GENERAL PUBLIC EXPOSURES

PRESENTATION

Luciano Zaffanella
Enertech Consultants, Inc.
Lee, MA

In his presentation, Dr. Zaffanella focused almost exclusively on reporting the methodol ogy and
results of RAPID Project #6, the two-phase Survey of Personal Magnetic Field Exposure study
(the “1000-person study ”). Material summarizing his presentation has been prepared from the
transcripts and his slides. This material has been reviewed by the presenter for accuracy. A
summary of the project is found in Appendix B.

Study Design

Zaffanella aldressed the subjed of designing the optimal study: to capture the greaest number of
parameters of interest (in this case, TWA, intermittence, harmonics and so on), with minimum
error. The nature of the optimum study was foundto be afunction d cost and hence of the

avail able budget. To perform a wst-eff edivenessanalysis for diff erent approacdes, the reseach
team defined an effedivenessindex based onthe sum of subjedive worth for the measurable
guantities divided by the variance. The variance has two comporents: the standard error (the
more people, the lesserror) and basin the conduct of the study, as determined by refusal rate.
Refusal rate is the lowest when people ae mntaded in person; however, it ismuch less
expensive to contad patential participants by phore (highest refusal rate and therefore highest
possble bias).

The ided methodwould have been atwo-stage dassof design, with reauitment through
personal visits foll owed by extensive measurements. However, the RAPID budget did na all ow
for personal contad. The most cost-€eff edive method, given the budget, was foundto be
reauiting by telephore, using ali st-asgsted randam dialing method. The reseach tean seleded
househalds as the frame of the sample. The househald was cdl ed, and the member seleded
whose birthday was closest to the day of the phore cdl (to randamize the dhoiceof individual).
This dage incurred asignificant level of refusal. A foll ow-up consent letter to thase acceting
explained the research in more detail . Zaffanellanoted that this dage dso experienced a
significant level of refusal: only 70% of thase who aiginally consented returned the signed form.

However, the reseach team experienced arelatively goodresporse in the measurements dage:
they sent a padkage antaining the meter, instructions, away to return the meter, asmall diary
and pen, aquestionraire, and $50. Out of 1,040 mople, orly 20 have fail ed thus far to return the
meter.

The meter itself is gnall enough (pager-size) to pu in apocket or clip onabelt; it hasno dsplay
(so people do nad experiment with it). All the participants had to dowas put the meter on, turn it
on, and mark in the diary when they started and when they changed adivities. Locaionadivity
caegoriesin the diary included: at home nat in bed, in bed, at work, travel, at schod, and aher.
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The meter has a sampling rate of 0.5 semnds and can colled datafor 29 hous. It measures the
rmsfield value in the frequency range between 40and 1000Hz. It does not store the entire data
time sequencein memory, bu summarizes and stores data every ten minutes. The stored
guantities for ead 10-minute period include: minimum, maximum, average, standard deviation,
and the number of measurements in nine incremental magnitude bins (lessthan 0.5, 1, 2, 4, 8, 16,
32,and 64mG, and> 64 mG). The meter aso tracs the following: the number of sudden field
changes, which the reseach team took as a surrogate for load changes that may correspondto
transients (also courted in hins); anindex of intermittence (average diff erence between
conseautive readings); and the time for which the field was above 2 mG and constant for at least
ten seconds. In addition, the interview and guestionraire mlleded demographic and residential
informationincluding: age, sex, geographic location,information abou the residence, and
occupation. Data wlledion poduced exposure datafor 1,012 ople throughou the US.

Results

Zaffanellathen presented and dscussed a series of graphs and tables siowing the distribution d
PE data. Thedistribution d 24-hou average (TWA) magnetic field expasures for the entire

U. S. popuationis shown in Figure 12-2. As $hown in Figure 12-3, the estimated distribution d
24-h TWA exposures was approximately log-normal with a geometric mean of 0.89mG and a
geometric standard deviation d 2.18. However, the measurements deviated above the log-
normal distribution at higher fields, and a secondlog-normal distribution was introduced for the
extrapolationto high field expaosure.

The measurements were weighted for subjed charaderistics, geographicd locaion, and refusal
rate, in order to producethe popdation dstribution (Figure 12-2) and estimate the 95%
confidenceintervals aroundthe distribution (Figure 12-4). As ®en in Figure 12-4, therelative
acaracy in determining what percentage of the U. S. popuation hes a 24-h average exceeling
certain values becomes lower as the small er percentages with higher TWA are determined. For
instance the number of people with 24h TWA exposure greder than 15mG could be anywhere
between 50,000and 1.5million, whilefor 24-h TWA greder than 1 mG, the estimated number
of peopleis 109to 124million.
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Figure 12-2. Distribution of 24-hour average magnetic-field estimatesfor the U.S. population.
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Average24- | Estimated 95% Confidence Value
Hour Field | Percentage Interval
>0.5mG 76.3 73.80-78.% 197- 211million
>1mG 43.6 41.06- 46.3% 109- 124 million
>2mG 14.3 11.9% - 17.2% 31.8- 45.9million
>3mG 6.3 4.8% - 8.3 12.8- 22.2million
>4 mG 3.35 2.4% - 4.7 6.4- 12.5million
>5mG 2.42 1.6®0-3.52% 4.5-9.4million
>10mG 0.43 0.22% - 0.90% 0.56- 2.4million
>15mG 0.1 0.020 - 0.53%0 50thousand - 1.5million

Figure12-4.  Percentage of the U.S. population with 24-hour average field exceeding given
values.

In looking at maximum field, the research team discovered that abou 1.6% of the people
encourtered at least 1 G in agiven 24h period. In examining this popuation, they discovered
that many of them were students. The team attributed the exposure passbly to the use of
eledronic gatesin libraries through which a person must passto ched out books. (A number of
retired people had simil ar results, possble for similar reasons.)

Zaffanella dso reported on dher measuresincluding: sudden field changes greder than 10mG
in ore day (5% of the people had at least 100 d these), the distribution d the length of time of
constant field above 2 mG (5 percent with abou 7 hous of this expasure, mostly at nighttime),
andthe distribution d intermittence (travel highest, in-bed lowest).

Zaffanella examined linea regresson correlation ketween dff erent exposure parameters. The
results are shown in Figure 12-5. He noted that intermittence ®uld be agood surrogate for
TWA and viceversa(r = 0.83. Time dove4 mG andtime &ove 16 mG also correlated
reasonably well with TWA (r =0.71and 0.73respedively). However, TWA did nd correlate &
well with ather measures, such asfield changes >10mG (r = 0.35.
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TWA | St. | Geom. | Geom. | Time Time | #of Fiddd | Timew/ Inter mit-
Dev. | Mean St above | above | Changes | Constant tence
Dev. 4mG | 16mG | >10mG Field (Av.
>2mG Change)

TWA 100 | 065 | 0.76 0.53 0.71 0.73 0.35 0.59 0.83
St.. Dev. 1.00 | 0.17 0.34 0.22 0.30 0.46 0.17 0.64
Geom. 1.00 0.14 0.75 0.51 0.09 0.7 0.83
Mean
Geom. 1.00 0.51 0.50 0.27 0.28 0.71
St Dev.
Time 1.00 0.43 0.14 0.67 0.90
above
4mG
Time 1.00 0.26 0.23 0.91
above
16 mG
Number 1.00 0.08 0.75
of
Field
Changes
>10mG
Time 1.00 0.68
with
Constant
Field>2
mG
I ntermit- 1.00
tence
(Av.
Change)

Figure12-5. Correlation coefficients. Linear regression between exposure metrics.
(24-hour Exposure of 1012 People Representative of the U.S. Population)
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Zaffanellareported onan analysis of the sensitivity and spedficity of the 90" percentile of TWA
as a surrogate for the 90" percentil e of other parameters. The sensitivity of TWA (90"

percentil €) for other measures was in the range of 20to 7%b, with the highest value occurring for
time dbove4 mG. The spedficity of TWA for al other parameters was above 82%.

The distributions of exposures during different adivity periods are shown in Figure 12-6. In
genera, work was the caegory with the highest expasure, and schod and ked were the lowest.
The tean examined correlation d TWA for diff erent adivities with total TWA and between
TWA for different adivities. TWA for in-bed, hane (nat in bed), and work were dl important

contributors to total exposure, with nore dominating. Correlation between TWA from diff erent
adivities was naot strong.

People with Fisld Greater than Givan Value (%)

5| ... School oy -

- Average Magnetle Field (mG)

Figure12-6. Distribution of average magnetiéfield during different activities estimatesfor the
U.S. population.
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Other findings from analysis of the data were & follows. no dscernible differencein the
expasures of males and females; the age groupwith the highest exposure (but not by much) was
18- 64 yeasold; children under 17 seemed to have the lowest exposures, although there was
considerable uncertainty becaise of small numbers; and nolarge diff erences in exposures by
geographic region. These results are summarized in Figure 12-7, which shows how small the
diff erences are between groups.

Analysis by occupation reveded some interesting findings. as might be expeded from previous
reseach, so-cdled “eledricd occupations’ tended to have ahigher distribution curve, bu service
occupeations parall eled and even surpassd the numbers foundin expasures above 3 mG. Not
surprisingly, farming ranked as the lowest expaosure.

Analysis of theresidential PE datain terms of house charaderistics indicaed that exposure level
went down as houwse size increased. Zaffanellanoted that thisfinding raises sme questions
abou the socid justiceisales associated with EMF, espedally when considering field-
management posshiliti es. Apartments and dupexes, espeaally small ones, al had higher fields.
Therewas nofinding of effed by floor level of the bedroom, although, as Zaff anellanoted, this
could be duetoinsufficient data. The distancefrom aresidenceto aline was also asociated
with field level, athough Zaff anell a noted that the kind d line was identified by the respondents
from pictures and that acaracy would be improved with technicians measuring diredly. The
team also foundthat exposuresin hoses with metal plumbing was higher than in those with
plastic plumbing.

Zaffanella compared results from the 1000 person study with those from the EPRI 1000home
study (which studied sources, na PE) and the EPRI EMDEX Residential study, as siownin
Figure 12-8. The distributions of PE measurements from the 1000 person and EMDEX studies
coincide well for high fields but nat for low fields (possbly becaise meter techndogy has
improved sincethe ealier studies). Zaffanella dso naed the diff erences between area
measurements, typicdly taken in the center of aroom away from sources, and PE measurements,
which involve averages over the entire house, including nea appliances. (Thisobservation
serves as the basis for the model of expasure described in the Discusson d Topic#9.) Asafinad
comparison, Zaffanella overlaid dstributions of residential-exposure data from two
epidemiology studies onthe upper 15% of PE measurements from RAPID Projed #6. Cases
from the NCI study had comparable expasures with thase from the 1000-person study, bu the
controls were lower. The cases from the Los Angeles gudy exhibited higher exposures than
those from the nationwide study, whil e the controls had comparable expasures.
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Geometric
Standard | Geometric Standard
50" | 90" | 95™ | Average | Deviation M ean Deviation
Males 0.89 2.36 3.54 1.25 141 0.90 2.16
Gender | Females 086 | 238 321 1.25 1.60 0.88 221
Pre-schodlers 0.65 2.76 3.67 112 117 0.80 211
Schoal Age 068 | 200 | 232 1.03 0.90 0.76 2.19
Working Age 0.94 245 3.70 137 1.76 0.97 217
Age Retirement Age 079 [ 232 | 266 1.07 0.84 0.80 2.16
Midwest 0.65 2.22 3.19 119 118 0.87 2.20
Northeast 1.00 2.77 3.95 1.36 1.26 1.00 2.20
South 0.86 240 342 124 1.58 0.86 221
Region | West 0.85 2.20 271 122 183 0.87 2.10

Figure12-7. Parametersof thedistribution of 24-hour averagesfor different genders, age groups
and regions.
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Figure12-8. Comparison of data from different studies.
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SUMMARY OF DISCUSSION

Several issues came under discussion following the presentation on general public exposures by
Dr. Luciano Zaffanella. The summary below was prepared from the symposium transcript.

Severa clarificaions were sought on the status of analysis, data, and results for RAPID Projed
#6, as Dr. Zaff anell a presented them. Zaffanellaindicaed the following: that they had na
performed analysis of exposures within job caegory by gender; that they had na investigated
correlations of any fadors with distancefrom power lines except for personal exposure; that the
exposure distributions had been adjusted for region, gender, and age groups; and that they had
not been able to dorepea measurements for any subjeds.

Zaffanellareported that they had chedked the diary entries as much as they could, and kelieved
that the diaries were areasonable record of where people were while weaing the meter. There
were some caes of elevated expasure measurements during sleep, passbly associated with the
meter being placead nea a dock or other loca source Heindicaed that data deansing was
required in approximately 15 d the 1012exposure days. This cleansing may make adifference
in the upper portion d the exposures.

In resporse to an olservationthat, in previous gudies, subjeds may have thanged their behavior
while weaing the PE meter, Zaffanellaindicaed that this was a magjor concern in the study
design and that the reseachers had taken gred care to minimize this passhbility. The meter that
was used dd na have adisplay, €liminating visual temptation for the subjed to experiment with
the meter. Sincethe meter recorded for 29 hous, it might be possble to compare the first five
hours of datawith the last five hours (same time on the foll owing day) to examine day-to-day
changes and passble protocol violations. Anather discussant pointed ou that the PE meters used
in RAPID Projed #6 were much smaller and lessintrusive than those used in previous gudies.
Consequently, the reseachers could have more cnfidencethat subjeds foll owed the protocols.
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