SURVEY OF PERSONAL
MAGNETIC FIELD EXPOSURE
Phase |l : 1000-Person Survey

EMF RAPID PROGRAM
ENGINEERING PROJECT #6

Prepared by
ENERTECH CONSULTANTS
17 Main Street
P.O.Box 770
Lee, Massachusetts 01238

Principal Investigators
Luciano E. Zaffandlla - Enertech Consultants, Inc.
Graham W. Katon - Westat, Inc.

Prepared for
Lockheed Martin Energy Systems, Inc.
P.O.Box 2002
241 W. Tyrone Road, D104
Oak Ridge, Tennessee 37831-6501

May 1998



ACKNOWLEDGEMENTS

Many persons contributed to this research project. Overall credit for the success of this project is
given to the guidance of Dr. Paul Gailey of Lockheed Martin Energy Systems.

The staff of Westat designed the statistical sample, selected and recruited participants via
telephone, and weighted the data. The active participation and contributions of Dr. Robert
Clickner, Mary Dingwall, Dr. Louis Rizzo, Karen DellaTorre, Michelle Kiser Scheele, Sheila
Krawchuk and Joyce Powell is acknowledged.

Richard Iriye of Enertech Consultants deserves the highest praise for the formidable task of
managing the flow of the exposure meters to the participants, data analysis, and database
development. The dedicated efforts of Teresa Diaz, and Amy Corrigan are acknowledged. We
also acknowledge the contributions of Thomas Sullivan for personal exposure measurements
protocol development, of Jeffrey Daigle for the development of the software to analyze the data
collected by the personal exposure meters and for preparation of the database in the DOE RAPID
format, and of Jane Fillmore for assistance in the preparation of the final report.



CONTENTS

ACKNOWLEDGMENTS L. i e et e e et e e et e eeaae e e eaaaes Al
CONTENTS Lttt e e e e e e e e e ettt e e e e hte e e e e e e e e sbbeeeeeeeeaansnnee seennnbneeeeeeaanns 1
Y U o S-1
L INTRODUCTION. ...ttt ettt ettt e e e e e sttt ee snbtaeeeeeeasannbaeeaeeeesanns seeans 1-1
1.1 EMF Rapid ENgINEEring PrOJECLS ........uuiiiiiiiiiiiiiiiiiiie et s 1-1
1.2 RAPID Engineering Project #6: Survey of Personal Magnetic Field
EXPOSUIE ..ot e e e e 1-2
1.3 Recommendations for PRase 11 .............uuuiiiiiiiiiiiiiiis e s 1-3
2 SURVEY PROTOQCOL ..ciiiiiiiceeis ettt e e e st e e e et e e e e e e eanas 2-1
2 R e (0] (o Tot o] ] (T o 1 SRR 2-1
2.2 Personal EXPOSUIE METET ........oooiiiiiiiiie e eaan eeeeeee b 2-4
3 DATA MANAGEMENT AND ANALYSIS ..ottt .3-1
3.1 Recruitment of PartiCIPANTS ...........uuiiiiiiiiiie e s 3-1
3.2 CONSENT FOIMM ...t e e s et e e e en e e e e e nnnnaneeeeen eenes 3-3
3.3 Meter Delivery and RETUIM...........uuuiiiii e s 3-4
3.4 PartiCipation RALE .........iiii i e e e e e e e e e e e e ———— 3-5
3.5 Analysis of Meter, Diary, and Questionnaire Data...............ccoevvvviiiiiiieiiiiiiinnnnenn. 3-6
3.6 Database DESCIPLION .......ccciiiieiiiiiiiee e e e e e ettt e e e e e e e e e e e ae eeeaeeeeeeeeseerannnn 3-10
G 3700 A [ 01 (o To 11 Tox 1o o SRR 3-10
3.6.2 Metadata......cceeeeieeeeee e e —————————— 3-10
3.6.3 DAta PrOUUCLS .....coeiiiiiiiiie et e e e e 3-10
3.6.4 Other DAta ...ccoeeeeieeeeeee et e 3-11



4 SURVEY RESULTS . ...t e et e 4-1

4.1 Period Of PEIrfOrMENCE .........uuuuiiiiiiiiiiiiiiiiiiiiiiiieiereeeeeteeeaae e e e e e e s s aas rrsaseeeeeeeeaaeeaeeas 4-1
4.2 Sample Characteristics (Age, Gender, RegiON) ..........uuuiiiieiiiiiiiiiiiiiiieeeeee e 4-2
4.3 Sample Characteristics (Activity Types, Occupation)..........ccovvvvvvvviiieeeeeereennnnnns 4-3
4.4 Sample Characteristics (Residence and Power Line Characteristics)................ 4-4
4.5 RESUIS (TADIES) ..oveeiiiie et e e e s e e e e e e e e e e e e e e e e eeeeeeeeannnnn .4-5

5 ESTIMATES OF EXPOSURE PARAMETERS OF THE GENERAL

POPULATION ..ttt ettt ettt e e e e s e seee e e e st a e e e e s sanntaeeeaeeeaan eeaeeeaanns 5-1
5.1 Sample Unit WeIGNT........oii e e e 5-1
5.2 Estimate of the Distribution of the 24-Hour Average Magnetic Field.................. 5-2
5.3 Calculation of StatiStiCal ACCUIACY ........ccoviiiiiiiiiiiee e eee e 5-4
5.4 Variance of the Estimates of 24-Hour Average Distribution Parameters............ 5-5
5.5 Estimates of Other Quantities Recorded During 24-HOUr .........ccooooeevveeiiiiinnnnnnn. 5-7
5.5.1 Time Above Given Field Values............cccii 5-7
5.5.2 Number of Sudden Field Changes.........coooiiiiiiiiiiiiiii e 5-9
5.5.3 Length of Time with Constant Field..............cccooeoiei e, 5-11
5.5.4 INTEIMITLEINCE ... et e e e aae e as 5-11
5.5.5 Correlation between Different Exposure MetriCs.............couuveiieieeeeeeeennnnnns 5-13
5.6 Average Field During Different Types of ACHVILIES.........ccoeevviiiiiiiiiiiiiiiiiiiiines 5-15
5.6.1 Period “IN BeA" ....ccooiiiiiiiiiiee ettt e 5-15
5.6.2 Period “At Home NOt In Bed” .......uuuiiiiiiiice e e 5-16
5.6.3 Period “At WOTK” ...ttt e e e e e e e nnreeeeas 5-18
5.6.4 Period “IN SChOOI” .......uui e e 5-19
5.6.5 Period “DUring Travel” .........cooo i e s e e e eeaaeaaes 5-21
5.6.6 Comparison of Average Magnetic Field During Different Activities........... 5-22
5.7 Other Quantities Recorded During Different Activity Periods............cccvvvvnnn... 5-24
5.7.1 Time Above Given Field Values.........ccoooooiiiiiiiiiiiiceeei 5-24
5.7.2 Number of Sudden Field Changes.........coovvveiiiiiiii e 5-31
5.7.3 Length of Time with Constant Field................iiii e, 5-34
5.7.4 INTEIMITIENCE ...t e 5-35
5.7.5 Correlation Between Exposures During Different Activities ...................... 5-37



5.8 Effect of Parameters on the Average Magnetic Field during Personal

EXPOSUIe MEASUIEIMENTS.....c.uuiiiiiiiiii et e e e eeaas 5-39

5.8.1 Effect of Gender on 24-HourAverage Field............cccooiiiiiiiiiiiiie 5-39

5.8.2 Effect of Age on 24-Hour Average Field ...........ccccooveeiiiiiiiiicciiie e, 5-41

5.8.3 Effect of Region on 24-Hour Average Field .........ccoooiiiiiiiiiiiiinee, 5-42

5.8.4 Effect of Type of Occupation on Work EXpoSure ............ccuceeeieeeeeeeeeeennnns 5-44
5.8.5 Effect of Residence Characteristics (Residence Type, Floor Area,

Bedroom Floor, Water Pipes) on Residential EXxposure .............ccccevveveee. 5-46

5.8.6 Effect of Proximity to Power Lines on Residential Exposure .................... 5-50

6 DISCUSSION AND CONCLUSIONS.......oiiiiiiiieiiiiiiieiie e e 6-1

6.1 Estimates for the U.S. Population. Limitations and Strengths of the

1000-PEOPIE SUIVEY ...ttt e e e e e e ee e e e e e e e ee e s 6-1

6.2 Estimating Yearly Average Magnetic Field for the U.S. Population ................... 6-3

6.3 Comparison With Other Data..............uuiiiiiiiiiiiiecese e e e eeeeeaaaaannes 6-6

O o] [od 1151 o] 1 PP 6-8

T REFERENGCES......coi oottt ettt e e e e e et e e e e e e st e e e e aneeeaens 7-1

A LETTERS AND FORMS USED FOR THE MAGNETIC FIELD EXPOSURE

MEASUREMENTS ... ettt e e e e e e s bbb e s e e e e e e e eeaeeeaes nan A-1
AppendixX A Table Of CONENTS. ... oo e e e e e e e eeeeaeeee A-1
B SURVEY RESULT TABLES ...ttt e B-1
C METADATA FILE LISTING. ...ttt ettt e e e e e e e eee s e e aeeeeeeesensennnnns C-1



