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Abstract. A microbial fuel cell is a bioelectrochemical device that uses microorganisms, such as
electrogenic bacteria, capable of generating electricity. However, the electrical energy generated depends
mainly on the ability of the microorganisms present in the anode to decompose the organic matter contained
in an effluent. In this work, an electrochemical setting formed as an anode and a cathode of graphite felt
were connected in an electrical circuit to electro-stimulate microorganisms to enhance the biofilm on the
anode. In this sense, different potential values were imposed in several electrochemical cells to evaluate
chemical oxygen demand, volatile solids, and bacteria increase. Dunnett method was used to find
significant differences between treatments, taking a sample without treatment as the control sample.
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INTRODUCTION

The first discoveries in the use of microorganisms to obtain electric energy were made in 1911 by Potter, who
developed the first prototype of a microbial fuel cell (MFC) by experimenting with Escherichia coli and Saccharomyces
cultures, as well as the use of platinum electrodes, with which he obtained a small magnitude of electric currents in a
range of 0.3 to 0.5 V [1-3].

MEFC is considered an environmental alternative to efficiently and comprehensively solve the problems related to
sustainably obtaining electricity. This is possible because the electrical energy generated in a CCM depends primarily on
the capacity of the microorganisms present in the anode to decompose the organic matter contained in an effluent [4].

Biofilm formation occurs after the establishment of inoculum bacteria on the electrode surface, which occurs by the
action of Van der Waals forces, acid-base interactions, and electrostatic forces [5].

Biofilm formation by bacterial clustering has demonstrated electroactivity and susceptibility to electrical
stimulation, which is why electrochemical techniques expand the options for biofilm characterization and
modification [5].

METHODOLOGY

In order to analyze the comparative effects obtained by pretreatment of the anode electrode, graphite-felt electrodes
were used. The anode pretreatment consisted of modifying the electrode surface to improve compatibility with the
electrogenic bacteria present in the inoculum and thus promote biofilm formation on the anode. Two pretreatments were
applied on graphite felt, and the untreated graphite felt was used as a control. In that sense, three graphite-felt samples
were obtained named: ST (untreated), TT (thermal treatment), and ET (electrochemical treatment).

The electrochemical treatment (ET) was based on the methodology of Cercado 2013 [6]. The geometric area treated
was 2 x 2 x 0.3 cm, using a potentiostat-galvanostat (VoltaLab PGZ 301) to apply 1.6 V vs. Ag as a pseudo reference for
one hour. The phosphate buffer solution was used as an electrolyte media (4.33 g/L Na,HPOu, 2.69 g/L NaH,POs,
2.85 g/ NaCl and 1.0 g/LL CH3COONa).

The thermal treatment (TT) consisted of calcinating at 400 °C the graphite felt into a muffle (Thermolyne, Thermo
Scientific) for 20 minutes and then cooling at room temperature.

Once the anodes were pre-treated, they were placed in the fuel cell, according to Figure 1. Different electrical cell
potential values were applied for 110 hours using a power source (GEINSTEK GPE-2323 and GP-1303DU E2 Digital
Co.). Inthis case, 0 V, 0,5V, 1.1 V, and 2.2 V were applied. At the end of this time, the percentage of organic matter was
evaluated as the total suspended solids (TSS) and chemical oxygen demand (COD). However, both analyses were
compared with a control system (a cell without applying the electrical potential).

Comparison of treatments concerning the control (Dunnett method). Let k treatments be compared, one of which
will be called the control treatment. The main interest is to compare the remaining (k — 1) treatments with the control
treatment. In many cases, the control treatment refers to a reference standard treatment or the absence of treatment. The
(k-th) treatment is denoted as the control treatment.

Making comparisons concerning the control involves testing the (k — 1) hypotheses given by:

Ho: py = piy
Hyt py # by M
Withi=1, 2, ..., k— 1, where k is the control treatment. The null hypothesis is rejected if:
s 5 11
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Figure 1. Electrochemical cell used for biofilm formation

Where D_a (k-1, 1) is the following: D by Dunnet, a the level of significance, and Da is found in Dunnet's tables; 1
are the degrees of freedom.

Y; v Y,: They are the sample means of the treatments.

CME : Is the mean square of the error.

n;: Is the number of elements contained in each treatment.

ny: Is the number of elements contained in the control treatment.

An Excel spreadsheet was used to carry out this test, as shown in Figure 2. This program was applied to obtain the
corresponding results [7-10].

RESULTS AND DISCUSSION

The data obtained from the experiment carried out are shown in Table 1, considering the methods Without
Treatment, Thermal Treatment, and Electrochemical Treatment, applying potentials from 0.5 V, 1.1 V, 2.2 V,and 0 V
for the sample Without Treatment.

Statistical analysis was carried out on the data in Table 1, which consisted of applying the Shapiro-Wilk normality
test, and the Levene Test to determine equality of variances, which are the necessary requirements to apply an Analysis
of the Variance of two Factors, with a single sample per group. If this analysis of variance shows significant differences,
then Dunnett Test can be applied.

AMOVA: Single Factor >
Input Range | A ] oK
Iv Column headings induded with data
Cancel

Alpha 0,05
Input format M

% Excel format " Standard (stacked)

Omnibus test options
[ ANOVA I Kruskal-wallis ™ weldh's
[ BrownForsythe [ Random Factor [ Levene's Test

AMNOVA follow-up options
™ Contrasts ™ TukeyHsD [~ Games-Howell
[~ scheffe [~ REGWQ

™ Hsu MCB Max ™ Hsu MCB Min I Pairwise t test

Kruskal-wallis follow-up options

™ Contrasts I Memenyi ™ Dunn
[ Steel ™ schaich-Hamerle [~ Conover
[~ Pairwise MW I Pairwise MW exact

Alpha correction for contrasts

=" Bonferroni " Dunn/Sidak # |1
Output Range | AT A Mew

Figure 2. Dunnett test calculation with an Excel program
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What is attempted to be demonstrated through the Dunnett test is whether there are significant differences in the
treatments to conclude which treatment worked better. Dunnett method allows to compare the treatments with a control
treatment, determined by the investigator, which for our analysis was the sample Without Treatment.

To apply the Dunnett test, we will first use the normality test to the data in Table 1, then the variance equality test,
all this before applying an Analysis of Variance.

The first thing we must corroborate is the normality of the data. This will determine what statistical analysis to
perform, whether parametric methods because they have a normal distribution or non-parametric methods if they are not
normal, for which we apply the Shapiro-Wilk test using the Excel spreadsheet, which showed the following results. See
Table 2.

As seen in Table 2, the Shapiro-Wilk test demonstrated normality in the data, so we proceeded to determine equality
of variances, to cover the requirement needed to apply an Analysis of Variance.

To verify the equality of variances, the Levene test was applied using the Excel spreadsheet, and the results shown
in Table 3 were obtained.

As can be seen in Table 3, the test shows that the p-value is greater than 0.05, indicating that the variances do not
have significant differences, so equality of variances is assumed. Since the requirements for applying two-factor Analysis
of Variance were met, we proceeded again to use the Excel spreadsheet. The results obtained are shown in Table 4.

As can be seen in Table 4, if F is less than the critical F 2.24132898 < 5.14325285, it is concluded that there are no
significant differences concerning the methods. On the contrary, if there are significant differences where F is greater
than the critical F 8.14827786 > 4.757062663 (Table 4) it can be concluded that there are statistically significant

Table 1. Data showing the percentage of organic matter with different cell potentials

Treatments
Methods 0 Volts 0.5 Volts 1.1 Volts 2 .2 Volts
ST 44.19 44.19 50.91 33.07
TT 43.48 37.50 45.45 29.51
TE 43.75 53.68 46.34 35.48

Table 2. Data showing the percentage of organic matter at different cell potentials

Shapiro-Wilk Test 0 Volts 0.5 Volts 1.1 Volts 2.2 Volts

W-stat 0.98235356 0.99003646 0.86821869 0.9878123
p-value 0.7455413 0.80904353 0.29047929 0.78872389
alpha 0.05 0.05 0.05 0.05
normal yes yes yes yes

Table 3. Levene test to determine equality of variances

Levene's Tests

type p-value
means 0.095471186
medians 0.240998795
trimmed 0.095471186

Table 4. Analysis of variance of two factors with a single sample per group

Analysis of variance of two factors with a single sample per group,

Origin of Sum of squares Degrees Average of F Probability  Critical Value for F
variations of the squares
freedom
Methods 71.73252867 2 35.86626434 2.24132898 0.18751651 5.14325285
Treatments 391.167076 3 130.3890253 8.14817786 0.01545379 4.757062663
Error 96.01338669 6 16.00223112
Total 558.9129913 11
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differences, but the Analysis of Variance does not indicate in which treatment these differences occur. However, if there
were differences, Dunnett Test can be applied using the sample called without treatment as a control test to compare it
with the other treatments and determine where there are differences. The results are shown in Table 5.

Table 5 shows that it is in the treatment of 2,2 V, where a significant difference is shown with respect to the control
treatment. It can be commented that if the p-value is very close to 1, there are no differences in these treatments, but if
this value is close to zero or zero, there are differences.

In order to verify the differences in the treatments, we will show other results obtained, applying the method of mean
differences, and the results are shown below. See Table 6.

It can be seen in table 6 that if we compare the control treatment called 0 Volts with the 2,2 Volts treatment, the result
shows that if there are significant differences, this result coincides with that obtained by applying Dunnett's Test.

CONCLUSIONS

When an experiment is carried out, where it is tried to demonstrate the efficacy of one treatment with respect to
another, it is important to know if the data provided by the experiment show significant differences for our investigation,
the treatments used to determine the percentage of organic matter, there were 3 methods and 4 treatments; the methods
are Without Treatment, Thermal Treatment and Electrochemical and the treatments were with voltage 0, 0.5, 1.1, and 2.2
volts.

In the results obtained, we were able to observe that when comparing the control treatment with the 2,2 treatment,
it was evidenced that there are significant differences with respect to the control treatment, as shown in Tables 5 and 6,
when applying the Dunnett test and that of Differences of Means.

In conclusion, the Dunnett test indicated that there are significant differences in the analysis process of a water
sample with different treatments, which showed us that in the treatment with voltage 2.2 V there was a statistically
significant difference with respect to the sample without treatment, a situation which was corroborated with the physical

Table 5. Dunnett test

DUNNETT'S TEST alpha 0,05

group mean size s df d-crit
0 volts 43.80 3 0.25497974
0.5 volts 45.12 3 132.282336
1.1 volts 47.57 3 17.1339702
2.2 volts 32.69 3 18.0746295

12 167.745915 8 2.88

D-TEST

group mean std err d-stat lower upper p-value mean-crit Cohen d
0.5 volts -1.32 3.73882686  0.35269081 -12.0864712  9.44917147 1 10.7678214 0.28797084
1.1 volts -3.76  3.73882686  1.00662524  -14.5314188  7.00422389 1 10.7678214 0.82190606
2.2 volts 11.12  3.73882686 2.97342587  0.34930316  21.8849459 0.04372891 10.7678214 2.42779206

Table 6. Test of differences of means

CONTRAST Alpha 0,05

Group contrast mean size S8
0 volts 1 43.80 3 0.25497974
0.5 volts 45.12 3 132.282336
1.1 volts 47.57 3 17.1339702
2.2 volts -1 32.69 3 18.0746295

0 11.117124¢ 12 167.745915

T TEST

std err t-stat df p-value t-crit lower upper Sig Cohen d effect r

3.738826859  2.97342587 8 0.01777791 2.30600414 2.49537432 19.7388747 yes  2.42779206 0.72455241

AxmyanvHvie sonpocsl duonocuueckol gusuku u xumuu, 2023, mom 8, Ne 4, c. 453-457



MEDICAL BIOPHYSICS AND BIOPHYSICAL CHEMISTRY 457

experiment carried out. The electrochemical treatment method with voltage 2.2 V is the one that showed the lowest
percentage of organic matter, as can be verified in Table 1. And we could say that it was the best treatment.

For future work, 3 repetitions will be applied for each treatment, in order to determine, with more information, if
the electrochemical process with voltage 2.2 is the one with the lowest percentage of organic matter, with respect to the
other treatments.
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AnHoOTanuss. MUKPOOHBINA TOIUTMBHBIA AJIEMEHT — 3T0 OHMOIEKTPOXUMHUCCKOE YCTPOHUCTBO, B KOTOPOM
WCTIONB3YIOTCSI MHUKPOOPTaHWU3MBI, TaKhe KaK JJICKTPOTCHHBbIC OaKTepWH, CIIOCOOHBIC BBIPA0ATHIBATH
anekTprdecTBo. OmHAKO BEIpabaThIBacMas DJJICKTPUUECKAs DHEPIHs 3aBHCUT IJIABHBIM 0O0pa3oM OT
CIIOCOOHOCTH MHKPOOPTAaHU3MOB, TPHUCYTCTBYIOIIUX Ha aHOIE, pa3jiaraTh OpPraHHYECKHE BEIIECTBa,
cofiepKaIIrecs B CTOUYHBIX BoJax. B maHHO paboTe aeKTpoXUMHYEeCcKasl yCTaHOBKA, BEITIOTHEHHAS B BUZC
aHoga W Karoga M3 TpaduTOBOTO BOIUIOKA, OBUIA COEOUHEHA B AIEKTPUYECKYIO MEeNb UL
SNEKTPOCTUMYIISIII MHKPOOPTAaHW3MOB U YCHJICHHS OWOIICHKH Ha aHome. B 3ToM cMbIcie B
HECKOJIbKHX JJIEKTPOXUMHUYECKUX slueiikax ObLIM YCTaHOBJICHBI pa3Hble 3HaUYEHHSI IOTEHIIMAIIA ISl OLICHKH
XUMHYECKOI OTPEOHOCTH B KUCIOPOJIE, JIETYYMX TBEP/IbIX BEIIECTB M YBEIUUCHHUS KOJIMYECTBA OaKTepHd.
Meron [laHHeTTa MCHONB30BAJICS Ui OOHApY)KEHHs CYNIECTBEHHBIX pa3iMuuil Mex1y oOpaboTKamwu,
npuHUMast o0paser 6e3 Je4eHHs B Ka4eCTBE KOHTPOJILHOTO 00pasia.

Knrouesvte cnoea: Onexmpocennvie 6axkmepuu, oOuonieuwka, memoo [lannema, Caghupo-Yuixa,
OUCNEPCUOHHDBII AHATIU3.
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