SURVEY OF PERSONAL MAGNETIC FIELD EXPOSURE
Phasell : 1000-Person Survey

SUMMARY

The objedive of this projed is to charaderize persona magnetic field exposure of the
general popuation, by performing personal exposure measurements for a sample of the
popuation. The projed is in two phaeses. Phase | was designed to develop survey
methoddogies and to condwct a small scde survey. Phase Il consisted in a large scde
survey using the methoddogy developed in Phase I. A little more than 1000 people
participated in the survey of personal exposure for a 24 hou period. The protocol of the
survey consisted of the foll owing steps:

1.

2.

3.

Telephore numbers were randamly seleded using list-asssted Randam Digit Dialing
(RDD) methoddogy.

An introductory letter was snt to all persons correspondng to the seleded numbers
who were listed ontelephore diredories.

The letters were followed up ly telephore cdls. Telephore cdls were dso made to
househalds that were nat sent an introductory letter. The respondent was interviewed
in order to seled and reauit a household member for possble participation in the
survey.

A Consent Form and a letter that ill ustrated the reasons and modality of the survey
was ent to al the people who hed agreed to participate.

The Consent Form was to be signed by the participants (or their parents or guardians)
and returned before measurements could be performed.

Upon return of the signed Consent Form, the participants were sent a padkage
containing a personal meter, the instructions for the use of the meter, a small diary to
be used to write the type of adivities performed, a questionreire, and a fifty dalar
chedk for compensation for participating in the study. The personal exposure meter
was of the size of a pager and could be dipped to a belt or placed in a pocket. For
infants and todders, the meter was to be placed inside ateddy bea, to be worn as a
badkpadk or kept nea them for the day of the measurements.

The participants wore or kept the meter with them for 24 hous from the moment they
first adivated the meter. Magnetic field values were recrded every 0.5 seconds.
Summary statistics were stored in the meter’s memory every ten minutes. The
participants recorded the time when certain adivities (at home not in bed, at homein
bed, travel, work, or schod) started or ended. After 24 hous of measurements, the
meter was mailed bad.

The meter’s data were transferred to a omputer file. The information from the diary
and from the questionraire was transcribed in a cmputer database. The magnetic
field exposure for the eitire 24-hous was cdculated using a speda software
developed for the meter. The meter’s cdibration was cheded and the meters were
prepared for new participants. A letter was @ent to the participants with the results of
their individual measurements.

The data from the meters, diaries, and questionreire were analyzed.
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The personal exposure measurements darted in November 1997 and were cwmpleted on
April 3, 1998.In tota 1,012 meters with usable data were returned. Overal 3,867
househalds were mntaded, 1,796 prsons were reauited by phore, 1,718 rsons were
sent a Consent Form, 1,120 @rsons returned a signed Consent Form, 1079 rsons were
sent a meter, 1050 meters were returned in time for incluson d the data in this final
report, and 1012meters had valid data. Based onthe time and event data in the adivity
diary, the measurementsin ead datafil e were partitioned into the foll owing caegories: at
home nat in bed, at homein bed, at work, at schod, during travel, and aher. A variety of
measures of the magnetic field were extraded for ead subjed and for ead type of
adivity, including time spent for the adivity, mean, standard deviation, geometric mean,
geometric standard deviation, minimum and maximum, various percentiles from 1% to
99", time spent above various field thresholds (from 0.5 to 64 mG), number of sudden
field changes, length of time with constant field, and an index of intermittence

In order to generate representative sample estimators of the general popuation, eah
participant was assgned a weight that takes into acourt the dance of seledion d the
person in the sample, and that can be interpreted as the number of persons in the
popuation that the sample person is “representing”. The parameters of the estimated
distribution o the 24-hour magnetic field for the U.S. popuation are shownin Table S-1.

Table S.1 Estimate and 95% Confidence Interval of the Parameters of the
Distribution of 24-Hour Average Magnetic Fields

95% ClI

Parameter Estimate 2.5% 97.%%
Mean of 24-Hour Average Fields 1.25mG 1.16 1.33
Standard Deviation 1.51ImG 1.13 1.88
Geometric Mean of Average Fields 0.89mG 0.85 0.93
Geometric Standard Deviation 2.18 2.10 2.27
Median 0.87mG 0.81 0.93
People with 24Hour Average >0.5mG 76.3% 73.8% 78.9%
People with 24-Hour Average >1 mG 43.6% 40.9%  46.5%
People with 24-Hour Average >2 mG 14.3% 11.8% 17.3%
People with 24-Hour Average >3 mG 6.3% 4.7% 8.5%
People with 24Hour Average >4 mG 3.6% 2.5% 5.2%
People with 24Hour Average >5 mG 2.42% 1.65%  3.55%
People with 24Hour Average >7.5mG 0.58% 0.29% 1.16%
People with 24Hour Average >10mG 0.46% 0.20% 1.05%
People with 24Hour Average >15mG 0.17% 0.03%% 0.83%

Participants were asked to keep a diary of their adivities 9 that magnetic field exposure
could be evaluated na only for the total 24-hou period bu aso for different types of
adivities. Theresults for different adivities are shown in Table S.2.
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Table S.2 Descriptive Statisticsfor Different Activity Periods

Home not
Parameter in Bed In Bed Work Schod Travel 24-Hour
Number of Valid
Data Sets 1011 996 525 139 765 1012
1% Percentil e 0.10mG 0.01mG 0.14mG 0.13mG 0.13mG 0.18mG
5N Percentile 0.20mG 0.08mG 0.24mG 0.18mG 0.29mG 0.27mG
10" Percentile 0.27mG 0.12mG 0.30mG 0.29mG 0.41mG 0.35mG
25" Percentile 0.44mG 0.24mG 0.60mG 0.35mG 0.66mG 0.51mG
50" Per centile 0.75mG 0.48mG 0.99mG 0.60mG 0.98mG 0.87mG
75" Percentile 1.39mG 1.24mG 1.78mG 1.01mG 1.46mG 1.41mG
90" Percentile 249mG 2.44mG 3.32mG 1.64mG 2.18mG 2.38mG
95" Percentile 3.89mG 3.63mG 5.00mG 1.77mG 2.73mG 3.38mG
99" Percentile 9.50mG 9.19mG 135mG 3.55mG 5.43mG 6.16mG
M ean 1.29mG 1.11mG 1.73mG 0.82mG 1.22mG 1.25mG
Standard Deviation | 2.54mG 2.06mG 3.09mG 0.70mG 0.99mG 1.51mG
GeometricMean | 0.80mG 0.52mG 1.03mG 0.64mG 0.96mG 0.89mG
Geometric
Standard Deviation 2.50 3.52 2.57 2.06 2.03 2.18

The following conclusions could be drawn from the 1000 person sample:

1.

The etimated dstribution d the average fields during a 24-hou period for the
popuation d the U.S. has a geometric mean of 0.89mG (95% CI from 0.85to 0.93
mG) and a geometric standard deviation equal to 2.18(95% CI from 2.10to 2.27.
The distributionis close to log-normal in the range of average 24-hou fields from 0.3
mG to 3 mG. For average 24-hou fields greaer than 3 mG, the best log-normal
approximation has a geometric mean equal to 0.5and a geometric standard deviation
equal to 3.1.

It is estimated that 14.3% (95% CI from 11.8% to 17.3%) of the U.S. popuationis
exposed to a 24-hou average field excealing 2 mG. It is estimated that 6.3 % (95%
Cl from 4.7 % to 8.5%) of the U.S. popuationis exposed to a 24-hou average field
excealing 3 mG. It is estimated that 2.42% (95% CI from 1.65% to 3.55%) of the
U.S. popuationis exposed to a 24-hou average field exceading 5 mG. It is estimated
that 0.46% (95% CI from 0.20% to 1.05%) of the U.S. popuation is exposed to a
24-hou average field duing a 24-hou period excealding 10 mG.

Abou 25% of the people spend more than ore hou at fields greaer than 4 mG, and
abou 9% of the people spend more than ore hour at fields greaer than 8mG.

Abou 1.6% of the people experience d least one gauss (1000mG) during a 24-howr
period.

The largest average fields (experienced by a few percentage of the people) were
recorded duing the period “at work”. The lowest average fields were recorded during
the period “at home, in bed”. The average field “in schod” exceaded 2 mG for abou
3.5% of the students, while the field “at work” exceeded 2 mG for abou 21% of the
workers, andthe field “at home” excealed 2mG for abou 14 % of the people.
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6. For the periods “at work” the distribution o the average magnetic fields had the
largest geometric mean (1.61 mG) for the dedricd occupations (whose data,
however, were few), followed by the service occupations with 1.59mG, technicd,
sde, and administrative suppat occupations with 1.09 mG, manageria and
professonal spedalty occupations with 0.99 mG, predsion podiction, craft and
repair occupation, operators, fabricaors, and laborers with 0.89 mG, and farming,
forestry, and fishing occupations with 0.45mG. The geometric standard deviation o
the “a work” distribution d average field (2.57) is sgnificantly larger than for the
distribution d the 24-hou period averages (2.18. Some people & work are
significantly more exposed than in ather situations.

7. Vey littl e differencein 24hou average magnetic field was found ketween men and
women (geometric mean 0.90 mG versus 0.88 mG). The largest geometric mean
among age groups was foundfor working age people (geometric mean = 0.97 mG),
followed by retirement age people and pre-schod children (0.80mG), and schod age
children (0.76 mG). Little difference was foundamong different regions of the U.S..
The largest geometric mean was foundfor the Northeast (1.00), followed by West and
Midwest (0.87), and South (0.86).

8. The following parameters appea to affed the distribution d exposures at home:
residence type, residence size, type of water line and proximity to overheal pover
lines. The lowest expasure & home was measured for people living in mobile homes,
foll owed by single family residences. Duplex and apartments correspondto the largest
exposures. The highest exposures at home is in smaller houses and in howses with
metalli c, rather than plastic, pipes. The exposure & home tends to increase & the
distance to the neaest overheal line deaeases. Proximity to threephase dedric
power distribution and transmisgon lines correspond to the larger expaosures than
proximity to ather types of linesor noline & all.

9. The resporse rate was very low and there is the potentia for a significant non
resporse bias. The strength of the survey is in the randan seledion d the
participants. The resporse rate, athough low, was relatively uniform aaoss age
groups, gender, and regions of the participants.

10.The survey is the first significant study that quantifies the expasure of the genera
popuation for the entire day, na only for the time spent in ore’s residence but also
for the time apersonis outside the home, working, in schod, traveling, or performing
other adivities.

11.The survey provided data for an assesgnent of the number of people & risk, shoud
reseachers one day be cgable of defining risk in terms of some of the quantities
measured duing this survey. The survey provided data not only regarding the 24-hour
average magnetic field, bu also data on the time &owve defined field values, on the
length of time during the field is constant, onthe number of sudden field changes, and
onthe magnetic field values during diff erent types of adivities.
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