The New EU Proposal vs. 2004/40/EC - An MR Exposure Data Comparison
Jens Groebner'? and Michael Bock'
'Dept. of Radiology / Medical Physics, University Medical Center Freiburg, Freiburg, BW, Germany, *Dept. of Medical Physics in Radiology, German Cancer
Research Center (DKFZ), Heidelberg, BW, Germany

Introduction: In the near future the European Union directive 2004/40/EC
[2] regulating the exposure of workers to electro-magnetic fields will be Tabl]f/]" ]\/I‘Rle;c?(.);;rg.n;eTc.z;L;rign.e%sx #14-37
replaced by a new proposal [3]. This proposal will replace the current (peakiavg); 1.5T:-#1-6; ST#7-13; 7T-#14-
restrictive limits of dB/df = 200 mT/s @ 1 Hz for movements in magnetic  # dB/dt s do/de dB/dt,osrans
fields by a range of values between 5.17 T/s-0.67 T/s at 0.1 Hz-1 Hz. On the [T/s] [mWDb/s] [T/s]
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other hand, an ICNIRP draft proposal allows values from 18 T/s-1.8 T/s at 063 | 005] 1639 | 047 [ 620 [ 018
: : : 032 | 004 | 7.04| 067 | 266 | 025

Q.l 'Hz-l Hz for both translations and rotations [4]. In this work the proposed oz | oo1 | 1063 | o1s | a0 | ooe
limit values are compared to measured MR exposure data. 048 | 0.02 | 820 | o012 | 310 | 0.5
Materials and Methods Exposure data from 37 volunteers at MR systems up 0.06 | 001 0241 002 009 001
. . 012 | 002 | 1.05| 007 | 040 | 0.03

to 7 Tesla were acquired. The volunteers were asked to wear a calibrated 043 | 004 | 1028 | 023 | 38 | 009
magnetic field probe [5] at their forehead during work at 3 different MR 051 | 005 | 499 | 061 | 18 | 023
systems (Magnetom Avanto 1.5T, TIM Trio 3T, 7T, all Siemens, Erlangen, 10 gfg g:g‘l' gzgg g:gg (z):gg g:(l)g
Germany). Three exposure parameters were recorded simultaneously: the 11 003 | 000 | 025 003 010 | 0.01
magnetic flux density By, the time dericative flux density dB/df and the time- 12 | 023 | 908 | 0671 023 ) 8251 909
varying magnetic flux d®/dz. For comparison with the ICNIRP proposal an 14 088 | 018 | 1797 | 361 | 679 | 137
additional dB/df,oyans including both rotation and translation was calculated 13 051 | 007 | 2051 | 122 | 775 | 046
. . . 16 | 338 | 021 | 1980 | 275 | 748 | 1.04
according dB/dt.yqans= Vina / A Where A depicts the coil area. The exposure 17 051 | 007 | 2051 | 122 775 | o046
data was compared to the limits of 2004/40/EC, the EU proposal 18 081 | 0.08 | 1217 | 051 | 4.60 [ 019

COM(2011)348, and the ICNIRP draft at 1 Hz. ol B o I ol sl Il
Results d®/dr values calculated from the measurement data and the coil dia- 21 0.31 0.04 | 14.32 0.34 5.41 0.13

22 047 | 015 | 1524 | 1.03 | 576 | 0.39
meter of 5 cm amounted to 0.53/1.76/4.75 mWb/s for the EU [2]/Proposal 53 025 | o001 | 310! o006 17 | ooz

[3]/ ICNIRP [4] limit. Table 1 summarizes the measurements of all 37 vo- 24 020 | 003 | 240 | 013 | 091 | 0.05

lunteers, black: 1.5T, red: 3T, blue 7T. Data during a routine procedure at the 23 0.63 | 0121 980 | 053 | 371 | 0.20
) e 26 042 | 010 | 257 | o041 | 097 | 015
7T system is shown in figure 1. 27 035 | 003 | 691 | 018 | 261 | 0.07

The current EU limits [2] were exceeded in 33 measurements. Maximum 28 044 | 008 | 615 | 053 | 232 0.20
peak value (dB/dt.,s = 3,3 T/s) was detected at the 7T MR system (cf. tab.1 iz g:;‘l' g:(lnl; g:zi g:Z; ::;g gfz
#16), and average of dB/dt,,s also exceeds the limit. If translation and 31 193 | 020 | 1627 | 105 | 615 | 040

N : 32 120 | 019 | 1978 | 096 | 748 | 0.36
rotation is considered, the d®/dt or ICNIRP dB/dt,q..ans €Xceeds the current P 125 | o016 | 1203 | oso | 435 | 030

limit in 35 data sets and the average exceeds the limit in 18 measurements. 34 128 | 016 | 1205 | 082 | 456 | 031
The maximum dB/dt, g ans Of 7.75 T/s was measured at the 7T system. 35 1 1481 015 1979 | 079 | 748 | 030

The new proposal limit values [3] for peak dB/dt,,s are exceeded only in 13 33 120 o12] 1257 | o061 | 475 | 023

procedures, and average values always stay below the limit. For w5 T —5 T " T
dB/dt,ostans the limit is exceeded in 32 (peak) and 2 (average) E _d,"g/dt“
measurements. For the lower end of the frequency range (0.1 Hz) 12 *(%’ al ——dBdt_ |
datasets (peak) exceed the limit. & - - - BUlmit[2]
A . ° + | Proposed limit [3]
The suggested ICNIRP draft limit values [4] are exceeded in 2 = —-—--ICNIRP limit [4]
measurements (peak dB/dt,,). For both translation and rotation l:.,—f 3r 7
dB/dt,o1ans €Xceeds the limit in 28 (peak) datasets. For the lower end g%
of the frequency range (0.1 Hz) no dataset exceeds the limit. The 2 5ol 4
average values always stay below the limit for both dB/df., and 3 E T T T T T T
dB/dt,y1rans approaches. ER
Discussion Both new proposals of the EU and ICNIRP provide higher ¢ 2 Tt ' . i
exposure limits for the work in the magnetic field but as shown can be E T 0 ‘ 1 \, il l '
i i i ; 228 ---- AT AN e =3
exceeded. Since transient effects like vertigo, nausea or o EO i AT 1 T
=F 0 50 100 150 2C

magnetophosphenes are caused at high dB/dt values the new limits
can help in reducing these effects. Therefore an acoustic / optic
response system is planned for volunteer feedback.
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Figure 1: 7T measurement. The black/blue/red line
depicts By / dB/dt o1 rans / AB/dtyans. The horizontal
lines represent the limits. Dashed: current EU limit.
Dotted: EU proposal limit. Dash-dotted: ICNIRP
draft limit.
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