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* Every year kills 200 in France alone, vs. Z/5 deafis due magnenc feld worldwide

.. however:

Exposure to magnefic fields is exponenfially lower, outside of certain communities
(Magnetic Resonance Imaging, High Energy Physics, plasma physics, spectroscopy ..)

Everyone is familiar with elecfricity; magnetic field quantifties are baffling to most

Unlike electric fields, magnetic fields penefrate freely the human body and everything else
Passive shielding of large volumes/strong fields is impractical to impossible
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What can possibly go wrong ?
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Magnetic forces 1/3

HesieldNVrorarional e Vati=do /6 r=0) 5 2
H'Hexf+ ar gV
NEGEmagnenzation ratron (O=N<J fumcHon o Shiape)

Pole-to=polerfield lines
Foes N=S both inside and ouiside

closely spaced poles —>
high demagnetization (N=1)

—_— H_, external field

<+— H, demagnetizing field

— M magnetization (e.g. N=1/3 for a sphere)

widely spaced poles — low demagnetization (N=0)

B field (solenoidal i.e.V-B=0) f it l .
Closed field lines orce per unir voiume Is

Goes N—>S only outside on elongated objects
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Magnetic forces 2/3

Faser o Uniform feld
(elg. insider al dipole on solenoid; Earthi field on a local scale)

Magnefization —> N andl S’ poles arise
Opposifie magnefic poles affrach
Equal and opposite forces —>

1 B2V

net torque ———5sin9 cosd

N o

magnefic torque for an elongated
ferromagnefic object of volume V

magnefic objects
align to the field lines

uniform magnetic field
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Magnetic forces 3/3

Fase o feld with aradient:
(elg. fringe field off (arge magnets)

Magnetic forces depend upon' position and
orientation of the piece
appears (n addifion fo' the forgue

cos*9\ VB 0B

F,=|2+

net inward force

magnefic force for an elongafed

ﬂ ferromagnefic object of volume V
ﬂ ﬂ NB: force grows with B? i.e. P itation

magnetic field with gradient , \
ferromagnetic objects

towards regions of stronger field
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Magnetic forces on steel tools

Uniform field in the gap
. 9 . e HYDRO SYSTEM SA
TOO[S all(ln 1'0 fleld l|nes 8, Rue de la Bergére, 1217 MEYRIN, CH

e EGA Master SA
C/Zorrolleta 11 (01015), Vitoria, ES

O. ' e -

Field rolls off-du’rside the gap Solu’rion:‘
Tools get pulled inside non-magnetic tools

-

Recommended limit for using standard tools: (Directive 2013/35/EU)
Background field B < 3 mT if source = 100 mT
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Material classification respect to safety

< Non-nprignaiie and wezily nEgnarie (U= f=10)
= Elements: aluminum, coppen, fitanium, iungsten
- Bronze, brass; beryllium copper, aluminum: bronze
— Austenitic + high' Ni/Cr/Mo: stainless steels e.q. 316

(1. =~ 1 only after annealing)

- Virtually all"polymers and glasses, most ceramics

(. = 10-10000)
- Ferromagnetic elements: Fe, Ni, Co
- Low-C (soft) e.g. ARMCO steel
- Ferritic (e.g. £09) and martensitic (e.g. 420) stainless steels
- Most other steel types
- NiFe alloys e.g. permalloy, mumetal (. up fo ~10°)
- Ferrites (Mn/Ni/Zn ceramics) ~

- Ferrites (B, <0.35 T)
- AlNiCo (B, <12 T)
- Rare-earth ceramics e.g. NdFeB, SaCo (B, <15 T) _
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Collision hazard examples 1/2
RElQIIVELYSGCOMMON  dGEHENTS |
e MRINMaGneic
Resonance Imaging) field:

First fiatality on record:
Michael, 6, killed by an @,
bofifle in New York, 2001

Worst case at CERN:
LEP's L3 0.5 T magnet
(currently in ALICE)

none injured.
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o arrelatvesinsan MRISFeen

* Ihetboidlergoisiucksor e 15T magnets, irapping
Rajeshis hiand for 2 minuies

* A leaki firom fiiesboidile reporfedly caused s deafh
Dy’ collapsed lung due: 1o high-pressure: 0, infiake

FAMILY BLAMES HO! 7.3 DOCTORS DENY NEGLIGENCE

‘HOSPITAL NOT ADMITTING ITS ‘ENGINEERS W
MISTAKE' WENT

(
SUCKED
INTO MRI
ACHINE

‘CARELESSNESS ON PART OF
HOSPITAL STAFF

LIVE: MUMBAI —
VIRENDRASINGH GHUNAWAT, SR SPL CORRESPONDENT

TOP NEWS
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malfuncrions
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Electronic component malfunctions

Description Manufacturer Reference limit (mT) Inclinometer test in main Dipole - 3 sensors on same shaft:
2 inside field (Wyler ZEROTONIC, Spectron (electrolytic)) + 1 outside (Seitner)

Filtered rectified PHEONIX CONTACT |CM-90-PS-230 AC/2x15 DC/1 80

Switch mode SCHNEIDER ABL-7RE-2410 40 Spectron-Seitner vs. initial angle

PLC SCHNEIDER TSX37-21-001 60

PEC SIEMENS 6ES7307-1BA00-0AAQ 25

24 Vdc TELEMECANIQUE |RHN-412B 16

220 Vac TELEMECANIQUE ~ [RHN-411M 20 o—start @ -26 mrad

—&— start @ -2 mrad

24 Vdc FINDER 55.34.9.024

—a—start @ +25 mrad

LOGO SIEMENS 6ED1052-1FB00-0BA4

PLC Digital Output TELEMECANIQUE |ABE7-P16T-330

Programmable converter |SFERE uC 2000

Programmable converter [SFERE uC 3201

Insulated measure
transmitter

Programmable converter [LOREME CNL 35

2- wire programmable
transmitter

SFERE CAPPLUS
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PR ELECTRONICS  |5131

TSX37 SCHNEIDER TSX37-21-001
PLC S7-300 CPU312 SIEMENS 6ES7312-1AD10-0AB0O
Digital input output SCHNEIDER TSX-DMZ-28TDK E l
Analog Input SCHNEIDER TSX-AEZ-802 Xamp es:
Analog Output SCHNEIDER TSX-ASZ-200 - |TER COITIPOI'IEI'I" tests
Digital input output SIEMENS 6ES7323-1BL00-0AAQ - tests of filtf sensors (..,1 mrad erpops) and
Analog input output SIEMENS 6ES7334-0CE01-0AAQ . .
angular encoders (OK) in LHC dipoles

BN (Hiber SIEMENS 6ES7153-2BB00-0XBO g 10K} P
optic)IM153-2 FO ‘ =
FIP BUS (copper wires)  |[SCHNEIDER TSX-FPP-20
AS-i BUS emitter (copper g yNEIDER TSX-SAZ-10
wires)
\Avisrje‘s?u S receptor (COpPer|qreMENS 3RK1400-0CE10-0AA2
PROFIBUS (Optic fiber) [ — GK7342-SDF0-00XED J. Hourtoule, “Magnetic compatibility of standard components for electrical installations”, Fusion
CP342-5 FO SRR Engineering Design, 2005

: — o ) S _ o MAGNETIC MEASUREMENT
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Radioprofection instrumentation

ixedlinduce N N

activitysmonitors | ¥ T 4 5 k\

may. be affected| (g . ™ -
(g, ATLAS) I M S——

— calibrafed i situ

portiable survey mefers electronic dosimefers
used normally in" a magnetic field
defailed assessment under way

KTT: DGS/RP/SP + Politecnico di Milano
are developing field-compatible dosimefers
(1T for now, 3 T on test)

individual dosimeters
are passive sensors — no problem
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Health Hazards
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Magnetic field and human health
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“When blood flows through this magnetic field, the blood Mens Magnet Therapy Boxers U-shaped Pouch Mesh Breathable Antibacterial Underwear -
cells spin then separate from each other giving each cell Plackxt

more surface area to carry much more oxygen and vital

nutrients. The magnetic field also widens your blood

vessels allowing more blood to flow through.

The second benefit comes from Germanium which emits
| negative ions (also known as "Air Vitamins") and Far
POWBI’ ’ . 1 Infra-Red Rays (also known as "Growth Rays")”

0f Magnets! |

Copper MAGNETIC Mherapy
]ESUS BRACELET

i
I
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§
b
g
i

Magnetic Negative Magnet granules Help to activated cells

Fielcl ons restore your potency
MBI TAL L FRFS O AR AN ACON0 g
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HysialisHinEmanysanimalsanasnumanSiSSUes
[possiblerrolerast sensors: eigy fior homing)

o iron i ihierblood: ~35 g (redi cells) ~1 g (ferritin)

o

(fypical adult male values)

|Solafied atoms, No: ferromagneric domains —> small’ forces i 20nmi

lagnetire crystals in numan: cerebellum
and magnefofactic bacteria

Z

—

Haemoglobin with 4x Heme groups Erythrocytes in a field orient with their disk plane parallel fo the field (A)
W, ~ 1+3.5x10-% (venous) , 1-6.6x10-" (arterial)

T. Higashi ef al, "Orientation of erythrocyftes in a strong static magnetic field,” J. Blood 82, 1328, 1993
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1400e+000)

A 0)" Deed

0/000¢+000
i A1)

(max = 2-3 m/s in the ascending aorfa)

E=v x B
electric field

B = magnefic field

(worst case = horizontal)
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Eddy current effects
INGUGEGIVOLIaGENNNaNCONUUGHOR=NE G U YR CURTENTS == rnagne"ris [FIGHon
bloodfilows slows down (#7 @ 51> Blood  pressureninereases (37 @ 81)

physiologic rise

+ 6%

OLIBR L\RY

World Health Organization - Environmental Health Criteria 232, 2006
DW Chakeres, “Effect of static magnetic field exposure up to 8T on sequential human vital sign measurement”, J. Magn. Reson. Imaging, 2003
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S GlasSSEOf rEaEIonNSHNVOVING RIghLy eEaciive sgecws WITEUnpalred

elecirons  astiniermediaies proauchs: (e Faies oif cerfain radicalspair=

2COMBINATIeN  FEACHIONS  May: changer 2X
JUE 1:0. Magnefic 'fin!ds 'Iowaver', Ne_known Biochemical FEACTIon. MEers

' Necessary. reguisiies in humans:

xception observed in a fype of photosynfhetic bacteria)

» DNA damage, altered gene expression
possible carcinogenic effects investfigated in vitro, animal models and
U ERS

Some authors report mefabolic stimulation linked to cerfain types of h -
magnetotherapy (e.g. bone repair) y X

EU SCENHIR, Possible effects of Electromagnetic Fields (EMF) on Human Health , 2007
L. Brizhik, BIOLOGICAL EFFECTS OF PULSATING MAGNETIC FIELDS: ROLE OF SOLITONS, https://arxiv.org/ftp/arxiv/papers/1411/1411.6576.pdf
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Epidemiological evidence

[Larrgerbodys eiFevidencesfrom MRIScommuniiay:

0:5~5/ 08I Widespriead; uprier - I=commencially available
SOOI ESEaIS sincer 1985, 35 M scans/yearn
nor leng rermy/aelayedr effiecs ebsenved

patient/occupational exposure deemed safe up fo & |

full-body MRl up to 9.4 T ongoing,
1.4 T coming soon

small verftebrates
routinely tested up to 21 T

no harm reported
even at those levels

MAGNETIC MEASUREMENT
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Effects of quasi-static magnetic fields 1/2

s Field changetintarconduchng medivm (=R @mir=— induced voeliager—> eddy: cUrrents
o dBYdi = 20 /s =S exclianon’ o (B =6 V/m, =10 nA/mm2) and AV = L0 mV)
s= Possible efifecis on the  perpheral nervous, system:

Sour/metallic taste feeling

of vestibular tissues: 46 T2/m —> 1% g perceived) tongue. Effect weaker if'the mouth is kept open)

Magnetophosphenes

(flickering light spots caused by the excitation
of the retina or the optical nerve)

and reversible effects
reported by ~50% personnel in ATLAS/CMS when magnet ON

MAGNETIC MEASUREMENT

—m

HSE ek RS OROMI 7 /1nical and physiological hazards of static magnetic fields”
@ Occupational Health & Safety I8 Tuesday 14 May 2019,09.00 — 1215 Europe/Zurich phy g f g ﬁ 23/38 SECTION [ E

S

marco.buzio@cern.ch cern.ch/mm o m

and Environmental Protection Unit @ 40-52-B01 - Salle Bohr (CERN)


mailto:marco.buzio@cern.ch

Effects of quasi-static magnetic fields 2/2

Hea!th effects of whole-body AC magnetic fields

Field[T]

2
®

=
o

' Eddy current
density:

e 1000 MA/m?

fast movement inside
2
experimental magnets 100 mA/m

e 10 mA/m?

10 1000

Frequency [Hz]

moving in a gradient DC field = in an AC field

RD Saunders, “Biological effects of magnetc fields”, J. Radiol. Prot. Vol 9, 1989
MAGNETIC MEASUREMENT
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medical Implants
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Effects

yascularclips ®
=
(E)g) SHEURYSIT)

of magnetic fields on implants

0

eyesimplantss

4 i
' SPUIMTERS
Ruptured Aneurysm Surgical Clip

cochlear implants

Co-Cr implants
braces

TNA

-

~

heart valves,
pacemakers

Xo

Infra Uterine Devices

bullets, shrapnel penile implants

makeup, fattoos
jewelry, piercings \\\\ magnetic anus
. L[] - l
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Pacemakers

Pacemaker funciion: SENSe’ eleciifcal cardiac pulses,;
provide  missing  pulSes: af suitables intensity: anakrare

Eertain older models includer a ihats can be magnetically
actuated from: outside fo:

- go nfo programming mode

- disable pulse sensing and go info fixed-freguency’ mode
(asynchronous pacing)

competing rhythms may cause discomfort, arrhythmia, or
In exfreme cases (17 fatalities on record to datfe )

Lowest reported DC activation threshold is 0.7 mT

AC fields may further interfere with pulse detecfion/generafion

electronics
(MRI gradient coils may drive heartbeat /)

reed switch
external field — magnetization and closure of contacts

pacemakers, defibrillators (ICD) or any other heart implant:
exposure to is absolutely forbidden

MAGNETIC MEASUREMENT
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Can you go in a strong magnetic field if you have ... ?

mostly YES

(but: magnetic overdentures exist)

STAY AWAY I

not recommended (esp. < 3 months)
respect the 10 mT boundary or bring it up with the medical service !

@ HSE St B SN QROI 7./, 1/cal and physiological hazards of static magnetic fields” 28/38  SECTION
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Field sources

at CERN
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3n(n=m)—m 8
B(x) = : +=mmo(x)
| 3
Eield genenatiediby afmagnetic momentt 1 — [A7 aitx' =0
Jackson) Classicall Electiodynamics (5.58)

1/r3 roll-out rate
(far field region)

200m

* Fringe field typically reaches out up to 4~5 x gap heights

(even further if the coils are exposed !)

* B=0 next fto the iron yoke (if not saturated) sop
o Safety perimeter documented in EDMS (worst cases)
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Example: ISOLDE solenoidal spectrometer
oo B 00NAT D925 mim: bore

o frndesfeldsonsresaxiss  0Smis @IS mefremsend, SO:SSmiR (@ L 68m
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Manysnornal=sanaiSUPEFCONUUEING NN agNESSWITIIRVERYSWILENTHNGENFEGIONSIEXaMPIES:
MIN(HZEbEam line): S SEISHelmholiZiconfiguration; Uprio I5SEmis@ L mEdistance
goliathi (HL-beam line):= 1:5- 1Sin thescenter, 5 @ boundary @ 10 m distance
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ATLAS foroid

A R TG WO P vy

e 40 mmu
e Highest-nominalspeaksfield (L)

<5 G in all accessible areas
(peaks up tio 20 G close to the floor on
some steel structures)

* Field level with magnets ON:

full-body region up to ~1 T accessible
just below the foroid coils;

|
&
,‘f‘ ’g\ all visitor-accessible areas < 100' G
Y :
3
|
“ * No safety boundaries marked on the

floor, whole cavern off-limits to
pacemakers
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Ferromagneric - matenialsy: 'S L1y Sandi < s R LTS LT hesmagnetics field

.. but is lowered
here

The field Is
“sucked in” and
amplified by high

permeability

NEMEEELS

High field concentration peaks
are always found near sharp
corners (singularities)
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Example: CMS stray field
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Summary
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eari- implani Jenerali public EMPLOYEes
[pacemaker, defibrillator). [generic implants all" catiegories, nos fime: limif's)
pregnant; women)

2 T: full body 8 T: limbs Will need authorization
of Medical Service
and/or follow up

B< 05mT B< 10 mT B> 2T(8T)
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