








1 % crystal violet solution was applied to each membrane and incubated 
for 15 minutes at room temperature. After incubation, the membranes 
were rinsed with deionised water until the rinse water became clear. The 
membranes were then dried thoroughly in a 37◦C incubator and washed 
with 10 ml of 5 % acetic acid solution to extract the crystal violet. The 
absorbance of the extract was measured at 595 nm using a spectro
photometer. Each assay was performed in triplicate. The absorbance 
readings obtained were then used to calculate the biofouling on each 
membrane.

4.4. Electrochemical analysis

The voltage (V) across the MDC system was recorded using the 
Picolog Data Acquisition System (Picolog Technology, UK). The current 
through the electrical circuit was calculated using Ohm’s law, repre
sented by the formula I = V/R, where I is the current, R is Resistance, 
and V is the voltage. The polarisation test was conducted to assess the 
voltage-current behaviour of the MDCs using a resistance decade box 
(Tenma, Taiwan). The MDC circuit was connected to a multi-meter for 
voltage measurement, and the decade resistance box was used to sys
tematically vary the external load from 1000 kΩ to 1 Ω. The Open Circuit 
Voltage (OCV) was measured with no external load connected to 
establish a baseline and to evaluate its maximum voltage output under 
open-circuit conditions. Following the OCV measurement, the external 
resistance was systematically decreased in steps from 1000 kΩ to 1 Ω by 
adjusting the decade resistance box. At each resistance value, the 
voltage across the load was measured.

4.5. Parameter calculations

The following formulas were used to compute the performance of 
MDCs: 

Desalination Efficiency (DE) (%) =
ECi − ECf

ECi
× 100 (1) 
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Current Density (j)(mA/m2) =
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Power Density (P)(mW/m2) =
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, (5) 

Columbic Efficiency (CE) =
M

∫ t
0 Idt

b × F × VA × ΔCOD
, (6) 

Where ECi represents the initial electrical conductivity (mS/cm), ECf 
is the final electrical conductivity (mS/cm), Am denotes the electrode 
surface area (m²), while td is the desalination time (h). V refers to voltage 
readings (mV), and Rext is the external resistance (Ω). ΔCOD represents 
the changes in COD concentration (g/L), and VA is the volume of the 
anode compartment (ml). M stands for the molecular weight of oxygen, 
and 

∫ t I dt is the integration of current over the time period in the 
experiment. The variable b represents the number of electrons 
exchanged per mole of oxygen, with b = 4, and F is the Faraday constant 
(96, 485 C mol− 1).

5. Statistical analysis

All experiments were carried out in duplicate. Values are means of 
duplicate measurements ± SD, with error bars representing the stan
dard deviation unless otherwise stated. Statistical analysis and post-hoc 
tests were performed using one-way analysis of variance (ANOVA) in 
Prism GraphPad 10.0, with a significance level of α = 0.05.

Fig. 4. Schematic Diagram for the experimental setup used in this work.
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