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  Abstract : An in-vivo diagnosis of trace Mg(II) ion was performed using a low-cost and 
environment-friendly voltammetric method, using a graphite counter and reference electrodes and a 
fluorine-immobilized graphite working electrode, and clean deep seawater was used as an 
electrolyte solution. Under optimum conditions, the analytical working ranges attained microgram 
ranges, and a detection limit of 80.6 ugL-¹ was obtained using stripping voltammety with 60 sec 
accumulation time. Ex-vivo application was performed on fish liver and mice droppings. The 
developed techniques can be applicable to tumor cell analysis.
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1. Introduction

  Magnesium (Mg(II)) has been shown to be 
one of the most important and common 
elements in an organism. It is present in 
several regions of the biological human-body 
systems because of its role in enzymatic and 
some complexation reactions [1, 2]. It is also 
the most important element for controlling the 
tumor cell growth rate and regulatory ions in 
the physiological systems inside or outside the 
cells [3]. Mg affects many cellular functions, 
including the transport of potassium and 
calcium ions, and it modulates signal 
transduction, energy metabolism, and cell 
proliferation [4]. It also plays an important 
role  in  human-cell  growth.  On  the  other 
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hand, it has been reported that Mg can cause 
pleiotropic, often diverging effects on tumor 
growth, vascularization, and metastatization. 
Thus, both favorable and unfavorable effects 
of Mg have been identified [3]. For this 
reason, under in-vivo or ex-vivo conditions, 
the droppings cell detection methods have been 
highly connected to cancer growth. Here, many 
methods for the determination of trace Mg ion 
have been developed, such as thermal analyses 
[5, 6], microstructure analysis [7], derivative 
spectrophotometry [8], suppressed-ion 
chromatography [9], graphite furnace atomic 
absorption [10], quantitative capillary 
electrophoretic analysis [11], atomic-absorption 
spectrometry [12], electrospray mass 
spectrometry [13], high-performance liquid 
chromatography [14, 15], and cost-effective 
sequential-injection analysis [16]. These 
photometric   and   separation   techniques, 
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(A) (B)

Fig. 1. (A) Cyclic voltammetric scan within the 10-90 mgL-¹ range, using a graphite working 
electrode in clean deep seawater. (B) Square-wave cathodic stripping voltammetry within 

the 10-90 mgL-¹ varying ranges using optimum parameters.

(A) (B) (C)

Fig. 2. SW optimization. (A): 0.025~0.2 V amplitude variation. (B): 5~50 Hz SW frequency 
variation. (C): 0.005~0.04 V increment potential variation, using 80 mg/L Mg(II) 

constant. The other parameters were 1.5 V initial potential and 60 sec accumulation time

however, are time-consuming, complicated 
systems and are not applicable for diagnostics 
assay. Simpler and more sensitive voltammetric 
detection methods than previously known have 
been developed, such as those involving the 
use of glassy carbon electrode [17], gold 
electrode modified with cysteine [18], and 
mercury-film-plated carbon paste electrode 
[19]. These techniques, however, are not used 
for cell detection as they are complicated and 
are too expensive to modify. Recently, a 
method involving the use of graphite pencil 
electrode (GE), which is simple and 
inexpensive, was developed, such as for the 

determination of voltammetric behavior and 
the square-wave voltammetric determination of 
trepibutone [20], that involving the use of an 
inexpensive and renewable pencil electrode 
[21], and in a study on pencil-lead 
bismuth-film electrodes [22]. In this study, 
stripping voltammetric GE was used for trace 
analysis. Moreover, a fluorine-immobilized 
graphite working electrode [23] and deep 
seawater were used as electrolyte solutions 
instead of the expensive acid or base standard 
solutions, and a sensitive working range was 
attained. The results of the use of the 
developed method can be applied to fish liver 
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and mice dropping cells, and the method can 
be applied as well to tumor cell and ex-vivo 
diagnostics assay.

2. Materials and Methods

2.1. Materials, sensor preparation, and 

     voltammetry

  Analytical systems were used with the 
bioelectronics-2 system, which was constructed 
at the authors’ institute. Graphite pencil leads 
(HB, H, and 3H; 0.3 mm diameter; Korea) 
were used as working, reference, and counter 
electrodes. An Mg(II) standard solution (1000 
mg/L) was obtained from Merck. All the 
chemicals that were used were of 
standard-grade purity. Highly purified water 
was prepared via three-time distillation, using 
18 Mcm-1 Milli-Q Ultra-Pure Water System 
(Millipore, Bedford). HF immobilization was 
performed via a 10-cycle scan in an HF 
standard electrolyte solution, with a 1.0 V 
initial potential, a -1.0 V switching potential, 
and a 0.5 V/s scan rate, with a GE working 
electrode. All the experiments were performed 
at room temperature, without removing 
oxygen. Electrolytes from the deep seawater 
obtained from the east coast of Korea were 
used. First, cyclic voltammetry (CV) and 
stripping voltammetry (SV) were performed 
using GE, then non-treated clean deep 
seawater was used as an electrolyte solution 
instead of acid or base solutions. Fig. 1(A) 
shows the CV effects within the 10, 20, 30, 
40, 50, 60, 70, 80, and 90 mg/L Mg(II) 
addition. In the blank solution, no signal was 
obtained, then the peak current increased from 
3.225 to 15.02x10-4 A within the 10-70 mg/L  
Mg(II) variations. After 80 and 90 mg/L 
Mg(II) was spiked, it decreased from 12.83 to 
11.31x10-4 A. Under these conditions, only a 
reduction peak was obtained. Fig. 1(B) shows 
the effects of cathodic stripping on SV 
concentration. In the blank solution consisting 
of deep seawater, the signal was clear and 

there was no current. Within the 10, 20, 30, 
40, 50, 60, 70, and 80 mg/L Mg(II) add 
range, the peak current increased from 4.179 
to 31.52x10-6A with cathodic stripping, and 
the linear equation was y=3.952x-0.5708, with 
a R2=0.9912 precision, which can be used for 
in-vivo diagnosis. More optimum conditions 
were sought, though.

3. Results 

3.1. Square-wave (SW) stripping 

     voltammetry

  The optimization of the SW parameters was 
studied by maintaining the 80 mg/L Mg(II) 
spike in the 10-mL deep seawater. Fig. 2(A) 
shows the 0.025, 0.05, 0.075, 0.1, 0.125, 0.15, 
0.175, and 0.2 V SW amplitude variation. The 
peak current increased from 1.812 to 
6.512x10-5 A within the 0.025-0.125 V 
amplitude range. After 0.15 V, it decreased 
from 6.326 to 4.565x10-5 A. As the maximum 
peak current was obtained at 0.0125 V 
amplitude, such amplitude was chosen as an 
optimum condition. Under this condition, Fig. 
2(B) shows the frequency variation range of 5, 
10, 15, 20, 25, 30, 35, 40, 45, and 50 Hz. 
The peak current increased from 2.642 to 
10.29x10-5 A within the 5-45 Hz range. At 
50 Hz frequency, it decreased to 10.11x10-5 
A. The maximum current was thus obtained at 
45 Hz, which was chosen as an optimum 
condition. Fig. 2(C) shows the voltammograms 
of the SW increment potential within the 
0.005, 0.01, 0.015, 0.02, 0.025, 0.03, 0.035, 
and 0.04 V increment potential. The signal of 
the peak current increased from 8.579 to 
29.15x10-5 A and decreased slowly to 
28.73x10-5 A. It reached its maximum level at 
the 0.035 V increment potential, which was 
thus chosen as an optimum condition. After 
identifying the optimized conditions, the 
analytical working ranges were applied to fish 
liver and mice droppings pellet.
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(A) (B) (C)

Fig. 3. (A): Analytical working range from 100 to 800 ug/L add using a graphite 
three-electrode system. (B): Diagnostic application to fish liver using the standard 
addition method. (C): Mice droppings pellet using the standard addition method, 
under the following optimum conditions: 0.125 V amplitude, 45 Hz frequency, 0.035V 

increment potential, 1.5 V initial potential, and 60 sec accumulation time. 

  Under the optimized conditions, the 
analytical working ranges were examined using 
GE in the deep-seawater electrolyte. Fig. 3(A) 
shows the SW result in micro ranges. The 
100, 200, 300, 400, 500, 600, 700, and 800 
ug/L Mg(II) variations were spiked using deep 
seawater under optimum conditions. The peak 
current increased from 2.104 to 9.465x10-6 A. 
The peak width was sharp and sensitive. The 
linear equation was y=0.0105x+1.7654, and 
the precision was R²=0.9631, which can 
attain microranges and can be used for 
ex-vivo or in-vivo applications. Analytical 
application was then made on fish liver cell 
and mice droppings. Fig. 3(B) shows the tissue 
application to fish liver using the standard 
addition method. The bottom curve represents 
the blank solution containing seawater, which 
did not obtain any current. The next curve 
represents the fish liver sample, which was 
prepared by cutting 0.1-g tissue from a fish 
and dissolving it in 10-ml conc nitrate. This 
unknown 0.1-ml sample was spiked in 
seawater electrolyte. The 5.365x10-6 A peak 
current was obtained. After that, 0.1 mg/L of 
the 100-ppm Mg(II) standard was spiked three 
times, and 9.22, 18.8, and 23.74x10-6 A peak 
currents were obtained, respectively. The peak 

current increased linearly, and 1.91 mg/L 
Mg(II) contents were obtained. Fig. 3(C) 
shows the standard addition methods for the 
mice dropping sample, which was prepared by 
collecting 0.0168 g mice dropping, dissolving it 
in 1-ml conc nitrate, and diluting it with 
100-ml water. Using the standard addition 
method, no signal was obtained from the 
blank solution. The unknown sample was 
spiked, and a 13.07x10-6 A peak current was 
obtained. After that, 0.1-mL Mg(II) standard 
(100 mg/L) was spiked three times, and 16.89, 
21.33, and 31.28x10-6 A peak currents were 
obtained. These results show that 55.1 mg 
Mg(II) exists not only in fish liver but also in 
mice droppings.

4. Discussion

  Even though a low-cost electrode and a 
deep-seawater electrolyte solution were used in 
this study, the following analytical optimum 
conditions were identified for the detection of 
low Mg(II) concentrations, using stripping 
voltammetry: 0.125 V amplitude, 45 Hz 
frequency, 0.035 V increment potential, 1.5 V 
initial potential, and 60 sec accumulation time. 
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These were then applied to fish liver and mice 
droppings, where infinitesimal Mg was 
detected. These results show that the developed 
method can be used in the diagnostic assay of 
Mg ion in cancer cells or growth rate 
detection.
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