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Interaction mechanisms

* Electrodynamic interactions
Flow potentials
Magnetohydrodynamic effects F=GE-+qvxB
Induced electric fields and currents

* Magneto-mechanical interactions
Orientation effects
Translation effects

* Electronic spin interactions
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Electrodynamic interactions w =|E,|d =|v|B|d sing

* Flow potentials
- Induction of electrical potentials as a result of blood flow
- Largest in blood vessels around and in the heart

- Predicted current density at the sino-atrial node about
220mA m2at10T
— Changing rate of excitation (> 8 T)
— Inducing ectopic activity (> 8T)
— Triggering arrhythmias (threshold lower but ??)

Increased risk in people with high susceptibility to reentrant arrhythmias -
enlarged or damaged hearts or rare disorders in repolarisation
(5-10 per 10 000, WHO)
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Electrodynamic Interactions

f = i xB

* Magnetohydrodynamic effects

- Magnetohydrodynamic forces may reduce blood flow (5% at
10T)

- Magnetohydrodynamic forces on the endolymphatic fluid in
the vestibular organ is one possible mechanism for sensation
of vertigo (2 -4 T).

- Magnetohydrodynamic forces on nerve impulse conduction
(extremely weak)
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Electrodynamic interactions

oB

* |nduced electric fields in tissue VxE= _G_t

Exposure to time varying magnetic fields
Movement in spatially varying magnetic fields
— Excitation of nervous tissue (CNS, peripheral nerves, heart)
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Magnetomechanical interactions

* Torque on paramagnetic / anisotropic compartments
- Orientation of magnetically anisotropic macromolecules
1% of DNA in solutionat 13 T

- Orientation of molecular assemblies
Retinal rod outer segments, muscle fibers, etc. at 1 T in solution

- Orientation of cells
Deoxygenated stickled erythrocyte, at 0,35 T; normal erythrocytes at 8 T

Magneto orientation of biologically important structures can be
shown in vitro, biological implications in vivo are unclear.
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Magnetomechanical interactions N _dB
F(z)= B
My dz

e Translation

- Attraction of paramagnetic objects
High risk in MRI for ferromagnetic object

- Repulsion of diamagnetic objects
Diamagnetic levitation, “Moses” effect

- Forces within tissue
Extremely small for single molecules
For large aggregates ??
For red blood cells 4% of gravity in 4 T
Iron containing proteins and magnetite
in tissue need consideration in ultra high fields
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Electronic spin interactions

* Effects on electronic spin states of reaction intermediates.
- several classes of organic chemical reactions
- static magnetic fields in the range of 10 to 100mT

- established for only few enzyme reactions in vitro (non-
physiological)

- neither physiological effects on cellular functions, nor long-
term mutagenic effects established
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Animal studies

* No effects on embryo/fetal development following exposure

atupto 6.3 T

— Sikov et al, 1979; Konerman and Monig, 1986; Murakami et al, 1992; Okazaki et al,
2001

* No effects on spontaneous or chemically induced tumor

iIncidence following exposure at up to 800 mT
— Bellossi, 1984, 1986; Mevissen et al, 1993

* No effect on transplanted tumor growth following exposure
atuptolT
—> Bellossi, 1986
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Human studies

* No effect on cognitive function in fieldsupto 8 T
— Chakeres et al 2003

* Transient loss of eye-hand co-ordination following head

movements may occur in fieldsupto 7 T
— de Vocht et al, 2006, 2007

* Vertigo and other sensations can occur during movement
infaround MRI systems >2-4T
— Schenck et al, 1992; Glover et al, 2007
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Human studies

* Electrical ‘flow’ potentials generated across blood vessels

by the flow of blood in a static magnetic field
— Tenforde, 2005

* Blood flow predicted to slow and blood pressure rise by 5%

in10T
— Kinouchi et al, 1996

e Small increase (< 4%) in systolic blood pressure in

volunteers exposed to 8 T but no other effects
— Chakeres et al, 2003
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ICNIRP Guidelines

« Adverse effect with lowest threshold

* Uncertainties considered
— often no rigorous basis
— expert judgment

 Exposure conditions considered (e.g. general public,
occupational, medical)

A

Limit

Exposure level

—
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Adverse effect p D
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Static field limits

Occupational*
* Head and trunk ** 2T
* Limbs 8T

General public*
* Continuous 400 mT

* gpatial peak exposure limits

** For specific work applications, exposure up to 8T can be justified
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Outlook

* Guidelines for limiting exposure to time varying fields
— under consultation

* Recommendations concerning movement induced hazards
— under consideration

* Research needs concerning

Volunteer studies on vestibular function, eye-hand co-ordination and cognitive function
Long-term animal studies of carcinogenesis
Further animal studies of possible developmental effects

Studies of mutagenicity and malignant transformation in primary human cells.
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Many thanks for your attention !
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