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Introduction  

Magnetic nanoparticles (MNP) have a great potential for clinical application, e.g. as contrast agent in magnetic reso-

nance tomography and magnetic particle imaging, as substance carrier in magnetic drug targeting and magnetofection, 

or as thermal actuator in magnetic hyperthermia. For all these applications, it is essential to have a noninvasive meas-

urement method for the quantitative determination of MNP content in tissue and organs. 

 

Methods  

It is well known, that MNP can be quantified by measuring their linear magnetic AC-susceptibility (ACS) or by magne-

torelaxometry (MRX). Here, we suggest estimating the spatially distributed MNP amount from such measurement data 

by using multiple sensors in combination with multiple excitation coils. We constructed different measurement setups 

using homogeneous and inhomogeneous magnetic excitation fields and performed ACS (20 Hz to 80 kHz) and MRX 

measurements with multiple SQUID sensors on spatially distributed MNP sources. The influence of the excitation fields 

on the sensors was suppressed by appropriate coil configuration (ACS and MRX) or by time-delayed measurement 

(MRX).  

 

Results 

Comparison of computational results for the numerical forward problem with real measurement values led to a quantita-

tive estimation of MNP content using both linear ACS and MRX measurements. Multiple MNP accumulations with less 

than 50 g Fe could be quantified over a distance of up to 100 mm. The separation of multiple sources was possible by 

combining several measurements with different excitation coils. The excitation field strength was below 1 mT and in 

some cases even below 1 T.  

Conclusion 

We demonstrated experimentally the possibility to quantify spatially distributed MNP sources using ACS or MRX exci-

tation techniques, multiple coils and multiple sensors. In contrast to magnetic particle imaging, these results were 

reached using small excitation fields below 1 mT. Further experiments with increased source complexity are needed to 

get robust estimates for the spatial resolution of the method.  
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