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Abstract

Purpose of this research was to measure the conductivity of NaCl solutions, as a function of

temperature, based on tissues resembling dielectric identities of Fat (F), GrayMatter (GM) and

Cerebrospinal Fluid (CsF).

Conductivities of twelve (12) solutions were measured in a temperature of 37∘C after the pro-

cess of heating, in order to quantify conductivity C versus temperature T.

Introduction

There are fewmeasurements of the conductivity ofCerebrospinal Fluid (CsF) (Crile et al., 1922[2];

Radvan Ziemnowicz et al., 1964[8]). Baumann and colleagues (1997)[1] reported a value of

1.79 S/m at 37∘C, which is constant in the range 10Hz to 10 kHz.

Regarding Grey Matter, most measurements yielded values between 0.161 S/m and 0.450 S/m

in the frequency range of 1 kHz − 10 kHz (Crile et al., 1922[2]; Freygang and Landau, 1955[3];

Ranck, 1963[9]; Van Harreveld et al., 1963[6]; Robillard and Poussart, 1977[11]). More recently,

Logothetis and coworkers, 2007[7], reported an average value of 0.404 S/m, which is practically

frequency independent in the range 1Hz to 10 kHz.

It is known that Fat has a low conductivity, ranging from 0.026 S/m to 0.046 S/m, with an av-

erage value of 0.036 S/m (Schwan and Kay, 1956[13]; Rush et al., 1963[12]; Smith and Foster,

1985[14]; Geddes and Baker, 1989[5]; Rigaud et al., 1994[10]; Gabriel et al., 1996[4]).

Methods

Twelve (12) Sodium Chloride (NaCl) solutions, each with a different content (c) in mg per 100mL

were prepared, and their conductivity (C) was measured at 37 (∘C) degrees Celsius. For each

solution, the amount of NaCl solute (in mg) was measured using the precision weighing device,

KERN ARS 220−4. A 150mL test tube was used to measure the 100mL of Ultra-Pure water,

which poured into each solution.

After the 100mL water measurements, each solute was added to the Ultra-Pure water, which

acted as a solvent, then mixed until totally homogenized. The stirring process took roughly 15

minutes depending on the solution and each content of NaCl.

Stirring machine was also a heating device, because of its heating properties. When the solution

became homogeneous, subsequently heated until it slightly surpassed 40∘C. After this process,
solution was removed from the stirrer and set on the lab-bench’s base in order to measure the

conductivity (C) at 37∘C, using the EC-meter device.

(a) HI-2030 Edge® Hybrid Multiparameter EC Meter. (b) ARE Hot Plate Stirrer, Velp® Scientifica.

Figure 1. Laboratory Equipment

Data

The conductivity (C) measurements for each solution at 37 (∘C) degrees Celsius are listed in

the table beneath. The c(C) − C curve was plotted after the use of data above, as well as the

polynomial fit.

Reference Temperature 37∘C

Contents Conductivity

(c±0.1)mg/mL (C±0.01)mS/cm

0.0 0.00

100.0 2.56

150.0 3.65

170.1 4.11

250.0 5.95

350.0 7.56

500.0 11.32

600.0 14.04

700.0 15.92

800.0 18.57

900.0 20.70

3,151.4 61.70

Figure 2. Polynomial Fit

𝑐(𝐶) = (0.1664 ± 0.0093) ⋅ 𝐶2 + (40.781 ± 0.495) ⋅ 𝐶

where 𝑐 factor represents the content of each solution and 𝐶 is the conductivity respectively.

Results

The stirring machine was operating in continuous mode, heating for a duration of 10 minutes,

using 50 Celsius degrees constantly, in order to increase the temperature of solutions until to

achieve hyperthermia temperatures of at least 40 Ceslius degrees.

Figure 3. Conductivity versus Temperature for Solutions Resembling Dielectric Properties of Fat, Gray Matter and

Cerebrospinal Fluid

Discussion

The exported function determines the Sodium Chloride (NaCl) concentration required to obtain

a specified conductivity value with precision, at 37 Celsius degrees.

The conductivity of Fat, Gray Matter, and Cerebrospinal Fluid was corroborated by the bibliog-

raphy values at 37 Celsius degrees.

Using the conductivity values for each tissue, the above method may be used to get values for the

Sodium Chloride (NaCl) content in order to make solutions that resemble dielectric properties of

different tissues in order to measure the relaxation time ”T2” using Magnetic Resonance Imaging

(MRI).

The solution that resembles CsF, which had the highest concentration of Sodium Chloride, NaCl,

(c=778.3 gm/mL), heated faster. It was also the solution with the highest electrical conductivity

in the temperature range of hyperthermia process.

Solution that resembles Grey Matter was the solution with the second highest concentration in

NaCl (c=167.6 gm/mL). It heated at a slower rate than the Cerebrospinal Fluid-like solution, but

faster than the Fat-like solution.

The solution that resembles Fat, which had the lowest concentration in NaCl (c=16.0 gm/mL)

was heated at a slower rate compared to the other solutions.
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