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This is a pre-copyedited, author-produced version of an @’»tlc(fé iééepted for publication in
Letters in Applied Microbiology following peer review. Tg% vé’sgﬁ of record [Budil, J., Szabé,
0., Liskova, P., Stenclova, P., Izsak, T., Potocky, S.an é(rog\k@\A (2022), Impact of electrolyte

solution on electrochemical oxidation treatment ogEs_@errghla coli K-12 by boron-doped

diamond electrodes. Lett Appl Microbiol &{’4 @4 9%1] is available online at:
https://academic.oup. com/Iamb|o/art|cle/74/6$92@%9§9177 doi.org/10.1111/lam.13687.
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1.1 Stability of the experimental setup INIIPS ,L\Q@.
S o S

We characterized the expenmental\(zilst\éTQnQ \fore the electrolysis to minimize the influence
of unknown effects. The electrolytes (phy%&oﬁ?"‘(t\f?a\!bglution (labelled as “NaCl“), phosphate buffer saline
(PBS), and phosphate buffer (PB)) vé’r(\a& Es@% several times for potential toxicity against E. coli.
As we supposed, after 120 min m(\)ghc(’a{_égsgﬁi’(ge of the electrical current (untreated control samples),
the decrease of the viability oé’i\\E (ﬁbolivﬁas negligible in NaCl and PBS, and minor (one order
of magnitude, initially 5x107 &izlrlﬁq?l,{y:)n PB. To simplify and facilitate the comparison of untreated
samples with EO treatedQ’*;sZ\nz‘Bolz—z}g\s all untreated samples were averaged into a single exemplary
untreated control samp\l§’va{ue ﬁmch is further labelled as “control”.
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Next, we corﬁjnged l%y XPS and SEM measurements that the cleaning procedure (see chapter

3.3) was suff|C|enﬁ§to ®(¥| rge?the initial stable state of the BDDE electrodes. The successful removal of all
ke e
bacterial remgan{g V\@fs manifested as the disappearance of all black spots in SEM images,
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and in the )538(§pe§rum as a significant decrease of relative atomic concentration of nitrogen (from
. AN 8
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2.5% af(@r tH§E§*treatment to 0.3% after the cleaning procedure), together with decrease of relative
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q?

treated samples (to 29°C) after the experiment, which was attrlbute%*to&\% gP dual increase

N
of the ambient temperature due to the prolonged work with a Bunsen burrger m§c@n‘f|ned space inside

@

the UV-sterilized room for control samples, and a combined effect ofq) ¢§ gﬁamblent temperature

and the electrolysis process itself for treated samples. Nevertheleoggq,) \Béb\ vperature always stayed

within the physiological range for mesophilic bacteria (E. &@i) ﬁc@l,\\»}t never exceeded 30°C,

and thus no cooling was applied. The pH of all control sam%@s L@é;h;gl;l\;BS NaCl, and PB remained

nearly constant, while the pH stability of EO treated sanl)ﬁr@es é)rgﬁly depended on the composition

of the electrolyte. The pH increase after the EO treatm@st\\o@
o)
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G 0nor (<0.1) in both buffered solutions
N
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but comparably higher (by 0.8) in the NaCl (fromy O?F 4 to 7.77 £ 0.14) when compared to initial
o \‘U
~ Q) N
conditions. This pH increase in the NaCl Wg@ I st‘éﬁ’robably caused by generating and gradually
S & €
accumulating NaOH, as the pH of control S@”IDL& vga?s stable. However, since the pH never exceeded

S
7+

(from 7.11£0.13 to 7.18 £ 0.13 in the PBS ano?% 0.03 to 7.18 £ 0.03 in the PB),

S
§ $

8.0, it should have only a negligible effecto nd e @II viability, which was confirmed by our observations
S°Q
of only 13% decrease in the growth@brat "Of
2N
with pH modified to 8.0 (data not OV\@,
(%]
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anktonic E. coli cultivated in an LB growth medium

Q_ava

supported by another study investigating the cultivation

N
of E. coliin pH 7.4 and 8.0 (Klrgﬁoet 2&?8). Therefore, it can be concluded that both the temperature
v

IS
o . T D O . . .
and the pH variations did n sha\\é@ a)@y noticeable impact on the interpretation of the evaluated data.
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During the EO treéﬁn}?'i?t,o onstant current density of 10 mA-cm2 was applied, and the voltage
EN

~ 0
was recorded. The vq{?agg fluétuanon during experiments was negligible, with a slight and gradual

b fo Q
increase by 1-5%¢°of 1 eg'nltlal value for PBS (from 3.70 + 0.12 V to 3.91+£0.09 V), NaCl
§ 9
(from 3.75 0.2§V<TSG 383 £0.13 V), and PB (from 3.94 + 0.11 V to 3.97 + 0.13 V), which could be
> b
caused by agartlaf dgpletlon of the electrolyte or by a decrease of the submerged electrode surface
@

area due @%saﬂ\pho@ (the manual correction of the electrode immersion depth every 30 min could be

A S
sllghtlycﬁla@}:ur@&). Additionally, the anode potential was measured during the EO process with
b
athgae eﬂbcggde system at a constant current of 10 mA-cm using the Autolab PGSTAT302N
N
&
(Met%ﬂﬁm)o&/vlth BDD for working and auxiliary electrodes and Ag/AgCl as the reference electrode.
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time it stabilized in all PBS (3.28 — 3.74 V), NaCl (3.62 — 3.88 V), and PB (3.31 —

1.2 Survival times and survival rates of bacteria

respectively), while rapid bacterial removal in EO treate\tPB@arhG’ NaCl (<10 min) is reflected by much
Q N
higher k values (-3.405 and -3.298, respectively). 59 @ &

9
The theoretical survival time was calcula@ frem t}ie k according to formula:

N N
Su@va@tm@ ln(n/nO)
5 & ;,;
where ng is the initial number of§FU@|I']°wand n represents the final situation of sterilized
NN
Q S
suspension (<1 surviving bacteria) and\&/as&t e\@@fore set as n = 0.5. This allowed us to extrapolate
Q
S
the survival time in controls and E@ tra§{e§§PB, where bacteria survived longer than experiment
& &P
duration (120 min) (Erkmen and Q&o@ﬁ 2016)
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Figure S1: a) Kinetics of @ylr@) 01:,)\@ coli in three untreated electrolytes measured several times
NS
N o . .
(3x for NaCl, 4x for Pg%hn@?xq@r PBS). b) Averaged Kinetics of dying of E. coli calculated
QO <

for untreated sam p@s QI' he &xem plary” plot was calculated as the average value from all untreated

samples of all tﬁe%@yp@’s of electrolyte and further was used as the “control” behavior

o L

N
for com pansgh w@ﬁ’\ %é'treated samples (despite all three averaged untreated samples for each

Q Q7
electrolyte:%egara y)
& QD
Flgur%&gﬁorﬁanson of average survival times of E. coli in three EO treated electrolytes
o O &
angtdn uoatregﬂ’oed control samples in a logarithmic scale evaluated by drop plate method. The number
o O

of reﬁ’évtiti&s Nz 3.
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untreated sample after 120 min.

Figure S4: A schematic representation of the setup for electrochemical oxidati
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electrodes with an active area of 10 cm? are driven by a constant current (/{@) nagk) I@
&
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KNI )
I &
- A L S X0
a) Kinetics of dying - controls b) Kinetits c\ﬁ’d E - controls average
In(N/N0) based on the spread plate method In(N/N0) beaged q‘ﬁt pread plate method
0 L 3
-1 AN
-+-NaCl 1 ™3
-=-Nacl_2| .
-+ -NacCl_3; N
-2 |-+-PB_1
-=--PB_2
--a--PB_3
3 |=PBA
~=—PBS_1 |
—+—PBS_2 | |
,,,,,,,,,,,,,,,, S
-4 ! ! ! ! ! . _ﬁ'
0 10 20 30 40 50 60 70 80 90 1@1%12%?’ 0 10 20 30 40 50 60 70 80 90 100110120
time [min] (§Q Q% § time [min]
I la) Qs
> TN
Figure S1: a) Kinetics of dying OofE. %&i i@three untreated electrolytes measured several times
o X @
o & N , .
(3x for NaCl, 4x for PB and\gk I@?Pgﬁ). b) Averaged Kinetics of dying of E. coli calculated
KON P
for untreated samples. The “giem& ¥ plot was calculated as the average value from all untreated
T O O
N .
samples of all testegcty%és ofelectrolyte and further was used as the “control” behavior
(@) o &
oy OO .
for comparison with @D treat & samples (despite all three averaged untreated samples for each
S
8\"0 xS electrolyte separately).
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Average survival times of E. coli

Based on the drop plate method

Ios
N

%é\)/e SEM images of E. coli bacteria at selected times (0, 10, 60 and 120 min)

untreated sample after 120 min.
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