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Abstract-When biopotentials are recorded from the surface of 
the skin, the skin impedance will usually influence the 
measurement. We minimized the skin impedance by improving 
the blood circulation. The skin impedance may be reduced 
maximally by more than 50% after soaking in the warm water 
for 5 minutes. This method can be applied in all the 
measurement used surface electrodes so as to get highly 
resolution, especially getting better results for the patients with 
bad blood circulation. 
Keywords - Skin impedance, blood circulation, electrode, 
double layer 

 
I. INTRODUCTION 

 
Surface electrodes are wildly used in the measurement of 

bioelectric events, such as EKG, EEG or EMG. In the 
measurement of using the surface electrodes, there are two 
components – the electrode impedance and skin impedance, 
which will influence biopotential recording. There have 
been many studies and designs focused on the electrode 
impedance to see how the electric properties of the interface 
between the electrode and the electrolyte influence the 
measurement. In order to diminish the artifact resulting from 
the polarizable electrode, silver-silver chloride electrodes is 
the most popular type, and the proper thickness of the AgCl 
layer has been studied [1]. In regard to the skin impedance 
two practical methods are used to reduce the effect of 
epidermis: abrading the stratum corneum with find 
sandpaper or rubbing with a pad soaked in acetone. 

In this study we can minimize the skin impedance by 
improving the blood circulation of the skin in place on 
which the surface electrodes are attached. 
 

II. METHODOLOGY 
 

Two stainless boxes with 25×20×10 cm3 were filled with 
0.9% saline. Two hands of the subject were immersed into 
the solution in the boxes separately. One box was connected 
to the positive output of a constant voltage power supply via 
an analog switch, which could be switched in 10-6 sec, and 
the other box was connected to the negative output. We 
applied a constant voltage (in switch ON) across the two 
boxes at t≥0. The resistance of the switch is less than 10 
ohm (at ON state). All the arrangement formed a close loop 
circuit as shown in Fig. 1. The hand electrode impedance 
comes from the interface between the electrode and the 
electrolyte. The skin impedance of hand results from the 
interface between the solution and the skin. The current 
passing through the “circuit” was analyzed on a personal 
computer through A/D converter with sampling rate 20kHz. 
The hands  immersed  in  the solution in the  metal  boxes 

are similar to the metal-plate electrodes with gel attached to 
the surface of the skin. The applied step potential was 0.8 
volt. 

 

  Fig. 1. Block diagram of the system in this study. The lower five blocks 
contribute to the measured impedance. 

 
We took three measurements as the control data. After 

the measurement the participants soaked their hands in the 
cleanly warm water of 40 degrees centigrade for 5 minutes. 
The immersed area was the same as that immersed in the 
solution in the boxes. After soaking, the participants dried 
their hands and we took three measurements again. Eight 
volunteers from age 20 to 45 participated in the testing. 
 

III. RESULTS 
 

Fig. 2 shows the electric current responses while 
applying the step potential on Subject 1 before and after 
soaking. The transient current was highly enhanced after 
soaking, especially for the dc current (about after 15 msec). 
It revealed that the impedance was decreased for the low 
frequency. Fig. 3 shows the DC resistance of eight subjects 
before and after soaking respectively. The DC resistance 
was calculated from the DC current response measured at 
100msec, and was defined according to (1). 

 
       DC resistance = applied voltage / DC current             (1) 
 

The DC resistance was clearly decreased after soaking 
except for the Subject 6. All the data showed is the average 
of the three measurements for canceling white noise. 
 

IV. DISCUSSION 
 
From the study of electrode kinetics [2][5], the electrode-
electrolyte interface equivalent circuit is a series half-cell 
potential and a series resistance combined with a parallel RC 
circuit. Because the metal boxes are larger enough, the 
capacitance in the equivalent circuit is short in our 
measuring period. If we control the concentration and 
temperature of the electrolyte, the hand-electrode-impedance 
part in the Fig. 1. will not influence our measurement before 
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and after soaking. All the parts, which will affect the 
measurements, are the two skin-impedance parts and body- 
impedance part. 
 

 
Fig. 2. The transient electric current response for the subject 1 before and 
after soaking. The current was clearly enhanced due to the decrease of the 
impedance. The larger response was the result after soaking while the other 

was the result before. 
 

 
Fig. 3. The DC impedance before and after soaking. Solid column represent 
the impedance before soaking, and broken column represent the impedance 

after soaking.  
 

 
Fig. 4. The skin impedance equivalent circuit. 

 
After the soaking in the warm water, the skin impedance 

of hand will change more than other parts of the system, and 
results in the different current response. 

Because the blood circulation in the dermis will be 
increased after soaking in the warm water, the dermis will 
be nourished and therefore the skin impedance is decreased. 
Beside, after the long soak, the epidermis will have better 
permeability for the fluid, and this will also eliminate the 
skin impedance. 

In the studies of the skin impedance [3][4], the skin 
impedance equivalent circuit, shown in Fig. 4, is a series 
resistance, Ru, which represents the dermis and 
subcutaneous layer, combined with a parallel RC circuit, Re 
and Ce, which represents the epidermis. The peak current in 
Fig. 2 is determined by the body impedance and Ru, while 

the steady-state current (after 15 msec) is determined by the 
body impedance, Ru and Re. The impedance calculated 
from Eq. (1) is just the sum of the Ru, body impedance and 
the Re in the equivalent circuit above. Our results in Fig. 3 
show that the Re could be reduced to less than 50% while  
the Ru and the body impedance did not change for Subject 5. 
On the other words, the elevation of the dc current should be 
due to the reduction of the leakage resistance Re  while the 
peak current almost does not change after soaking. The 
change of the parallel RC circuit after soaking should be due 
to the improvement of the blood circulation and the induced 
perspiration [3]. The sweat glands and ducts could be 
induced after soaking and change the equivalent circuit.  

 
V. CONCLUSION 

 
The skin impedance of hand was clearly reduced for 

most of the subjects. We can apply the warm-soaking 
method in all the measurement used surface electrodes so as 
to reduce the impedance and get highly resolution, 
especially for the subjects with bad blood circulation [6]. 
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