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Magnetic Field Effects on Humans:
Epidemiological Studv Design
Part II
Johr S. Colonias
Lawrence Berkeley Laboratorv
University of California

Berkeley, California 94720
Septemher 1979

I. ABSTRACT

In A orevious.paper, (see LBL—834°)VtHe‘autH§rs deseribed the
nvorSWI Aetails of a study, designe? to investiéate the
epf:ém4hTOQiC3]  .h9a3£h effccts,. if anv, *esulting from
orccupational expesure produced hy various nuclesr instruments soch
A5 Cj¢7otvons,‘Rubh]e‘CHamhers, spéctrometers, etc. |

In this paper we éescribe the methodelogy invoivéd in

Aeterminina the magnetic field exposure to such instruments.

IT, INMTRODUCTION

-PrésentTv, the hiological nonseqﬁonceé of magnetic fields on
hnmare Haé nnt been substantiated by any svstematic experiments,
even  theough  the literature abourds ’withvstudies on biological
efferts, some of which car neither  be repfoduceﬂ or certifie”d,
However, the purpose, of th‘ﬁ Qesian study fs»not to ascertain the
Véjiaitv of the ahove, but rather to -attemont fé perform a
statictical studyv designeﬁ to>evaluate ootential health effects in
arouns of scientists anA industriél"workers wvho have béen

occUnationally exposed to high magnetic fielés. An end-procuct of
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this study _might..be;thé*establishménf of limits of exposure for

industrial wéhkers 'whjch'-at__the present time are set quite
afb{trarilygf1 WT - - |

The specﬁfié pqrﬁésé;of this‘béper, however, is to outline the
 mét§§do1ogyf,§ha£V we',héed-in.aésessing the fringe_magnetic field
,fqr tﬂ§l§§fi6ﬁ§:ihs£ruﬁéﬁts énalyzed'and-tO'_show‘*the degree of
réliébiii£y Q£?§ﬁf‘magnétic field expdéuré gstimates.

 A thck; éiagfam ' sh6wihg.the various stages of this study is
" &hown in‘Figg i; _The’patt'oﬁtlined in this report is enclosed

“with dashed lines.

II1. FACILITY CLASSIFICATION

~In this _study, we anticipate to correlate .a population of

:approximately 1000 exposed szjects with 1000 matched controls.

-

Thé size.  of .~ this- sample :necessitates the cooperation of
_ laborétor{es other thén our own, and the classification of nuclear
insfrnments,Jand apparatus as far as magnetic ©Dproperties . are
coﬁéethed, in a fashioﬁ meaningful t§ this study. For this purpose

we classified these instruments in two broad tvpes:

.a), pe Ilﬁé tbr very slow time varying)
I;_;Cifcular accelefétors

II. ‘Bubble Chambers

'-III.  Mégnetic.spectrometers

IV. Magnets, (conventional or superconducting)

 Ql7»Pulsed Fields (sharp rise,'short duration)
_.Magnétic‘fields .of thie type are encountered in fusion
ZGXPGriméntal’faciiities; ‘Manv df these. facilities reiy‘ on
strohg maéneﬁic~'fields'vto contain high temperature plasmas,

with little or no-iron shield. For example -in tokamak type
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fusion devices it is not unusual for the toroidal field to be
in excess of 20 kG with a high fringing field value at dis-

tances up to 500 meters.

Fields of this type have been cocded for possible future use,

an” are mentioned here only for the purpose of completeness of

this renort,
IV. ANALYSIS AND EVALUATION OF MAGNETIC FIiELDS

™e varietv of nuclear instruments 1listed .in Table I, the
1arae numher nf suhjects fo‘bé included in the stUdv,.aS wél? as,
qpnnraphical' ﬂistancés ,that senarate each cite, heceséitated the
careful classificz%ion of 311 nuclear instruménts, as far as
maanetic fié1ﬂ propefties éfe concorned,iinto categories, So that
a,comnrehens%va'prog*am nf maonetic exposure hfstorv could he

cbtained,

Specifically, we concentrated ocur efforts in the fellowing

h=4
@]

1

N

S

n

ification of instruments according to similaritv . of

magnetic field behavior

B. Locating magretic measvrements of existino ‘nstallations

(if surh measurements have hbeen made and are available)

C Measuring: magnetic fields (with magnetometers), for those
instal’ations - that exist, but measurements were nnt

availahle.

N. Simulating mathemaf?caWIV, those: instruments whick Hhave

heen retired from service or for those that measurements



are:not available.

~The above‘itemsfwill he »6iscussed in detail in the following

varagraphs.

A. Classification of NuclearvInstruments

jTabie”I}“préséhtsv a preliminé:y attempt to classify some of
thévnucléar instrumebts_(investigated as of néw), into categories,
SO-that,an:aSSeésmeht could be made of fhe magnitude of the effort
’ fgquited té“Qb£éin the necessary data for the study. Figure 2
'éﬁ§W$lthei§€Q§faphical'10cétion of these instruments;
':fMany.ofw'tﬂése facilifies have‘5eén visited by members of this
séudy gr§Qp,‘so fhat'firSt hand information could be obtained
regarding_opéraﬁional cﬁaracteristics of these instruments, and to
‘gather ‘information relating to their operation, shut down timeé,

- existence of magnetic field measurements etc.

B. Existing Magnetic Measuremehts

Invsome instances, - magnetic field measurements at large
:distaﬁces from. the center of the machines wére available and in
such ﬁases“these meééurements were used éxclusively, and  no
attembt was made to reproduce them. An example of such measured
maghéﬁic field'is sthn in Fig. 3 which displays the measured
field in 'thé viqinitv vof the 7 ft. Bubble Chamber iocated at
 Brookhaven'National Laboratorv. Based on Sdch-information we were
able to eétimate mégnetic field_ expcsures, for subjecte whose
Hailyﬁdﬁtieg.bring them in the vicinity of these machinec.
j:MembeES’of this group have been eager in -Jocating asuch
méésu;emehté, parﬁicuiérly for instruments tﬁat are no longer in

operation.
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C. Measurements Made on Existing Machines

In cases where measured data vere difficult to locate members
of the studv group visited the insta'lation under consideration
and measured the remanent magnetic field at various distances from
the certer of the machine.

FPor purposes of illustration, Fig. 4 shows such a measured
magnetic field map corresponding  to the 184" fixed fregquency
cvclotron located at Lawrence Berkelev Laboratory, while Fig. 5
shows a similar man at the MPS facilitv at the Brookhaven National
L,ahoratorv. |

Similar mans have bheen prepared for those facilities whirch are

ligted in Tahle I and are still in operation.

D. Simulation of Remanent Magnetic Field

In those rmases where the nunlear instrument dJdid no longer
exiat or measurements were nnt available, we conmputed the
remanent magnetic field hy simulating the magnet qeometry
mathematically,

There are some excellent computer programs that do this job
and; in our case we used a computer program called TRIM , which
transformes a Poisson type eguation (Eg. 1) |

- -

v-(l—v.-A)=4nJ -~ Eq. 1
where u = permeahilitv of material

ﬁ = vector pctential

3 = Current Adensity

tn its finite Aiffererce approrximation equivalent (Eq.2). The
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resulting equations are solved by some overrelaxation scheme.

WilAy - B) #4nd =0 Eq. 2

1

weights. associated with grid points

1

£
1

>
i

vector potential
The procedure for such simulation involves the following steps.

1. A triangular non-uniform grid 1is: used, on which the
magnetic geometry' is outlined. This grid may have up to 10,000

points.

2. .Once.this grid has been prepareé,'prbgram TRIM uses that
grid to compute the magnetic field at any location inside this
grid'space.  The maximum dimensions of the grid space must bhe
sufficiently largé to  insure that the appropriate boundary
cpnditions imposed (that is R = 0 on the boundary) are valid.

One has td exerciée caution in interpreting the results
produced by such simulation, since the results are a two
ﬂiménsional appraximatibn of the real situation. This means that
in the Cartesian coordinate space, the magnet geometry is assumed
to he infinitely long in the z- direction (see Fig.‘6) and we are
only computing the magnetic field in a two-dimensional
cross-sentional cut.

In the cylindrical coqrdinate system we assume that the magnet
under consideration is that which wonld he obtained if the

~

geometf?*was rotated around the z-axis (see Fig. 7
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The magnetic field 1is obtained from the curl)l of the vecter

notential (BEg. 3).

> >
B = vXA : Eq. 3

. ? . , .
Since A has only one non-zero component in two dimensions, the

components of B in the Cartesian coordinate system are:

3A
BX=_8§- Eq. 4
oA '
By=‘—3)-(‘ Eq5

Similarly in the case of axial symmetry

_ 1 3(rA)

B, =¥ ez Eq. 6
_ _ 1 3(rA)

B r ar | Eq. 7

1. Illustrative examnle

Perhaos, the hect wavy of illustrating the oprocedure involver
in this tvpe of simplation is throhgh an example:

Consider the 90" Cvclotron magnet shown in Fig 3. This fixed
frequency cvclothron was huilt around 1954 at Lawrence Livermore
Laboratory to accelerate protons, deuterons ard tritons, throua4h a
vide ranage of energies ohtained by tuning the frequercy and
increasing the magnetic field from 2000 to 9000 gauss.

The simulation ofvthis magnet foi]owing the outline discusserd
above Droﬂuceﬁ‘the mesh shown in Fig. 9 and. the resulting flux
Aigtribution shovn 1in Fig. 10, while a n»nlot of the compﬁteé
maqnotic field as a function of distance awav erm_tHe center of
the maanet ie shown in Fig. 11. Such simulations produce accurate
recults, thownver, these resu1fs must be carefully interpreted-

cipce as it was mentioned earlier thev represent a two dimensiona?
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approximation of a three dimensional field.

'V Evaluation of Results

The methddolqu desctibed above has been sufficient to provide
1s with magnetic field exposure estimates -of a high degree of
cohfidence.. There are, however, cases where such simulations are
veither possible nor dov they proddce reliable results. I'or
sxample the 184"'Cyclotkon magnet at Berkeley, a sketch of which
is shown in Fig. 12, _fequires azimuthal as well as Cartesian
symmetry in order to he simulated mathematically. That is, while
the pole face of the magnet is c¢vlindrical the return vyoke is
rectangular.,

For such magnets, we use a cylindrical version of program TRIM
and  we adjpst the return yoke area to produce an area equal to
that 'in cvlindrical geometry (See Fig. 13). This artifice is very
successful, if one 1is interested in 'results confineﬂ in the
vicirity of the magnet pole face, however, for results outside the
magnet, _which are of -importance in £his study, the results are
erronedus because the return yoke was adjusted for cylindrical
symmetryv, which means that fhe return yoke surrounds the magnet.
If we assume that the magnet has Cartesian svmmetry, the results
are worét, since then the magnet is assumed to be infinitely long
ir the z dérection {as shown in Fig. 6).

In the case of the 184" cvclotron magnet and at radial
distances greater than 40 ft. on the gap midplane, the magnet locks

Tike a point magnetic Adipole of strength M and a magnitude of:

H= M/

where r = distance from the point to the dipole and M is

estimated by:
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M = (NI) (area)

Similar observations canvbe made for other magnets for which
ne measurements are available or simulations are difficult to
perform,

Some of the o'd type bubhle chamber magnets posses this Adual
svmmétry an® care should be exercised in interpreting simqlation
results. Bubhle chamher magnets overate at very high magnetic
fields with verv large gavs, and human heings Jo enter the fringe
fields of these magnets veriodically for such purposes a5 film
~hanging, surveillance and maintenance. Therefbre such hagnets

are the hest candidates fnr a2 biomagretic studv. .

VI.Y Conclusions

Even though this studv has not been completed and the results
nnt  puhlished, the effort that relates to the estirmation of the
mAagnetic field exmosure has heen completed and some general

commente are in order:

1 From the beginning, we have been plaguef by the lack of

reliable magnetic field Aata.

2 Much of the o9 nuclear apparatus has been retired frem
service and the difficultv of un—earthing data has bheen
enormous.

3. Much of the new nuclear apparatus has been designed with

the expressed concern of lack of unrderstanding of

biomagnetic effects of fringe fields on humans, vbowéver,
no nmertinent instrumentation has been or is being Aesigned
to aid futuvre experimenters in evaluating potential

hazarAds of such‘fields.
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It‘wbﬁld, :therefore, be _appropriaté to begin thinking
seribusly, the _type” of .ihstrumentation- needed so that their
implementation would aid future researchers in securing reliable
data for various studieés.

It would lbe very easy to4install "recording magnetometers" at
strategic'places ,in.’various,_nuclear installations to monitor
magnetic field_-levels, or perhaps a pocket magnetic "dosimeter”
mighﬁ not be a fér-fefched idea as it could ha?e been a few vears
Ago. |

Even though _there' is no indication that exposure to magnetic
fieldé is a‘potehtial health hazard, the fact thatfutﬁre societies
will depend more and more for their energy needs on deyices that
make use‘of magnetib fields, is enough indication to accelerate
our  efforts to design the approporiate tools to facilitate our

understanding of their effects.

W4
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Introductory Phone
Calls and Letters

ON SITE VISIT

‘a) Laboratory Director

b) Medical Department
c) Physics Department
d) Personnel Department

!

Application to the
Committee for Protection
of Human Subjects

supervisors and lead

Controls (via Personnel

Post Card Requests to

_________ - :
I ! &
Assessment of Fringe I Identification of
Fields and Physical Personnel Likely to
Environment l [ — = = —]Be in the Exposed
‘ { | | Group (via facility
. |
Measurements|‘ | Calculations [ | physicists)
(by LBL (by LBL) | | *
field team)
I | Identification of
' e em———  Smaen e——
I {— Department)
| | 1
[
l : Participants
] 0]
& . | |
Estimate of Exposure | Medical Data Encoding Questionnaire to
Subjects & Controls
I
(
{
__________ A Y

Fig. 1.

DATA BASE

4

ANALYSIS AND
INTERPRETATION

XBL797-3613

Block diagram showing the various stages of this

study.

outlined in this paper.

Blocks surrounded by dotted lines are




el y _ :

ANL  — ARGONNE NATIONAL LABORATORY J”/} o Qa \\
BNL  — BROOKHAVEN NATIONAL LABORATORY ' \\Bj
FERMI — FERMI NATIONAL LABORATORY'

LBL - LAWRENCE BERKELEY LABORATORY

LLL -~ LAWRENCE LIVERMORE. LABORATORY

NML - NATIONAL MAGNET LABORATORY

ORNL -~ OAK RIDGE NATIONAL LABORATORY

SLAC STANFORD LINEAR ACCELERATOR CENTER

Fig. 2. Map showing géographical location
" of laboratories participating in
~ this study.

XBL797=-3614

&

7~

14}
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C |
oo BROOKHAVEN NATIONAL
LABORATORY
? : - ﬁ 7 tt. Bubble Chamber
< ’
&
L] N
Up
(e
Dark T R A2 R N Beam ¢
room storage |

XBL797- 3616

Fig. 3. iagnetic field map of the 7ft.
bubble chamber magnet at Brookhaven National Laboratory.
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VACUUM TANK
TARGET PROBE

VIBRATING BLADE

MEDICAL CAVE

PHYSICS CAVE

LEGEND

Fig. 4.

0O 5 10 15 20ft

et
SCALE
80—100 gauss
40 -50 gauss
i
25—-30 gauss
¢
20—25 gauss
8-10 gauss
5—7 gauss ) XBL797<3615

Sketch of the 184" Synchrocyclotron at LBL
showing measured magnetic fields.
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File cabinets
,4G

MPS E i ’
lectronics Trailer 486

4G : ' work bench

146 306

Fig. °

4G
o) 10 20
Feet

gL 797 -3612

Magnetic Field méasurements at the
MPS facility at grookhaven National Labor_atory.
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Sketch of 90-inch cyclotron
magnet (dimensions in inches).

Lee 90 INCH CYCLOTRON MAGNET - SIMULARTION FOR BINOMAGNETIC STUOY

& IRON e

: COIL

Fig. 9.

4

Fig. 11. Plot showing distribution of
magnetic field on a function

of

distance.

i L
10 20 30 40 50 60 704
Distonce from center of magnet, d (ft)

22 CoIL

Triangular mesh for the 90-inch
cyclotron magnet

-10

-50

i

-100

Mognetic field B(G)

Fig. 10. Computer generated
Plux distribution for the 90-inch
cyclotron magnet

XBL797-3617
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Fig. 12. The 184-inch cyclotrdn magnet.
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