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The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field investigations of possible
bealth hazards in the workplace. These investigations are conducted under the autharity of Section 20(a)(6)
of the Ocruparional Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which amhorizes the Secretary of
Health and Human Services, following a written request from any employer and anthorized representative
of employees, to d-tcrmime whether any substance aormally found in the place of employment has
potemtially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon request, medical, nursing, and
industria) hygiene techmical and consnhative assistance (TA) to federal, state, and local agencies; labor;
industry; and other groups or individmls to contro) occupstionsl bealth hazards and to prevent related trauma
and disease. Mention of company names or products does not constitute endorsement by the National
Institute for Qooupational Safety and Health.

This report was prepared by C. Eagene Moss, HP., C.S.S. of the Hazard Evalustions and Technical
Assistance Branch, Division of Surveillance, Hazard Evaluations and Field Studies (DSHEFS). Field
assistance was provided by Ladina Sahuz, Hazard Evalustions and Technical Assistance Branch, and Don
Booher, (ndustrywide Studies Branch. Desktop publishing by Ellen E. Blythe.

Copies of this report have been sent to employee and management representatives at the United States
Customs Service and the OSHA Regional Office. This report is not copyrighted and may be freely
reproduced. Single copies of this report will be available for a period of three years from the date of this
report. To expedite your request, include a self~addressed mailing label along with your written request to:

NIOSH Publications Office
4676 Columbia Purkway
Cincinnati, Ohio 45226
800-356-4674

Afier this time, copies may be purchased from the National Technica) Information Service (NTIS) at
5825 Port Royal Road, Springfield, Virginia 22161. information regarding the NTIS stock number may be
obtained from the NIOSH Publications Office at the Cincinnati address.
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On April 21, 1995, the National Institute for electrical utility company in their evaluatian of the
Ooupatio] Healh epial hoadquris 1o | mes et Gk lvel for he ot werkess who
Occupati X o mean magnetic the foar
cvahzte potential ocupational exposwre to were persanal manitors ranged from 1.8 0 9.1 mG.
electric and magnetic ficlds at M:-—~smraments identified an electric panel in one of
the United States Custims Service facility in the offices i ic field levels in the
Atlanta, Gaxgia The request was submitted by range of 25 t0 220 mG.
USCS due to concas of exposure to
electric and magpetic ficlds from an ckxtrical power There is currently no conchssive evidence to show
distribution prmel. No medically canfirmed reparts that chronic t0 power frequency fields
of bealth effects were cited in the request. canses adverse effecs. It should be noted,
howevex, that research suggests that bealth effects
On May 16, 1995, a site visit was conducted o, related t0 ELF ficlds may be linked to mamy
meaayre extrenely low frequency (ELF) electric and variables, of which field strength is only one.
magnetic fields both inside and outside the building. Theefore, depending on these other vanables,
Measrements of electric and magnetic field levels wealer electric or magnetic fields (as shown in this
inside the facility, documenmied on a walk-eromnd cvaluztian) &re not NeCearily safer than stranger
mode, ranged from 1.9 0 9 volts per meter (V/m) fields. All measrad ELF levels in this evahmban
and 0.1 to 6 milligmiss (mG), respectively at most were below current occupational exposure ceiling
were similar to previous results obtained by the local

Based on a camparison of the data collected in this sarvey with carrent occupational

facility, arg generally low, approximately the ssme magnitude reported previously by the ekactrical utility
company, generally within the range of exposure levels in office scttmgs measwed by NIOSH
i ) in previous cvahations, and well below the current ional exposure ceiling limit of

10,000 mG. The electrical panel in one of the warker’s room has a higher magne-tic field level than sny
m~><yed in other part of the room. Relatively higher field levels were recxarded on personal meters when
the warkezs spent more time pear the panel.

KE\’WORDS. SIC 9311 (public finance, taxation, and monctary policy), electromagnetic fields, EMF, extremely
lowﬁcqnmq,.m. .
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In April 1995, the National Institiute for Occupational
Safety and Health (NIOSH) reczived a request for a
bealth hazard evahumtion (HHE) at the United States
Custom Service (USCS) facility in Atlanta, Geargia.
NIOSH was requested by the Federal Ooupsriaml
Health regional headquarters in Atlanta to assist in
this evahmtian due to concern amang some USCS
emplaoyees about exposure to electric and magn-tic
fields in the twelve year-old buildmg. NIOSH
conducted a ficld investigation at the USCS facility
on Mzy 16, 1995.

The NIOSH investigators were infarmed that a wall-
mounted electrical fuse panel, located in one of the
anport specialists team offices (three people warked

in the area), praduced undesirable image movement

on a canputer maniter. This particular acdvity
aeated cancan within the office about possible
adverse health effects, although no reparts of
medical symptixns were cited in the request.

Figure 1 shows a schematic floar plan of the
one-story USCS facility. The rectangular shaped (2
x 3' x 6”) metal panel box, located in Roam A,
axtrolled the flow of electric curent to various
circuits in approximately half of the facility. NIOSH
room A had been used as a storage area prior to
being converted to an office.

At the present time, there are no Occupational Safety
and Health Administration (OSHA) or NIOSH
The Ameican Confaence of Governmental
Industrial Hygienists (ACGIH) has published
Threshold Limit Values (TLVs) for
sub-saifichequency electric and magntic fields (30
kilchertz and below). The TLV for

sub-—ratifrequacy magnetic fields (Byy) states
occupational exposure from 1 to 300 hertz (Hz)
sbwldnaem:-dmewilmgvnhzgmbyd:e

equation:
By (@nmT) = 604

where f is the Gequency in bertz  One millit=sla
(mT) equals 10 Gass (G). For frequencies in the
range of 300 to 30,000 Hz, occupational exposures
should not exceed the ceiling value of 02 mT (2 G).
These ceiling vahues for frequencies of 300 to 30,000
exposures. For frequencies below 300 Hz, the TLV
for exposure of the extremities can be inczeased by
a factor of 5.

Conversely, the @b-—rabwfrapersy electric field
TLV states occupational exposures should not
exceed a Held strength of 25 kV/m from 0 to 100 Hz
For fraquences in the range of 100 Hz to 4 kilobertz
(kHZ), the criling value is given by:

Env (i V/m) = 25 x 10°f

where f is the frequency in bertz. A value of 625
volts per meter (V/m) is the cxiling vahe for
frequencies from 4 kHz t0 30 kHe. These ceiling
values for Grequencies of 0 to 30 kHz arc imtended

for both partial- and whole—body exposures.

This means, for example, at the power line Gequency
of 60 Hz, which is classified as extremely low
frequency (ELF), the electric ficld TLV would be
25,000 V/m and the magn-tic ficld TLV would be

1 mT or 10,000 milligauss (mG).

The health and safety basis of the ELF electric field
TLV is to minimize occupational hazards arising
from spmrk discharge and contact corrent sitiations.
The magnetic field TLV addresses induction of
magnetrphosphenes in the visual system and
prodixtion of induced currents in the body.

moed,
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This evahmtion was designed to assess oocupational
exposire to aib-radivfrequexy fields in the range
from 40 to 800 Hz among warkers during a typical
daily work regimat  The manber and types of
measuwrements performed in this evahmtion. were not
imtended to repr-s¢-1t an in—-depth investigation of
aprsure 10 all electric and magpetic ficlds present in
the faclity, but were ‘intended to estimate
ocam:nlmekvdsﬁunsdeuedmm
on the days of measurements.

The following equipment was used in this
cvahmtion:

¢ Meaarements were made with the EMDEX 1T
apasure system, developd by Enertech
Cmsnltants, under project sponsorship of the
Electric Power Research Institute, Inc. The EMDEX

Measurements can be made in the instartanecuos read
or starage mode. The system was designed to
meaasure, recard, and analyze power frequency

" magnetic ficlds in units of mG in the frequency

range from 40 to 800 Hz The meter has the
capability of displaying magnetic field values in
three different frequency bandwidths broadband,
which measres from 40 to 800 Hz; hermanic, that
meaares fram 100 to 800 Hz, and the fimdamental
tandwidth, which measures at 60 Hz

¢ A Holaday Indistries, Inc. model HI 3602 ELF
sensar, conrected to a HI-3600 survey metey, was
wsed to ducument both the magnitude of ELF electric
and magnetic ficlds as well as the wavefarms
ao(hnibyﬂ:scﬁekk The electric field strength
(E)wsmenglmmdlhemagnnﬁeld
strength was measured in mG over the frequency
range from 40 to 800 Hz.

In performing this evahmtin, the NIOSH
mvestigitios  ulilized data obtained from
measurements made at the following locations: (a)

on a randam sample of fixed locations within the
USCS facility, (b) a selected sample of USCS
amployess, and (c) on'a random sample of fixed
locations outside the facility.

Fixed Locations within USCS
Facility

While electric and magntic field measurements
were made throughout the facility at warler
Jocations, partinlar emphasis was placed on making
ELF mexawandats in room A and in those roams or
office spaces that smround room A. While
meEsFranats were made in most of the roams at the
facility, more mexsremats were made in those
Jocations indicated by the shaded areas in Figure 1.
Approximately 100 mexsremnarts were made in a
walk-around mode using either Holaday or EMDEX
meters held at the mvestightrs® waist level. In
scveral cases repeat measranats were made to

An EMDEX meter was used to obtzin estimates of
the magnetic fields present at several locations in
roam A as a fimction of height above the floor. In
addition, detailed walk—eround measurements were
made at various sites around the electrical pancl.

Selected Personal Field
Measurements

EMDEX meters were put on four selected warkers
for approximately four howrs to detomine their
exposure to magnetic ficlds as part of their daily
wark regimant. Two of the warkers were membears
of the import sprcialist team in roam A. All data
obtained with the EMDEX meters were acquired in
the broadhand, bharmonic, and fundamentsal
frequency bandwidth. The EMDEX meters were
womn around the wareer’s waist in special sashes
provided by NJOSH and each warker was instrocted
not to wear the meter out of the building during the
day. If they had to leave the buiddng, they were
instructed to leave the meter on their desk.

Heelth Haxard Evakation Repart No. 95-0235
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Fixed Locaﬁons Outside Building

made at all efryways immediatcly outside the
facility, in the paved area immiediately in front of the
facility, and in the parking lot on two different days.
Mezamanems were also made at the corpers of the
facility.

Fixed Locations within USCS
Building

Ekctric and magpetic fields typically ranged from 2
%0 4 V/m and 0.1 to 6 mG at locatians throughout the
facility. The only exceptians to this grneralizaton
were situations where unique office ELF sources
existed, such as electric fans and pencil sharpenars.

Table 1 shows a bisting of same sclected magnetic

ficld measurements obtained i this evahuation

A sexies of mexsmements with one EMDEX meter
sct at 1.5 secand and used in 2 walk-eramd mode
were made in room A at different locations as a
function of height above the floor. With the
exceptians of (a) areas close to the back and froot of
the elextrica) panel in room A, and (b) locatians in
close praxmity to other ELF sources [see discussian
later in repaxt], afl kevels ranged from 1 to S mG and
309 V/m. The magnetic field levels for the areas
ncar the pane] measured amywhere from 25 to 220
mG. There was no dependency of either electric or
magnetic field levels in room A with distance above
the floar. However, measurements sround the
ekctrical panel did depend on the location. For
example, mezmremnats made in back of the panel
were higher than the frant. This is probably due to
the presence of electrical cables located nearer the
back side of the pancl.  The difference in magnetic
readings of the back to the front was spproximately
twice which suggests higher exposre levels to those
woreers who spend a long time pear the filing
cabinet that is located at the rear of the panel.

Selected Personal Field
Measurements

Pearsmal measreinents, using the EMDEX meters
that were wamn at the worker’s waist pasition, were
made on four indivicials The day’s data was
collected every 3.0 seconds. Two of the individhmls
-sampled were warkers residing in room A. One
warker was the Port Directirr, and the fourth warker
was located in room B. In addition to these persnal
measwements, cne EMDEX meter was placed about
3 feet from the electrical pancl. All of these resnlts
are shown in Table 2. The mean magnetic field
levels for the four warkers who ware the EMDEX
meter ranged from 1.8 0 9.1 mG in broadhand,
harmanis, and fondamental modes  The sverage
magnetic field levels for the findamental mode
ranged from 1.82 t0 8.42 mG. This finding that the
troadhand component is almost equal to the
fudamental component snggests that exposure is
mainly due to power line faqencies. The highest
persnal magnetic ficld levels were obtained on the
two individmls who warked in room A. The large
measwrement in standard deviatian for those two
warkers snggests movemean of the warkers in the

“room as they performed their jobs.

meter placed 3 feet from the penel and in the back
area of room A were small, ic., less than 2 mG on
with the EMDEX meter, it was moved to two
positians in the empty back section of the room.
This was dane to obtain a better estimate of levels
that might have been rexwded had a warker
that, mless the meter was in very close contact with
the panel, the sverage ficld strengths would be
small. This finding is consistent with the well
known drop off rate of magnetic fields with distance.

Figures 2 and 3 show time-magnetic field intensity
plots associated with two of the warkers wearing
EMDEX metrs in room A The NIOSH
mvestigators recarded the time when the warker
used the file cabinet that was located pear the rear of
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the electrical pemel. The figames clearly show higber
field levels when either of the two warler were in

the vicinity of the filing cabinct. A similar pattemn is

shown in Figure 4 by the supervisor, who does not
wurk in roam A, but came into the room and stood
next to the file cabinet for a short period of time
(=round 1:30 PM). The NIOSH investigatiws do not
know the arigins of the other small peaks depicted in
Figure 4. These fignres clearly demanrstrate that-

1. The eltrical panel in roam A has a higher

magnetic field level associated with i than any other

area of the roam, and

2. The highest magnetic fields are recorded when

cabinet —and hence the electrica) panel.
Fixed Loca_ﬁons Outside Building

Levels of ELF electrcal and magnetic fields
‘mezsured outside at the corners of the facility and at
distances 20 feet from the edge of the bulding
ranged from 5 0 100 V/m and 0.7 to 6 mG.

Measurement Results

Data obtained at the USCS facility on the day of

measuranent in both the persanal and walk-araund

survey modes clearly suggest that-

1. As explaincd earlier and shown in Table 2, the
dominant source of EMF exposure thronghouat the
facility is due to power line frequencies involving
magnetic fields.

2. 'lhelligbd}umlexposmuunmu‘lmd:e _

two edivikmks who anapied roam A where the
clectrical panel is located, |t is noted in Figure 1 that
the facility has two distinct areas (roams A and I)
where electrical panels are located. However,
occupational exposire to ELF is of importance only
in roam A since no warkers are located in room L

3. The measured exposure was highest on the
which was located adjacent to the rear of the
clectrical panel

4. The measured magnetic field on the day of
measurement at the rear of the electrcal
pmeb—which is close to the front of the filing
cabinet—was approximately twice that measured at
the same distance, for the front side of the panel

5. Levels of magnetic ficlds measured at the desks

- of the two warkers in roam A were typically in the 1

0 5 mG and 1-18 V/m range. For comparison

 puzposes, the maximom ELF measurements made
‘outside at the comers of the facility and at distances

20 feet away ranged from 0.7 to 6 mG and 5-100

-V/m.

Based on these findings, the NIOSH @vestigatins .
believe the exposure potential is directly related o
the kength of time anty of the team warkers spends in

“close proximity to the electric paneL. On the day of

evaluation, it was spparent that warkers on the
import specialist gearn in roam A had 0 go 1o the file
cabinet to get certain anfarmation. When this was
done the warkers would be in claser praximity to the
rear of the clectrical panel and thercby increase their
sverage magnetic field exposwre. |t was also
observed that once a file was retrieved many times
the warker would read its contents while standing at
the file cabinet-ar close to the electrical panel. Such

- activity is clearly shown by the time @tensity curves

in Figires 2 and 3 for roam A warkess. Thiis general
finding is also sngpested by the measured resnits
obtained by Gexwrgia Power on May 27, 1994. It was
found then that locations in and around the electrical
pane! were higher than at the workexs desks.

“Non-Essential” ELF Exposure

Soures of ELF ficld exposwre were prevalant
throughout the USCS facility. NIOSH investiginrs
observed a wide range of items aontributing to total
ELF magnctic field exposure. Many items, such as
VDTSs and photocopy machines, are essential to the
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modem affice enviramnat. Others, bowever, could
be ammsidered “non-essential® and their pre<ence
should be re-evahmted by employees concemed
about their overall exposure to ELF electric and
magnetic fields Electromagnetic field strength
deczeases in proportion to at least the square of the
distance from the soarce. Thax, while
"non-essential™ sources in an anployer’s own wark
space may be relevant to his or her total exposure,

such soarces in a neighbar’s work space should be of

much less ancern. These sources incinded the #ems

electric clocks

various clectric lamps
SUrge protectix's AM/MM radios
@EIUWaEvVE oven faser printaas
electric space heaters electric calculators
FAX machines photocopy machines
powex strips VDTs . _

small electric refiigerator  coffee pot
microfiche machines electric typewriters

While measurements were not made exchrsively on
all of the above sources in this evalmation, results
from previorss NIOSH evahutians and other
Fterahwre have dearly shown that very high localized
magp-tic field levels can and do exist in close
praximity to these types of sowrces. In fact, the
magnetic field levels from these sources at close
distances are arders of magnitnde higher than what
is repoted in this evahmtion for the average
magnetic field levels. It should be bept in mind,
however, that warkers do not narmally remain
extramely near such sources for long periods of time
and that the magp-tic ficlds fall off quickly as a
function of distance from the sowace. This snggests
that overal] exposure amtriiation from these sources
should be small Nevertheless, the elimination of
many of these pon-essential somrces from the
workplace would procuce a rediction in ELF fields.

Video Display Terminal Screen
Distortion )

Sensitivity of electranic devices, such as a video
display terminal (VDT) manito, to electromagnetic
fields does not neces<arily mandate concexn about
mvnykvd,aehcumgxmmfum
(EMI) issoes, can occur at levels arders of
magnitnde below adverse bealth effect levels.
NIOSH has found in several previous evaluatians
that VDT manitors are affected by wnwanted
magnetic fields. In fact, initial corem about the
presence of ELF ficlds at the USCS facility was
oeatd when it was obsarved that screen images on
a VDT located close to the electrical panel were
slightly distreted. Similar type screen problems have
been reparted 0 oocur at magnetic ficld levels as low
as 100 mG in these NIOSH evahutians,

Shielding of Magnetic Fields

The use of shielding material is often used in
amtrolling potential occupational exposures to
various phrysical agents. Unfortimately, shielding of
magpetic ficlds in the power line fraquencies is not
a vary cffective manner since they can pass through
affated The two best methads to reduce magp-tic
field strengths are to limit the worker’s time of
exposure and to increase the distance between the
source and warker.

In this evaluatian one passible technique, to control
the higher magnetic field levels in the back area near
the panel, assuming movement of the switchboards
t0 a further distance from the back wall is not
possible, would be to designate the back area
stwage.  Since the back area has higher ELF levels,
minimizing the time that warlers spend in the roam,
or moving work areas fixther from the back area, are
also mexarres that could be amsiderexd.

Foge §
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electric and magnetic ficld strength levels, both
fow, approximately the same magnitode reposted
previously by the local electrical utility company,
generally within the range of exposare levels in
office sttings meaamed in previos NIOSH

evalations, and sre well below the cument

occupational exposure ceiling limit of 10,000 mG

_mmma:dedbyﬂch‘C(HH

1. ACGIH [1994] Threshold limit values for
chemical substances and physical agents and
bologka) axposure indices for  1994-1995.
Cicinnati OH Amaican Couference of
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Table 1

Magpetic Field Strength Mexsurements*

May 16, 1995

U.S. Cestoms, Port of Atlanta

Atlants, Georgia
HETA 95-a235

DFOH Project No. BCA9STRGA224

Team 437: front of electrical panel, 6 from floar

Team 437: fiout of clectrical panel, 3.5' from floar

Team 437: desk closest o electrical pancl, chest height (seated)

Team 437: desk farthest from electrical pancl, chest height (seated)

Hallway outside tcam 437, directly adjacent o electrical panel, head beight 16

File Room®*; ammediate right quadrant when entering roam

ﬁlekoan“:.inmedialnleﬁqndn_ntwhmmtuingmom

File Room**: far left quadrant when entering roam

File Room®*: far right quadrant when extering room

File Room®*: center of roam

lhllw:yaﬁdel-'ilelloan“

Entry Section: range in open areas

Entry Section: by conference table

Entry Section: by reception desk

Typical 2" working distance from VDT

14

Copy Room: adjacent to front entrance (middle of roam)

12

Mpmdlw(@

1800/4

Wall clock (electric/battery-operated)

Receiving Dock: & 'l'_ 'l-

0.60.6

Receiving Dock: by telephone panel

16

Page 8
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Table 1 (Continned)

Rexriving Dock: electrial pinel room at panels |
Rexriving Dock: electrical pane! roam, midde of room

| | 175
Dekbamp , 3

*Mexsrements colkated with 2 Holaday Instruments HI-3627 ELF magnetic field strength meter
“ﬁlcmmgwhac Team 437 propases to move

Heelth Hazard Evakarvion Report No. 95-0235 Poge 9



Table 2
EMDEX Results on Worken
US. Castoms, Port of Atianta
Atlanta, Georgia
DFOH Project No. BCASTRGA224

FLE L AL AELIL ALY ALY ]

B = Broadend meesuements

F = Pundewertal measurements

H= Hemno nmosswanets

N = Number of maaswonients made at 3 sscond bervels

Pege 10 Health Hezerd Evekmtion Report No. 95-0236
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Figure 1. Schematic fioor plan of USCS facility. The shaded areas represent locations where detailed
measurements were performed inside facility.
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Figure 2. Time-magnetic fleld intensity relationship for first worker in room A. The bigh peaks (L.e., >50 mG) clearly were associated
with standing next to filing cabinet.
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Figure 4. Time-maguetic fleld intensity relationship for supervisor who works in another room. The high peak aronnd 1:30 resnited
from entering room A and standisg near same filing cabinet mentioned in Fignres 2 & 3.
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