QUALITY ASSURANCE

TOPIC #5: QUALITY ASSURANCE

SYNOPSIS

Prepared by
Fred Dietrich
Electric Resear ch and Management, Inc.
Pittsburgh, PA

Purpose

To summarize the state of knowledge of engineaing-related quality-assurance measures for EMF
laboratory, epidemiology, and exposure assessnent studies.

To provide the NIEHS risk assesanent processwith criteriafor ascertaining quality of
engineaing in EMF studies.

Summary

Engineaing quality asuurancein eledric- and magnetic-field reseach is often taken to mean
aswrancethat field condtions are acarately quantified. Over the past 20 yeas, “quantification”
has evolved from simply measuring the rms intensity of the dedric or magnetic field to
charaderizing avariety of field parameters that have been suggested as having apassblerolein
biologicd interadions. Moreover, engineeing quality assurance has broadened from its focus on
field condtions to an assesanent of whether other environmental fadors—such as hed,
vibration, nase, and so on—that correlate with fields might be afador in laboratory reseach.

Relevant Concerns

Work conducted to charaderize human exposure to eledric and magnetic fields or to reproduce
relevant field exposuresin the laboratory in order to identify potential adverse hedth impadsis
hampered by uncertainty abou which aspeds of field expasure, if any, are biologicdly relevant.
The inability to oltain urembiguous biologicd resporsesin highly exposed human popuations
(e.g., bare-hand eledric transmisson-line workers) or highly expased in-vivo or in-vitro
laboratory model systems prevents evaluation d the relevance of various field parameters.
Moreover, the dbundance of hypaothesized medianisms by which weék fields might interad with
biologicd systems suggests that simple quantificaion d field intensity could be an ineffedive
representation d biologicdly relevant dose. Valberg (1995 described 18aspeds of magnetic
field and related expasures that may be relevant to exposure assessnent in humans or
charaderization d laboratory exposures of in-vitro or in-vivo subjeds:
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» Intensity of the magnetic field;

e Timing and duation d ead EMF exposure;

* Repetition d exposure periods;

» Circadian time of exposure;

» Frequency of field oscill ation;

* Harmonic content;

* Intermittency;

e Turn-on,turn-off transients,

» Coherencein time;

e Circular andlinea polarization;

» Relative orientation and magnitude of AC and DC magnetic fields;
e Spatial homogeneity;

» Superimposed eledric fields;

» Static (eath’s) magnetic field;

* Incidental ungdanned EMF expaosure;

o Geometry of the cdl culture system;

* Size, number, and movement of exposed animals; and

¢ Accessory nonEMF exposure.

Justificaion exists for adding more parameters to that list.

Unfortunately, most studies of human expasure focus on rms intensity and passbly some warse
analysis of temporal variability in rmslevels. Even in laboratory experiments using controlled
expaosure mndtions, reseachers sldom report more than abou half of the parameters Valberg
identifies as patentially relevant. Unmeasured or unreported charaderistics of thefield or
accesry agents might be important uncontroll ed variables.

| nstrumentation

A variety of instruments is avail able to measure ELF eledric and magnetic fields. These range
from simple survey meters to logging exposure monitors and rather sophisticated instrumentation
systems. Minimum spedficaions (IEEE, 1994; IEEE, 1994) and cdibration procedures
(IEEE 1994 IEEE, 1994h IEEE, 1994) are well established bu sometimes nat rigorously
followed by the manufadurer and/or user. Credibility of resultsis enhanced in those studies
where the investigators report periodic cdibration d their instrumentation over the range of field
conditions they seek to measure. Much, bu nat all, of the avail able instrumentation performs
well when measuring power-frequency fields;, however, many instruments are not acarate &
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other frequencies (EPA, 1999. Hence, the investigator must interpret field measurements in
light of the frequency response of the field meter nea video dsplay terminas, hame dedronic
equipment, industrial equipment, eledrified transportation systems, and aher devices that
produce other than paver-frequency fields.

Instrumentation to charaderize transient and "pulsed” fieldsis not standardized. Wide-
bandwidth sensors that respond dredly to the magnetic field are scarce Large pulsed fields
have been measured with Hall sensors, bu their limited bandwidth raises questions abou the
acauracy of recorded rise andfall times. Fluxgate sensors offer significant improvement in
sensitivity and bandwidth, bu have not been used extensively. Many measurements are made
with sensing coil s that produce an ouput voltage propational to the dB/dt of thefield. The
magnetic-field waveform can be derived from dB/dt (e.g., Lerchl et a., 1990, bu not all
investigators do so. On some occasions, the magnetic-field derivative waveform isincorredly
reported as the magnetic-field waveform. On ather occasions, pused o transient field
waveforms are not measured. Charaderistics of current or voltage waveforms applied to the
field-generating device may be reported, with noevidencethat the resulting fields adually have
similar waveforms. Hence the quality of engineaing data on transient or pulsed field exposures
must be evaluated case-by-case.

Laboratory Research

Laboratory research seeking to shed light onthe biologicd effeds of ELF eledric- or
magnetic-field expasure has been hampered by the ladk of robust, easily replicable findings.
Reported olservations tendto be subtle, and require gopropriate exposure equipment and
procedures to ensure that the observed effeds are in fad due to fields and nd another fador.
Hed, ndse, vibration, and coronafrom the expasure eguipment have receved varying degrees of
attentionin dfferent laboratories. Some laboratories have measured temperature, but most
dismissnaise, vibration, and corona if they are not detedable by the investigator's ea, touch, o
sight. Actua measurements of thase agents have been made in few exposure systems. When
they have, their interpretationis hampered by lad of information abou thresholds at which they
pose a oncern.

Weaver (Weaver et a., 1997 has discussed the importance of temperature wntrol and suggested
that small differences that would have escaped detedionin most measurements could be
relevant. The use of doulde-woundcoil s for magnetic-field production (Kirschvink, 1993 helps
mitigate passble temperature dfeds but does not control for vibration (Jones et al., 1996 as
some have daimed. Some exposure equipment physicdly isolates radks holding exposure
subjeds of cultures from the field-producing apparatus to minimize vibratory couging.
Vibrationismore likely a mncern in ather systems lacking such isolation, espedally those
systems with ferromagnetic (e.g., mu-metal) shields suppating the radks hading expasure
subjeds or material. Because of the uncertain role of exposure to agents auxili ary to the dedric
or magnetic field, replicaionin asecmndlaboratory or in a second expaosure system is espedaly
criticd.

Because dedric- and magnetic-field effeds may be subtle and pessbly sensitive to dfferencesin
environmental fadors or handling, simultaneous doulde-blind red and sham exposure is viewed
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as an important quality-control procedure in those experiments whereit is possble. Randam or
courter-balanced assgnment of the adive and sham exposure unitsis required, with blinding for
maximum effediveness Frequent sham-sham experiments to identify nonfield-related
differencesin oucome between expasure unitsis another important quality-control adion that
has probably been uncerused in most reseach.

Fail ures to repli cae findings between laboratories can arise for anumber of reasons. As
discussed abowve, ore engineaing-related cause is the involvement of an agent auxili ary to the
eledric or magnetic field. Ancther possble caiseistheinvolvement of an urncontrolled and
unguantified attribute of the expasure field. Much attention has been drawn to the possble
significance of transients and hermonics, bu there islittl e methodcd demonstration d their
impad. Field intermittency, pdarization, and coherence have been suggested as other passhbly
relevant attributes. Undouliedly, there ae others. Finaly, co-exposuresto spedfic static fields,
light at spedfic colors or intensities, etc. may be aiticd to an experimental outcome. For this
reason, careful and complete daraderization and dacumentation o field parameters and co-
exposuresis an important part of engineaing quality in alaboratory experiment.

Examples of unsuccesdul repli cation attempts within or between laboratories are numerous.
Whil e those inconsistent outcomes appea to off er oppatunities for systematic research to
identify parameters acourting for the discordant results, there have been few cooperative dforts
to doso. Thefew attempts that have been undertaken have not identified such afield parameter.
Some unil ateral eff orts have daimed to identify transients, harmonics, pdarization, “noise”
fields, etc. asfadors acourting inconsistent results, bu thase reports have generaly nat been
verified by similar reseach in ather laboratories.

Some fed that experimental resultsin thisfield suggest that "clean 60-Hz fields" have less
impad than "red world" fields. If so, that observation would suggest that greaer attention to
charaderizing the full range of "red world" field attributesisindicated. Such charaderizationis,
of course, adifficult task withou systematic evidencefrom the laboratory as to which field
attributes are ac¢ually important.

Epidemiology Studies

Assessng the magnetic- or eledric-field exposure of subjedsin retrospedive gidemiology
studiesis by definition problematic because the relevant exposures occurred in the past. Since
the atual exposure can na be diredly measured, epidemiologists are forced to estimate past
expaosure based onmeasurable or observable surrogates, whether they be mntemporaneous field
levels, wire aodes, job categories, residential proximity to eledricd fadliti es, or cdculation o
one or more comporents of previous exposure. Regardlessof the gproad, retrospedive
exposure asesgnent isimpredse. Furthermore, the degreeof impredsion d various approadhes
can na be measured, sincethe parameter of interest itself can na be measured. Speaulation
abou the relative merit of various approades or of spedfic goproachesin certain studiesisthe
subjed of numerous journal articles and was a central issue in the recent EMF RAPID Science
Review Symposium on Epidemiologicd Reseach Findings (NIEHS, 1998§.
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Aside from the question d eff edivenessof various exposure-assesgnent methoddogies, which
has been dscussed elsewhere, the engineeaing quality control in the acual conduct of the major
epidemiology studies has been generally good. Engineeing quality control has been generaly
goodin major epidemiology studies. Studieswith afield-measurement comporent have usualy
developed carefully crafted protocols, used quality instruments, and regularly verified the
instruments' cdibration. Measurement personnel have generally been well trained. Cost, rather
than corredable data-quality isues, has limited the scope and duation d the measurements.
Studies using observational data (such as wiring configurations for exposure assessnent) have
usually recorded field olservationsin detail, using rigorous protocols and appropriate
measurement instruments. Many studies have repeaed some portion d the observations, using
different personrel to gauge the dfedivenessof the protocols and olserver training. Data
management and internal quality-asaurance deds have been very goodin the larger studies.
These feaures of the goidemiology studies acourt for the repeaability of exposure-assessanent
determinations under the protocols of the individual studies (Dovan et al., 1993. The acaracy
of expaosure asesgnent in epidemiology studiesislimited to afar greaer extent by the
uncertainty regarding relevant dose metrics, unavoidable time delays between assesgnent and the
relevant exposure time, and pradicd limit ations in measurement scope due to cost rather than to
engineeing data-quality issues.

Field Measurement Studies

Field measurement studies have ranged from small eff orts that are sometimes poarly reported to
large systematic studies caried ou in acerdancewith relatively formal protocols. Dueto the
limited reporting of the small er efforts, no statements can be made éou their overall data
quality. The aedibility of those small studies must be evaluated case-by-case. Engineaing
quality control in the larger studiesis generally very good and consistent with the intent of the
study. However, those studies are very different in pupaose. Some (e.g., Zaffanella, 1993 have
focused measurement of limited field attributes (such as rms intensity of the magnetic field over
alimited frequency range) onlarge statistica samples of people, sites, and so on. In thase
studies, appropriate caeis generaly taken in the seledion d unhiased samples. Other studies
(e.g., Dietrich et a., 1993 have mncentrated detail ed charaderization d static and ELF field
attributes (including transients) but on anecessarily limited sample of sites or sources. In those
studies, the focus has been on oltaining quality data on a comprehensive list of field attributes.

Implicationsfor Risk Assessment

The quality of the engineaing aspeds of eledric- and magnetic-field reseach has improved
markedly over the last few decales. Available instrumentation has for some time permitted
detalled guantification d human or laboratory subjed exposure to fields and related
environmental agents with apredsion far beyondthat required to identify thresholds or dose-
resporse relationships for poaly defined biologicd endpants. As engineaing quality has
improved, exposure dharaderization hes beacome more extensive, and design and procedura
steps have been included to mitigate the unwanted influence of environmental agents correlated
with expaosure.
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While noidentifiable date divides gudies with poa quality engineeing from studies with good
quality engineeing, the thoroughnessof the exposure quantificaion and the presence of
procedural feaures such as randamized doube-blind exposures, the use of positive and regative
controls, and the use of sham-sham exposures to identify and mitigate possble sources of
systematic aror are wnsistent with high quality.

Independent externa quality-control visits and measurements by personrel from NIST, DOE, or
elsewhere have dso been a part of many studies for the last 20 yeas and add credibilit y to thase
studies. Table5-1, at the end d this dion, identifies|aboratories ponsored by governmental
or major private fundng sources that have recaved independent quality-control visits from
representatives of NIST or the DOE.

Remaining Questions

The caability existsto charaderize, completely and predsely, the exposure of humans,
laboratory animals or in-vitro preparations to eledric and magnetic fields. However, past
measurements have focused on ory a subset of the possbly relevant field parameters. Thereis
no clea answer to the question d how detail ed exposure quantification must bein order to be
meaningful. If one of the infrequently charaderized field parameters has a central role in
determining the biologicd relevance of field expaosure, its lad of control could contribute to the
difficulty in replicaing experimentsin dfferent laboratories. On the other hand, comprehensive
field charaderizationis expensive and dverts funds from the aiticd need to identify and
charaderize biologicd resporses. This question will probably remain an issue of investigator
opinion uril abetter understanding of eledric- or magnetic-field "dose" emerges.
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Table5-1:  Quality-control sitevisitsand verification measurements of exposure
conditions
Facility I nvestigator Sponsor NIST Visit * DOE Visit
Argonre National C. Ehret DOE one or more
Laboratory K. Groh Vvisits per yr.
1979- 89
Argonre National G. Woloschak NIEHS 8/9/96
Laboratory RAPID
Battelle PNL L. Anderson DOE 1/12/83 one or more
etal. EPRI 1282987 | x Visits per yr.
NYSA.P 10/5-6/88 X 1979-97
NIEHS 5/3/90 X 10/22/82
6/19-20096 | x 10/05/88
2/24-2597 | X
Bowman-Grey Med Citr. J. Lymengrover | NYSHALP 8/25/82
Brookhaven National A. Carsten NYSA.P | 3/282983 one or more
Laboratory 4/12/84 X visits per yr.
1/29/86 X 1983- 85
Brown Univ. / Roger S. Mehta NIEHS 10/31/96
Willi ams Hospital C. Palk RAPID
California Dept. Of Hedth R. Neutea CDHS 5/2/89 3/31/89
Services etal. 2/9/91 4/17/91
Cdiifornialnst. of J. Kirschvink NIEHS 3/13/96
Tedchndogy RAPID
Cathdlic Univ. T. Litovitz NIEHS 2/11/97
RAPID
Colorado State Univ. J. Reif NIEHS 2/1595
DOE 6/26/96
RAPID
Columbia Magnetics DOE 5/9/94 X
Columbia Univ. M. Blank EPRI 2/2/94 X 4/20/93
DOE 11497
NIEHS
RAPID
Columbia Univ. R. Goodman DOE 2/2/94 X 1/30/86
EPRI 8/20/91
NIEHS 4/20/93
RAPID 1/1597
Columbia Univ. R. Mill er NIEHS 1/1597
T. Hel RAPID
H. Lieberman
Florida Atlantic Univ. D. Binninger NIEHS 2/28/96
RAPID
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Facility I nvestigator Sponsor NIST Visit * DOE Visit *
Hunter Coll ege A. Henderson DOE 7/13/88 X 1/30/86
EPRI 12/1/89 X
8/20/91
4/13/93 X
5/12/94 X
Institute for Basic J. Charey DOE one or more
Reseach - Rockefeller U. W. Bailey Vvisits per yr.
1980- 85
IIT Reseach Ingtitute M. Preedh DOE 6/13/79
9/112/79
IIT Reseach Ingtitute D. McCormick | NIEHS 5/26-27/93 | X 9/24/97 X
etal. 9/8-9/94 X
9/28-29/95 | x
11/7-8/96 X
Institut Armand Frappier R. Mandevill e NIEHS 4/22-23/93 X 10/17/96 X
(Univ. of Quebeq RAPID 7/31-8/1/95 | x
etal.
Lawrence Berkeley R. Liburdy DOE one or more
Laboratory etal. NIEHS Vvisits per yr.
RAPID 1986- 97 X
7/9/96 X
8/20/97
L os Alamos National R. Toby DOE one or more
Laboratory - Sandea Vvisits per yr.
1979- 81
Louisiana State Univ. A. Marino DOE 7/17/81 X 7/17/81
Med. Schod NIEHS 2/27/96
RAPID
Massadhusetts Inst. of J. Weaver DOE 10/30/96
Tedchndogy
Michigan State University J. Trosko EPRI 12/5/96 X
Midwest Reseach Institute C. Graham NYSAP 11/10/82 one or more
DOE 3/17-18/83 | x Vvisits per yr.
EPRI 1/13/94 X 1982-97 X
NIEHS 6/25/96 X
RAPID 9/23/97
New Jersey Schod of A. Gona NYSA.P 5/9/84 X one or more
Medicine and Dent. 4/11/96 X Vvisits per yr.
1983- 85
New York Dept of Hedth - J. Wol paw NYSALP | 3/19-20/84 | x one or more
Wadsworth R. Seqyal 4/8/86 X Vvisits per yr.
1984- 86
Oakland University, Henry A. Liboff 4/16/87
Ford Hospital 2/23/88
Polytechnic Institute K. Salzinger NYSAP 6/27/85 X 7/13/83
of New York 7/17/85 X 35%%/35
7 5
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Facility I nvestigator Sponsor NIST Visit * DOE Visit
Randamline, Inc. A. Frey DOE 11/7/80 X one or more
Visits per yr.
1979- 81
Rhodk Island Hospital R. Aaron NIEHS 10/31/96
RAPID
Roswell Park Cancer S-W. Hui NIEHS 11/1/96
Institute RAPID
Southwest Reseach J. Orr DOE 2127197 one or more
Institute 5/16/84 X Vvisits per yr.
2/27/85 X 1979-91
9/6-7/90 X 2/27/85
Stanford University J. Wallezek DOE 8/15/95
7/8/96
Stanford Reseach Institute S. Mill er NIEHS 12/20/94
RAPID 7/8/96
State Univ. of New York - D. Murrish NYSH.P 3/20-21/84 X one or more
Binghamton 4/8/96 X visits per yr.
1984- 86
State Univ. of New York - K. McLeod EPRI 3/12/93 X
Stony Brook NIEHS
RAPID
Tulane Univ. J. Seto NYSH.P 7/16/81 X 11/16/79
3/26/84 X 7/16/81
Univ. of California, Kreuger DOE 1/83 one or more
Berkeley M. Y ost Vvisits per yr.
1980- 84
Univ. of Cdlifornia, Davis R. Nucatdlli NIEHS 7/10/96
RAPID
Univ. of Cdifornia, Los DOE 2/25-26/77 X
Angeles Env. Bio. Lab.
Univ. of Cdifornia, Los T. Hahn EPRI 9/29/93 X
Angeles/ VA Med. Cir. NIEHS 3/26/84 X
RAPID
Univ. of Cdlifornia, R. Luben NIEHS one or more
Riverside C. Byus DOE visits per yr.
1983-97
3/11/96
8/18-19/97
Univ. of California, San D. Kripke NIEHS 9/1597
Diego RAPID
Univ. of Colorado D. Savitz NYSH.P one or more
Vvisits per yr.
1984- 86
Univ. of Conredicut NYSA.P 7/26/84 X 9/6/83
7/26/84
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Facility I nvestigator Sponsor NIST Visit * DOE Visit
Univ. of Kentucky J. Sisken EPRI 102391 X 9/2597
NIEHS 12/17/92 X
RAPID
Univ. of Maryland Med. M. Cohen NYSA.P 8/27/84 X 4/18/83
Center, Baltimore 7/17/85 X 11/15/83
5/6/96 X 7/25/84
12/18/86 X 7/17/85
Univ. of Maryland, Balce- NIEHS 8/23/95 X 8/28/95
Baltimore Kubiczek RAPID
G. Harrison
Univ. of Minnesota F. Uckun NIEHS 10/24/96
RAPID
Univ. of Nevada, Reno G. Craviso NIEHS 9/16/97
RAPID
Univ. of North Carolina H.B. Peng NIEHS 10/2/96
RAPID
Univ. of North Carolina C. Rinehart NIEHS 8/1-2/96 X 10/2/96
RAPID
Univ. of Rochester S. Michadson DOE 12/14-15/82 one or more
M. Mill er EPRI 4/6/89 X visits per yr.
S. Stern 2/22/90 X 1979- 90
4/4/92 X 4/3/90
5/14/92
4/14/94
Univ. of Texas Hedth W. Winters NYSA.P 5/4-5/83 X one or more
Science Ctr. 12/15/83 X Vvisits per yr.
1983- 84
Univ. of Texas Hedth R. Reiter EPRI 10/8/86
Science Ctr. NIEHS 3/10/89
RAPID 3/20/90
10/27/93
2/26/96
Univ. of Tororto P. Basu NYSHA.P 10/11/84 X one or more
5/1/86 X Vvisits per yr.
1984- 85
Univ. of Utah G. Livingston | NYSHA.P 7/27/83 X one or more
8/28/85 X Vvisits per yr.
1983- 85
Univ. of Utah Grissom EPRI 4/12/93 X
Univ. of Washington A. Guy DOE 7/30/80
2/18/84
Univ. of Washington L. Costa NIEHS 9/17/97
M. Yost RAPID
Univ. of Washington H.La NIEHS 3/14/96
RAPID
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Facility I nvestigator Sponsor NIST Visit * DOE Visit
Univ. of Western Ontario K-P. NYSA.P 7/14/83
Os=nkopp 4/25/84
Univ. of Wisconsin, E. Goodman NYSA.P 5/18/83 X 1/27/83
Parkside R. Gunderson 5/18/83
B. Greenbaum 5/4/84
US Environmental C. Bladkman DOE 8/26/82
Protedion Agency 10/18/91
4/1995
10/3/96
US Foodand Drug R. Owen FDA 8/22,2890
Administration (Rockvill €) NIEHS 9/21/94 X
8/29/95 X
3/22,2696 | x
US Naval Medicd J. Thomas NYSA.P 11/17/84 X 7/12/83
Reseach Center 1/17/84
7/16/85
US Nationa Inst. of Env. J-S. Hong NIEHS 10/2/96
Hedth Science RAPID
US Nationa Inst. of G. Lotz NIOSH 4/10-11/96
OccuEaional Safety and
Hedt
Veteran's W. R. Adey DOE 1/28/80 X one or more
Administration Hospital - eta. 1/17/83 visits per yr.
LomaLinda 1979-97
Notes:
* “X" indicates that independent measurements of exposure fields were made during the visit.
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