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Purpose

To summarize exposure levelsin occupational and nonresidential environments, and to identify
high expaosure groups or situations in these environments.

Summary

Risk assesgnents require knowledge of the expasures of affeded popuations to a particul ar
agent or agents. This may be dore by measuring exposures diredly, bu it is often dore by
extrapolating exposures based on pior knowledge of the dependence of expasure levelson
adivities, exposure sources, and environments. Computer models are often used. Charaderizing
EMF in occupational and nonresidential environmentsis akey asped of arisk assessment for
EMF, whether measurements or extrapolations are used.

Many studies have measured EMF in occupational or other nonresidential environments, most
frequently at locationsin the utility industry. Besides utility industry environments, other sitesin
which EMF exposure data have been coll eded include the dedro-processng, communicaions,
rail road, automobil e, refinery, and semicondwctor industries. Many of these, aswell as gudiesin
the utility industry, are reviewed by Braden and Patterson (1996 with spedfic regard to the
needs of epidemiology and risk assesgnent.

RAPID Engineeing Projeds #1, #2and #4 aveloped guidelines for source, environment-
spedfic, and personal-exposure magnetic-field measurements, respedively (Eledric Reseach
and Management, Inc. 1997 Magnetic Measurements, 1997 Bradken et al., 1997. All these
guidelines apply to charaderization d fieldsin occupational and nonresidential settings.
RAPID Engineeing Projea #3 (Zaffanella, 1996 was gedficdly designed to gather data &
nonresidential and nonutility sites, and included surveysin dfice buil dings, schods, haspitals,
machine shops, and grocery stores. RAPID Program Engineaing Projed #6 (Zaffanella and
Kalton, 199&; 1998h) surveyed the personal exposure of 1000study participants from randamly
seleded howsehalds over a 24-hour period. Participants ranged in age from infants to retirees.
Datawere analyzed for the entire 24 hous and for five separate adivitiesl] home not in bed,
homein bed, at work, at schod, and traveling.

A recently completed RAPID program study performed by National Institute of Safety and
Hedth (NIOSH) (Methner and Bowman, 1998 gathered field data & a variety of occupational
locaions using a "walkaround' survey methodthat was intended to coll ed data for assessng
workers exposures. Sixty-two fadliti es were surveyed; the results are typicd of those reported
from other surveys. Magnetic-field data ae highly skewed by afew, very high levels, andalog
transformation daes nat produce normality. The geometric mean values ranged from 0.4mG to
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16.1mG; 89 percent of the sites had geometric means below 4 mG. Theinvestigators also used a
statistic made up d the mean of the five highest values at eadt site to indicate the magnitude of
the highest levels encourtered and the potential for very high expasures. The sources producing
high levels were predominantly eledric motors, transformers, and eledric furnaces.

The study also foundthat Standard Industrial Classficaion (SIC) codes were not good pedictors
of fadliti es having high EMF levels and that eledric power consumption was a poar predictor of
the average magnetic-field level at afaality. (The correlationwas 0.68for al 62 faaliti es but
dropped to 0.11when the fadlity with bah the highest geometric mean and many eledric
furnaces was removed from the analysis.) Both of these results are in acerdance with the view
that high-level exposures occur essentially aroundlocdized high-magnitude sources, and that it
isat the level of sources that data must be developed if distinctly diff erent exposures are to be
determined. The results of RAPID Engineaing Projed #1 onsource daraderization suggest
that nat just a generic sourcetype, bu individual sources could be important if a metric other
than the time-weighted average were important.

Braden and Patterson (1996 analyzed datafor personal exposurein the dedric utility industry.
By job caegory, exposures ranged from an average of 2.2mG for officeworkersto 10.4mG for
line workers. Their analysis suggests that, for utility workers, the greaest disaggregation
possble may be only at the level of broad job categories, such as line worker, generation worker,
and substation worker. Divisioninto job titles within these broad categories does nat produce
differencesin exposures.

RAPID # 3 (Zaffanella, 1996 performed environmental field surveysfor four different sites at
ead o five different types of environments: schods, haspitals, grocery stores, officebuildings,
and madine shops. The arerage field levels ranged from alow of 0.53mG at two of four
schodsto ahigh of 8.62mG at one of the macdhine shops. There was overlap of the summary
statistics for diff erent sites among the diff erent environments. The four sites of the grocery-store
environment together had the highest average, bu the madine-shop environment had the
gredest range. The variahility in these occupational and nonresidential exposuresis sxownin
Figure 1 taken from that study.

RAPID #6 (Zaffanella and Kalton, 199&; 19981 colleded personal expasure datafor 24 hous
for ead of 1000 participants. The datawere estimated to be log-normal, with geometric mean of
0.90mG and geometric standard deviation (GSD) of 2.17for the 24-hour averages. Participants
noted the periods gent at work, schod, andtravel; thefield levels during these adivities were
analyzed. The geometric mean at work was 1.09mG (GSD=2.49. Service occupations had the
highest mean (1.75mG), followed by eledricd occupations (1.17mG). Lowest were farming,
forestry, andfishing (0.51mG). The geometric mean duing travel was 0.99mG (GSD=1.96),
andthe value & schod was 0.69mG (GSD=2.06). For “at home, na in bed,l] the geometric
mean was 0.80mG (GSD=2.52); for lin bedl the geometric mean was 0.52mG (GSD=3.52.

Yost et a. (1997 have developed a preliminary job exposure matrix (JEM) for magnetic-field

expaosure based onthe SIC 1980(SOC80, 1990. The mgor group JEM assgns a geometric
mean and aher statistics of the average daily mean expasure for eat of 44 general (two-digit)

11-2



occupational codes based onexposure measurements from five studies. The distribution o
expasures aaossoccupational codes indicates that, for most (34 ou of 44), the geometric mean
of average daily exposures 2 mG or less Although the results are based onlimited
measurements and are subjed to the uncertainties associated with aggregating over many job
titl es, they are mnsistent with the surveys that indicate most occupational exposures are not
substantialy different from expasures at home or in ather nonresidential environments.

TIME WEIGHTED FIELD SUMMARY

(Accounting for both area and point exposure)
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Figure 1: Summary of Time-weighted Fieldsin All Surveyed Sites
From: RAPID Engineaing Projed #3 (Zaffanella, 1999

Conclusions

Taken together, the results of bath the recent studies on cccupational and nonresidential
expasures described above, as well as those of past studies, lea to the foll owing conclusions.

. High exposuresin occupational and aher nonresidential environments result from
locdized, high-magnitude sources. The variety and variability of these sources make
generali zations tenuots.

. Routine exposures to eledric fields above levels foundin commonindoa and oudoar

environments are limited to afew occupational caegoriesin the dedric-utility industry.
These ae transmisgon line workers and transmisson substation workers. Others may
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recave incidental expasuresto higher-than-common eledric fields when walking under
high-voltage transmisson lines.

Routine exposures to magnetic fields above levels foundin commonindoa and oudoar
environments occur for many more occupational categories. Theseinclude dedric-utility
personrel whase work takes placein o very nea to eledric generation, substation,
transmisson and dstribution fadliti es; eledric welders; employees who work in close
proximity to high-current ac equipment such as eledric furnaces, production-line
demagnetizers, eledric motors, and train engines.

TWA exposures for most occupations are lessthan 2mG and nd substantially different
from residential and nonresidential exposures.

On average, occupational exposures tendto be higher than residential expaosures and
result in employed persons generally having higher expasures than uremployed o retired
persons. However, there ae occupations where occupational exposures are lessthan
residential exposures. Depending onthe job category, occupational exposure can
contribute asubstantial portion d total exposure, even though time & work istypicdly
abou 25 percent of total time.

With afew exceptions, expaosures above 1 G are rare, infrequent, and d short duration
among workers, even in the most highly exposed jobs. Exceptions are performing
maintenancetasks very close to energized eledricd transmisson and dstribution
conductors, and operating certain high-current equipment such as eledric train engines,
production de-magnetizers, and eledric furnaces.

Relatively high exposuresin nonresidential settings have been foundto occur in grocery
stores and locaions with speafic sources. However, there ae no nonresidential
environments, except those nea eledric transmisson and dstribution lines, that can be
routinely charaderized as high exposure aess.

Schods, in genera, appea to have lower exposures than residences based onthe results
of RAPID #6 and aher studies. Exceptions may be schods nea transmisson fadliti es.
The most common sources of higher field exposuresin schods are dedric supdy

fadliti es and small | ocdized sources guch as appliancesand A/V equipment. Fields from
both of these types of sources are very locdized.

Implicationsfor Risk Assessment

Occupational categories among eledric-utility workers with relatively high EMF
expaosures have been identified (and have been the most studied). If other occupational
groups with such common expaosures aaossemployers and geographic regions canna be
identified, risk assesgments may require PE data.
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. In general, residential exposure is the most significant contributor to total exposure
because of time spent in the home. However, adivities with spedfic sources or in
spedfic environments with high fields at work or in ather locaions can affed both
average and pedk exposures. These must be acourted for in performing risk
assessnents.

. Occupational exposures are generaly nat substantially different from those in residentia
and nonresidential environments, making identification d high-exposure groups outside
alimited number of spedfic job caegories problematic.

. Averagefield levelsin occupational settings are not predicted by either SIC code or
eledricity usein the environments dudied. The gparent predominance of locd sources
in affeding average field levels as well as PE in occupational settings may make risk
asesgnents dependent on PE data or at least on explicit source data.

Remaining Questions

1. Can high-exposure (or otherwise distinct) occupations or groups (using a measure related to
potential adverse hedth effeds) be uniquely identified?

2. What sophisticaionin data olledion shoud be used to gather future data on cccupational
and nonresidential expaosures?

3. Shoud data mlledionin occupational and nonresidential environments proceed withou
knowledge of a hedth-related expaosure metric?
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