' does riot nacessarily exlrrelate with the rate at which the

field d'!an3'es. Fran a magnetic field indnced current perspective, a unit

such as this one cx:lU1.d result in actually greater imncaJ eckiy 0Jrrel1ts

in the bcrly of the operator than another unit exhibiti.n;J a DI.1d'l strorger

I'IILS value of field l::ut with a larJer dB/cit value.

Figure 56 is another waveform plot of the magnetic field for another

I&I VOl', apparently of the same design as the unit in Figure 55. Here the

value of dB/cit is sanewhat less (2.75 mA/mI/Js/ (mA,Im nos». &It the same

wavefonn, when dJserved fran a distance of 30 an, as seen in Figure 57,

has deteriorated substantially because of the rapid fall-off in field

stren:Jth with distance fran the screen. In this case, the wavefODD was
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not solid encugh to carry cut the dB/dt analysis. 'n1e associate::l VIF

electric field lrlavefonn, shcM1 in Figure 58, of the same VOl' (station 1028

in Macon) is very similar to that of the other electric field lrlaveforms

presented. Figures 59 ari:i 60 shew the measured lrlaveforms of the EI.F

magnetic an:! electric fields respectively.

Since the NGI' an:! lED displays do not use magnetic field deflection in

their operation, one would not~ to see the same type of lrlaveforms

for these displays. SUCh is the case as seen in Figures 61-64. In fact,

the outp.rt of the sensors is so low an:! the gain of the digital

oscillosa:>pe was so high for these record..irgs that a residual signal,

apparently related to the circuitry of the EIF an:! VIF meters, was

observed in the graphical results. For exanple, in Figure 64, internal

noise spikes appear, spaced in tiJneco~ to a frequency of about

7.5 Hz. Di.sa.Jssions with personnel at Holaday Irrlustries suggested that

this ananaly was probably due to the manner in whim the instroments are

prcgramrned to take re.acli.n::Js: 7.5 Hz is the awrcximate cyclin:J rate that

the analcg to digital converter uses to update the:readc:ut. PreslDnably,

because of the circuit pa,¥er deman:is, a noise signal can arrear on the

analcg outp.rt when c::b;etvin:J for very low level fields near the internal

noise level of the instrument.

Figures 65 tlu'a.1gh 68 cx:rrplete the vielollS of lrlaveforms for the lED

displays. 'Ihese lrlaveforms are very similar in character to those prcrlncA:i

by the NGI' displays d j sa lSsed above. With the gain on the oscilloscqle

turned up, because of the very low field stren;Jths inclicate::l on the field

sensors, the internal. noise spike is again visible in the recordi.n:Js.

'!he waveform data cbtai.ned fran all of the measurements con:iucted

durin:J the field study have been snlTllnarized in Table 9. In this table

the value of dB/dt cbtai.ned by placin:J the sensor at the surface of the

screen is CX'J'I'IP3red to the value with the sensor placed at 30 en in front

of the screen of the VOl'. Table 9 reveals that, except for one cq;parent
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discrepancy I the values of dB/dt I whether· detenni..ned at the screen surface

or at 30 en, are no greater than 20 percent different fran one another.

'!he actual percentage differences in the data ran:Jed fran 0 to 19.8,

barriIq the one exception associated with the !Btl WI' in Macon for the ELF

field. 'Ihese data SURX'rt the prcp::lSition that, for practical p.up:ses,

magnetic field wavefoIlllS for evaluatin;)' dB/dt can be 00tai.ned by placiIq

the field sensor on the surface of the WI' screen. Generally, much

cleaner wavefonns can be 00tai.ned by placirg the sensor next to the screen

since the magnetic field is so· BI.JCh s1:rcn;Jer at this point, thereby

reduci.rg the potential of· noise on the detected wavefonn ol:lseIVed frc:an a

distance. Table 9 clearly illustrates that the greatest values for the

ti.me-rate-of-ch.an;Je of the magnetic field are those associated with the

horizontal deflection system VU' fields.

For practical carparison of the dB/dt values to the Swedish

proo.JreI'lW2l'l specification, two transfonnatians are necessaty. First, the

values must be converted to equivalent units of millitesla per secorrl

(ntr/s) arrl ~y, they DJJSt be referen:ed to a distance of 50 en fran

the screen. dB/dt in units of IrlI'/s can be 00tai.ned by DUltiplYID; dB/dt

in tmits of mA/m/J.'s by the factor 1.256. Next, by evaluatin;J the spatial

variation in the VI.F magnetic field with distance, the :ens field at 50 en

can be estimated by taki.Ig the awrc:priate ratios. For the VDI's listed in

Table 9, values for dB/dt in units of IrlI'/s lrIeI'e derived for a distance of

50 en usiIq the larger of the two inticated values of dB/dt specified in

units of mA/mlps/ (mA/lD rms). Table 10 CXI'Itains the results arrl inticates

that in units of millitesla per secc:n::i, values for dB/dt for VI.F emissions

rarqe fran a 10lrl of 9.03 IrlI'/s to a high of 37.6 IrlI'/s. For ElF emissions

the 10lrl arrl high values were 0.25 mr/s arrl 1.8 ml'/s.

X-Radiation Measurement Results

AIthough exmsiderable time was expen::ied in corrluc:t.in:J the sw:vey for

possible x-radiation leakage, rx::ne of the 96 displays evaluated were
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determi..ned to produce detectable x-ray levels above the background of the

large area scanni.n:J Stansmeter. On CI'1e occasion, near the begi.nnin::J of

the field measurement ~, one stans meter began to malfunction. '!his

meter was subsequently replaced with another unit which cant.i.mled to

function pI'q)erly t.hrc:u:3hoUt the remain:ler of the project. Because no

above background levels were fam:l in the suzvey, the Victoreen Model

440RF/C was not needed. '!he Pm established liJni.t for x-ray leakage is

0.5 mR,Ihr which is equivalent to half scale deflection on the lc::MeSt rarge

of the Model 440RF/C.

'!his fin:i:inq is consistent with other sbx:ties which have examined x­

ray emissions fran vor's (Paulsson et al., 1984: ontario Hydro, 1985). In

both of these studies, for exanple, the authors fam:l that measurements

usirg very sensitive techniques were required to detect any ionizi.n:J

radiation emissions fran vor's. In the ontario Hydro study, it was fourrl

that the only radiation emissions that exw.d be detected fran sane units

was that due to the radioactivity, principally potassium-40, cxmtained. in

the glass of the picture tu1::le, or CRI'. '!his was sunnised since the

measurement was i.niepen:lent of the vor be.irg turned on.

Discussion of Measurement Results

Comparison of Data to Values In the Technical Uterature

'Ib fom a perspective on the data oollecte::l in this stu:!y, the data

here may be ca:rpared to those of other researchers who have eJq)lored

electric an:! magnetic fields near VDrs. '!he literature contains a

SUIprisi.n:Jly large am::unt of data on field stJ:'en;ths which may be used for

cxxnparison. Table 11 is a CXlIpilation of data taken fran J'U.IIDeI"CUS

technical reports an:! the scientific literature. In this table, the mean

values, an:! associated st.aJ'mrd errors, for the ImS electric an:! magnetic

field stJ:'en;ths as dete:rmined via measurement at a distance of 30 en fran

the front of the vor screen are given alOll3' with the rarqe of the values,
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i.e., the maximum arxl m.iniJDum field strergths. '!he first column lists the

number of uni.ts for whidl eadl researc:her reports data.

~cm of Table 11, as a refererre, shows that the values of

electric an:! magnetic field emissions of the varicus VDl's in the varicus

teletfume q::erator offices visited in this stuiy fall generally within the

ClbserJations of others, deteImined in other office environments in the

united states as ~l as several ather c::amtries.

'!he measurement protocol used in the project provided for additional

rreasurements to be made if any of the selected displays were fourrl to be

equipped with glare fil.ters, especially those that might be grourxied. In

no instance, for any of the 96 displays examined, was a glare filter of

any type attad1a:i to the uni.t.

'!he one outlier value of 47 Vfm for an !EM vcr may be due to

inadequate grouJ"XiirJ3' of the em' because of a loose grcun:l strap on the vm'.

dlassis. In any event, this higher value was not i.n:licicative of the

field~ typically found in front of the VDl's.

Spatial Distribution of Fields

For the VDl's investigated in this project, VU' magnetic fields were

generally strorgest directly in front of the screen or on tq> of the

display. VU' electric field strergths were always SUOlgest in front of

the screen, this fi.ntin;J probably bein3' due to the coniuct..ive nature of

the vcr cabinet actirg as a fom of electrostatic shield. '!he evaluaticm

of operator exposure levels revealed that a1nl:lst cateqorically, operator

exposures are less than the fantal emissioo measurement data for VDl's,

usually significantly lower. While it is tn1e that in saDe i.nst.an=es,

meastJred field strergths were st:t"Olgest in directions other than to the

front of the screen, the data ten:i to &q;Jest that, for rcutine survey

measurements of VDI' emission levels, a sin3'le measurement with the sensor
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placed at 30 en in front. of the screen is probably sufficient for

dcx::urrentin;] field levels relevant to pXenti.al .exposure of vor operators.

certainly, the actual operator exposure measurements include contributions

of fields prcxfuced by adjacent VDI's an::l thus, in effect, take into acxnmt

the fact that an operator's exposure may be derived, in part, fran not

only fields generated by the vor the operator is usirg tut also, nearlJy

units used by others. '!he data sl1c:M.n; the st.ron:J spatial variation of

field st.rergths with distance fran the vor sut=POrt the contention,

however, that any given operator's exposure is predaninated by the unit

they are using. Exhaustive evaluations of the spatial variation of vor
prcx:luced fields - a~, therefore, unnecessary fran a practical

perspective.

Comparison of· Measurement Results With Exposure/Emission
Standards

.'Ib provide a means of· judgin;] the pXenti.al significance of the

measured electric an::l magnetic field emissions founi in this sb.xiy, the

literature was reviewed to c:x::arpile information on ~ested exposure or

emission lilnits. '!he exposure starrlards reviewed here apply to humans for

the purpose of. establishing safe workin:1 or living environments ltoIhere

electric ani magnetic fields exist. '!he exposure limits CCltpiled in this
report are those fourd that CXlLLESp::arl m::st closely to the predani.nant

frequency rarge of VDl's. In' sane cases, the starrlards apply to

oca:tpational exposure environments ani in other cases, to the general

livin; environment: often standards for this latter case are referred to

as general pcp.l1ation or PJblic exposure limits.

Based on practices used in the iarizin;] radiation CXIII1JImity,

oca:tpational ani p..Jblic exposures to RF . fields are usually

differentiated. Generally, occupational exposure limits are higher, i.e.,

mre permissive, than p.1blic limits. 'Ihi.s is because of the greater

uncertainties associated with the general p.1blic: in the work place,
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enployees are generally healthier, an:l the possible ~ to

potentially hazardous physical agents is usually un::Ier lIIJCh l:etter

control. For exanple, euployers can inform workers of situations \ro'hidl

shcW.d 1:e avoided; this is not the case for the general popJ1ation as a

whole. Re:Jardless of these consideratioos, however, it is info:rmative to

examine SCIre of the varioos :reo 'IUierrled~ guides that apply to

different organizations an:3,Ior comtries.

Table 12 summarizes the RF field~ starrlards foun::i in the

literature that either cli.rectly apply to the frequen::.y ran;e appropriate

to vor emissions or pertain to a frequency ran;e close to that of

interest. From the literature searched, only one reference was foun::i that

offered a quantitative emission limit as a guideline specific to VDrs

(Telecom, 1986). '!he starrlards listed in Table 12 are applicable to

occupationally exposed personnel an:l the general p.Jblic as noted.

Examination of the D'Easured electric an:l magnetic field st.rerqt:hs

reported in AI:Penlix B an:l Tables 5-8 show that in 00 instai-ce do either

of the two fields, determined at the position of the operator, exceed any

of the standards in Table 12, even the extremely stri.rqent Polish an:l

CZed1os1ovaki.an starrlards for the general p.Jblic (Polan:l, 1972; CZerski.,

1985). Based on this fi.n:tirq, it is· observed that typical personnel

e>q:lOSUreS to vor electric an:l. magnetic field emissions that are relevant

to~ of teletilone operators in the NIQSH epidemiology study are

relatively low, within the raJl;1e of other~ data reported by other

researchers, an:l are generally substantially less than any electric an:l

uagnetic field~ limits developed for radiation protection PJl:'POSe5

by organizations within the Unite::i states an:l many other camtries.

Unfortunately, there are very few starrlards whidl have been

established for~ to EIF magnetic fields. Driven principally by

p.Jblic concem, several states have developed regulations CIl the st.ren;Jth

of 6o-Hz electric an:l magnetic fields pzatlCed by electric paoJer



NIOSH VDT Electric and Magnetic Fields· page 61

transmission lines at the ec:i:3e of the right-of-..rcly. A total of seven

states have done so, six of these plac:in:J limits only on the electric

field (ran;:in:J fran 1 to 3 kilovolts per meter at the ec:i:3e of the right­

of-..rcly); recently Florida included limits al magnetic field st.J:en;Jth as

well, plac:in:J the limit at 0.015 JIll' at the ed;Je of the right-of-..rcly for

230 kilovolt transmission lines. 'Dlese limits have all been set on the

basis of mai.ntai.nin;J the status QUO, i.e., mt lett:in:J the field levels

exceed present values as foorxi near transmission lines; they have not been

set al the basis of scientific insight abaIt biological effects. As one

can see, the 0.015 JIll' figure (equivalent to 150 milligauss or 11,940 IM,Im)

is a large value when carpared to typical VDI' emission values ('IDISR,

1989). Similarly, the state of New York has recently proposed an interim

magnetic field limit of 200 tIG (equivalent to 15,920 mAIm) for new

transmission line right-of-..rclYS (Microwave News, 1990).

'Dle International Radiation Protection Association (IRPA) has also

sbxli.ed the issue of EIP e>q)osure am developed rea::aldten:3ations on

exp::sure criteria (IRPA, 1990). 'Dlese new guidelines are sumrrarized

belO!1:

0.5 398,000

:f 3,980,000
25 19,900,000

0.1 79,600

1 796,000

5

10

Electric field st.J:en;Jth
){VIm (ms)

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

Magnetic flux density
JIll' (InS) mAIm (InS)

Exposure
characteristics
Occupational

ltlole liIiOI'kin:J day

Short tenn
For lim:ls

General Public
Up to 24 h/dayc

Few hcurs/dayd

a 'Dle duration of exp::sure to fields between 10 am 30 kVjm may be
calOl1ated fran the fonrula t;S80jE, .nere t is the duration in hours per
liIiOr~day am E is the electric field st.J:en;Jth in kVjm.

MaximJm exp::sure duration is 2 hours per liIiOrk day.
c 'Ihi.s restrictial aRJlies to cpen spaces in which J!'IP!!'lbers of the

general public might reasa1ably be expected to spend a substantial part of
the day, such as recreational areas, meet.i.n;J grtlUI'ljs, am the like.
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d 'Ihese values can be exrPe"3e:J for a fBi mi..ru.rtes per day provided
precautions are taken to prevent i.n:lirect coupli.n;J effects.

'!he IRPA ELF field limits are based solely al imnediate, adverse

reactions that might cxx:ur fran excessively high injIJoed current densities

in the bcdy. In partic..lJ.ar, the fields have been set on the basis of

limiti.n;J the current densities to below those levels typical of errlogenous

current densities. IRPA ~zed that there~ to be an emergi.n;J

literature develq>i.n;J arom:i the hypothesis that 50/60-Hz fields may be

associated with~ b.It took the position that such studies do not

"establish" that such a relation exists an::l that "present data do not

provide arrj basis for health risk assessmPnt useful for the develc:pnent of

exposure limits. I'

Similarily, the American 0Jnfererx::=e of Govemmental In.fustrial

Hygienists (Aa:;IH) has recently p.1blished a notice of inten:ied c:::harXJes (for

1990-91) for i.n=lusian in its 'lhreshold LiJnit Values for O1emical

SUbstances an::l Rwsical b:Jents an::l Biological Exposure Irrlices han:iOOok

(Aa:;IH, 1990) whid1 incl~ trial limits for electric an::l magnetic fields

below 30 kHz. For routine C'X"'Olpatianal exposure, ACX;IH :rec:uwlerrls a

maximJm magnetic field net to exceed:

B (nfi') = 60 nfi'. Hz/f (f in Hz) [6J

For exanple, at a frequency of 15 kHz, this relation yields a maxi.mJm

exposure of 0.004 nfi' or the equivalent of 40 JIG or 3.2 AIm. For electric

fields in the frequency ran:Je 4 kHz to 30 kHz, the AC.XiIH limit is 625 Vfm.

'!he SOViets are·noted for havi.n;J am:n;J the DDSt str:in3'ent st.a.rmrds for

electric "an::l magnetic fields of arrj~ in the world. For 5O-Hz

fields, the soviet occupatianal limit is 5000 Vfm for electric fields. No

specificatioo is placed al the strerl3'th of the'magnetic field.
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In 1989 the British National Radiological Protection Board (NRPB, 1989)

pmlished recamnen::1ations on exposure whidl inclu::led the ELF ran;}e. '!he

recommerxied max:i:aum electric field stren;th at 6o-Hz is 10.2 kVjm with a

maximum magnetic field flux density of 2 mr. In addition, a specification

of max.i.mum in:fuced bcdy current at 6o-Hz of 1.04 mA is contained in the

recxmren::1ations. No distinction is made between occupational ani general

pop.l1ation exposure.

'Ihe west Germans (Germany, 1986) inclu::1e ELF field limits in their

starrlard whidl at 60-Hz cone:""poJrl to· an electric field stren;th of 19.2

kV/m arrl a ma.gnetic flux density of 4.62 mr (3,679,000 IM/m). 'Ihi.s

starrlard is based principally on the elect.J:q:tlysiological insights of

Bernhardt (1979).

Polarrl, similar to the Soviet Union, has regulations (Szmigielski,

1989) whidl set limits on 5o-Hz electric fields for workers of 15 kV/m for

.8 hours/day an:! 20 kVjm for 2 haJrs/day. For the general pJblic, the

Polish limits specify a max:i:aum electric field of 10 kVjm but no mild.in:Js
are to be CDnstrocted where fields exceed 1 kVjm.

'Ihe ELF fields surmnarized in Tables 5-8 for the 96 display tmits

evaluated do not ClR'roadl any of the ELF limits described above.

AlthaJgh the scientific basis for establi.sh.i.n;J reo iiQIerx:!ed limits on

the tilIe-rate-of-c::ha.rge of ma.gnetic fields is essentially rxmexi.stent, the

results contained in Table 10 ma.y be cxmp;red to the swedish recx:mnended

value of 25 mr/s for dB/cit (MPR, 1988). A prime ot:servation is that those

fields prcxluced by the vertical deflectia'l systems in vms result in values

of dB/cit that are typically between 20 an:! 100 times smaller in magnitlxle

than the dB/cit values associated with the horizontal deflection systems.

'Ihe largest value of dB/dt for ELF magnetic fields at 50 en (famd in Table

10) is 0.69 mr/s. 'Ihus, in none of the vms examined, did the ELF time­

rate-of-c::ha.rge for the magnetic field ~dl the 25 mr/s,value given in



NIOSH VDT Electric and Magnetic Fields· page 64

MFR (1988). For the VIP emissions, two vcrs of those evaluated e>d1i.bited

values for dB/dt at 50 en greater than 25 mr/s, one of these only

marginally. 'Ihe differences in dB/dt for the !1M vcrs is presumably due to /

the differences in the design of the two types of CRl' assemblies whidl

prcxhlcerl very noticeable differences in the wavefonn of the VIP magnetic

field as dj scussed above.

Implications of Induced Body Currents

When an :in:lividual is i:mmersed in an electric al"rl/or magnetic field,

electrical currents are imuced in the bc:dy. Figure 7 illustrates the

general frequency deperrlence of sud1 an iIrll1cerl current prcxhJced by

exposure to an electric field that is polariZed with the 101"X3' axis of the

body. In the VLF ran:;Je ~inent to vor operation, for an adult, the

irrlucerl RF current in the bc:dy will be awroximate1y 9 W (Vim). 'Ihe data

upon whim Figure 7 was produced, hc::1wever, are relevant to the case of

unifonn, whole-body exposure. 'Ihi.s is oot the case with VDI' exposure

fields: because of the highly non-unifonn field strengths aro..D'Xl a vor, the

bc:dy siJrply cannot ever be unifonnly~ CNer its full extent. 'Ihus,

when a measurement of the maxiJmJm electric field is made at the locatiCB"l of

a vor operator, generally only a very limited portion of the bc:dy is

actually~ to this value. 'Ihe rest of the bc:dy is typically~

to significantly lesser values of field stren;th. 'Ihe Slmmarization tables

(Tables 5-8) illustrate this point for three anatcmical regions.

Nevertheless, the magnitude of irdl1c~ 0Jl:'rellts in vor operators

probably provides a better dos:ilDetric parameter for carqJariIg exposures

than siIrply the in::ident field stren;th. D..1e to the rather CXlIplicated

capacitive coupl:iIg effect by whidl the body electrically -couples to the

vor source arrl results in an i.rxDlOed current, it is oot a siJrple matter to

estimate the :in::luced current just by the in::ident field stren;th alone.

For exanple, two different operators can experien=e significantly

different irduo:rl 0Jl:'rellts when us:iIg the same vor. By 0"J'I'JP'll":iIg 0Jl:'rellts
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between operators, a more meanin;Jful. measure of relative~ can be

achieved. Also, by not.i.n:J the current,~ to vms can be cx::mpared

to other RF radiation saJrCeS in the environment which lead to imuced

OlITe11ts in the bcx!y. SUdl a cx:nparisal may be useful in devel~in; a

perspective on relative risk associated with electric am magnetic field

emissions of vms.

Numerous types of electric am magnetic field sources are fourxi in the

environment tcx3ay incl\Jdirq AM am FM radio, VHF am UHF TV broadcastin:1,

radar, satellite CCIl'IITIIJl'lications earth stations, mic:rowa.ve p::>int-to-point

radio, lam-ncbile radio such as cellular telephones, am amateur radio

stations as well as vms. Despite the number of categories of source

types, the RF radiation environment in urban areas is daninated by signals

prcxiuced by broadcast stations: broadcast stations are generally quite

pcMerful am exist for the puxpose of providi.n::1 signals for reception by

the public. A nonnal bac.kgra.1rD of RF signals is made up of a multiplicity

of signals bein; broadcast by many different stations. Generally the

aCCUllUl1ative p::7otJer densities associated with these many signals are very

low, at least for the majority of individuals who are exposed. In saoe

instances, hatJever,~ which takes place in the immE?t'Uate area of a

high power source can be substantial. 'Ihus, public~ to RF sources

o::rnes about fran two kin:1s of situatia1S, the low-level mJlti-so.JrCe

environment am the high-level, close prcxiJni.ty situation.

'!he Environmental Protection 1q=rcy (EPA) has studied the issue of the

broadcast contriJ::ution to nonnal RF~ in 15 u.s. cities (Tell ani

Mantiply, 1980). 'Ihi.s study made use of extensive environmental

measurements of ambient RF field stren;Jths througha.It the various

broadcast bards within eam city. Us:irg these measured data, CCIlpIterized

propagation IOOdel s \WIere const.rocted that \WIere then exercised to c:arp.Ite

the expected RF field S'trergths at the many census ern.nneration districts

(CEIS) within eac:h metropolitan .area. Usirg a exJrp.Iter aut:cmated database

of popllation, exp::sure:s could be assigned to the popl1atian within each
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of the <:::ED; arrl thereby, aca DT11l1ative popJ1ation exposures could be

estimated. Figure 69 illustrates the popJ1atian in the 15 cities in the

study exposed to varialS ~es of RF power densities exmtribJted by the

very-high-frequen::y (VHF) arrl ultra-high-f:requency (UHF) broadcast bim:1s.

Figure 69 is based on approximately 14,000 in:lividual field S'tren:1th
measurements at 486 measurement sites in 15 large cities. Expected power

densities were CCIlpIted for 46,789 <:::EDs.

'!\Yo key f:in::li.ngs fran this study were (1) that approximately 99

percent of the pop.l1ation are exposed to RF fields with !X'Wer densities

less than 1 microwatt per square centimeter (UW/cu2 ) (equivalent to aba.1t

2 Vim) arrl (2) that the median exposure of the pop.l1ation is aba.1t 0.005

uW/cm2 (about 0.14 Vim). Figure 69 illustrates that most people are

exposed mcst of the time in the power density ~e of only 2 to 5

nanowatts per square centimeter (nW/crf) (0.09-0.14 Vim), a very 10\01

value.

Figure 69 pertains to higher frequency broadcast fields but Table 13

provides the CUIm.l1ative popJ1atian exposure fOJrXi durin; 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 popJ1ation are

apparently.exposed to RF fields.in the AM barD with field st.rergths greater

than abc:ut 2.5 Vim (Hankin, 1986). 'nlese data relatin:J to AM radio

broadcast signals were used to CXlTpU-e exposures to VDrs with ambient radio

signals.

Table 13 in:licates that the median electric field s1:renJth to \Vhi.d'l

the popJ1ation is rcutinely exposed is abaIt 0.28 Vim. 'n1e median field

S'tren:1th is that value to \Vhi.d1 half of the popJ1ation is exposed less

than arrl the other half is exposed greater than. Referen:::e to Figure 7

reveals that, in the AM radio broadcast barD, RF electric fields will

in:iuce aba.1t 300 W (VIm): 1 Vim will in:DJce abc:ut 300 I!A. 'Ihus, a field

of 0.28 Vim is expecta:l to in:iuce abaIt [300 W(VIm) ][0.28 V/m]=84 I!A of
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total o.Irrent in an adult of nonnal height. Shorter persons will have a

reduced magnitude of irducM o.Jrrent. When this value of current is

c:arpared to that value neasured for VDr c:parators in this study, it is

apparent that nonnal use of the VDl's by telepxme c:parators results in

significantly lower values of current bein;J irdJ1ced in tile bcdy tllan

already exists due to e>cposUre to local AM radio broadcast stations. As an

exaIl'ple, 98 percent of the p::p.llatiCll are exposed to AM radio. electric

fields greater than 0.07 Vfmi this electric field strergth results in a RF

o.Jrrent in::luced in tile bcdy of aOOut 21 p,A. For nonnal keyboard contact at

the vor, tile largest mean value of i.rduced o.Jrrent of 7.6 p.A (for the ccr

VDI's) can be c:arpared to the expect.Erl value of 21 p,A that exists in na;t of

the pop.J1ation due to AM broadc:ast.irg. Even if tile maximum value of

mean i.rrluced current determined with the han::i in ctirect contact with the

screen of the vor is used in the CCIlq:)arison, 115 1JA fran Table 7, this is

~le to about 0.38 Vfm e>cposUre fran an AM radio station.. By

referenc:e to Table 13, ~roximately 34 percent of tile pop..1lation are

exposed to this value of AM radio electric field strergth or greater. 'Ihi.s

value of electric field strergth is also in the range of tile ~raxiInate

electric field strergth fa.m:i aroun:l AM broadcast stations within aOOut one

to four miles of the station's transmitti.n:J antenna. Figure 70 shows the

electric field strergth as a fl.Ircti.an of cli.st.aJDa fran AM radio broadcast

stations which are operatin;J at the maximJrn power level (50 kilaovatts) for

AM stations authorized by the Federal CClImmications Q=mni ssion.

Al=Proximately three percent of the United states pcpllation are estimated

to be exposed to AM radio field stren:Jths of 1 Vim or greater (see Table

13) am, hence, experience in::luc:ed RF currents of about 300 p,A on a mre or I

less c:cntiIulc:us basis. "

While tile wavefo:rns ard furxlamental frequencies of vcrs differ fran

those of· other environmental sources of RF fields to which everyone is ~

expoSed, the result of this analysis is that, in teIms of the magnitude of

the electrical currents which are i.n:DJced by the fields, VDIS represent a

minor contri.l::JUti.on to everyday e>cposUre. Presently, the issue of any



NIOSH VDT Electric and Magnetic Fields· page 68

differen:e between the particular irrb JCed current wavefonns prcxt JCed by VOl'

fields an::l those of other sources, such as AM radio broadcast signals, on

possible biological effects at the current levels determined in this stu:!y

remains unresolved.

Electrical currents ircDn=d by exposure to magnetic fields are m:>re

difficult to assess since these currents do nat flow to groun:i t:hrc:u3h the

bcxiy. Rather, the currents circulate abwt the periphery of the bcxiy as

illustrated in Figure 71 adapted fran the work of Reilly on peri~eral

nerve stinn.l1ation by magnetic fields (Reilly, 1990). Since present

tedmology does not permit a cli.rect ooninvasive method for measurirq these!
ci.rc:ulati.rq currents, theoretical approad1es are used.

It is of interest to exami ne the dosimetric i.nplications of the

currents which may be i.n:iuced~ by exposure of an in:lividual to u:tmwuly

E!1'lCOlD'1tere electranagnetic fields prc:dJCed by AM radio broadcast stations

an::l the two different types of VDI's evaluated in this project. Table 14

provides a Sl.JIImIaIy of this cx:mparison in tenns of i.n:iuced currents, irrbJced

current densities, an::l the resulti.rq rates of energy absorption or specific

absorption rate (SAR) in the tissues of the bcxiy. rrhe electric field

imuced body current to grc:un:l for AM radio broadcast signals has been

projected on the basis of the earlier relation bebJeen electric field

stren;th an::l frequency (equation 1). In this case, referen:e has been made

to Table 13 for selecti.rq electric an::l magnetic fields to which 80 percent

of the pcp.l1.ation are always expc:sed. 'Ihis is equivalent to about 0.16 Vjm

for electric fields an::l 0.42 mAIm for magnetic fields. rrhe currents sharm

for the two VDI's COIIespard directly to the average measured values for the

han:1s placed on the keyt:x)ard, the )JX)St; usual situation for the tel~

operators. 'Ihi.s cc:rrparison 'again shows that the nonnal electric field

irrblced currents ch.1rirq operation of the VDI's is small carpared. to that

exi.stirg )JX)St; of the time fran exposure to ambient AM radio signals in the

uman environment.
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'nlese i.niuced currents have been used to proj43Ct the current density

that would be~ to flow in the alxlc:mi.nal region of the bc:dy by

divid..in;J the a.irrents by an effective area of 600 cn2 • '!his area

oonesponis to the human adult m:x:iel used by Guy (1984). For this asst.nned

area of the bc:dy, Table 14 irXiicates a greater current density for COJ'IU'OC)n

e>q:Osure to AM radio signals ~en~ to either VOT.

Since the electric field over the body is very nonuniform, it is

reasonable to argue that vor e>q:Osure is essentially a case of partial l:x:dy

e>q:Osure. If all of the Wuce:i q.rrrent, produce:i by electric field

e>q:Osure, were to flow through the wrist, a IIUlch higher local current

density would result as shown in Table 14. An effective wrist cross­

sectional oorrluctive area of 10.1 cn2 has been asst.nned following the work

of Gandhi et ale (1986) arrl Olen arrl Garrlhi. (1988). In this cc::mparison,

the local current densities in the wrist are slightly greater for the case

of placing the hand against the screen of the vor as opposed to assuming

that the AM radio i.n:luce:i l:x:dy current flows through the wrist. Either

situation, however, would not be typical of lorg-t.enn e>q:Osure.

'!he current density Wuce:i by a magnetic field was carrputed from the

relation

J = oE where [7]

J is the current density ~ressed in anperes per square meter (A/m2) , 0 is

the tissue oorrluctivity in siemens per neter arrl E is the electric field in

volts per meter in the tissue. For a cylin:lrical tissue section, arrl

sinusoidally varying nagnetic fields, the resultiIg internal current

density is given by

where [8]

--t

1-'0 is the nagnetic penneability of tissue (4'11' x 10-7), r is the radius



NIOSH VDT Electric and Magnetic Fields· page 70

(meters) of the ci..rcular area about which the eddy aJrrents ci..rculate, H is

the awlied magnetic field stren:Jth (A/lIl) am. f is the frequenc:.y in Hz.

For all of these calculations, a was assunej to be 0.6 siemens per meter.

'!he above relation was used to CXIIpIte the eJq)eCted aJrrent density at the

periFheJ:Y of the body fran the AM radio broadcast signal magnetic field

since the 0Jrrent density will be greatest for the largest value of r.

In the case of the saw-tooth shaped wavefonn of the magnetic fields

prcrluced by VDI's a different calculational awroach was taken. '!he rms

current density was determined fran the relation:

Here, J 1 am J 2 refer to the 0Jrrent densities associated with the

short an::i lon;r transitions of the sawtooth waveform, havin; transition

tiJnes of t 1 an::i ~ respectively. T is the total pericx:l of the waveform.

'!he in::lividual values of J \VIere determined fran the relationship:

J = [at£eI"/2)dlVdt (10)

'Ihe value of dlVdt, the tilDe rate of dlarge of the magnetic field

stren:Jth, was taken directly fran an analysis of the waveform data measured

for one CCI an::l one Im VOl' evaluated in the project. '!he above

relationship yields the instantaneous peak current densities fran which

the rms value is then determined as described above. Table 14~ that

the AM .radio signal will produce the larger value of ci..rculat.irg current

density at the periFheJ:Y of the arrkrren. Table 14 provides foobLJtes

in::licat.irg the orientation of the body that was assumed for the

calculations•

Finally, SAR values \/ere~ fran the current densities for

carparison between the VDl's an::l AM radio signal eJqX)SUreS. SAR was
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ceJIIpUted fran the relation:

SAR (Wjkg) = J2/0 P where [11]

J is the current density in A;rrf-, 0 is the corductivity in siemens per meter

an::! p is the density of tissue (taken here to be 1040 kgfm3). 'Ibis approach

follOlllS the methcxl outlined by Tell (1990) in a trea'bDent evalua:tin; the

significance of locally eJ'lhan:ed field st.rergths associated with RF

hotspots caused by :reradiation fran various objects exposed to ambient RF

fields.

Usin; this relationship,. SARs were ceJIIpUted an::! are shc::Mn in Table 14

for several situations of interest. In the case of VDI'~, the SARs

are extremely small, ra.n:Jin; between 3.1 x 10-12 Wjkg an::! 1. 2 x 10-5 Wjkg.

When canp3.red to those values of SAR IOOSt often cited in electranagnetic

field~ starrlards, the estiJrated SARs that might result from USllx.J
either of the VDrs in this stu:iy are at least six orders of magnitude less.

Comparison of VDTs to TV Receivers

Probably the device prcxiucin; electric an::! magnetic fields IInSt similar

to those of a vor is the CCIIJ[[DJ1 televisioo ('IV) reoeiver. '!he TV reoeiver

enploys circuits a1nDst identical to those foon::l in IInSt VDrs. . 'Ihus,

electric an::! magnetic fields prcxiuced by the deflectioo coils an:! the high­

voltage wirin; in the set are virtually identical to those of VDrs; a

notable exception is that many TV sets e>d1ibit strcrger field st.rergths at

given distances than VDI's at the same distance. 'Ibis disparity in field

st.rergths is often due to the fact that the picture tubes are larger, often

times flatter, requirin; IrCre deflection forces on the electron beam to

deflect it across the wide an:Jle of the screen an:! thus greater magnetic

fields an:! the fact that IOOSt 'IVs are color, usin;. higher accelerat.in:J

voltages.
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A mitigating factor for exposure to 'IV generated electric ani magnetic

fields is the generally greater viewirg distance ccmpared to that when

using a vor: none the less, sane in:tividuals may routinely remtin very

close to the picture tube, partial1arly dlildren using high tedmolcgy

video games. Harvey (1983b) ani Boivin (1986) have reported on RF

emissions of 'IV receivers. Table 11 in:ticates field stren;Jths of 8.6 Vim

(Boivin, 1986) for electric field stren;Jths an:} HaIvey (1983b) has reported

magnetic field stren;Jths of 1000 mA,Im ani 380 mA,Im for the vertical ani

horizontal flyback frequency c::arp::lllE!l1 respectively. 'these data shcM that

the emissions measured fran sane 'IVs can exceed those of typical VOI's.

Comparison of VDT Fields With Other Sources

AM radio stations are, of cnlrSe, not the only sam:es of RF energy in

our envi.rorunent to which one can be exposErl. A nilltit::u::le of intentional

ani unintentional sam:es lead to electranagnetic field exposures which may

have relevance, or carparability, to vor emissiCl1S.

Television broadcast stations, for exaq:»le, transmit 'signals which mJSt

provide synchronization with the scaJ'1ll.in;J electron beam contained inside

the 'IV receiver picture tube so that the picture displayed on the 'IV is in

synchrony with the videop~ which originates at the 'IV station.

To acc:arplish this, the 'IV signal, which is in the frequency I"an3'e of 54­

806 MHz) i.n:l\Xles information, in the form of anplitude m::dul.ated p.l1ses

called synchronization pl1ses (or sync:h p.l1ses for short), which are

i.nteJ:preted by the 'IV receiver as trigger signals to begin each horizontal

scan of the electron beam across the screen an:} each vertical retrace when

the beam mJSt start tracing another path fran the top of the screen. 'Ihese

synchronization p.l1ses, partial1arly the 6o-Hz vertical refresh signal ,

prc:duce instantaneaJs peak field stren;Jths repeating at a rate of 60 times

per sec:an:i ani 15,750 times per sec:an:i for vertical ani horizontal scan

triggering respectively.
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TV stations must, by FCC regulations (FCC, 1984), provide a sufficient

signal st.ren;th to insure sufficiently high quality picture reception in

the city of license. SUdl so-called grade A signal quality is specified as

signals havi.n3' an electric field st.ren;th of at least 0.005 VIm for

d1annels 2-6, at least 0.007 Vfm for dlannel.s 7-13 an:i at least 0.01 VIm

for ultra-high-frequency (UHF) channels (14-69).

sane VU' radio stations used as navigational aides prcduce emissions to

which sane irrlividuals may be exposed, at least CI'l an intennittent basis.

'!hese include lx1th LORAN an::1 CMEXiA stations q.erated by the u.s. Coast

Guard. LORAN systems (Ion; ran;e radio navigation) transmit signals at 100

kHz using vertically polarized antennas, similar to those E!lIployed by AM

radio stations. '!he LORAN system works on the basis of usin;J pulsed

signals,. pulsed at a repetition rate of 10 Hz, fram several different

stations positioned at widely separated ~cal points.· Usi.n3'

receivers which can discriminate the tnase differences in the reoeived

signals, a user can determine his JXlSition at sea or in the air. 'Ihe CMEXiA

system operates in the frequency bard of 10-14 kHz, also usin;J large

vertically polarized antennas. 'lhi.s system, which can produce

electranagnetic fields di.rect1y in the same frequency ran;Je as vor's, uses

intermittent signals (on for periods of abaIt 1 secon:l) on several

frequencies to provide navigational assi.starre for lx1th ships an:i aircraft,

similar to the IDRANsystem bJt due to propagatiCl'l considerations (hew well

the radiated signal travels abaIt the earth I S surface with low

attenuation), can provide lC03'er rarge coverage than IDRAN. Presently,

there are eight .ftmcti.anal CMEXiA staticnsin existence in the world

cx:mpared to 13 d1ains of LORAN systems (master arxl ·slave stations)

consi.st.in:1 of between 3 am 5 transmitt.in; staticns each.

McEnroe (1980) an:i Gailey (1987) have investigated the field stren:Jths
near lx1th LORAN an::1 CMEXiA transmitt.in; stations. 'Iheir data irrlicates that

on the transmitter sites of these staticns, rms electric field stren:Jths in

the ran:Je of 1 to 4400 Vim can be faIl'Xl with CDUesp::nrli.n;J magnetic fields
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CCB'IIlTOIlly in the ran:Je of 0.01 to 2.9 AIm. At very close distance to the

radiatiIq structure of the antermas, CXK1Siderably mre intense fields can

te measured with naxiIm.Im fields l::lei.n3' in the rarge of several kilovolts per

meter for electric fields am 6 AIm for magnetic fields. A furrlamental

difference between the fields of these two VU' soorces is that the fields

of the I.DRAN systems are p.1l.sed; thus, the average field~ fran

IDRAN systems are considerably less than the instantaneous peak levels.

For example the ratio of peak to average field~ for IDRAN stations

is in the ran:Je of 11.8 to 17.5 as determined fran the data of Gailey

(1987).

VI.F cx:mm.mi.cations systems operated by the NAVY incll.ll:le stations in

the 18 to 20 kHz frequency ran:Je. An example includes the radio station

NAA at OItler, Maine, which operates on a freqI..1erq of 17.8 kHz, beirg

identical with sare vor flyback frequencies, am uses a 2,000,000 watt

transmitter. In the environment of this transmitter site, ambient RF

fields will be significantly strarger than those typically e>q:)erienced by

vor operators. For this p:JWer, expected electric am ma.gnetic field

~ are 6 Vjm am 16 mAIm respectively at a distance of one mile

fran the station; these field~ rise to 24 Vim am 64 mAIm at 0.25

mileS fran the source.

Another source of ocaJpatialal expc:sure to P J] sed, low frequency

electric am ma.gnetic fields has been associated with radar transmitter

DXhJlators by Jokela (1988). Jokela has foun:l that the m:xiulators which

are used to amplitude m:xiulate the source of microwaves into a series of

p.1l.ses, that are eventually transmitted by the radar for sw:veillaooe

fun=ti.ons, can praluoe significant peak magnetic field levels near the

DXhJlator units in the ran:Je of 150 m1Vm rDS. 1hese p.l1.sed fields occur at

the p.l1se repetition freqI..1erq of the radar, bIt because of the rapid

transition times of the p.1l.se the magnetic fields exten.:i over a relatively

wide freqI..1erq ran:Je of 20-2000 kHz; i.n:1eperdent of the p.l1.se m:xiulator

emissions, the radar signal radiated fran the antenna consists of a p.1l.sed
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microwave signal. Jokela also has rreasured the pulsed electric fields 50

an fran a radiotherapy accelerator unit arrl fa.ni I'lIS electric fields of

0.35 Vim in the frequency~ of 4-40 kHz.

Any current source which is pl1sed or switdled on arrl off with rapid

swit.ch.in3' tilDes will prodl.la! magnetic fields in the RF ran;e. Swit.dlin;

type pc:Mer supplies, row bei.Ig USEd in elecUarlic equipnent l:::ecause of

their higher efficien=y arrl small sizes, are CDE! souroe of VU' fields which

is beo:::RDi rg lOOre c::arm:m in cx:nsumer product aR'lications.

A goo::1 example of the electric arrl magnetic fields which can arise fran

i.nterrupted o..Irrents, with which many irxtividuals have sane experience, is

the electrical ignition systems for autcm:lbile en:Ji.nes. '!he electrical arc

created in the gap of the distrib.Itor, which cxx::urs when the spark plugs

ignite the fuel-air mixture within the ql:in::lers of the ergine, produces

broadbarxl RF signals whidl can often be heard aver the car's AM radio

receiver. 'Ihe iJIpact of the radio noise, or static, caused by these RF

fields has been investigated by rn.xmerous researc:hers, incllXiin; ShePlerd
(1974) arrl others, arrl is nonnally mitigated~ the use of special

suppression devices like resistive ignitiCl1 cables arrl filters.

Nonetheless, rather intense RF fields can be cause::l by this "IiUI()Tl source

at very close di.st.arx:es to the ergine arrl have been the subject of c:x:n=ern
aver interfereoc-e to sane cardiac pacemakers wm by in:lividuals doiIq

autarotive repair work. Paulssal et ale (1984) report values of peak-~

peak magnetic field st.ren3th near an autcm:bile runnin;J at a high idle

speEd of 400 mAIm arrl time-rates-of-c:han;Je of the magnetic field of 12800

A;m/sec (0.016 rrlrls peak-~). 1he daninant area of the frequency

spectrum created by the ignition system investigated was centered aramd 12

kHz •

.Another very CXJI4lUll souroe of RF fields in the VIE ran:]e is the

fluorescent light. 'lhese lights <XII'lSist of two electrodes separated by the

light column filled with a gas mixture c:c:nta.inin;J argon arrl mercuzy. RF
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fields are emitted durirq the alternati.rg-eurrent electric di.scharge

prcxhlced by p..l1ses of high-potential aJrrent fran the electrOOes. 'n1e

plisa:l current flc:Min;J in the ionized gas column generates RF emissions

whidl exterrl over a very wide~ raJl1e. Clark (1961) has examined

the peak field st:ren]ths at a distance of three feet fran a 8 ft, 4-unit

fluorescent lanp an:! reported peak values of 0.1 Vim electric fields.

Adans et ale (1974) measured radiated magnetic fields fran a fluorescent

light fixture at a distance of 3 m (9.84 ft) an:! deteImi.ned that the fields

peaked at hantcni.cs of the 6o-Hz line~ with st:ren]ths varyirq in

the ~e of 6.3 mAjm ntS to 0.001 mA/ID deperxiin;J on frequency between 60­

Hz an:! 4 kHz.

Most people are unaware that VU' magnetic fields are so frequently

~ienced due to eveI)'day livi.rg activities. ExaIrples include devices in

whidl magnetic. fields are used for saJJ'Xi prcxhlction like magnetic ear

phones, telephone receivers an:! high-fidelity loud speaker systems. In

these instances, audio frequency ~e 0Jn'ellts are used in canj\.JJ'ction

with an elect.raragnet assembly to create a vazyirq magnetic field whidl, in

turn, causes sane fom of med1ani.cal dicq:t1ragm to IIIOVe. Rapid IIIOVement of

the diap,ragm causes sourx:l waves to be created at the same frequerx:y as the

applied electrical signal. As an exanple, Paulssa1 et ale (1984) mentioned

values of magnetic field st:ren]ths of 480 mA/m peak-to-peak with a dB/cit

value of 6400 A/tIVsec (8 Ilfi'/s) measured at 30 an fran a high fidelity

loudspeaker for frequen=ies less than 20 kHz. Detectable levels of fields

associated with the stereo pilot signal at 19 kHz an:! its haJ:m:mi.c at 38

kHz were also noted. Recently, Baumann an:! Alagarsamy (1990) presented

data fran measurements of the magnetic fields prcxiuo:d by stereo

headphones. '!heir data inticate that magnetic fields as great as 225 rtI'

(equivalent to 280 mAIm field st:ren;Jth) were possible at a distance of 4

an fran the headt:hones when operated at a saJJ'Xi pressure level of 95 dB.
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Conclusions

nus report has elaborated on how vor's work ani heM, thrcugh the

action of the various electronic circuits, incidental electric ani magnetic

emissions are produced. A substantial. am::mTt of data on the

dlaracteristics of these emissions, inclu:ii.n:J field· strergths, frequencies

ani waveform peculiarities has been provided shc'Jwin;J that vors are at the

same tilDe not unusual sources of~ of in:tividuals to electric ani

magnetic fields ani yet, are unique in sane respects. More spe::ifically,

vors can lead to exposures not dissimilar to that ~ienced near CCI11ltOn

television receivers. Television sets were fa.ID:l to possess even stroJ'l3'er

emissions in sane cases. att the unique dlaracter of the g;J..~ic ani

magnetic field wavefonns ani exact frequen::.y spectra (the spectl:um caused

by the fun:lamental flyback frequency ani its associated harmonics) do make

the vor different in these respects.

Taken as a class, the non-vor type displays are distinctly different in

tenns of operator~ levels when cxmpared to the two types of vors
used by operators in this study for VU' fields. Table 15 is a siJlplified

sumrnazy of the measurement results for frartal emissions, d1est~

an::! irrluced currents for the NGI', lED, a:I ani IlJoI displays. '!he NGI' an::!

lED displays, not possessiIg intel:na.l magnetic field deflection systems,

s~ly do not produce VU' fields above instromentation backgrourxl levels.

For ELF fields, such a di.stinc::ticn is less clear. For example, the lED

displays produced operator ELF magnetic field exposures which were similar

to the values f<::Jlmi for qlerators of both the CCI and IlJoI VDl's. For ELF

electric fields, the N:;T displays prod! teed operator~ values less

than those for the CCI units bIt s:iJni.lar to those fcurx1 for the IlJoI VDrs.

It is concluded that, for the lOOSt part, the EIF electric fields arrear to

be principally a :furcti.on of the roan electrical environment, prc:tlably

beirq mre representative of electrical wirirq systems used in the buildirq

than of any peculiar dlaracteristic of the display. 'lhe EIF electric

fields fcurx1 for the CCI VDl's as a gro.JP ~, haw'ever, to be.
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denonstrably above those values found for the rest of the displays,

includi..rg the IB1s. Table 15 sumnarizes the measurement results in a

simplified format for easier c:arparison between the NGT, lED, CCI ard TIM

displays for frontal emissions, chest e>cpa;Ure am. keyboard in:luo:d

a.u-rents. '!he results ilrply that the greatest difference in overall

e>cpa;Ure WOlld exist between operators of the NGT am. CCI displays; in

tenns of VIF field exposure, lxJth the NGT- am. lED displays are markedly

lCNer than either the CCI or TIM VDI's.

Nevertheless, when c:anpared to other sam:es of electric ard magnetic

fields ccmncnly foun::i in the workplace am. the bane environment, it was

suggested that pe.rsona.l e>cpa;Ure to vcr prrrlno:rl fields could be c:anpared

by exami.nin3' the electrical currents which are .in:iuced in the body by

altematirg electric am. magnetic fields. Use of the i..rrluce:i o.Irrel"lt as an

Wex of exposure, despite the fact that it does not differentiate various

waveforms, facilitates the c:arparison of exposures caused by a wide variety

of sa.lI'03S, especially sources which lead to highly nonuniform e>cpa;Ure

over the body, like that of a VDr. When viewed in this context, it is

fourrl that i..rrluce:i currents can be categorized as those caused by e>cpa;Ure

to the electric field am those caused by the magnetic field•. While the

currents i.n:iuced by the electric field generally lead to currents which

flow t.hroughcA.1t the body am thraJgh body ccntact, like the feet or hams,

to grourrled surfaces, those currents that are magnetically i.n'luced

generally circulate about the peri~ of the body or exposed ct>ject (ann,

hand, alxianen, etc.).

Measurements of currents flowin::J between operators of the displays

examined am. grcun:i sha.1ed that very measurable differences exist between

the VDI's (lxJth CCI am. -IlM types) am. the ncn-VDr displays represented by

the NGT am. lED displays. '!he VDI's prcxtlCed cx:msistently significantly

greater i.n:iuced currents.
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By considerin:1 the 0Jrrent.s typically imno:rl by AM radio broadcast

stations, as an exanple, it was fourx:l that normal eJqXlSUI'e to VDr's in the

workplace is not significantly different fran that i.rx'hlO?d virtually all of

the time by ambient radio station signals to '«hich eveIYane is exposed.

Exp:Jsures in the vicinity of sane law frequency crmnunicationsan::! radio­

navigation stations which use high~ and fr'equerx:ies veIY siJnilar to

the vur ran;Je could cause substantially greater i.n:luced 0lITel'1ts than

caused by the vur.

When the field~ fourx:l near VDr's are c:::arrpared to various

starrlards which specify maxinum safe human eJqXlSUI'e to. electric an::!

magnetic fields one is also iJIpressed by the generally wide margin whid'l

exists between the limits and VDr eJqXlSUI'e levels. Examination of the

measured electric and magnetic field~ reported in SlJIIIlW:Y Tables

5-8 arx:l in Appen:lix B shows that in no instance do either of the two RF

fields, detenni.ned at the position of the operator, exceed any of the

starrlards in Table 12, even the extremely strin:1ent Polish an::!

CZechoslovakian starrlards for the general PJblic. Based on this finding,

it is concluded fran me.asureIrents on 96 displays cx:uprised of both VDr arx:l

non-VDr type displays that typical personnel exposures to electric an:}

magnetic fields are (1) relatively law, (2) within a relatively confined

rarge of magnitudes reported by many researd1ers, (3) are not highly

dissiJnilar to exposures CCilmollly encx:llD"1tere fran radio stations arx:l other

devices rcuti.nely fourd in the haDe or workplace an::i (4) are generally

substantially less than any electranagnetic field eJqXlSUI'e limits developed

for radiation protection p.JIpOSes by OrganizatialS within the United states

an:} many other c:::ountries. In addition, meaSlJI"es of dB/dt, the time-ra~

of-d1an';Je of the magnetic field, were foord to be, with three exceptions

for the units e.vamjned, naninally equal to or less than the reo "U'Ended

limit for VDI's imported in sweden.
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Table 1. Specifications of the Holaday In:iustries Jwb:iel HI-360D-01
vor suzvey meter.

sensors: cen::entric plate displacement c:m-rent electric
field sensor

8 ind1 diameter magnetic field sensin:J loop

Switd'l selectable between electric arx:l magnetic
fields

sensitivity: Electric fields - 0.1 - 2000 volts/meter
Magnetic fields - 0.001 - 2.000 arrperes/meter

Features: 'Ihree autoselect or manually selected field
stren:ft.h I"al"ges
Max hold feature stores arx:l displays highest read.i.IxJ

Response: TIue nrs field measurement for acx::urate measurement
of ral-Sinusoidal wavefonns

Frequency Response: Electric fields: +/- 0.5 dB, 10 kHz to 100 kHz
+/- 2 dB, 2 kHz to 300 kHz

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

Zero Adjustment: Autanatic zero settin:; via a front panel ZERO
pad whidl controls an internal microprocessor

Power: 'IW (2) nine-volt alkaline batteries (NE:Q1l. 1604A,
DJracell MNl604, or equal)

0Jt:p..It: Liquid crystal. display, preanplifier output via
P1ono jack (analcq signal fran sensor/preanplifier
equal to 1 mV/ (mAIm» , digital fiber optic signal
(for renDte readin;J via oannecti.on to HI-3615 Fiber
~c Receiver)

'nle HI-360D-01 vor Radiation SUIVey Meter package in=ludes the HI-3600
readout m:dule, HI-3601 vor sensor assembly, batteries, fitta:i canyin:J
case, arx:l a user manual.
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Table 2. Specifications of the Holaday Irdustries Model HI-3600-02
EI.P survey meter.

sensors: COJrentric plate displacement 0lI"l:'el'lt electric
field sensor

8 inch diameter magnetic field sensiIq loop

SWitch selectable between electric ani magnetic
fields

sensitivity: Electric fields: 1 - 199 kV/m
Magnetic fields: 10 mAIm - 1999 AIm

Features: 'Ihree autoselect or marnJally selected field
strergth rarges
Max hold feature stores an::l displays highest readin3'

Response: True rms field measurement for accurate measurement
of non-si.rnJsoidal waveforms

Frequency Re5p:)nse: Electric fields: +1- 0.5 dB, 50 Hz to 700 Hz
Magnetic fields; +/- 0.5 dB, 50 Hz to 200 Hz

Zero Adjustment: . Autaratic zero setting via a front panel ZEro
pad whidl o:JJTtrols an i.nteInal microprocessor

Pc7.oJer: 'l\¥o (2) nine-volt alkaline batteries (NEDt\ 1604A,
D.1racell MNl604, or equal)

o.rt:p.rt: Liquid crystal display, preanplifier output via
Iilono jack (analog signal fran sensor/preanplifier
equal to 1 mVI (mA,Im) or 0.1 mV/ (mAIm) ), cligital fiber
cpti.c signal (for renDte readi..n:] via oonnection to
HI-3615 Fiber ~c Receiver)

TIle HI-3600-02 EI.P SUrvey Meter package i.n:ludes the HI-3600 readout
ncdule, HI-3601 VOl' sensor assembly, batteries, fitted canyiIq case, an:! a
user marnJa1.
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Table 3. SUnuniny of field instruments used arrl serial rn.nnbers.

Frequency Barrl Meter SN sensor SN

VU' 54700 54802

VU' 55501 55349

VLF 54599 54820

ELF 55014 58493

ELF 55501 60088

ELF 54599 61068
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Table 4. SUrnmaJ:y ,of correction factors used for correcti.n;r the
field~ data obtained with various instnIment
configurations of the Holaday In:iustries meters.

Correction Factor
Band Freguencv Meter/sensor SN E-field H-field

VIP 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

VIP 15 kHz 55501/55349 1.028 1.050

VIP 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

AnalO3' 0lI'tp.It calibration factors:

E-fields H-fields
Band Meter15ensor SN VIm! (mV cut) mMnI (mV cut)

ELF 55014/58493 0.881 9.53

VIP 54700/54802 1.005 0.992
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Table 5. statistical smmnarizatiCll of data CIl emission field S'tren3ths,
operator exp:JSUre levels and indnced currents for 24 NGI' displays.
In::ticated values are the geanetrical means 'and (gec:metrical
st.armrd deviations) .

NGT Emission Field Strength Statistical Summary, N=24

Position VLF-E VLF-H EIF-E EIF-H
(Vjm) (mA/m) (Vjm) (mAIm)

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)

Left 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 VIF-E VIF-H EIF-E EIF-H
(Vjm) (mA/m) (Vjm) (mAIm)

Alxiamen 0.177 (1.636) 1.6 (1.0) 0.405 (1.92) 32.4 (2.01)
O1est 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

Han::ls an keyboard

Fi.n;er tc::udlin:;J screen

Hand placed flat CIl screen

0.019 (1.021)

0.018 (1.024)

0.019 (1.022)
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Table 6. statistical SUIlITIarization of data CI"l emission field stren:;ths,
operator e>qXlSUre levels an:! ininarl currents for 24 rED displays.
In:licated values are the geanetrical means an:! (gecinetrical
starrlard deviations) .

LED Emission Field Strength Statistical Summary, N=24

Position VlF-E VlF-H EtF-E EtF-H
(Vjm) (mA,Im) (vim) (mAIm)

Top 0.160 (1.391) 1.6 (1.0) 1.270 (1. 885) 69.6 (1.855)

Front 0.114 (1.161) 1.604 (1. 012) 0.376 (1.103) 72.3 (1. 682)

Bottan 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

Al:x:lanen
Olest
Face

VlF-E VlF-H EtF-E EU-H
(V/ID) (m1y'm) (Vjm) (mA,lm)

0.081 (1. 346) 1.97 (1.150) 0.351 (1.175) 62.4 (2.79)
0.059 (1.475) 1.53 (1. 067) 0.299 (1.107) 69.6 (2.70)
0.073 (1.957) 1.39 (1. 025) 0.317 (1.105) 80.4 (2.57)

LED Induced Current Statistical Summary, N=24

Han:i Location

Han:i placed. flat on screen

0.014 (1. 009)

o.oos (1.007)

0.009 (1.009)
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Table 7. statistical SUIl1IlaI'ization of data CI'1 emission field stren:Jths,
operator~ levels an:! i.n:luced currents for 24 CCI displays.
Irrlicated. values are the geanetrical means an:! (geanetrical
standard deviations).

CCI Emission Field Strength Statistical Summary, N=24

Position VIF-E VIF-H ELF-E ELF-H
(vim) (mA,!m) (vim) (mAIm)

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 Statistical Summary, N=24

Position VIF-E VIF-H ELF-E EIF-H
(vim) (mA,!m) (VIm) (mAIm)

Alxiomen 0.544 (1.683) 17.4 (1.741) 0.845 (3.610) 62.30 (1. 590)
Olest 1.05 (1.399) 14.8 (1.903) 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)

CCllnduced Current Statistical Summary, N=24

Han:i Location

Harrls an keytoard

Fin:Jer toudli.rg screen

Han:i placed flat on screen

4.13 (4.42)

14.6 (3.10)

87.8 (2.19)
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Table 8. statistical summarization of data on emission field~,
operator~ levels ani i..rxiJlCEd arrrents for 24 :rEM displays.
In::licated values are the gecmetrical means ani (gec:anetrical
starxiard deviations) •

IBM Emission Field Strength Statistical Summary, N=24

Position VIF-E VIF-H EU'-E EU'-H
(VIm) (mAIm) (VIm) (mAIm)

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 (1.929) 236. (2.14)

Bottan 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

Alxianen
Olest
Face

VIF-E VIF-H EU'-E EIP-H
(vim) (mAIm) (vim) (mA,Im)

0.142 (1.710) 3.98 (1.852) 0.429 (1.698) 57.7 (2.12)
0.328 (1.864) 4.23 (2.13) 0.506 (1.780) 66.6 (2.12)
0.543 (1.682) 6.72 (3.00) 0.779 (1.867) 76.4 (1.918)

IBM Induced Current Statistical Summary, N=24

Hard I..ocation

Harr:is on keyboard

Fin:;Jer touchin:J screen

Hard placed flat on screen

0.377 (4.65)

6.64 (1.968)

69.1 (1. 600)
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Table 9. SlDmnal:y of measures of maximJm dB/dt for various VDl's
cbtaine::! at the surface of the vor and at 30 em in
front of screen. MaximJm refers to area of waveform in
which the greatest rate of dlarge of the magnetic field
occurs.

8.0
13.2

8.3
-3.9
11.3
6.8
3.9
4.9

19.8
0.0
3.5

vur
!EM
IIf1
IIf1
rEM
rEM
rEM
rEM
rEM
a::r
a::r
a::r
a::r
a::r
a::r
a::r
a::r

Ban::i
VU'
ELF
ELF
VIF
VIF
ELF
VU'
ELF
VIF
ELF
VIP
ELF
VU'
ELF
VU'
ELF

City
Forest Park
Forest Park
Macon
Macon
Jacksonville
Jacksonville
lake City
lake City
Mariero
Marrero
Bo;alusa
Bo;alusa
Nashville 1
Nashville 1
Nashville 2
Nashville 2

station
1006
1006
1028
1028

139
139
426
426

48
48
45
45
13
13

1399
1399

dB/dt (mA/mlJjs/ (1M/m rms) *
SUrface @ 30 en % difference-

0.336 0.321 4.6
0.00284 0.00319 11.6
0.00297 0.0613 182
2.75 **
0.442 0",479
0.00268 0.00306
3.99 **
0.00287 0.00312
0.429 . 0.446
0.00300 0.00268
0.514 0.550
0.00286 0.00275
0.533 0.560
0.00288 0.00236
0.429 0.429
0.00308 0.00319

* Percent differeooe is define::! as the absolute differeooe between the
values of dB/dt c:btai..ned at the screen surface and at 30 em divided.
by the average of the tw values.

** Waveform not sufficiently define::! to determine accurate value of dB/dt
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Table 10. Derived values of dB/dt expressed in mti.ts of millitesla
per secorxi aR'licable to a distance of 50 en fran
the screen of the vor.

vor
IB-t
IB-t
IB-t
IB-t
IB-t
IB-t
IB-t
rm:
a::r
a::r
a::r
a::r
a::r
a::r
CCI
CCI

Bani
VU'
ELF
ELF
VU'
VU'
ELF
VLF
ELF
VLF
ELF
VU'
ELF
VU'
ELF
VU'
ELF

City
Forest Park
Forest Park
Macon
Macon
Jacksonville
Jacksonville
Lake City
Lake City
Marrero
Marrero
Elogalusa
Elogalusa
Nashville 1
Nashville 1
Nashville 2
Nashville 2

station
1006
1006
1028
1028

139
139
426
426

48
48
45
45
13
13

1399
1399

dB/dt (rrtI'/sl @ 50 en
9.0
0.69
1.8

10.0
16.

0.61
17.
0.25

24.
0.52

25.
0.48

38.
0.25

20.

*
* ELF magnetic field rot measure::l as a fi.Irx:tion of distance
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Table 12. selecte:l stan:iards for e>q:JOSUre to radiofrequency fields
pertinent to the VDI' frequen:y ran;e. E = electric field
strergth; H = magnetic field strergth; B = magnetic field
flux density; occ = occupational; GenP = general public.

0.01-1.2

0.03-30

fCMHz)
0.03-3
0.3 -3
0.3 -9.5
0.3 -9.5

0.01-1.2

0.03-30
0.1 -1
0.1 -1

0.1 -10
0.03**
0.3 -3
0.01-1
0.03-1

0.1 -10

0.1 -10
0.1 -3
0.1 -3
0.010 - 10
0.01-3
0.06-1. 5
0.03-0.3

2.3

5.0

12

Mu.TI.
1.98
1.98
0.647
0.29

0.45
3141
0.916
3.3
6.14/f

0.888
0.888
0.288
1.98
6.3

4.0

1.8

HCA!m) *
1.63
1.58
0.515
0.23

10

0.36
2500
0.729
2.6
4.89/f

0.707
0.707
0.23
1.58
5.0

50

70

280

600

5
614·· 1. 6/f...1/2 2. Ojf 1/2
87 0.23/~ 0.24/f

140
1500

275
1000
614

ECV/m)
614
632
194

87

X

X

X

X

X

X
X

X

X

X

X

X
X

occ GenP
X
X
X

. st.arrlardIref
Ao:;IH(1990)
ANSI (1982)
Australia (1985)
Australia (1985)
canada (studlly,

1989)
canada (studlly,

1989)
CZech (Czerski,

1985)
Czech (Czerski,

1985)
IRPA(1988)
IRPA(1988)
Italy (Gran:k>lfo,

1986)
Germany (1986)
MASS (1983)
NATO (1979) X
NRPB(1989) X
Poland (Szmigielski,

1989) X
Poland (Szmigielski,

1989) X 20
Portland (1987) X 283
seattle (1989) X 283
Telecxm (1986) X X 87
USAF (1987) X X 632
USSR (1984a) X 50
USSR(1984b) X 25

* lA,Im = 12.57 JIG in free space and m::st biolcqic media
** Values given are for 30 Jdiz 1::ut vary ac:x::ordirg to formula in stardard.
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Table 13. OJmulative pop.l1ation exposure in the AM standard
broadcast ban::l (0.535-1.605 MHz).

Electric Field
strergt:h

(Vjm)

0.07
0.12
0.16
0.20
0.25
0.28
0.35
0.45
0.50
0.63
0.79
1.00
2.51

Magnetic Field*
strergt:h

(mA,Im)

0.19
0.32

·0.42
0.53
0.66
0.74
0.93
1.2
1.3
1.7
2.1
2.7
6.6

o.mw.ative Percent
of Population**

2.0
5.9

19.2
33.5
44.8
51.2
66.0
75.9
81.3
87.7
92.6
97.0
99.9

*Plane wave equivalent magnetic field stren;ths derived fran
the electric field stren;ths.

** For ex;;aple, 2 percent are exposed to less than 0.07 Vjm,
33.5 percent are exposed to less than 0.2 Vim, etc.

Source: (Hankin, 1986).
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Table 14. SUrmrary of dosimetric c:x:rrpari..san of AM radio broadcast
exposure with VDr eJq:lOSUI"e for electric an:i magnetic
fields in tenns of i..n::iuced currents, ·0Jrtent densities
an:i specific absorptioo rates (SARs). All currents,
0JrI'eI1't densities an:i SARs are in I'mS In'li.ts.

0.0068

~sourc:e
Exposure parameter Cc:rmton AM radio CC'I VDr

E-field in::luced bcdy to grcund b
0JrI'eI1't (~) 48 4.1

E-field in::luced o.n-rent c1ensity
in al:d~ region, A = 600 err?

. (~A/em ) e 0.080 0.00063

E-field in::luced 0JrI'eI1't density
in wrist (han::i on screen or all
bcdy current passi..rq~ wrist2for AM radio) (Ae = 10.1 em ) (pA/em) 4.8

H-field in::luced ci.rcul tin;
current density (~A/em2) 0.041c

E-field in::luced SAR in wrist, han::i
on screen or all bcdy 0JrI'eI1't passin; -6
through wrist for AM radio (Wjkg) 3.6x10

8.7

1.2x10-5

6.8

7.5x10-6

H-field in::luced SAR at bcxly
periphery (Wjkg) ·2.7x10-10

1.2x10-9

\
I.
~

H-field iI'dl]~ SAR in wrist,
Ae = 10.1 em (W,Ikg)

a 'Ihose field st.rergths ~ whien 80 percent of the pcp.1lation are always
b exposed (E = 0.16 Vim: H = 0.42 mAIm, see Table 13) .

Based on meaSlJred 0JI"I"e11ts with bards 00 keyboard (nol"IDal operatin;
position)

c canp..rtation assumes horizontally polariZed magnetic field passi..rq through
a side-view cross sectioo of the bcxly with an 'effective' radius of
0.413 m (radius of circle with the same area as an ellipse with a = 0.195 m
an:i b = 0.875 m). Q:n:iuctivity = 0.6 S/JD.

d canp..rtation assMeS vertically polarized magnetic field passi..rq through
a horizontal cross section of the bcdy tr\mk with an 'effective' radius
of 0.138 m (radius of circle with the same area as an ellipse with
a = 0.195 m an:i b = 0.098 m). Con:iuctivity = 0.6 SIm.
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Table 15. SiJrplified summaIY of measurement results for frontal
emissions, dlest~ and induced aJrrel'1ts for the
NGI', lID, CCI and IB-1: displays. Values given in lmits
of geanetric maans and stardard deviations.

Frontal Emissions Summary

Display VIF-E VIF-H ELF-E ELF-H
(Vim) (mAIm) .rUm) (mAIm)

NGI' 0.077 (2.05) 1.36 (1.044) 0.470 (1.400) 30.3 (1. 724)

lID 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)

IB-1: 3.26 (2.07) 22.1 (4.68) 1. 78 (1. 929) 236. (2.14)

Chest Exposure Summary

Display VIF-E VIF-H ELF-E ELF-H
(YJm) (mAIm) CV/m) (mAIm)

NGI' 0.099 (1.653) 1.6 (1.0) 0.308 (1.530) 33.0 (1. 877)

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

CCI 1. 05 (1. 399) 14.8 (1.903) 1.02 (1.987) 80.6 (1. 653)

IB1 0.328 (1.864) 4.23 (2.13) 0.506 (1.780) 66.6 (2.12)

Keyboard Induced Current Summary

Display
NGI'

lED

0.019 (1. 021)

0.014 (1.009)

4.13 (4.42)

0.377 (4.65)
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Interlaced Scanning in a Cathode Ray Tul
Trace is left to right

End of field 2

/" Start of fie\CJ
E

End of field 1/'

- - - - I

1-- - - - - - - - - - -+- •

-- - -
I

- - - -- - - - - - ~

111- - - - - - -- - - - - ...i-
~- - - - - - - - - "1- - - -
- - - - - - - - - - - - -
I-- - -

I

- - - - -- - - - - ~

~- - - - - - - - - I- - -
~- - - - - - - "1- - - - -

_ First field
__ _ Second field

Start of field 1--+ A
G
C

Figure I. Illust:rati<'" of the tv>ri.z<;<1tal ani vertical scanni-r';l of
the electrOl'\ beatll in a au.
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High Voltage and Deflection Circuits in a VDl

Circuit operation produces electic and magnetic field emissions

1~~

+30Vn~
O...J Llnput ~

Deflection ----....c~
Yoke

Horizontal Deflection
Circuit

Vertical Deflection
Circuit

Figure 2. Block diagram of the horizontal ani vertical deflection
systens in a conventional vor.



NIOSH VDT Electric and Magnetic Fields· page 105

Figure 3. sawtooth wavefom of the magnetic field prcxiuced by cmrent
flowin;J in the horizontal deflectiCB'l coils. DJrin; the
shorter transition of the field, the -electron beam is
deflected back to the left side of the screen to begin
another trace. Vertical axis is proportional to magnetic
field and horizontal axis is time. cmvature in leD]

. transition is partially due to instrumentation response
and in:tividual dlaracteristic of particular vcr.
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VDT Electric Field Lines Incident on VDT Operator
are Perpendicular to the Body Surface

E Fields

Figure 4. Illustration of the spatial distri.b.Iti.on of the electric
fields near a vor with an c:perator present. '!he presence
of the bcdy perturbs the electric field lines whim terxi
to tenni.nate an grc:un:ied surfaces.
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VDT Magnetic Field Emissions are Unperturbed
by the Presence of the Operator

It,
... -_.-....... \

,,'" ... , \, _.... \

H Fields / ,,,, ..- - ...... ~\\
I /

I I
I I
I ,

I I
\ \
\ \

\ '
\ ' ...,, , ... ........ _-,..,,--

Figure 5. Illustration of the spatial distribution of the magnetic
fields near a VDI'. '!he presen::e of the operator does not
pertw:i:l 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 gra.m:3ed glare filter will tend to reduce the rn.IIllber of
electric field lines whidl woold normally terminate an the
body of the operator.
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• Hawaii VLF Stations
by Guy

• Las Vegas Broadcast Stations
. by Tell

• Jim Creek WA. Naval VLF Station
by Guy & Chou

Theory
I.e =0.09h2 f

Where h= Height
f = frequency

VDT
Frequency

Range.....-.1• •
•••- .
I

1 -"" ......&._.......

10

10

Theoretical and Measured Short Circuit Body Current
of Grounded Man Exposed to VLF- M F Electric Field

_ Parallel to Body Axis
~ 1000 ,-- _

>
~-.........
<t
! 100

CJ
co--..c

!..
:J
U..os
U..·u
t=
o
.c
en

Figure 7. Electric field in'Dred current in the bcx:ly as a function
of fre!querq. In:iuc:ed current varies in direct proportion
to the awlied field frequen:::y °
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Orientation of Sensor for' RF Electric Fields

30 eM TOP

-e:J-

LEFT ~
I FRONT

~ RIGHT

30 eM 30CM POVOT

I

30CM FRONT VIEW OF VDT

TOP VIEW OF VDT

Figure 8. orientation of the field sensor that was used for measurin;
the predaninant VIF (horizontal deflection) electric field
streI'qth at different points near a vor. 'Ihi.s correspoms
to the same sensor orientation for EIF electric fields except
that the sensor paddle was reversed due to the design of the
i.nstnIment (see text).
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Orientation of Sensor for RF Magnetic Fields

30CM

30CM

TOP VIEW OF VOT

LEFT

~

TOP

-eJ-

FRONT

-e:JI-

FRONT VIEW OF VOT

RIGHT

-e:J-

. ~
•......

Figure 9. orientation of the field sensor that was usa:i for measuri.n;J
the predaninant VI.F (horizontal deflection) magnetic field
strerqth at different points near a vor.
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Orientation of Sen'sor for ELF Magnetic Fields

TOP

30 CM ~

LEFT ~
FRONT ¢RIGHT

30 CM
VOT 30 CM

~
30 eM FRONT VIEW OF VDT

TOP VIEW OF VDT

Figure 10. Orientation of the field sensor that was used for measurin:;
the predaninant EIP (vertical deflection) magnetic field
strerqth at different points near a VDI'.
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Figure 11. Positi~ of the field sensor for the self-measurement of
the VU' electric field :in:::ident on the body surface of the
VDI' q::era.tor (dlest position) •
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Figure 12. PositiOJ"lin;J of the field sensor for the self-measurement of
the VIF electric field i..rx:ident on the bcx:iy surface of the
vor operator (face position).
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Figure 13. Positioni..n; of the field sensor for the self-measurement of
the EU' magnetic field incident on the bcdy surface of the
vor operator (face position).
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Figure 14. Positioni.n:J of the field sensor for the measurement of the
VU' magnetic field i.n:ident a1 the b:dy of the VDI'
operator.
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·r~~"9Y
r~'

-.r:~~~

.1:

Figure 15. Clc::se-up~ showin:J the con:luctive wrist band for
measurement of electric field i..n:hlca:i ba::iy o.trrent. one of
three han:! positions used for det.erm.i.ni..n i.rrluced OllTeIlt
was with the harr:ls on the keyboard.
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Figure 16. Measurement of the electric field i.n::hlced current in.
the operator was acx::arpli.shed through the use of a
c:orducti.ve wrist ban:i connected to a digital mJltimeter.
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Figure 17. One of three han:! positions used for determini..n; the
electric field in:luca::1 current was point.i..n; to a spot
on the screen of the display•
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Figure 18. 'Ihe third of three different han::! pc:sitions use:l for
detenni..nirg i..rrlu.ced cmrent was with the harx:l placed flat
against the screen of the VDI'. In this pc:sition the
capacitive COJPlirg to the electric field source is
greatest.
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Figure 19. Usi.rq the stans planar scanni.rg meter for detection of
possible 10./ energy x-radiation leakage fran the vor.
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Figure 20. R1~ of the Holaday Iniustries M::xiel HI-3600
VDI' survey meter.
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Measurement of Electric Field Strength via
Displacement Current Se"nsor

Both disks are
forced to the
same potential

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

Figure 21. Principle of operation of a displacezrent current sensor
for meaSlJri.n;J the strerxfth of an electric field .

." "

.iii;.
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Measurement of Magnetic Field Strength via
Induced Loop Current

Compensated Loop

Output

t

Tailored frequency response
with loop loading_ ..

Frequency - ....-

Figure 22. '!he frequeocy response of a cx::rrpensated (loaded) loop
for measuring magnetic fields. '!he loop load.in; prcxiuces
a shaped frequency response that is flat in a given
frequency ran;e.
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Reproduced Irom
best available copy.

Figure 23. variation of electric arxi magnetic field st.ren;th witil
di.stan::e fran a display was accarplished witil a
noncon::Iuctive stan:l to hold the field st.ren;th meter.



Figure 24. For measurements of electric field emissions, a spec::i
spaci.rq device was use:i to position the sensor surfac
30 an fran the surface of the display.
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Figure 25. For~ of magnetic field emissions, a special
spaci.n; device was used to position the center of the
loop sensor 30 Qll fran the surface of the display.
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Method for Calibrating the HI-3600 Magnetic Field
Response Using 3 Turn Helmholtz Coils

tHo =4.32 i (mAim)

1-.........--1 m--~..~I

T
0.5 m

~..-

Figure 26. Diagram of one-meter clianeter Helmholtz coil system for
generati..rq a ma.gnetic field of kI'larm streIl:;th for
calibrati..rq the field sensors.
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Reproduced trom
besl available copy.

Figure 27. .Fhot.ogralil of the one-meter Hel1Dholtz coil system used
to evaluate the response of the magnetic field sensors.
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Figure 28. R1otograI:i1 of the one-rreter square parallel plates used
to develop a la'lcM1 electric field stren;th for evaluatirg
the electric field sensors used in the project.
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Figure 29. Horizontal an::l vertical deflection fre:;luencies were
detenni..ned by usi..n:;J a frequency counter feature on the
Fluke Medel 8060A digital IIIl1timeter connected to the
analog c:JlItp.It signal of the field sensors.
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Reproduced from
best available copy.

Figure 30. UsirY;J the HI-3600 analog c:utplt with a digital
oscillosexJpe an::l laptop CXIlp.Iter to measure an::l
store the waveform of electric an::l magnetic fields
of a VDr.
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VLF ELECTRIC FIELD FREQUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3600

Meter SiN 54700 I Sensor SiN 54802
2a .---.........---.---.-~~"T""'T'"""I---r---.---.-.........-r-T""".........-T"--.
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Calibration field - 16_ V1m
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Figure 31. VLF electric field frequency response of the Holaday
In:hlstries Medel HI-360D-Ol, meter sin 54700, sensor
sin 54802 •
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field = 168.7 mAImCalibra
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VLF MAGNETIC FIELD FREQUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3600

Meter SiN 54700 I Sensor SiN 54802
E 200 r-----.----.----r---r--...................--...-----r---.--""T"--.--r-r~-__,
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~

E

D 180
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(lJ
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'+-

1 10
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Figure 32. VU' magnetic field freqI..len:y response of the Holaday
In:iustries M:del HI-3600-01, meter sin 54700, sensor
sin 54802.
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-E
...........

>

ELF ELECTRIC FIELD FREQUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3602

Meter SiN 55014, Sensor Sin 58493
20 ~--""""""-......,.-----r----.----r--"-""""""''''-------r------r------,
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D

.s 5
10 100

Frequency (Hz)

Figure 33. ELF electric field frequen::y response of the Holaday
In:iustries Ma:lel HI-3600-02, meter sin 55014, sensor
sin 58493.
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ELF MAGNETIC FIELD FREQUENCY RESPONSE
OF HOLADAY INDUSTRIES MODEL HI-3602
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Figure 34. ELF nagnetic field frequen::y response of the Holaday
In:hJstries Mcd.el HI-3600-02, meter sin 55014, sensor
sin 58493.
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Figure 35. ELF magnetic field frequency response of the Holaday
Industries M::xiel HI-3600-02, meter sin 55501, sensor
sin. 60088.
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SPATIAL VARIATION OF ELF MAGNETIC FIELD
FOR CCI VIDEO DISPLAY TERMINALS
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Figure 36. Spatial variation of EIF magnetic fields (vertical
deflection) for three CCI VDrs.
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SPATIAl VARIA TION OF VlF MAGNETIC FIELD
FOR CCI VIDEO DISPLAY TERMINALS
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Figure 37. Spatial variation of VU magnetic fields (horizontal
deflection) for foor a::::r VDrs.
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SPATIAL VARIATION OF ELF ELECTRIC FIELD
FOR CCI VIDEO DISPLAY TERMINALS
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Figure 38. Spatial variation of ElF electric fields for four
CCI VDI's.
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SPATIAL VARIATION OF VLF ELECTRIC FIELD
FOR eCI VIDEO DISPLAY TERMINALS
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Figure 39.' Spatial variation of VIP electric fields for four
a:I VDrs.
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SPATIAL VARIATION OF ELF MAGNETIC FIELD
FOR IBM VIDEO DISPLAY TERMINALS
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Figure 40. Spatial variation of EIF magnetic fields for four
IB'1 VDl's.
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SPATIAL VARIATION OF VLF MAGNETIC FIELD
.FOR IBM VIDEO DISPLAY TERMINALS
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Figure 41. Spatial variation of VU' magnetic fields for four
IIM VDrs. rata SUWOrt suwosition that there are two
different designs used for the same IIDJel •
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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
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SPATIAL V'ARIATION OF VLF ELECTRIC FIELD
FOR IBM VIDEO DISPLAY TERMINALS
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Figure 43. Spatial variation of VLF electric fields for four
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SPATIAl VARIATION OF ELECTRIC FIELD
FOR NGT DISPLAY I ST ATION 352
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Figure 44. Spatial variation of electric fields measured in the
ELF am VlF barxis for the NGI' display.
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SPATIAL VARIATION OF MAGNETIC FIELD
FOR NGT DISPLAY, 5TATION 352
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Figure 45. Spatial variation of magnetic fields measured in the
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SPATIAL VARIATION OF ELECTRIC FIELD
FOR LED OISPLAYI 5TATION 40
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SPATIAL VARIATION OF MAGNETIC FIELD
FOR lED DISPLAY. STATION 40
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REPRESENTATIVE WRIST CURRENT
WAVEFORM MEASUREMENT FOR

DETERMINING FREQUENCY
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VLF MAGNETIC FIELD WAVEFORM
AT 30 CM FROM CeI VOT

STATION 13, NASHVILLE
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VLF ELECTRIC FIELD WA VEFORM
AT 30 CM FROM CCI VDT

'STATION 13 I NASHVILLE
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ELF MAGNETIC FIELD WAVEFORM
AT 30 CM FROM CeI VDT

STATION 13 I NASHVILLE
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ELF ELECTRIC FIELD WAVEFORM
AT 30 CM FROM eCI VOT

STATION 13 I NASHVILLE
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VLF MAGNETIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VOT
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 VU' (horizontal. deflection) electric field
wavefonn determined at the screen surface for the !EM
vor, station 1006, Forest Park.
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VLF MAGNETIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VOT

STATION 426. LAKE CITY
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wavefoDll detenn:ined at the screen surface for the I::EM
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VLF MAGNETIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VDT

STATION 1028, MACON
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Figure 57. Measured VIF (horizontal deflection) magnetic field
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VLF ELECTRIC FIELD WAVEFORM
AT SCREEN SURFACE OF IBM VDT

STATION 1028, MACON
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ELF MAGNETIC FIELD WAVEFORM
AT 30 CM FROM IBM VDT

STATION 1028, MACON

E
........
<l:
E 200 ~

100 -

o -
_:"'';'__'. .::l'.:

_100 ~~__<:~.~::,.>i

.::..<~:
..

...

\ ......

'-.

....• ~..:.-:'
.....

" "':~
..

. .. :.~:

'\:.~::~:~.~~:~~~:).'

..••..:...

..... -

--

-
U

.1""1

~ -200 ~ Rate of change determined for
c
~ central 60% of transition
~ - 300 ~----I._---'--"""""_---I.._"'-'-_""",,---"""---_..&.....--.l.....---I

Time per division = 5 ms

dB/dt=0.0613 mA/m/~s/(mA/m rms)
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ELF ELECTRIC FIELD WAVEFORM
AT 30 eM FROM IBM VOT

STATION 1028. MACON
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VLF MAGNETIC FIELD WAVEFORM
AT SURFACE OF NGT DISPLAY

STATION 352, CINCINNATI
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Figure 61. Measured VU' magnetic field waveform detemined at the
surface of the NGl' display, station 352, Cincinnati.
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Figure 62. Measured V'I.F electric field waveform c1etel:mined. at the
surface of the NGT display, station 352, Cin:::innati.
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ELF MAGNETIC FIELD WAVEFORM
AT SURFACE OF NGTDISPLAY

STATION 352. CINCINNAT1
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Figure 63. Measured ELF magnetic field wavefonn detennmed at the
surface of the NGT display, station 352, Cincinnati.
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ELF ELECTRIC FIELD WAVEFORM
AT SURFACE OF NGT DI5PLAY

5TATION 352. CINCINNATI
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Figure 64. Measured EIF electric field waveform detenni.ned at the
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VLF MAGNETIC FIELD WAVEFORM
AT 30 eM FROM LED DI5PLAY

5TATION 408 I BLOOMINGTON
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Figure 65. Measured VIF magnetic field wavefonn detennined at
- 30 em for the !.ED display, station 408, Bloc::mi.rgton.
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VLF ELECTRIC FIELD WAVEFORM
AT 30 CM FROM LED DI5PLAY

5TATION 408 I BLOOMINGTON
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Figure 66. Measured VU' electric field wavefonn determined at
30 en for the LED display, station 408, Blc:x:::min:1ton.
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Figure 67. Measured EIF magnetic field wavefonn determined at
30 em for the rED display, station 408, Blcx:mi.rqton.
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ELF ELECTRIC FIELD WAVEFORM
AT 30 CM FROM LED DISPLAY

STATION 408, BLOOMINGTON
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Magnetic fteld

0000

(a) Longitudinal field (b) Frontal field

Magnetic field

Figure 71. Distribution of internally iniJre:i electric fields from
whole-bcrly exposure to time-varyin; magnetic fields.
Magnetic field direction is parallel to larxJ axis of body
in part (a), arrl perperxlio.l1ar to front of b:dy in (b).
Di.Iecti.on of internal E-field arrl iIrluced c.Jrrent reverses
every 1/2 cycle of the magnetic field. Source: Reilly,
1990.



.- L

NIOSH VDT Electric and Magnetic Fields· page 174

LAST PAGE OF REPORT



Appendixes page i

RICHARD TELL ASSOCIATES,INc.

AN INVESTIGATION OF ELECTRIC AND MAGNETIC
FIELDS AND OPERATOR EXPOSURE PRODUCED

BY VDTs: NIOSH VDT EPIDEMIOLOGY STUDY

FINAL REPORT

Appendixes A & B

September 18, 1990

Prepared for

National Institute for Occupational Safety and Health
Robert A. Taft laboratories

Industrywide Studies Branch
Cincinnati, OH 45226

by

Richard Tell Associates, Inc.
6141 W. Racel Street

Las Vegas, NV 89131·1912

:[ . (702) 645-3338 • 6141 W. RACEL ST. • LAS VEGAS, NEVADA 89131





Appendixes page ii

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

Table of Contents

Appen:tix A: List of epidemiolcqical studies related to vor
lI1Orkers. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 1

Appen:tix B: CClnpilation of electric ani magnetic field emission,
operator exposure ani i..rrlJrei c:mTelTt data for
96 vor, NGT ani lED displays evaluated in
NI<:sH ~....................................... 4





NIOSH VDT Electric and Magnetic Fields, Appendixes, page 1-11

Appendix A

List of Epidemiological Studies

Related to VDT Workers





.~.

t

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 2 !:
Bjerkedal, T. arx:l J. Egenaes (1986). Video display tenni.nals arrl birth
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APPENDIX B

Compilation of Electric and Magnetic Field Emission,

Operatt;)r 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 VU' sweep = - EIF sweep = -

seriallstation number: 302

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (VIm) 0.07 0.05 0.05 0.05 0.05 NA
VLF H (mAIm) 1.4 1.4 1.4 1.4 1.4 NA
ELF E (VIm) 0.62 0.45 0.34 0.23 0.23 NA
ELF H (mAIm) 36 22 16 84 79 NA

operator Exposure RMS Field Strength Values

Field Alxlanen Olest Face

VLF E (VIm) 0.12 0.06 0.07
VLF H (mA,Im) 1.6 1.6 1.6
EIF E (VIm) . 0.42 0.27 0.43
EIF H (mAIm) 35 32 26

operator RMS Induced Currents

Ham Position

Hands on keyboard
FiIger t.ouchin;J screen
Ham placed flat on screen

Induced 0Jrrent (uA)

0.02
0.01
0.01
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I.ocation: Cincinnati

Display type: NGT VU' Sweep = - ELF Sweep = -

serialjstation number: 303

Emission RMS Field Strength Values

Field Top Front Bottan· Back Left Right

VLF E (Vjm) 0.08 0.07 0.05 0.04 NA 0.05
VLF H (lM/m) 1.4 1.4 1.4 1.4 NA 1.4
ELF E (Vjm) 0.66 0.45 0.89 0.45 NA 0.42
ELF H (rnA,!m) 14 19 19 21 NA 46

Operator Exposure RMS Field Strength Values

Field AlxIanen . 01est Face

VLF E (Vjm) 0.30 0.21 0.10
VLF H (mAIm) 1.6 1.6 1.6
ELF E (Vjm) 2.1 1.2 1.5
ELF H (m1y'm) 21 26 24

Operator RMS Induced Currents

Han:! Position

Hands on keyboard.
F~er toud1.irg screen
Han:! placed flat on screen

Irxiuced Olrrent (uA)

0.02
0.01
0.01
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Location: cincinnati

Display type: NGT VI.F sweep = - EU' Sweep = -

serial/station number: 304

Emission RMS Field Strength Values

Field Top Front Bottan· Back !eft Right

VLF E (V/m) 0.09 0.05 0.05 . 0.05 0.05 NA
VLF H (rM,Im) 1.3 1.3 1.3 1.3 1.3 _NA
ELF E (V/m) 0.91 0.33 0.36 0.50 0.34 NA
ELF H (mAIm) 29 26 25 22 34 NA

Operator Exposure RMS Field Strength Values

Field Ab:lanen Clest Face

VIF E (V/m) 0.25 0.22 0.22
VLF H (mAIm) 1.6 1.6 1.6
ELF E (V/m) 0.33 0.45 0.70
ELF H (mAIm) 27 27 28

Operator RMS Induced Currents

Han:l Position

Hands on keyboard.
Fi.n:Jer tollc::hin3' screen
Han:l placed flat an screen

Irrlucecl Olrrent (uA)

0.0
0.0
0.0
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Location: cincinnati

Display type: NGI' VU' Sweep = - EIF Sweep = -

serial/station number: 307

Emission RMSField Strength Values

Field Top Front Bottan Back left Right

VLF E (Vim) 0.18 0.10 0.05 0.07 NA 0.05
VLF H (mAIm) 1.3 1.3 1.4 1.3 NA 1.4
ElF E (VIm) 1.7 0.56 0.34 0.74 NA 0.45
ElF H (mAIm) 39 42 13 37 NA 41

Oper'ator Exposure RMS Field Strength Values

Field Atrlemen Chest Face

VLF E (vim) 0.20 0.10 0.14
VLF H (mAIm) 1.6 1.6 1.6
EIF E (vim) 0.18 0.29 1.2
ElF H (IM,Im) 38 42 45

operator RMS Induced Currents

- -,

Ham Position

Hands on keyboard
Finger touchin;J screen
Ham placed flat on screen

Ini1l("p(l 0Jrrent (uA)

0.03
0.03
0.04
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Location: cincinnati

Display type: NGT VIZ Sweep = - EIF sweep = -.

serial/station number: 308

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VLF E (V/m) 0.07 0.07 0.08 0.07 0.05 .NA
VLF H (mAIm) 1.4 1.3 1.4 1.4 1.4 NA
ELF E (V/m) 0.60 0.45 0.30 0.28 0.33 NA
ELF H (mAIm) 46 32 28 64 40 NA

operator Exposure RMS Field Strength Valu~s

Field Abdanen Chest Face

VU' E (V/m) 0.28 0.07 0.11
VU' H (mAIm) 1.6 1.6 1.6
ELF E (V/m) 0.73 0.32 0.47
EIF H (mAIm) 37 35 32

operator RMS Induced Currents

Hand Position

Harrls on keyboard
F~er toudli.rg screen
Hand placed flat on screen

Irxiuced 0Jrrent (llA)

0.02
0.01
0.01
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I.Dcation: cinci.rmati

Display type: NGT VU' Sweep = - ELF Sweep = -

serial/station number: 310

Emission RMS Field Strength Values

Field Top . Front Bottan Back Left Right

VLF E (V/m) 0.14 0.07 . 0.05 0.05 0.05 NA
VLF H (mAIm) 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 (mAIm) 33 34 22 27 34 NA

operator Exposure RMS Field Strength Values

Field Alxlanen Olest Face

VLF E (VIm) 0.23 0.08 0.13
VI.F H (mAIm) 1.6 1.6 1.6
ELF E (V/m) 1.0 0.36 0.62
ELF H (mAIm) 33 35 33

operator RMS Induced Currents

Han:! Position

Han:ls on keyboard
Fi.n:1er touch:irg screen
Han:! placed flat on screen

Irdllced 01rrent (llA)

0.01
0.01
0.00
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Location: cincinnati

Display type: NGI' VU' Sweep = - ELF sweep = -

seriallstation number: 313

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VI.F E (Vim) 1.3 1.2 1.2 0.07 NA 0.05
VI.F H (mA,lm) 1.4 1.3 1.4 1.4 NA 1.4
ELF E (Vim) 1.3 0.68 0.29 0.50 NA 0.59
ELF H (mAIm) 43 42 30 50 NA 67

.Operator Exposure RMS Field Strength Values

Field Ab:ianen 01est Face

VLF E (VIm) 0.23 0.08 0.14
VLF H (mA,Im) 1.6 1.6 1.6
ELF E (Vjm) 0.33 0.23 1.2
ELF H (mAIm) 38 39 50

operator RMS Induced Currents

Ham Position

Harxis on keyboard
F~er 'toudl:irg screen
Ham placa:i flat on screen

Iniuced D.1rrent -(uA)

0.0
0.0
0.0
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Location: Cincinnati

Display type: NGI' VU' Sweep = - E!F Sweep = -

serial/station rnnnber: 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 (IMIm) 1.4 1.4 1.4 1.4 1.4 NA
ELF E (V/m) 0.91 0.28 0.38 0.23 0.22 NA
ELF H (IMIm) 40 31 32 32 80 NA

operator Exposure RMS Field Strength Values

Field M:daIen Olest Face

VU' E (V/m) 0.07 0.06 0.09
VU' H (mAIm) 1.6 1.6 1.6
E!F E (V/m) 0.47 0.16 0.57
E!F H (mAIm) 41 33 34

operator RMS Induced Currents

Han::l Position

Harrls on keyboard
FinJer t.o.lch.i.n:J screen
Han::l placed flat on screen

In:1IlCed 0Jrrent (llA)

0.02
0.02
0.05
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Location: Cincinnati

Display type: NGT V!F Sweep = - ElF Sweep = -

serialjstation num!::er: 317

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (Vjm) 0.16 0.09 0.05 0.07 NA 0.05
VIF H (mAIm) 1.4 1.4 1.4 1.4 NA 1.4
ELF E (Vjm) 2.0 0.66 0.29 0.62 NA 0.33
ElF H (Jl1A/m) 30 24 33 24 NA 34-

Operator Exposure RMS Field Strength Values

Field Alxiaren C1est Face

VLF E (Vjm) 0.21 0.06 0.12
VLF H (mAIm) 1.6 1.6 1.6
ElF E (VIm) 0.42 0.18 0.91
ElF H (mAIm) 36 31 23

Operator RMS Induced Currents

Han:l Position

HarxJs on keyboard
Finger touching screen
Han:l place:i flat on screen

IrrhlCPd Qlrrent (llA)

0.06
0.08
0.05
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Location: Cincinnati

Display type: NGI' VU sweep = - ElF Sweep = -

seriallstation number: 318

Emission RMS Field Strength Values

Field Top Front 80ttan Back Left Right

VIF E (Vim) 0.10 0.08 0.05 0.03 0.05 NA
VIF H (mAIm) 1.4 1.4 1.4 1.4 1.4 NA
ElF E (Vim) 1.0 0.35 0.34 0.29 0.23 NA
ElF H (mAIm) 23 29 42 34 90 NA

Op_erator Exposure RMS Field Strength Values

Field Ab:ianen Clest Face

VU E (Vjm) 0.25 0.06 0.12
VUH (mAIm) 1.6 1.6 1.6
ElF E (VIm) 0.35 0.26 0.80
ElF H (mAIm) 104 96 92

operator RMS Induced Currents

Han::i Position

Han:ls on keyboard
F:in:Jer toud1:iIq screen
Han::i placed flat on screen

Ircbred 0Jrrent (uA)

0.01
0.01
0.02
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Location: cincinnati

Display type: NGT VU' Sweep = - ELF sweep = -

serialjstation number: 319

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vjm) 0.21 0.09 0.05 0.07 NA 0.05
VLF H (IM,Im) 1.4 1.4 1.4 1.4 NA 1.4
ELF E (Vjm) 1.8 0.69 0.35 0.62 NA 0.38
ELF H (IM,Im) 19 20 43 34 . NA 48

Operator Exposure RMS Field Strength Values

Field Al::x:iaren Olest Face

VU' E (Vjm) 0.08 0.07 - 0.11
VU' H (mAIm) 1.6 1.6 1.6
ELF E (Vjm) 0.46 0.19 0.96
ELF H (mAIm) 34 31 24

Operator RMS Induced Currents

.-. 'P-"

.~

Hand Position

Harrls on keyboard
Firger talchi.rg screen
Hand placed flat on screen

Irrluced current (llA)

0.07
0.03
0.04
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Location: Cincinnati

Display type: NGT VU' Sweep = - EIF Sweep = -

seriallstation rnnnber: 321

Emission RMS Field Strength Values

Field Tq:> Front Bottan Back Left Right

VLF E (Vim) 0.19 0.07 0.05 0.07 NA 0.05
VLF H (IM/m) 1.4 1.4 1.4 1.4 NA 1.4
ELF E (VIm) 2.1 0.56 0.33 0.67 NA 0.38
ELF H (IM/m) 16 22 44 29 NA 45

Operator Exposure RMS Field Strength Values

Field Ab:ianen 01est Face

VLF E (VIm) 0.12 0.20 0.25
VU' H (mAIm) 1.6 1.6 1.6
EIF E (VIm) 0.60 0.25 0.68
EIF H (mAIm) 34 29 31

Operator RMS Induced Currents

Han::i Position

Hands on keyboard
F:irqer t.oud1in:;J screen
Han::i placed flat on screen

Induced 0Jrrent (\lA)

0.07·
0.09
0.09
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I..cx:ation: Cincinnati

Display type: NGl' VU' Sweep = - ELF Sweep = -

seriallstation number: 325

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VLF E (Vim) 0.20 0.10 0.05 0.08 NA 0.05
VLF H (l'l'IA,!m) 1.4 1.3 1.4 1.4 NA 1.3
ELF E (Vim) 2.7 0.82 0.49 0.73 NA 0.43
ELF H (l'l'IA,!m) 26 29 30 28 NA 37

Operator Exposure RMS Field Strength Values

Field Al:xianen Chest Face

VLF E (VIm) 0.21 0.09 0.17
VLF H (mAIm) 1.6 1.6 1.6
ELF E (VIm) 0.83 0.25 0.87
ELF H (mAIm) 31 32 27

Operator RMS Induced Currents

Han:l Position

Harrls on keyboard
Fi.nJer touchi.n:J screen
Han:l placed flat on screen

In:h1c:ed 0Jrrent (llA)

0.0
.0.0
'0.0
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location: Cincinnati

Display type: OOI' VIF Sweep = - ElF Sweep = -

seriallstation rnnnber: 328

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (VIm) 0.10 0.07 0.05 0.08 0.03 NA
VIF H (mAIm) 1.4 1.4 1.4 1.4 1.4 NA
ELF E (Vim) 0.89 0.40 0.25 0.39 0.27 NA
ELF H (mAIm) 43 48 33 59 36 NA

operator Exposure RMS Field Strength Values

Field A1:rlanen Olest Face

VlF E (VIm) 0.24 0.21 0.33
VlF H (mAIm) 1.6 1.6 1.6
ELF E (VIm) 0.14 0.23 0.86
ELF H (mAIm) 33 37 37

Operator RMS Induced Currents

Harrl Position

Han:is on keyboard
Fin3'er touc::hin; screen
Harrl placed flat on screen

IrrlJ.lcai 0Jrrent (llA)

0.01
0.01
0.01
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Location: cincinnati

Display type: NGT VU' Sweep = - EIF Sweep = -

seriallstation number: 329

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VLF E (Vim) 0.16 0.08 0.05 0.05 NA 0.05
VLF H (mA,lm) 1.4 1.4 1.4 1.3 NA 1.3
ELF E (Vim) 1.8 0.54 0.34 0.56 NA 0.38
ELF H (mA,lm) 58 73 108 71 NA 153

Operator Exposure RMS Field Strength Values

Field Ab:lanen Olest Face

VIF E (VIm) 0.22 0.20 0.10
VU' H (mAIm) 1.6 1.6 1.6
EIF E (VIm) 0.36 0.47 0.80
EIF H (mAIm) 103 94 84

operator RMS Induced Currents

Han:l Position

Hands on keyboard
Finger 1:alc:hi.n;J screen
Hand placed flat on screen

IrrlJred 0Jrrent ellA)

0.02
0.06
0.07
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Location: Cincinnati

Display type: NGI' VIP Sweep = - EIF Sweep = -

serial/station rnnnber: 337

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.16 0.19 0.05 0.07 NA 0.07
VLF H (mAIm) 1.4 1.3 1.3 1.4 NA 1.4
ELF E (V/m) 2.2 0.64 0.38 0.47 NA 0.36
ELF H (IM,Im) 57 63 52 46 NA 100

operator Exposure RMS Field Strength Values

Field Ab::laren Chest Face

VIP E (V/m) 0.21 0.21 0.33
VLF H (mAIm) 1.6 -. 1.6 1.6
EIF E (V/m) 0.35 0.33 1.2
EIF H (lM/m) 76 76 74

operator RMS Induced Currents

Harrl Position

Han:is on keyboard
Fi.n3'er~ screen
Harrl placa:l flat on screen

In:hJced 0Jrrent (uA)

0.0
0.0
0.0
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I.cx:ation: cincinnati

Display type: NGI' VIP Sweep = - EIP sweep = -

seriallstation number: 342

Emission RMS Fie.ld Strength Values

Field 'Iq> Front· Bottan Back Left Right

VLF E (Vim) 0.10 0.07 0.05 0.07 0.05 NA
VLF H (mAIm) 1.4 1.3 1.4 1.4 1.4 NA
ELF E (Vim) 1.3 0.38 0.61 0.35 0.42 -NA

ELF H (mAIm) 64 80 146 61 87 NA

operator Exposure RMS Field Strength Values

Field Abdanen Olest Face

VLF E (VIm) 0.07 0.07 0.11
VIP H (mA,Im) 1.6 1.6 1.6
ELF E (VIm) 0.25 0.28 0.83
ELF H (mA,Im) 67 62 58

operator RMSlnduced Currents

Hard Position

Han:ls on keyboard
F~er touchiIr:J screen
Hard placed flat on screen

Irxiuced current euA)·.

0.03
0.02
0.01
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Location: cincinnati

Display type:' NGT VI.F sweep = - EIF sweep = -

seriallstation number: 345

Emission RMS Field Strength Values

Field Top Front 80ttan Back Left Right

VLF E (Vim) 0.14 0.07 0.05 0.05 NA 0.05
VLF H (mAIm) 1.4 1.3 1.3 1.4 NA 1.3
ELF E (Vim) 1.4 0.49 0.30 0.41 NA 0.35
ELF H (mAIm) 83 100 101 103 NA 42

Operator Exposure RMS Field Strength Values

Field Atdanen 01est Face

VLF E (VIm) 0.22 0.07 0.22
VLF H (mA,Im) 1.6 1.6 1.6
ELF E (VIm) 0.13 0.30 1.2
EIF H (mA,Im) 108 111 108

Operator RMS Induced Currents

Han::i Position

Harrls on keyboard
Fin1er~ screen
Han::i placed flat on screen

Irrluced current' (uA)

0.0
0.0
0.0
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Location: cincinnati

Display type: NGI' VU' Sweep = - ELF Sweep = -

seriallstation number: 348

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (Vim) 0.09 0.07 0.05 0.19 0.05 NA
VIF H (mAIm) 1.4 1.4 1.4 1.4 1.4 NA
ELF E (Vim) 0.80 0.29 0.35 0.45 0.26 NA
ELF H (mAIm) 19 13 15 13 19 NA

operator Exposure RMS Field Strength Values

Field

VU' E (VIm)
VU' H (mAIm)
ELF E (V/m)
ELF H (mAIm)

M"rlaren

0.27
1.6
0.35

15

0.09
1.6
0.34

14

Face

0.10
1.6
0.63

14

operator RMS Induced Currents

.. ."..

£

Han:! Position

Hards on keyboard
Firger toud1ing screen
Han:! placed flat on screen

Iniuced CUrrent (uA)

0.03
0.01
0.01



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 24ft

location: cincinnati

Display type: NGT VU' sweep = - EIF Sweep = -

seriallstation rnnnber: 349

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VI.F E (Vim) 0.19 0.09 0.05 0.07 NA 0.04
VI.F H (mAIm) 1.4 1.4 1.4 1.4 NA ~1.4

ELF E (Vim) 2.4 0.55 0.28 0.73 NA 0.33
ELF H (mAIm) 25 .30 27 17 NA 21

operator Exposure RMS Field Strength Values

Field Al:danen Olest Face

VLF E (VIm) 0.24 0.07 0.16
VLF H (mAIm) 1.6 1.6 1.6
EIF E (VIm) 0.16 0.27 1.3
EIF H (mA/m) 11 11 14

Operator RMS Induced Currents

Han:! Position

Han:1s on keytoard
FiIx1er touchi..ng screen
Han:! place:::l flat an screen

IndJ1ced 0Jrrent (llA)

0.01
0.01
0.0



NIOSH VDT Electric and Magnetic Fields. Appendixes, page 251J

Location: cincinnati

Display type: NGT vu Sweep = - ELF Sweep = -

seriallstation rnmJb:>..r: 351

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 0.19 0.07 0.05 0.07 NA - 0.03
VLF H (IM,Im) 1.3 1.3 1.4 1.4 NA 1.4
ELF E (Vim) 2.2 0.73 0.43 0.55 NA 0.38
ELF H (IM,Im) 16 17 35 16 NA 21

operator Exposure RMS Field Strength Values

Field Alxianen C1est Face

VLF E (VIm) 0.08 0.07 0.21
VLF H (mAIm) 1.6 1.6 1.6
ELF E (VIm) 1.0 0.63 0.91
ELF H (mAIm) 8.1 11 14

operator RMS Induced Currents .

Harrl Positioo

Harrls on keyboard
Fin3'er 1:a.lchi.n:3' screen
Han:! placed flat on screen

Indttced 0Jrrent (llA)

0.02
0.01
0.03



· . ~

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 26ij

Location: cincinnati

Display type: NGT VU' S\¥eep = - EIE SWeep = -

Seriallstation number: 352

Emission RMS Field Strength Values

Field Top Front Elottan Back Left Right

VI.F E (Vim) 0.08 0.02 0.02 0.02 0.02 NA
VI.F H (IM/m) 1.5 1.5 1.5 1.5 1.4 NA
ELF E (Vim) 0.49 0.23 0.25 0.29 0.26 NA
ELF H (IM/m) 25 18 21 22 40 NA

Operator Exposure RMS Field Strength Values

Field Abdanen (]}est Face

VU' E (VIm) 0.08 0.08 0.11
VLF H (mAIm) 1.6 1.6 1.6
ELF E (VIm) 0.34 0.27 0.48
ELF H (mAIm) 12 21 27

Operator RMS Induced Currents

Han:l Positian

Han:is on keyboard
Fi.n;er taldli.n:J screen
Han:l placed flat an screen

Irrbnrl 0Jrrent (llA)

0.0
0.0
0.0



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 27 ;9-

Location: cincinnati

Display type: NGT VU' sweep = - ELF sweep = -

seriallstation number: 358

Emission RMS Field Strength Values

Field Top Front E!ottan Back. Left Right

VI.F E (Vim) 0.10 0.04 0.05 0.05 0.05 NA
VI.F H (IM,Im) 1.4 1.3 1.4 1.4 1.4 NA
ELF E (Vim) 1.2 0.33 0.27 0.66 0.27 NA
ELF H (IM,Im) 10 14 27 23 18 NA

Operator Exposure RMS Field Strength Values

Field Abdaren Chest Face

VI.F E (VIm) 0.25 0.07 0~22

VI.F H (mAIm) 1.6 1.6 1.6
ELF E (Vjm) 0.49 0.43 1.0
ELF H (mAIm) 15 16 15

Operator RMS Induced Currents

..~.~.

lb

Han:! Position

Harrls on keyboard
Firger touch.in; screen
Harrl placed flat on screen

In:b Ieed 01rrent (uA)

0.0
0.0
0.0



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 2s/f--

Location: Cincinnati

Display type: NGI' VU' sweep = - EIF Sweep = -

seriallstation number: 361

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 0.11 0.04 0.05 0.05 NA 0.05
VLF H (mAIm) 1.3 1.3 1.3 1.3 NA
ELF E (Vim) 0.49 0.43 0.29 0.35 NA 0.33
ELF H (mAIm) 22 22 22 23 NA 25

Op_erator Exposure RMS Field Strength Values

Field Abiem=m Olest Face

VU' E (VIm) 0.25 0.20 0.19
VU' H (mAIm) 1.6 1.6 1.6
EIF E (VIm) 0.36 0.27 0.53
EIF H (mAIm) 21 21 22

operator RMS Induced Currents

Hard Position

Harrls on keyboard
Firger taJ.c::hi.n:;J screen
Ham placed flat on screen

Irrl11CE!d CJrrent (llA)

0.01
0.01
0.01
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Location: Bloc:anin:1ton

Display type: lED VU' Sweep = - ELF Sweep = -

serial/station rn.nnber: 413

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.21 0.14 0.25 0.56 NA 0.12
VLF H (mAIm) 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
ELF H (mAIm) 185 155 138 177 NA 132

Operator Exposure RMS Field Strength Values

Field Abdanen 01est Face

VLF E (V/m) 0.04 0.04 .0.18
VLF H (mAIm) 1.6 1.4 1.4
ELFE (vim) 0.33 0.30 0.30
ELF H (mAIm) 147 170 205

operator RMS Induced Currents

Han:l Position

Harrls on keyboard
Firger touc::h:in:J screen
Han:l placed flat on screen

Iniuced OJrrent (llA)

,0.01
0.01
0.01



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 30 /Ii--

Location: Bloomington

Display type: IE[) VIP Sw'eep = - EIF Sweep = -

seriallstation number: 402

Emission RMS Field Strength Values

Field Top Front Bot:tan Back Left Right

VLF E (VIm) 0.15 0.13 0.20 0.58 0.11 WI.
VLF H (mAIm) 1.6 1.6 4.8 1.6 1.7 WI.
ELF E (Vim) 0.94 0.36 0.43 14 0.56 WI.
ELF H (mAIm) 46 39 25 _ 44 139 WI.

operator Exposure RMS Field Strength Values

Field Ab:iaren Olest Face

VIP E (vim) 0.12 0.04 0.04
VIP H (mAIm) 2.3 1.6 1.4
EIF E (VIm) 0.53 0.31 0.34
ELF H (mAIm) 35 50 62

operator RMS Induced Currents

Han::l Position

Hams on keyboard
Fi.!x3'er~ screen
Han:l placed flat on screen

Inilx::ed 0Jrrent (uA)

0.01
0.0
0.0



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 3'1;::4--

Location: BlCXlllli.n:1ton

Display type: IED VU' Sweep == - ElF sweep == -

seriallstation number: 403

Emission RMS Field Strength Values

Field '1'q) Front Bottan Back Left Right

VLF E (Vim) 0.12 0.11 0.20 0.42 NA 0.11
VLF H (mAIm) 1.6 1.7 5.4 1.6 NA 1.7
ELF E (VIm) 1.2 0.43 0.41 12 NA 0.39
ELF H (mAIm) 45 30 89 50 NA 153

Operator Exposure RMS Field Strength Values

Field Al:x:lanen Olest Face

VLF E (VIm) 0.10 0.08 0.05
VLF H (mAIm) 1.9 1.6 1.4
ELF E (VIm) 0.30 0.26 0.33
ELF H (mAIm) 36 55 66

Operator RMS Induced Currents

Hand Position

Han:3s on keyboard
F~er touchi.n;J screen
Hand placed flat on screen

Infuced OJrrent (uA)

0.01
0.0
0.01



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 32)9-

. Location: Bloc:mi.n;Jton

Display type: LED VIP sweep = - ELF Sweep = -

Seriallstation number: 404

Emission RMS Field Strength Values

Field Tc:p Front Bottan Back left Right

VIF E (Vim) 0.11 0.11 0.19 0.51 0.14 NA
VIF H (mAIm) 1.6 1.6 4.8 1.6 1.6 NA
ELF E (Vim) 0.44 0.34 0.39 13 0.45 NA
ELF H (mAIm) 55 52 19 33 158 NA

operator Exposure RMS Field Strength Values

Field Alx1anen 01est Face

VIF E (VIm) 0.09 0.03 0.03
VU' H (mAIm) 2.1" 1.5 1.4
ELF E (VIm) 0.41 0.32 0.30
ELF H (mAIm) 52 64 80

Operator RMS Induced Currents

Hard Position

Hands on keyboard
F~er ta.lc::hiIq screen
Hard placed flat on screen

In:iuced o.n-rent (uA)

0.02
0.01
0.01



NIOSH VDT Electric and Magnetic Fields,. Appendixes, page 33Ii-'-

Location: Bl~

Display type: IE[) VIF Sweep = - EIF Sweep = -

serial/station number: 405

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.13 0.11 0.19 0.64 NA 0.10
VLF H (mAIm) 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
ELF H (mAIm) 57 31 32 63 NA 175

Operator Exposure RMS Field Strength Values

Field Alxianen C1est Face

VU' E (Vjm) 0.10 0.05 0.04
VU' H (mA,Im) 2.4 1.6 1.4
EIF E (V/m) 0.38 0.30 0.37
EIF H (mA,Im) 46 60 83

operator RMS Induced Currents

Hand Positian

Ha.rds an keyboard
FinJer toudl:in;J screen
Hand placa:l flat on screen

In:iuced Clrrent (uA)

0.02
0.01
0.01



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 34H--

Location: Bloami..ngton

Display type: lED VU' sweep = - ELF Sweep = -

seriallstation number: 406 /

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 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
ELF E (Vim) 1.3 0.35 0.38 7.1 0.49 NA
ELF H (mA/rn) 40 49 11 61 191 NA

operator Exposure RMS Field Strength Values

Field AManen C1est Face

VLF E (VIm) 0.08 0.08 0.18
VLF H (mAIm) 1.9 1.5 1.4
ELF E (VIm) 0.31 0.29 0.34
ELF H (mAIm) 35 51 65

Operator RMS Induced Currents

Han::i Position

Hams on keyb:Jard
Firger toud'lin3' screen
Han1 place::l flat on screen

Irduced 0Jrrent (uA)

0.0
0.0
0.0



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 3S/f--'

location: BloarniIqton

Display type: !ED VU' Sweep = - ELF Sweep = -

serialjstation number: 408

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vjm) 0.22 0.11 0.17 0.49 0.11 NA
VLF H (mAIm) 1.6 1.6 5.7 1.6 1.6 JU\
ELF E (Vjm) 1.1 0.37 0.44 17 0.46 NA
ELF H (mAIm) 85 125 65 95 157 NA

Operator Exposure RMS Field Strength Values

Field Al:xianen Chest Face

VLF E (Vjm) 0.04 0.08 0.09
VLF H (mAIm) 1.7 1.7 1.4
ELF E (Vjm) 0.30 0.29 0.31
ELF H (mAIm) 1.1 1.3 1.6

Operator RMS Induced Currents

Han::! Position

Han::ls on keyboard
Fi.n;er toud1in:J screen
Han::! placed flat on screen

Ird11ced Olrrent (uA)

0.01
0.02
0.02



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 36;4-

lDcation: Bloam.in3ton

Display type: lID VU' sweep = - ELF Sweep = -

seriallstation number: 411

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (VIm) 0.11 0.12 0.17 0.69 NA 0.11
VLF H (IM,Im) 1.6 1.6 3.5 1.6 NA 1.7
ElF E (Vim) 2.4 0.43 0.39 14 NA 0.45
ElF H (IM,Im) 151 131 114 166 NA 130

Operator Exposure RMS Field Strength Values

Field

VU' E (VIm)
1;,VU' H (mA,Im)

-ELF E (Vjm)
ELF H (mAIm)

0.09
1.72
0.41

121

0.08
1.42
0.30

143

Face

0.07
1.34
0.30

169

operator RMS Induced Currents

Hard Position

Han::ls on keyboard
F~er touc:hi.rx1 screen
Hard place::i flat on screen

Irrluced current (uA)

0.01
0.0
0.0



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 37;t--

Location: Bloami.n;Jton

Display type: rID VIF sweep = - EIF sweep = -

serial/station number: 415

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VU' E (V/m) 0.13 ,0.12 0.21 0.89 NA 0.11
VU' H (miVm) 1.6 1.6 6.4 1.6 NA 1.7
ELF E (V/m) 1.4 0.35 0.41 19 NA 0.86
ELF H (miVm) 102 102 86 115 NA 96

Operator Exposure RMS Field Strength Values

Field Ab::lanen Chest Face

VIP E (V/m) 0.09 . 0.08 0.05
VIF H (mAIm) 1.8 1.4 1.4
EIF E (Vjm) 0.34 0.30 0.30
EIF H (mA/lIl) 118 125 134

operator RMS Induced Currents

Harx:i Position

Han:is on keyboard
Fi.rger talc::h:in; screen
Harx:i placed flat on screen

Irrluced Olrrent (llA)

0.0
0.0
0.0



· /i
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II

Location: Bloc:mi.rqton

Display type: lED VIP Sweep = - EIF Sweep = -

seriallstation number: 416

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (VIm) 0.13 0.12 0.21 0.23 0.10 NA
VLF H (mAIm) 1.6 1.6 1.9 1.6 1.6 NA
ELF E (VIm) 0.45 0.37 0.48 8.1 0.35 NA -
ELF H (mAIm) 107 114 111 107 69 NA

operator Exposure RMS Field Strength Values

Field Abdanen Chest Face

VLF E (VIm) 0.09 0.04 0.03
VLF H (mA,Im) 2.1 1.5 1.4
EIF E (VIm) 0.38 0.30 0.31
EIF H (mAIm) 132 146 147

operator RMS Induced Currents

Harxi Position

Hands on keyboard
F.i.rger~ screen
Hand placed flat on screen

In:bred O1ITent (uA)

0.02
0.01
0.01
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Location: BlOClllin;ton

Display type: IED VU' Sweep = - EIF Sweep = -

seriallstation rnJmber: 417

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VIP E (Vim) 0.13 0.12 0.20 0.93 NA 0.10
VIP H (mAIm) 1.6 1.6 3.3 1.6 NA 1.6
ELF E (Vim) 2.1 0.41 0.42 20 NA 0.39
ELF H (mAIm) III 106 109 118 NA 55

Operator Exposure RMS Field Strength Values

Field Abianen 01est Face

VU' E (VIm) 0.10 0.04 0.03
VU' H (mA/m) 2 1.5 1.3
EIF E (VIm) 0.37 0.27 0.31
EIF H (mA,Im) 131 150 156

Operator RMS Induced Currents

.--1

Han:! Position

Han:ls on keyboaId
Fi.n:;Jer t:.ouch:in:J screen
Han:! placed flat on screen

Irrluced 01rrent (llA)

0.01
0.01
0.0



NIOSH VDT Electric and MagnetIc Fields, Appendixes, page 40 ;9--

location: BIOClrli.rgton

Display type: lED VU' &Neep = - ElF &Neep = -

serial/station number: 421

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VIF E (V/m) 0.11 0.12 0.20 0.27 NA 0.11
VI.F H (mAIm) 1.6 1.6 4.2 1.6 NA 1.6
ELF E (V/m) 1.1 0.39 0.44 7.8 NA 0.71
ELF H (mAIm) 117 101 110 115 NA 95

operator Exposure RMS Field Strength Values

Field Ab:ianen Chest Face

VIP E (Vjm) 0.05 0.04 0.09
VIP H (mAIm) 1.7 1.4 1.3
ElF E (V/m) 0.41 0.35 0.29
ElF H (mA,Im) 117 130 133

operator RMS Induced Currents

Ham Position

Hards on keyboard
F:in;3'er t.ouch:iIq screen
Ham placa:i flat on screen

:rmuced OJrrent (uA)

0.02
0.01
0.01



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 4V7--

Location: Bloami..rgt.on

Display type: !ED VIF Sweep = - EIF Sweep = -

seriallstation number: 422

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 0.17 0.11 0.16 0.67 0.11 NA
VLF H (mAIm) 1.6 1.6 3.4 1.6 1.6 NA
ELF E (Vim) 1.4 0.35 0.42 13 0.66 NA
ELF H (mAIm) 103 102 100 106 25 NA

operator Exposure RMS Field Strength Values

Field Ab"ICJTIE'n . Olest Face

VU' E (VIm) 0.09 0.04 0.07
VLF H (mAIm) 2.7 1.7 1.4
ElF E (VIm) 0.27 0.27 0.30
ElFH (mAIm) 101 105 110

operator RMS Induced Currents

Han::! Position

Harrls on keyboard
Finger touchi.n:J screen
Han::! placed .flat an screen

IrrblCEd Olrrent (uA)

0.02
0.01
0.01·



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 42 jf---

Location: Bloc:ani.n;Jton

Display type: lED VIZ Sweep = - ElF Sweep = -

serial/station number: 423

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right.

VLF E (Vim) 0.16 0.12 0.21 0.60 NA 0.11
VLF H (lM/m) 1.6 1.6 1.6 1.6 NA 1.6
ElF E (Vim) 2.1 0.42 0.43 13 NA 0.38
ElF H (lM/m) 115 99 105 115 NA 123

0e~rator Exposure RMS Field Strength Values

Field Al::dareri Olest Face

VLF E (V/m) 0.09 0.09 0.11
VIZ H (mA,Im) 2.2 1.6 1.4
ELF E (V/m) 0.31 0.29 0.33
ELF H (mAIm) 109 113 116

operator RMS Induced Currents

Han::l Position

Han::is on keyboard
Fi.rxJer~ screen
Han::l placed flat on screen

Imuced Current (llA)

0.02
0.01
0.02



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 4311

lDcation: Bloami.n;ton

Display type: IE) VU' Sweep = - ElF sweep = -

serial/station rn.nnber: 424

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (VjIn) 0.12 0.11 0.20 0.20 0.11 NA
VLF H (mAIm) 1.6 1.6 5.0 1.6 1.6 NA
ELF E (V/m) 0.38 0.33 0.39 3.9 0.33 NA
ELF H (mAIm) 106 100 92 103 10 NA

Operator Exposure RMS Field Strength Values

Field Al:daren Olest Face

VU' E (V/m) 0.09 0.09 - 0.23
VU' H (mAIm) 2.1 1.7 1.4
ELF E (V/m) 0.39 0.30 0.30
EIF H (mA,Im) . 104 110 112

Operator RMS Induced Currents

Hand Position

Hands on keyboard
Fin;Jer ta.ld1.in;I screen
Hand placed flat an screen

In:iuced Current euA)

0.04
0.02
0.03
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NIOSH VDT Electric and Magnetic Fields, Appendixes, page 44 )!-

Display type: IED VU' S\¥eep = - ElF Sweep = -

serial/station number: 425

Emission RMS Field Strength Values

Field Top Front Bottan Back Left . Right

VlF E (VIm) 0.14 0.11 0.24 0.44 NA 0.12
VlF H (mAIm) 1.6 1.6 1.7 1.6 NA 1.6
ElF E (VIm) 1.8 0.34 0.39 12 NA 0.42
ElF H (mAIm) 122 113 119 124 NA 11

operator Exposure RMS Field Strength Values

Field Ab:lc:anen 01est Face

VLF E (VIm) 0.09 0.08 0.20
VU' H (mAIm) 2.1 1.7 1.4
ElF E (VIm) 0.39 0.26 0.30
ElF H (mA,Im) 111 117 123

operator RMS Induced Currents

Hard Position

Harrls on keyboard
Firger touc:.:hin3' screen
Han:l placed flat on screen

Irrluced. 0Jrrent (uA)

0.0
0.0
0.0
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Location: BloCmi.rgton

Display type: lED VU' S\r.'eep = - EIF sweep = -

serial/station ntmlber: 427

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.13 0.11 0.16 0.87 NA 0.11
VLF H (mAIm) 1.6 1.6 3.4 1.6 NA 1.6
ELF E (V/m) 1.2 0.43 0.42 18 NA .0.48
ELF H (mAIm) 91 87 82 84 NA 47

Operator Exposure RMS Field Strength Values

Field Atx:ianen Olest Face

VLF E (V/m) 0.05 0.05 0.03
VLF H (mAIm) 1.7 1.5 1.4
ELF E (Vjm) 0.39 0.30 0.29
EIF H (mA/1II) 98 108 110

operator RMS Induced Currents

.. ..,.
11

Harx:i Position

Harrls on keyixlard
Fin;Jer t.ouchin:J screen
Harx:i placed flat on screen

IOOuced CUrrent (uA)

0.02
0.02
0.01



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 46}":;-"

Location: Bl~

Display type: lED VU' Sweep =- EIF Sweep = -

serial/station number: . 429

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.:31 0.12 0.21 0.54 NA 0.11
VLF H (mAIm) 1.6 1.6 3.7 1.6 NA 1.6
ELF E (V/m) 2.0 0.39 0.42 14 NA 0.35
ELF H (mAIm) 86 79 73 83 NA 29

Operator Exposure RMS Field Strength Values

Field Ab::bnen Olest Face

VLF E (V/m) 0.10 0.09 0.05
VLF H (mAIm) 1.7 1.5 1.4
ElF E (vim) 0.41 0.30 0.38
ElF H (mAIm) 85 44 89

operator RMS Induced Currents

Han:i Position

Hands on keyboard
F~er touchi.n:J screen
Han:i placed flat an screen

In:iuced Olrrent (llA)

0.01
0.01
0.01



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 47y/

Location: Blocrni..rgton

Display type: !ED VU' Sweep = - EIF Sweep = -

serialjstation rn.nnber: 431

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vjm) 0.28 0.11 0.20 0.60 NA 0.11
VLF H (mAIm) 1.6 1.6 4.1 1.6 NA 1.6
ELF E (Vjm) 2.0 0.35 0.41 14 NA 0.45
ELF H (mAIm) 14 76 82 82 NA 16

operator Exposure RMS Field Strength Values

Field AtrlC'JTETl Chest Face

VU' E (Vjm) 0.07 0.05 0.12
VU' H (mAIm) 2.1 1.5 1.4. ElF E (V/In) 0.29 0.31 0.31
ElF H (mAIm) 80 87 88

operator RMS Induced Currents

Han:i Position

Hards on keyboard
Fi.n3'er toudti..n:J screen
Han:i placed flat on screen

Irrluoed 0Jrrent (llA)

0.0
0.0
0.01



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 4SP--

Location: Bloc:mi..n;Jton

Display type: !ED VU Sweep = - EU' SWeep = -

serial/station number: 434

Emission RMS Field Strength Values.

Field Tap Front Bottan Back Left Right

VLF E (V/m) 0.16 0.12 0.13 0.66 0.11 NA
VLF H (mAIm) 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 (IM/m) 60 58 47 62 31 NA

Operator Exposure RMS Field Strength Values

Field Ab:ianen C1est Face

VU E (V/m) 0.09 0.05 0.08
VLF H (mAIm) 1.9 1.5 1.4
ELF E (V/m) 0.38 0.32 0.27
ELF H (mA,Im) 63 64 66

Operator RMS Induced Currents

Hard Position

Hands on keyboard
Fin:Jer ta.ldlirg screen
Hard placed flat on screen

IndJlCed current (llA)

0.02
0.01
0.01



, , ,
, ' I

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 4~:/f··'

I.cx:ation: Bloami.n:3ton

Display type: lED VIF Sweep = - EIF Sweep = -

serial/station rn.nnber: 437

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 0.21 0.06 0.21 0.52 NA 0.11
VLF H (mAIm) 1.6 1.6 2.8 1.6 NA 1.6
ELF E (Vim) 2.3 0,.35 0.39 12 NA -0~44

ELF H (IM,Im) 15 62 65 64 NA 19

Operator Exposure RMS Field Strength Values

Field Alxianen 01est Face

VLF E (VIm) 0.07 0.09 0.21
VIF H (lM,Im) 1.9 1.5 1.4
EIP E (VIm) 0.29 0.42 0.43
EIP H (mAIm) 68 73 74

Operator RMS Induced Currents

Han::l Position

Han::ls on keyboard
Fil"ger toud1i.n::J screen
Harrl placed flat on screen

Ir<tJo:ri 0Jrrent (llA)

0.03
0.02
0.03



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 50 )<}--

Location: Bloami..rqton

Display type: lED VIP Sweep = - EIF Sweep = -

seriallstation number: 444

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VLF E (VIm) 0.29 0.12 0.21 0.79 0.12 NA
VLF H (mAIm) 1.6 1.6 3.8 1.6 1.6 NA
ELF E (Vim) 0.54 0.44 0.39 15 0.45 NA
ELF H (mAIm) 44 23 21 33 19 NA

Operator Exposure RMS Field Strength Values

Field Ab1anen 01est Face

VI.F E (Vjm) 0.10 0.03 0.05
VI.F H (mAIm) 1.7 1.4 1.4
EIF E (VIm) 0.31 0.27 0.32
EIF H (mA,Im) 18 22 31

Operator RMS Induced Currents

Harrl Pesition

Hanis on keyboard
Firger toudli.rq screen
Harrl placed flat on screen

Irxiuoed 0Jrrent (llA)

0.01
0.0
0.0



NIOSH VDT Electric and Magnetic Fields, Appendixes, page' 51 ff'

location: Bloc:rni..rqton

Display type: 1m VIP sweep = - EIF Sweep =-

seriallstation number: 445

Emission RMS Field Strength Values

Field '1q) Front Bottan Back left Right

VLF E (VIm) 0.26 0.12 0.21 1.1 NA 0.11
VLF H (mAIm) 1.6 1.6 3.5 1.6 NA 1.6
ElF E (VIm) 4.0 0.36 0.38 22 NA 0.67
ELF H (mAIm) 50 41 26 38 NA 19

Operator Exposure RMS Field Strength Values

Field Ab::ianen 01est Face

VIP E (VIm) 0.10 0.09 0.11
VLF H (mAIm) 2.5 1.6 1.4
EIF E (VIm) 0.32 0.27 0.32
EIF H (mA,Im) 34 37 44

Operator RMS Induced Currents

Ham Position

Han:is on keyboard
Fi..rger taldlin;J screen
Ham placed flat on screen

Irduced Clrrent (uA)

0.01
0.0

. 0.0



"f ,

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 52 /;---,

-Location: Bloami..rqton

Display type: lED VU' Sweep = - EIP Sweep = -

seriallstation number: 458

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (VIm) 0.16 0.11 0.20 0.23 0.11 NA
VIF H (mAIm) 1.6 1.6 4.9 1.6 1.6 NA
ElF E (VIm) 0.57 0.34 0.42 4.6 0.39 N1\ -
ElF H (mAIm) 58 71 69 62 79 NA

Operator Exposure RMS Field Strength Values

Field Alxlanen Olest Face

VU' E (VIm) 0.09 0.08 0.05
VU' H (mAIm) 1.8 1.5 1.4
EIP E (VIm) 0.30 0.31 0.30
EIP H (mA,Im) 112 115 133

operator RMS Induced Currents

Hand Position

Hanjs on keyOOard
Fi.rqer t.alc:hirq screen
Hand placed flat on screen

0.02
0.01
0.01



-I

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 53 ;j-

location: Nashville - we.ldl Road

Display type: CCI VU' Sweep = 14.997 kHz ErF Sweep = 45.72 Hz

serial/station number: 81974/50

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 2.8 3.6 1.6 1.4 0.90 3.7
VLF H (mA,lm) 36 1.2 36 186 111 108
ELF E (Vim) 5.5 2.6 4.1 4.1 11 8.6
ELF H (mA,lm) 335 293 617 2900 1540 1158

9perator Exposure RMS Field Strength Values

Field Ab::ianen 01est Face
...

VU' E (V/m) 0.68 0.82 1.1
VU' H (mAIm) 15 12 40
ErF E (VIm) 0.44 0.75 1.5
ErF H (mAIm) 48 56 50

operator RMS Induced Currents'

Han:i Position

Hams on keyboard
Fin;er tou.d1i.n:J screen
Han:i placa:i flat on screen

In:luced CUrrent (uA)

7.8
13
81



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 54 ;4-

Location: Nashville - weldl Road

Display txPe: a::I VIZ Sweep = 14.997 kHz EIF Sweep = 45.72 Hz

serial/station rnnnber: 82101/12

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VIF E (V/m) 2.7 4.0 1.7 2.1 0.49 2.2
VLF H (mAIm) 11 124 39 117 57 83
ELF E (V/m) 7.0 4.9 1.4 4.5 1.6 12
ELF H (mAIm) 127 182 481 747 68 956

operator Exposure RMS Field Strength Values

Field Alxkroen Chest Face

VIF E (V/lII) 0.68 1.3 1.6
VIZ H (lM,Im) 26 12 53
ELF E (vim) 2.9 1.6 0.95
ELF H (mAIm) 23 26 30

operator RMS Induced Currents

Han:! Position

Harrls on keyboard
Fin;er t:oudl:irq screen
Han:! placed flat an screen

Irx'hn:rl 0Jrrent (uA)

13
16
65



,)

NIOSH VDT Electric and Magnetic Fields, Appendixes, page sslj-

I.cx::ation: Nashville - welch. Road

Display type: ccr VU' sweep = 14.998 kHz ELF sweep = 45.73 Hz

seriallstation l'1IJII1ber: 89028/2

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VLF E (Vim) 7.4 8.5 0.15 1.7 1.2 3.8
VLF H (mAIm) 206 124 9.7 46 107 63
ELF E (Vim) 3.1 3.4 0.85 3.4 4.7 16
ELF H (mA,lm) 311 256 521 3094 1702 1402

,

operator Exposure RMS Field Strength Values

Field Abdanen Q1est Face

VLF E (VIm) 0.53 0.87 1.5
VLF H (mAIm) 31 5.9 41
ELF E (VIm) 0.30 0.49 1.1.
ELF H (mAIm) 56 45 49

operator RMS Induced Currents

Han] Position-

Han::ls on keyboard
F~er touchin:;J screen
Han] placed flat on screen

IrchJoed CUrrent (uA)

3.3
3.7

30



NIOSH VD~ Electric and Magnetic Fields, Appendixes, page5~

Location: Nashville - Welch Road

Display type: CCI VIP Sweep = 14.994 kHz ELF Sweep = 45.71 Hz

seriallstation number: 89997/7

Emission RMS Field Strength Values

Field Top Front . Bottan Back left Right

VLF E (Vim) 3.1 1.6 0.25 1.4 3.1 0.77
VLF H (IM/m) 21 143 63 171 103 135
ELF E (Vim) 2.9 2.2 1.2 . 7.3 7.0 5.7
ELF H (IM/m) 421 322 411 2318 1478 874

operator Exposure RMS Field Strength Values
-~-

Field Alx1anen Olest Face

VLF E (VIm) 0.79 0.90 1.3
VIP H (mAIm) 26 9.2 48
ELF E (Vjm) 0.32 0.37 0.79
ELF H (mAIm) 31 32 40

Operator RMS Induced Currents

Han:) Position

Harrls on keyboard
F:in3'er touc:::hing screen
Han:) placed flat on screen

14
25

121



· ")
NIOSH VDT Electric and Magnetic Fields, Appendixes, page 57/7-

Location: Nashville - welch Road

Display type: a:I VU' Sweep = 14.997 kHz EIP Sweep = 45.72 Hz

seriallstation number: serial JUJIDber :rem:wed fran unit/13

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 3.2 3.8 0.77 2.4 0.68 2.4
VLF H (mAIm) 5.1 129 21 132 64 39
ELF E (Vim) 5.2 1.8 0.63 8.5 0.90 11
ELF H (IM/m) 118 257 536 945 129 1032

operator Exposure RMS Field Strength Values

Field Alxianen 01est Face

VLF E (VIm) 0.45 1.3 1.9
VLF H (mAIm) 20 4.8 62
ELF E (VIm) 0.57 0.52 1.8
ELF H (mAIm) 26 34 36

Operator. RMS Induced Currents

Han:! Position

Harrls on keyboard
Finger ta.1chin:J screen
Han:! placed flat on screen

Irxtnrl Olrrent (uA)

0.08
0.8
7.3



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 5~/.:f--

location: Nashville - weldl Road

Display type: CCI VU' Sweep = 14.996 KHz EIF sweep = 45. 72 Hz

seriallstation number: serial number rem:JVed fran l.D1i.t/44

Emission RMS Field Strength Values

Field Top Front Bottan Back . Left Right

VIF E (Vim) 4.1 4.7 1.9 2.7 0.51 4.0
VLF H (II'lA/m) 54 160 84 103 69 53
ELF E (Vim) 5.0 5.7 3.4 5.3 2.1 23
ELF H (mA,lm) 457 206 272 ~ 761 90 974

Operator Exposure RMS Field Strength Values

Field Alxiaren C1est Face

VLF E (VIm) 0.39 1.1 1.6
VLF H (mAIm) 38 7.3 59
EIF E (VIm) 0.68 1.2 2.0
EIF H (mAIm) 26 39 48

Operator RMS Induced Currents

HarD Position

Harx:is on keyboard
Fin1er toudli.n;J screen
Han::i placed flat an screen

ImllCE'd 0Jrrent (uA)

0.51
18
89



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 5~?

location: Nashville -~

Display type: CCI VU Sweep = 14.997 kHz ELF Sweep = 45.72 Hz

seriallstation number: 05027/1399

Emission RMS Field Strength Values

Field Top Front Bottcm Back left Right

VLF E (VIm) 2.5 3.3 0.57 6.8 0.91 1.1
VLF H (mA,lm) 42 120 13 72 115 82
ElF E (Vim) 7.1 2.0 1.4 8.8 3.7 4.8
ElF H (mA,lm) 515 376 533 187 710 489

operator Exposure RMS Field Strength Values

Field Al:xlanen Chest Face

VU E (V,Im) 0.79 0.81 0.83
VUH (mAIm) 23 33 . 20
ELF E (VIm) 4.4 6.9 9.1
ELF H (mAIm) 101 114 98

Operator RMS Induced Currents

Hard Position

Harrls on keyboard
Finjer touc::hin:;J screen
Hard placed flat on screen

In1ucec1 Olrrent (uA)

9.7
7.4

65



/"1

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 60 /-y-

Location: Nashville - D:Mltown

Display type: ccr VU' Sweep = 14.997 kHz ELF Sweep = 45.72 Hz

serial/station number: 05182/1412

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 3.3 6.1. 0.83 4.1 1.12 0.93
VLF H (mAIm) 57 98 104 26 125 72
ELF E (V/m) 1.6 1.4 23 2.4 2.8 4.2
ELF H (mAIm) 455 341 235 455 644 463

operator Exposure RMS Field Strength Values

Field Alxlanen Olest Face

VLF E (V/m) 0.96 0.87 0~97

VU' H (mAIm) 12 23 22
ELF E (Vjm) 7.9 0.79 2.9
ELF H (mA,Im) 80 123 123

Operator RMS Induced Currents

Hand Position

Han:1s on keyboard
Fi.n;er t.ouchin;J screen
Hand place::l flat on screen

9.0
9.0

107



NIOSH VDT Electric and Magnetic Fields, Appendixes, page61fr

Location: Nashville -~

Display type: CCI VIZ Sweep = 14.997 kHz EtF Sweep = 45. 72 Hz

serial/station number: 94328/1382

Emission RMS Field Strength Values

Field Tcp Front Bottan Back Left Right

VLF E' (Vim) 3.5 5.3 1.3 2.2 1.2 0.65
VIF H (mA,lm) 70 89 56 38 104 26
ELF E (V/m) 3.3 2.2 45 5.5 9.6 16
ELF H (mA,lm) 424 315 201 410 494 405

Operator Exposure RMS Field Strength Values

Field Al:x:lanen C1est Face

VIF E (VIm) 1.1 0.96 1.3
VU' H (mAIm) 10 20 22
EIF E (V/m) 6.1 1.0 2.4
EtF H (mAIm) 85 89 85

Operator RMS Induced Currents

Harrl Position

Hands on keyboard
Firger toudl:in;J screen
Harrl placed flat on screen

In:iuced 0Jrrent (uA)

2.3
8.4

86



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 62;9--

Location: Nashville - Iklwntc::Mn

Display type: CCI VU' Sweep = 14.998 kHz EIF Sweep = 45. 73 Hz

serial/station number: 94501/0756

Emission RMS Field Strength Values

Field Top Front E!ottau Back Left Right

VLF E (V/m) 2.4 4.9 0.58 1.5 0.71 0.58
VLF H (mAIm) 32 83 48 8.6 63 73
ELF E (V/m) 1.2 1.9 14 1.3 0.68 12
ELF H (mAIm) 394 271 192 325 461 407

operator Exposure RMS Field Strength Values

Field AJ:rlanpn Chest Face

VLF E (V/m) 0.78 1.0 1.7
VLF H (mAIm) 6.7 13 19
ELF E (V/m) 0.88 3.7 0.58
ELF H (mAIm) 64 82 89

Operator RMS Induced Currents

Han::! Positian

Han::ls an keyOOard
Fi.rqer t.ouc:h.in;J screen
Han::! placed flat an screen

Imnced Olrrent (uA)

5.3
8.6

73



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 63;1

Location: Nashville - D:lwrItown

Display type: a:::I VU' sweep = 14.997 kHz EIF sweep = 45.72 Hz

serial/station rn.nnber: 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
VLF H (mtv'm) 16 99 18 23 60 79
ElF E (V/m) 1.55 1.39 25 11 9.0 -

3.2
ElF H (mtv'm) 537 300 256 392 604 439

Operator Exposure RMS Field Strength Values

Field AJ:xicm:m C1est Face

VU' E (V/m) 0.97 1.5 1.3
VU' H (mAIm) 13 27 .26
ELF E (V/m) 16 1.4 3.1
EIF H (mAIm) 110 122 111

Operator RMS Induced Currents

Han::i Position

Harrls on keyboard
F~er toud1i.rg screen
Harx:l placed flat on screen

Irxluced current (uA)

10
15
96



/'""!
NIOSH VDT Electric and Magnetic Fields, Appendixes, page 64'i-';~

Location: Nashville -~

Display type: CCI VIF sweep = 14.997 kHz EIF sweep = 45. 72 Hz

serial/station number: 95179 (?)/1375

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VlF E (Vim) 2.5 3.9 1.5 3.2 0.60 0.70
VlF H (mA,lm) 72 68 69 47 82 76
ELF E (Vim) 3.7 1.3 12 4.4 10 16
ELF H (mA,lm) 402 327 253 477 577 428

Operator Exposure RMS Field Strength Values

Field Abdanen Chest Face

VIF E (VIm) 0.35 0.85 1.1
VIF H (mAIm) 8.1 28 30
ElF E (Vjm) 6.3 2.7 8.6
EIF H (mAIm) 69 89 83

operator RMS Induced Currents

Hand Position .

Harrls on keyboard
Fin;Jer t.ouchi.rg screen
Hand placed flat on screen

In:iuced 0Jrrent (uA)

6.2
11
58



· D
NIOSH VDT Electric. and Magnetic Fields, Appendixes, page 65 J V

Location: Forest Park

Display type: IB-1: vu Sweep = 15.840 kHz ELF Sweep = 60.00 Hz

serial/station number: 34632/1014

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.13 2.1 0.07 0.22 0.08 0.10
VLF H (IM/m) 22 4.3 . 1.9 28 3.9 26
EIF E (V/m) 0.45 4.5 0.57 2.3 0.41 0.78
ElF H (IM/m) 135 109 57 108 91 152

operator Exposure RMS Field Strength Values

Field Abdaren C1est Face

VLF E (V/m) 0.10 0.14 0.21
VIP H (mAIm) 2.1 2.0 2.1
ELF E (V/m) 0.27 0.30 0.67
ELF H (mAIm) 91 86 115

operator RMS Induced Currents

Ham Position

Hands on keyboard
Firger tc:Judli.Ig screen
Ham place::i flat on screen

Irduoed CUrrent (llA)

0.06
3.4

80



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 66 ,ft

Location: Forest Park

Display type: mt VIP SWeep = 15.844 kHz ELF Sweep = 60.00 Hz

seriallstation number: 35817/1025

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 0.14 1.8 0.07 0.26 0.08 0.07
VLF H (mA/m) 24 5.8 2.0 43 6.7 26
EIF E (Vim) 0.79 1.4 1.6 1.6 0.67 1:5
EIF H (mA/m) 179 193 129 122 287 119

operator Exposure RMS Field Strength Values

Field Al:danen Chest Face

VU' E (VIm) 0.13 0.14 0.22
VIP H (mAIm) 1.6 2.1 2.0
ELF E (VIm) 0.36 1.0 1.2
ELF H (mA/m) 155 166 179

operator RMS Induced Currents

Hand Position

Hards on keyboard
Finger touch.i.n:] screen
Hand placa:i flat on screen

In:h1ced 01rrent (uA)

0.09
5.7

85



..1

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 67/rf-I--'

I..o:ation: Forest Park

Display tyr.e: !B-1 . VU' Sweep = 15.839 kHz ELF Sweep = 60.00 Hz

serial/station number: 35819/1038

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (VIm) 0.15 1.8 0.07 0.14 0.08 0.07
VLF H (mAIm) 26 4.6 1.9 20 6.0 11
EIF E (V/m) 0.42 2.0 1.8 0.53 1.3 1.4
EIF H (mAIm) 83 71 41 42 152 127

_operator Exposure RMS Field Strength Values

Field Ab:lanen 01est Face

VLF E (V/m) 0.07 0.14 0.34
VLF H (mAIm) 2.5 2.8 2.2
ELF E (VIm) 1.2 0.84 1.1
ELF H (mAIm) 58 69 80

Operator RMS Induced Currents

Han:! Position

Han:ls on keyboard
Fi.n;Jer t.ouc.h.in3' screen
Han:! placed flat on screen

Ircb JCe1 current (uA)

0.63
1.7

40



NIOSH VOT Electric and Magnetic Fields, AppendIxes, page 6a;:J

Location: Forest Park

Display type: IEf1 VU' Sweep = 15.844 kHz EIF Sweep = 60.01 Hz

serial/station rn.nnber: 35882/1006

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VLF E (V/m) 0.16 4.2 0.19 0.28 0.20 0.14
VLF H (mAIm) 27 81 1.9 8.3 27 10
ELF E (V/m) 0.42 4.8 1.9 1.1 0.61 3.3
ELF H (mAIm) 393 420 91 167 339 326

Operator Exposure RMS Field Strength Values

Field Atrlanen Chest Face

VU' E (V/m) 0.23 0.46 0.53
VU' H (mAIm) 4.4 9.9 11
EIF E (V/m) 0.82 0.80 1.1
EIF H (mAIm) 102 52 134

Operator RMS Induced Currents

Han:l Pl:sition

Harrls on keyboard
F~er touchi.n1 screen
Han:l placed flat a1 screen

IrdtlCe:i OJrrent (uA)

0.07
8.9

55



I!

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 69~

Location: Forest Park

Display type: IEt1 VIZ Sweep = 15.845 kHz ELF Sweep = 60.02 Hz

serial/station number: 36026/1030

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.16 47 0.07· 0.13 0.10 0.14
VLF H (mAIm) 30 103 2.4 39 13 19
ELF E (V/m) 0.43 1.4 1.5 1.0 0.90 0.52
ELF H (mAIm) 527 571 51 245 723 416

operator Exposure RMS Field Strength Values

Field Al:xlanen Olest Face

VU' E (V/m) 0.16 0.49 0.66
VLF H (mAIm) 13 6.7 19
ELF E (V/m) 0.86 1.2 1.1
ELF H (mAIm) 128 130 191

operator RMS Induced Currents

Han:l Position

Harxis on keyboard
Fin;Jer touchi.n;J screen
Han:i placed flat on screen

Irrluced 0Jrrent (llA)

0.02
2.8

51



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 7oL{j';>/.,

Location: Forest Park

Display type: IB1: VU' Sweep = 15.844 kHz ELF Sweep = 60.01 Hz

seriallstation number: 36151/1004

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (VIm) 0.13 1.9 0.09 0.11 0.66 0.07
VLF H (mAIm) 3.4 5.3 3.3 27 8.0 8.8
ELF E (Vim) 0.50 3.3 0.86 1.6 0.53 1.2
ELF H (rnA/m) 136 127 71 144 218 100

0eerator Exposure RMS Field Strength Values

Field Alxianen Chest Face

VLF E (VIm) 0.12 0.31 0.37
VLF H (mA,Im) 2.5 2.4 2.0
ELF E (VIm) 0.32 0.34 0.72
ELF H (mA,Im) 77 84 52

operator RMS Induced Currents

Han:i Position

Harrls on keyboard
Fi.n;]er t.oud1in:J screen
Han:i placed flat on screen

IrrlllCJ"d 01rrent (llA)

0.04
5.2

51



\
NIOSH VDT Electric and Magnetic Fields, Appendixes, page 7111

I..cx:ation: Macon

Display type: I&! VIF Sweep = 15.845 kHz ELF Sweep = 60.02 Hz

serial/station number: 93809/1006

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.12 1.9 0.07 0.09 0.09 0.07
VLF H (IM,Im) 22 4.2 1.8 19 5.2 17
ELF E (Vim) 0.46 1.3 0.42 0.26 0.37 0.54
ELF H (IM,Im) 152 123 21 87 179 87

operator Exposure RMS Field Strength Values

Field Akrlanen Olest Face

VIF E (vim) 0.10 0.19 - 0.55
VIF H (mAIm) 2.2 2.4 5.1
ElF E (VIm) 0.29 0.34 0.45
ELF H (mA,Im) 12 26 42

operator RMS Induced Currents

Han:! Position

Harrls on keyboard
Firger 1:alchi.rq screen
Han:! .placed flat on screen

Irrluced 0Jrrent (uA)

0.92
1.5

27



/1
NIOSH VDT Electric and Magnetic Fields, Appendixes, page 72;7'

Location: Macon

Display type: :rm: VU' Sweep = 15.840 kHz ELF sweep = 60.00 Hz

serial/station number: 93812/1017

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.11 2.0 0.07 0.09 0.08 0.10
VLF H (IM,Im) 11 4.0 1.6 15 3.4 12
EIF E (V/m) 0.42 3.1 0.42 0.34 0.31 0.31
EIF H (IM,Im) 87 88 20- 65 120 83

Operator Exposure RMS Field Strength Values

Field ' Abdanen Chest Face

VLF E (V/m) 0.08 0.25 0.60
VLF H (m1Vm) 2.0 1.9 2.2
ELF E (V/m) 0.39 0.61 0.83
ELF H (mAIm) 20 16 28

operator RMS Induced Currents

Han:! Position

Harrls on keyboard
Fi.n::Jer toud'l:irg screen
Han:! place::i flat on screen

Irrluced OJrrent (llA)

0.31
4.6

43



· \
NIOSH VDT Electric and Magnetic Fields, Appendixes, page 73/!

Location: Maron

Display type: !EM VU' sweep = 15.840 kHz EIP sweep = 60.00 Hz

serial/station number: 93899/1035

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.14 1.8 0.08 0.11- 0.08 0.07
VLF H (mAIm) 15 5.9 1.7 23 5.2 23
ELF E (V/m) 0.42 1.6 0.89 0.71 0.38 1.1
ELF H (mAIm) 132 117 13 102 201 125

Operator Exposure RMS Field Strength Values

Field Al:dcrnen 01est Face

VU' E (vim) 0.22 0.24 0.56
VU' H (mAIm) 3.4 2.6 2.7
EIP E (V/m) 0.29 0.42 0.50
EIP H (mA/ID) 25 23 20

operator RMS Induced Currents

Han:! Position

Han:is on keyboard
F:iIger touch:ing screen
Han:! place:i flat on screen

Irrluced 0Jrre.nt (uA)

11
11
44



I
NIOSH VDT Electric and Magnetic Fields, Appendixes, page 74 y

/

Location: Macon

Display type: :m-t VU' Sweep = 15.840 kHz ELF sweep = 60.00 Hz

serial/station rn.nnber: 93901/1018

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VI.F E (V/m) 0.12 2.0 0.07 0.13 0.08 0.08
VlF H (mAIm) 23 4.6 1.8 19 4.4 9.4
ELF E (V/m) 0.39 1.5 0.47 0.45 0.27 0.46
ELF H (IM,Im) 134 121 12 92 195 85

Operator Exposure RMS Field Strength Values

Field Ab:ianen 01est Face

VLF E (Vjm) 0.09 0.46 0.59
VLF H (lM/m) 2.4 3.1 2.2
ELF E (V/m) 0.31 0.38 0.46
ELF H (mAIm) 33 39 36

Operator RMS Induced Currents

Harxi Position

Han:ls on keyboard
Fin:Jer toudl.in:3' screen
Harxi placed flat on screen

Irduce::l Olrrent (uA)

0.49
8.9

91



· n/J
NIOSH VDT Electric and Magnetic Fields, Appendixes, page 75 -1-/

Location: Macon

Display type: TIM vu sweep = 15.840 kHz ElF Sweep = 60.00 Hz

serial/station number: 94590/1028

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.10 1.3 0.08 0.11 0.09 0.23
VLF H (mAIm) 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 (mAIm) 134 108 23 81 178 107

Operator Exposure RMS Field Strength Values

Field AJ:x1anen Chest Face

VLF E (V/m) 0.10 0.18 0.25
VIP H (mAIm) 2.8 2.5 2.4
ELF E (V/m) 0.32 0.76 1.5
ElF H (mAIm) 22 29 48

Operator RMS Induced Currents

Han:l Position

Harrls on keyboard
FiIger touchi..n;J screen
Harrl placed flat on screen

In:iuced 0Jrrent (uA)

2.7
7.3

50



NIOSH VDT Electric and Magnetic Fields, Appendixes, page76ff

Location: Macon

Display type: !EM VU' sweep = 15.840 kHz ELF Sweep = 60.00 Hz

seriallstation mnnber: 94607/1022

Emission RMS Field Strength Values

Field Top Front Bottan Back left Right

VLF E (Vim) 0.15 2.1 0.10 0.12 0.08 0.08
VLF H (mAIm) 15 6.1 1.8 28 4.6 18
ELF E (Vim) 0.84 6.4 1.1 0.72 0.25 1.0
ELF H (mAIm) 117 117 22 122 178 66

operator Exposure RMS Field Strength Values

Field Al::danen Chest Face

VLF E (VIm) 0.11 0.48 1.05
VLF H (mAIm) 3.5 3.0 3.6
ELF E (VIm) 0.56 1.3 2.6
ELF H (mAIm) 24 19 29

Operator RMS Induced Currents

Han:l Position

Han:!s on keyboard
Fin3'er ta.lc.hi.n3' screen
Han:l placed flat on screen

In:hJced 0Jrrent (llA)

0.14
7.8

55



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 7ft1

location: Jacksonville

Display type: !EM VU' Sweep = 15.841 kHz EIF Sweep = 60.00 Hz

Serial/station rn.nnber: 30434/124

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (V/m) 0.20 4.6 0.07 0.19 0.26 0.09
VIF H (mAIm) 45 108 2.6 12 31 14
ELF E (V/m) 0.56 1.0 0.95 0.49 0.78 0.78
ELF H (mlv'm) 421 512 65 277 641 358

Operator Exposure .RMS Field Strength Values

Field Akrlanen Qlest Face

VLF E (vim) 0.20 0.55 0.71
VU' H (mlv'm) 5.9 7.3 18
EIF E (vim) 0.34 0.39 0.67
EIF H (mA,Im) 62 88 99

operator RMS Induced Currents

Han:} Position

Harx:is on keyboard
Fi.n:Jer touchirq screen
Hard plaCEd flat on screen

Iniuced 0UTent (llA)

0.78
12

128



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 78 A-

Location: Jacksonville

Display type: IEI1 VU' Sweep = 15.840 kHz ELF Sweep = 60.00 Hz

serial/station rnnnber: 30491/132

Emission RMS Field Strength Values

Field Top' Front Bottan Back Left Right

VIF E (V/m) 0.16 4.4 0.08 0.14 0.18 0.15
VLF H (mAIm) 32 91 2.3 10 27 12
ELF E (V/m) 0.58 1.4 0.43 0.35 0.44 3.2
ELF H (mAIm) 447 474 53 211 602 286

Operator Exposure RMS Field Strength Values

Field Abdanen Chest Face

VU E (V/m) 0.30 0.55 0.61
VUH (mA,Im) 4.5 7.1 10
ELF E (V/m) 0.35 0.32 0.49
ELF H (mA,Im) 70 73 64

Operator RMS Induced Currents

Hard Position

Bards on keyboard
Fin:Jer ta.lch:irg screen
Hard placed flat CIl screen

In:iuced Olrrent (uA)

2.9
6.0

69



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 79 4-

Location: Jacksonville

Display type: IB-! VIZ Sweep = 15.844 kHz EU sweep = 60.02 Hz

serial/station number: 30518/139

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (V/m) 0.31 5.1 0.07 0.14 0.16 0.10
VIF H (mAIm) 47 100 2.9 10 30 15
ELF E (V/m) 0.50 1.6 1.0 0.42 0.57 1.9
ELF H (mAIm) 511 510 72 327 619 340

operator Exposure RMS Field Strength Values

Field Abdanen Q1est Face

VU' E (VIm) 0.19 0.72 1.6
VIZ H (mAIm) 10 2.7 30
EIF E (vim) 0.69 0.42 1.1
EIF H (mA,Im) 71 87 104

Operator RMS Induced Currents

Hard Position

Hanjs on keyboard
F~er t:oudti.n;J screen
Hard placed flat on screen

ImJ1CE!d CUrrent (llA)

2.4
13

105



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 80~

location: Jacksonville

Display type: I&f VU' Sweep = 15.844 kHz EIF sweep = 60.00 Hz

serial/station number: 30533/136

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VI.F E (V/m) 0.16 4.8 0.07 0.19 0.18 0.10
VI.F H (mAIm) 34 101 2.5 1.6 32 1~

ELF E (V/m) 1.8 0.61 0.44 0.88 1.4 0.97
ELF H (mAIm) 411 515 26 486 607 457

Operator Exposure RMS Field Strength Values

Field AIxlanen Olest Face

VU' E (V/m) 0.74 1.5 0.88
VU' H (mAIm) 12 37 6.4
EIF E (V/m) 0.39· 0.65 0.55
EIF H (mAIm) 130 218 181

Operator RMS Induced Currents .

Ham Position

Harxis on keyboard
Fi.n3'er talchi.n:1 screen
Ham placed flat on screen

Irrluced OJrrent (uA)

1.2
15

148



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 81 4
/

location: Jacksonville

Display type: I1!i VIF Sweep = 15.841 kHz EIF sweep = 60.00 Hz

serial/station mnnber: 30628/120

Emission RMS Field Strength Values

Field Top Front Bot:tan Back Left Right

VLF E (V/m) 0.54 4.6 0.07 0.31 -0.22 0.14
VLF H (rnA,lm) 113 124 3.5 21 79 18
ELF E (V/m) 0.55 1.5 0.41 0.35 0.63 3.7
ELF H (rnA,lm) 524 521 76 310 646 344

_9perator Exposure RMS Field Strength'Values

Field Al:rlanen Cl1est Face

VU' E (V/m) 0.28 0.58 0.59
VU' H (mAIm) 4.1 16 18
EIF E (V/m) 0.29 0.32 0.48
EIF H (mAIm) 79 131 106

Operator RMS Induced Currents

Han:l Position

HarxIs on keyboard
Firger touch:irg screen
Han:l place:l flat on screen

IrxtJo:rl O-lrrent (llA)·

0.75
21

148



NIOSH VDT Electric.and Magnetic Fields, Appendixes, page 82 'If

location: Jacksonville

Display type: TIM VU' Sweep = 15.840 kHz ELF Sweep = 60.00 Hz

serial/station number: 91-94748/130

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.12 2.1 0.16 0.15 0.15 0.07
VLF H (mAIm) 23 4.2 1.8 13 4.3 9.7
ELF E (V/m) 0.59 3.4 1.1 1.4 0.42 0.92
ELF H (mAIm) 94 104 22 82 174 181

operator Exposure RMS Field Strength Values

Field Ab:laDen 01est Face

VIF E (vim) 0.10 0.14 0.34
VU' H (mAIm) 2.6 2.0 2.0
ELF E (V/m) 0.44 0.31 0.29
ELF H (mAIm) 13 30 38

Operator RMS Induced Currents

Ham. Positian

Han::1s an keyboard
Fin:;Jer t:.a.ldl..in:J screen
Ham. placed flat an screen

Irl:hJced Olrrent (llA)

0.33
6.5

65



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 83#

location: Lake City

Display type: !EM VU' Sweep = 15.845 kHz ElF Sweep = 60.02 Hz

serial/station rn.nnber: 29735/408

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VI.F E (V/m) 0.25 4.7 0.07 NA 0.28 0.11
VI.F H (mAIm) 42 97 2.4 NA 32 14
ELF E (V/m) 0.39 0.97 0.53 NA 0.48 0.30
ELF H (mAIm) 320 409 119 NA 476 367

operator Exposure RMS Field Strength Values

Field Ab:ianen Olest Face

VU' E (V/m) 0.18 0.35 0.69
VU' H (mAIm) 4.4 4.9 30
ELF E (V/m) 0.47 0.30 0.32
ElF H (mAIm) 79 47 77

operator RMS Induced Currents

Hard Position

Hands on keyboard
Firger ta.1dliIg screen
Hard placed flat on screen

In:hlced 0Jrrent (uA)

0.11
5.1

37



NIOSH VDT Electric and Magnetic Fields, Appendixes, page sW-

Location: lake City

Display type: IIH VlF Sweep = 15.844 KHz EIF SWeep = 60.00 Hz

serial/station number: 29744/418

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.28 4.6 0.05 NA 0.18 0.15
VLF H (mAIm) 59.9 95 1.8 NA 31 18
ElF E (V/m) 1.0 1.0 0.46 NA 0.44 1.1
ELF H (mAIm) 248 484 79 NA 513 404

Qperator Exposure RMS Field Strength Values

Field Abdanen Chest Face

VLF E (V/m) 0.15 0.51 0.77
VlF H (mAIm) 3.4 6.0 18
ELF E (V/m) 0.31 0.30 1.3
EIF H (mAIm) 65 69 70

operator RMS Induced Currents

HaOO Position

Harrls on keyOOard
Fi.rqer toud'li.n3' screen
Harrl placed flat on screen

Irx:h1ced 0Jrrent (llA)

0.14
16
80



NIOSH VDT Electric and Magnetic Fields, Appendixes, page ss;1--

location: Lake City

Display type: IB-i VU' sweep = 15.842 kHz ElF Sweep = 60.00 Hz

serial/station number: 30592/437

Emission RMS Field Strength Values

Field Top Front 80ttan Back Left Right

VLF E (Vim) 0.25 4.8" 0.07 NA 0.23 0.27
VLF H (mAIm) 34 97 2.2 NA 19 17
ELF E (Vim) 0.48 1.0 0.41 NA 0.48 4.8
ELF H (mAIm) 525 474 117 NA 515 377

Operator Exposure RMS Field Strength Values

Field Abicmm Olest Face

VIP E (Vjm) 0.11 0.24 - 0.67
VIP H (mAIm) 7.9 . 6.5 27
ElF E (VIm) 0.29 0.30 0.36
ElF H (mAIm) 97 123 124

Operator RMS Induced Currents

Han:! Position

Harrls on keyboard
Fi.n:Jer toudling screen
Han:! placed flat on screen

Intrei 0Jrrent (uA)

0.37
10

125



";

NIOSH VDT Electric and Magnetic Fields, Appendixes, page8~

I.!:x:ation: lake City

Display type: rEM VIP sweep = 15.842 kHz ELF Sweep = 60.00 Hz

serial/station number: 30593/426

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.14 2.1 0.83 NA 0.08 0.19
VLF H (mAIm) 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 (mAIm) 142 134 50 NA 171 188

Operator Exposure RMS Field Strength Values

Field Al:x:bnen Chest Face

VIF E (Vjm) 0.12 0.16 0.24
VIP H (mAIm) 3.0 2.2 2.5
ELF E (VIm) 2.1 2.3 3.1
ELF H (mAIm) 87 93 99

operator RMS Induced Currents

..
...

Han:i Position

Han:ls on keyboard
Fin:Jer t.oudli.rg screen
Han:i placed flat on screen

1.1
4.2

89



1

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 87/~
f

IDeation: Iake City

Display type: :tIM VIF Sweep = 15.840 kHz EIF Sweep = 60.00 Hz

serial/station number: 30598/402

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (V/m) 0.51 4.8 0.07 NA 0.22 0.23
VLF H (mAIm) 93 125 5.4 NA 27 22
ELF E (V/m) 0.48 0.92 0.57 NA 0.46 0.64
ELF H (mAIm) 513 486 48 NA 515 428

operator Exposure RMS Field Strength· Values

Field Ab:lanen 01est Face

VLF E (V/m) 0.08 0.36 1.0
VIF H (mAIm) 3.8 8.3 38
EIF E (V/m) 0.27 0.32 0.53
EIF H (mA,Im) 99 160 180

operator RMS Induced Currents

Han::i Position

Harrls on keyOOard
F:in;er touc::h:in;J screen
Han::i placed flat on screen

In:!uced 0Jrrent (llA)

0.12
4.1

53



!/~

NIOSH VDT Electric and Magnetic Fields, Appendixes, page 88/~! ~.

Location: lake City

Display type: :rm VU' Sweep = 15.844 kHz EIF Sweep = 60.02 Hz

serial/station number: 30612/412

Emission RMS Field Strength Values

Field Tq:> Front Bottan Back Left Right

VI.F E (V/m) 0.22 4.2 0.07 NA 0.14 0.24
VI.F H (mAIm) 29 81 2.0 NA 18 15
ELF E (V/m) 1.3 1.0 0.76 NA 0.57 3.8
ELF H (mA,lm) 471 483 138 WI. 441 406

Operator Exposure RMS Field Strength Values

Field Alxlaren Chest Face

VU' E (V/m) 0.10 0.41 0~70

VU' H (mAIm) 13 3.5 19
ElF E (V/m) 0.32 0.44 1.4
ElF H (mAIm) 123 176 106

Operator RMS Induced Currents

Han::i Position

Han:is on keyOOard
Fi.n;er 'ta.1ch:in;J screen
Han:! placed flat an screen

Irrluced Olrrent (uA)

0.51
12

122
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NIOSH VDT Electric and Magnetic Fields, Appendixes, page 89 #

Location: Marrero·

Display type: CCI VU' Sweep = 14.998 kHz ELF Sweep = 45. 73 Hz

serial/station number: 06316/53

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VU' E (V/m) 2.4 5.9 0.09 3.4 0.62 2.5
VU' H (mAIm) 134 143 8.81 81 78 105
ELF E (V/m) 3.9 2.2 0.64 2.4 1.3 7.5
ELF H (mAIm) 488 352 102 341 558 257

Operator Exposure RMS Field Strength Values

Field Alx3aren Chest Face

VIF E (V/m) 0.33 1.3 1.8
VIF H (mAIm) 19 20 38
ELF E (V/m) 0.30 0.71 1.2
ELF H (mA,Im) 47 88 66

Operator RMS Induced Currents

Ha.nj Position

Han::1s on keyboard
Fin;Jer tc:Judlin3' screen
Han:! placed flat an screen

In:luced 01rrent (llA)

1.3
6.3

46



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 90 I~-

location: Marrero

Display type: CCI VU' Sweep = 14.998 kHz ELF Sweep = 45.73 Hz

seriallstation IUIInber: 06536/48

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 2.0 4.7 1.2 7.9 0.68 0.67
VLF H (mAIm) 185 136 13 128 168 92
ELF E (Vim) 3.6 4.0 1.6 8.0 1.3 11
ELF H (IM,Im) 535 412 99 482 486 416

Operator Exposure RMS Field Strength Values

Field Abdanen ' Olest Face

VU' E (VIm) 0.34 1.1 2.1
VU' H (mA,Im) 27 41 104
ELF E (VIm) 0.36 2.1 3.3
ELF H (mAIm) 90 156 155

Operator RMS Induced Currents

Han::l Position

Harrls on keyboard
Firqer touchi.rq screen
Han::l place::i flat on screen

Irrluced CJrrent (uA)

5.6
19
84



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 91;1

Location: Marrero

Display type: a:I VU' sweep = 14.997 kHz EIF Sweep = 45.72 Hz

seriallstation number: 94747/27

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (VIm) 3.3 5.3 0.08 2.6 0.70 0.73
VLF H (mAIm) 132 125 6.0 80 91 -132
EIF E (VIm) 4.0 1.2 0.50 2.3 1.0 8.4
EIF H (mAIm) 498 342 101 522 514 199

operator Exposure RMS Field Strength Values

Field Al:xlanen 01est Face

VU' E (V/In) 0.66 1.2 2.2
VU' H (mAIm) 23 20 42
EIF E (VIm) 0.34 0.64 1.2
EIF H (mAIm) 72 83 101

operator RMS Induced Currents

Han:i Position

Han::1s on keyboard
Fin.3er toud1in;J screen
Han:i placed flat on screen

Irrluced o..trrent (uA)

0.49
6.6

65



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 92;9

Location: Marrero

Display type: a:I VU' Sweep = 14.997 kHz ElF SWeep = 45.72 Hz

serial/station number: 94840/17

Emission RMS Field Strength Values

Field Tq> Front Bottan Back Left Right

VI.F E (V/m) 3.6 5.2 0.08 3.3 0.84 0.89
VlF H (mA,lm) 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,lm) 459 304 90 337 513 210

operator Exposure RMS Field Strength Values

Field Abdanen Chest Face

VlF E (V/m) 0.82 1.3 1.4
VU' H (mA,Im) 15 7.7 29
ElF E (V/m) 0.30 0.63 1.7
ElF H (mA,Im) 76 77 88

operator RMS Induced Currents

Harx:l Position

Hands on keyboard
Firger ta.ldl:inJ screen
Harx:l placed flat on screen

IrrllCed 0Jrrent (uA)

0.34
10
85



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 93!J

I.ocation: Marrero

Display type: CCI VU' Sweep = 14.997 kHz ELF Sweep = 45.73 Hz

seriallstation number: 94883/49

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VU' E (Vim) 2.9 4.4 0.08 2.7 0.61 0.81
VLF H (mAIm) 136 123 15 78 72 113
ELF E (Vim) 2.3 1.1 0.39 1.9 2.1 9.3
ELF H (mAIm) 415 321 79 300 590 532

Operator Exposure RMS Field Strength Values

Field Ab:icmen Olest Face

VU' E (VIm) 1.1 1.1 1.42
VU' H (mAIm) 26 11 49
ELF E (VIm) 0.37 0.57 2.1
ELF H (mAIm) 95 123 130

Operator RMS Induced Currents

Hand Positian

Hams on keyboard
Finger 1:.c:Judlirg screen
Hand placed flat on screen

Init1OE!d 0Jrrent (llA)

15
22

128



NIOSH VDT Electric and Magnetic FIelds, Appendixes, page94~

Location: Marrero

Display type: ccr VU' Sweep = 14.997 kHz EIF Sweep = 45.72 Hz

serial/station number: 94961/18

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (V/m) 3.6 6.0 0.10 3.4 1.2 0.54
VIF H (IM/m) 162 118 1.7 51 53 6i
ELF E (V/m) 5.4 1.3 0.38 8.6 2.5 9.7
ELF H (IM/m) 445 368 33 384 570 311

Operator Exposure RMS Field Strength Values

Field

VU' E (vim)
VU' H (mAIm)
EIF E (V/m)
EIF H (mAIm)

0.99
3.5
1.9

71

1.7
16
1.3

103

Face

2.6
33
2.4

120

Operator RMS Induced Currents

Han:! Position

Harx!s on keyboard
Finger t.cud'l:irg screen
Han:i placed flat on screen

IrrlJ1CE!d 0Jrrent (llA)

15
25

157



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 95 J1--

Location: Bogalusa

Display type: CCI VU' Sweep = 14.690 kHz ELF Sweep = 43. 72 Hz

seriallstation rnnnber: 06504/44

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (Vim) 4.1 1.9 0.08 1.9 0.56 - 1.3
VIF H (mAIm) 150 131 2.1 71 79 104
EIF E (Vim) 2.1 1.2 3.9 3.9 1.6 6.8
EIF H (mlVm) 505 365 97 306 662 613

operator Exposure RMS Field Strength Values

Field Abiaren .Chest Face

VU' E (Vjm) 0.19 0.55 0.64
VU' H (mA/m) 31 6.0 43
ELF E (VIm) 0.31 0.87 2.2
ELF H (mAIm) 72 114 115

operator RMS Induced Currents

Han:l Position

Han::is on keyboard
Fin;}er toudli.n:3' screen
Han:l placed. flat on screen

0.66
280
424



"
NIOSH VDT Electric and Magnetic Fields, Appendixes, page 96 If

Location: Bogalusa

Display typ:: CCI VlF Sweep = 14.692 kHz ELF Sweep = 43.73z

seriallstation number: 06526/22

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (VIm) 2.8 5.1 0.14 1.4 0.49 0.96
VLF H (IM/m) 130 126 7.0 48 75 115
ElF E (Vim) 2.4 1.5 0.46 5.2 0.82 4.6
ElF H (mAIm) 459 355 82 310 431 266

operator Exposure RMS Field Strength Values

Field Ahdanen 01est Face

VU' E (VIm) 0.44 2.0 2.3
VU' H (mAIm) 17 32 85
EIF E (VIm) 0.52 0.88 2.1
ELF H (mAIm) 56 113 107

operator RMS Induced Currents

Hard Position

Han:ls on keyboard
Finger toudli.n3' screen
Hard placed flat on screen

Irxiuced 0Jrrent (llA)

14
23

114



NIOSH VDT Electric and Magnetic Fields, Appendixes, page 9#

Location: Bc:galusa

Display type: Cx:I VU' Sweep = 14.690 kHz EIF Sweep = 43.72 Hz

serial/station number: 06782/45

Emission RMS Field Strength Values

Field Top Front Bottan Back !eft Right

VLF E (Vim) 2.8 5.6 0.1 1.5 0.56 1.5
VLF H (rnlVm) 140 125 13 68 74 99
ELF E (V/m) 3.4 1.7 0.41 4.0 1.2 11
ELF H (rnlVm) 511 347 91 387 472 531

operator Exposure RMS Field Strength Values

Field

VU" E (V/m)
VU" H (lM,Im)
EIF E (V/m)
ELF H (mAIm)

0.39
14
0.31

95

Chest

0.83
5.2
0.76

117

Face

1.5
40
1.4

135

operator RMS Induced Currents

Han:l Position

Harrls on keyboard
Fi.rger touchi.n';r screen
Han:l placed flat on screen

Iniuced CUrrent (\lA)

11
18

121
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Location: Bogalusa

Display type: CCI VU' Sweep = 14.697 kHz EIF Sweep = 43.74 Hz

serial/station number: Serial number urrlete.nnined/09

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VIF E (V/m) 3.7 6.2 0.08 1.1 0.90 0.95
VIF H (mAIm) 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 (mAIm) 420 332 101 253 605 414

Operator Exposure RMS Field Strength Values

Field Ab:lanen 01est Face

VLF E (V/m) 0.47 1.6 1.8
VI.F H (mAIm) 17 21 60
ELF E (V/m) 0.41 1.2 2.0
EIF H (mAIm) 92 111 103

Operator RMS Induced Currents

Han::i Position

Harrls on keyboard
Fi.n;er toud1i..n:1 screen
Han::i placed flat on screen

Irrluce:i 0Jrrent (llA)

'12
28

150
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Location: Bogalusa

Display type: CCI VU' sweep := 14.697 kHz . ELF Sweep = 43.74 Hz

seriallstation number: serial number un:3etenninedl16

Emission RMS Field Strength Values

Field Top Front Bottan Back Left Right

VLF E (Vim) 2.0 3.7 0.09 8.0 0.48 0.72
VLF H (mAIm) 211 161 6.8 169 57 98
ELF E (Vim) 3.6 1.5 0.39 7.2 1.5 6.9
ELF H (mAIm) 525 413 108 335 592 399

operator Exposure RMS Field Strength Values

Field Ab::lanen Chest Face

VU' E (VIm) 0.31 1.1 -1.2
VIP H (mAIm) 27 23 57
ElF E (VIm) 0.41 0.92 1.2
ElF H (mAIm) 102 135 135

operator RMS Induced Currents

Hanj Position

Harrls on keyboard
Fi.n:Jer .ta.ld1in;J screen
Hanj placed flat on screen

IrxD1OE!d 0Jrrent (uA)

15
16
96
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Location: Bcgalusa

Display type: CCI VU' S\o.'eep = 14.702 kHz' EIF Sweep = 43.76 Hz

seri~/station number: seri~ number urrletenn.inedI24
I

Emission RMS Field Strength Values

Field Top . Front Bottan Back Left Right

VLF E (Vim) 3.3 1.4 0.13 1.6 0.40 0.40
VLF H (lM/m) 136 137 6.8 21 94 102
ELF E (Vim) 2.3 0.73 0.49 2.6 0.75 3.1
ELF H (mAIm) 409 298 86 338 570 309

Operator Exposure RMS Field Strength Values

Field Alxianen Chest Face

VU' E (VIm) 0.19 0.46 0.74
VU' H (mAIm) 22 26 89
ElF E (VIm) 0.30 0.54 1.7
ElF H (lM/m) 48 73 55

Operator RMS Induced Currents

Han:i Position

Harrls on keyOOard
Fi.rger t:ouchi.n:J screen
Han:i placed flat on screen

In:D103d Olrrent (\lA)

9.5
166
400
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