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Abstract: The paper presents the research results regarding the metabolism of microorganisms from
domestic wastewater treatment-activated sludge. The research approached this issue by dielectric
spectroscopy measurements, chemical analyses, and specific microbiological techniques. In addition,
the influence of extremely low-frequency (ELF) electric fields (1+500 Hz) on microbial metabolism
was studied. Four representative frequencies have been identified: 49.9, 99.9, 130.8, and 150.4 Hz using
dielectric spectroscopy applied to the investigated samples. Also, dielectric loss and conductivity
evolutions showed significant discontinuities, indicating oscillation/resonance phenomena in the
investigated biomass, unlike the sterilized sludge samples (obtained either by boiling or electrically,
applying a voltage that creates a 100 V/m electric field strength on the sample), which did not show
discontinuities; instead, the values of tgd and o were approx. 5-6 times larger. Chemical and
microbiological tests have shown that the metabolism, growth, and multiplication of microorganisms
in activated sludge are significantly increased after exposure to 4-6 V/m electric field strength of 50 Hz.
The research may continue by developing equipment and a bioelectrotechnological process to
significantly increase the efficiency of wastewater treatment plants.

Keywords: extremely low frequency (ELF); dielectric spectroscopy; microorganisms; active sludge;
wastewater; water treatment.
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1. Introduction

In the perspective of sustainable development, water resources management is a priority
issue with special social and economic implications. By their specificity, domestic and/or
industrial wastewaters contain a wide spectrum of pollutants [1-5] which, after discharge into
surface waters, determines their quality [6,9]. The use of wastewater - even treated - to irrigate
plants leads to an increase in the heavy metal content of soil and groundwater [10]. Thus,
wastewater treatment plants (WTP) are key infrastructure elements in water resources
management. Under these conditions, the monitoring and efficiency of WTP operation are
permanent concerns and are reported in many recent studies [11-15].
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Most water purification plants (both waste and drinking water) present at least one
biological treatment stage [4,14,16-20].

Biochemical processes are relatively slow and are the rate-limiting step in the water
treatment processes. This explains the share of energy costs related to the water purification
microbiological stages, usually over 60% of the total processing costs [17, 21].

On the other hand, as reported in [22-26], the biochemical processes and the living
matter behavior are modified by electromagnetic fields (EMF) strength and frequency.

The research studies revealed that experimental conditions significantly influenced the
results of the studies related to the influences of the EMF on living matter, especially by the
frequency and strength of the applied EMF, dielectric properties of the analyzed samples, the
geometry of experimental bioreactors, etc. [26].

Electromagnetic fields of anthropogenic origin can either positively influence both
eukaryotic and prokaryotic organisms (growth stimulation [27,28] or negatively influence
(growth inhibition) [27]. Microorganisms' growth stimulation can intensify the
biotechnological processes in the electromagnetic field. For example, this technique can be
applied to algae growing to obtain biofuels or biodegrade waste [27,28].

Recent studies made by dielectric spectroscopy showed that in the field of extremely
low frequencies (ELF), microorganisms respond differently, depending on the applied ELF
[24,29,30], which is explained by dielectric relaxation in biological systems [31]. However, it
has been experimentally found that the excessive increase of the applied electric field on the
biomass leads to membrane permeabilization and, subsequently, to leakage of intracellular
compounds [32].

Thus, in the present work, in order to develop a process that increases the energy
efficiency of the water purification processes, we studied the effect of the ELF electric field on
the microorganisms from the activated sludge sampled from the wastewater treatment plant.

2. Materials and Methods

The assessment of the ELF electric fields' effect on the microorganisms from the
activated sludge in the domestic wastewater treatment plant of Romuli village (BN - RO
county) was experimentally performed by dielectric spectroscopy technique and specific
microbiological measurements.

The dielectric measurements of the activated sludge suspension were conducted using
the STVP-200-XG thermostat system, equipped with a liquid sample holder, and by using the
AMTEK - 1296 Dielectric interface (Solartron Analytical) specialized equipment. The
measurements were performed at 12 + 0.5°C (average annual water temperature in the
microbiological processing unit from the wastewater treatment plant). The recordings of
dielectric loss tgd were made in the range of 1+500 Hz (for 1000 measuring points) at various
voltages. Thus, the liquid sample holder with activated sludge samples was exposed to an
electric field strength of 4, 6, 8, and 100 V/m. Comparative dielectric measurements were
performed both on activated sludge and on sterilized sludge which had been boiled for 10
minutes.

In the treatment process of domestic wastewater, to assess the activity of the
microorganisms from the activated sludge, specific chemical and microbiological analysis were
performed on biomass in experimental laboratory-scale reactors, with and without exposure to
a 50 Hz electric field. Figure 1 illustrates the experimental setup.
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Figure 1. Experimental setup.

Comparative measurements were performed at 20£2°C (room temperature), by using
synthetic wastewater with the following composition: 5 g/L sugar, 0.401 g/L NH4CI, 0.118 g/L
K2HPO4, 0.032 g/L MgS04-7H20 and 0.03 g/L FeSO4-7H:0, all p.a. quality, MERCK,
inoculated with 0.2 L of activated sludge suspension. Continuous aeration (bubbling 2L/min
air) was applied to the bioreactor's synthetic wastewater (3L). Under these conditions, the
evolution of the main water quality parameters was monitored using Photometric Cuvette
Tests. Therefore, there have been measured:

- Dissolved oxygen - DO [mg/L], with a portable meter HQ40d, Intellical™ LDO101
Probe (HACH-LANGHE);

- Chemical oxygen demand - COD [mg/L], according to 1ISO 6060-1989 (Dichromate
method), using an LCK 114/Cuvette Test (HACH-LANGHE);

- Ammonium - [mg/L] - according to 1SO 7150-1, DIN 38406 E5-1 and UNI
11669:2017 (Indophenol Blue method), using an LCK 303, 304/Cuvette Test (HACH-
LANGHE);

- Phosphate Ortho (total phosphor) - Pt [mg/L] - in accordance with ISO 6878-1-1986,
DIN 38405 D11-4 (Phosphormolybdenum Blue method), using an LCK 348, 350/Cuvette Test
(HACH-LANGHE).

To assess the growth of microbial culture in an environment with and without exposure
to the electric field, the homogenized sludge samples were taken from the experimental
bioreactors, then successively diluted until a 10 dilution, and subsequently spread on Luria
Bertani (LB) agar plates. After 24 hours of incubation at 23+1°C and 95% RH, the samples
were visually assessed/compared. The LB Agar plates were prepared by mixing 25 g
dehydrated LB medium and 15 g bacteriological Agar in 1 L double distilled water. Then, the
homogenized suspension was heated, sterilized, cooled at room temperature, poured into Petri
dishes, and stored at 4 °C until used.

3. Results and Discussion

3.1. Dielectric spectroscopy measurements.

Figure 2 presents the results of dielectric spectroscopy recordings - the evolution of
dielectric loss tgd vs. frequency recorded on the activated sludge samples at 0.002, 0.003, and
0.004 V measuring voltages (corresponding to 4, 6, and 8 V/m electric field strength in the
liquid sample holder).
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Figure 2. The evolution of tgd of activated sludge
in the frequency range of 1- 500Hz.

In Figure 2 can be noticed that at certain frequencies, the tgd vs. frequency curves show
discontinuities, indicating that biochemical processes occur in the investigated environment;
the number of charge carriers suddenly changes, which leads to corresponding changes in
conductivity and thus in dielectric losses.

The variation of the dielectric loss Atgd/Af is important in analyzing the effect of the
ELF field on the investigated biomass. Therefore, in order to underline the frequencies to which
the biomass metabolism is stimulated, these variations have been determined and are shown in
Figure 3.
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Figure 3. The evolution of Atgd/Aftgé vs. frequency.

Figure 3 shows that at representative frequencies of 49.9, 99.9, 130.8, and 150.4Hz,
significant kinetic changes occur in the metabolism of the microorganisms of the investigated
biomass; thus, the biochemical processes from their cytoplasm are modified under the electric
field action. The biomass behavior modifications indicate that dynamic processes take place.
Thus, under the action of the ELF field, at these frequencies, the number of charge carriers in
the investigated biomass is changed, suddenly changing probably due to the synchronisms in
the ion-pumping steps in individual enzymes via a hold-and-release mechanism [33].

https://biointerfaceresearch.com/ 5074


https://doi.org/10.33263/BRIAC124.50715080
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC124.50715080

The results of the dielectric spectroscopy measurements performed on the activated
sludge sample at 100 V/m and on the sterilized sludge sample at 6 VV/m are summarized in
Figures 4 and 5.
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Figure 4. The evolution of tgd vs. frequency at 100V/m on activated sludge and at 6\//m on thermal sterilized

sludge.
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Figure 5. The evolution of Atgd/Aftgd vs. frequency at 100 V/m on activate sludge and at 6 \V/m on thermal
sterilized sludge.

By analyzing Figure 4 results that in the case of the sterilized sample and activated
sludge at 100 V/m, the evolution of tgd vs. frequency are monotonously increasing continuous
functions. This is confirmed (in the limit of experimental errors) by the Atgo/Af vs. frequency
evolution (Figure 5). It was also found that the recorded tgd values (at the same frequencies)
are systematically 6 times higher in the case of Figure 4 than in Figure 2.

These findings suggest that the biomass is practically sterilized by applying a larger
measurement signal (100 VV/m compared to only 4+8 VV/m as in Figure 2) (the electric discharge
leads to membrane permeabilization, and consequently intracellular compounds leakage takes
place). In the case of sterilized samples, the relatively high value of the dielectric loss is
explained by the fact that after cell membrane destruction (through proteins thermal devolution
or electric discharge), the operation of cellular ion pumps practically stops. The Ca?*, Na*, K*,
Mg?*, etc. metal ions from cytoplasm become free (no longer concentrated in the cell
membrane), freely diffusing into the extracellular fluid, significantly increasing the electrical
conductivity o of the sterilized biomass. This finding is supported by the ¢ values obtained by
processing the data recorded through dielectric spectroscopy, as shown in Figure 6.
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Figure 6. Conductivity vs. frequency for active sludge at 6 V/m compared to electrical sterilized at 100V/m and
thermal sterilized sludge.

By analyzing Figure 6, it is noted that the electrical conductivity of the sterilized
samples (both by heating treatment and electrical by measurement at 100 VV/m) is monotone
continuously increasing function. It was also noted that the evolution of conductivity vs.
frequency in the living matter sample (active sludge) has discontinuities (as expected) at 50,
100, 130, and 150 Hz, and the sterilized samples ¢ values are 5-6 times higher than those of
the active sludge. This evolution of ¢ (Figure 6) and tgd (Figure 2) suggests that in activated
sludge, oscillations disappear after the heating treatment at the respective frequencies. This
behavior could be explained by the fact that in the living cells' cytoplasm, a series of dynamic
processes occur like protein hydrolysis coupled with the condensation of the amino acid
(processes governed/directed by the ion pumps inside the membrane), thus ensuring the
synthesis of the enzyme necessary for cellular metabolism processes.

In the living matter, specific proteins are synthesized in different configurations by
polycondensing of o amino acids (22 known proteins, 9 are essential [34] - which cannot be
synthesized by eukaryotic cells). Amino acids are polar molecules with a positive charge
concentrated near the -NH> group and negative in the -COOH group. Depending on the dipole
moment, the size of the aliphatic side chain, and the environment viscosity, each o amino acid
has a relaxation time and, consequently, a specific resonance frequency. Following the ELF
field application, depending on the applied frequency, certain o amino acids resonate, and thus
their activation energy is reduced. As a result, the reactivity in biochemical processes is
increased, leading to a given protein (enzyme) formation. Therefore, both the oscillations (the
discontinuities at frequencies given in Figure 2, Figure 3, and Figure 6) and the experimental
results reported in [24,35] can be explained.

3.2. Microbiological activity experimental results.

The comparative experimental results related to the microbiological activity in the
domestic wastewater treatment process of the activated sludge microorganisms, with and
without exposure to 50 Hz electric field strength E, are summarized in Table 1.

Table 1. Effects of 50 Hz electric field on microorganisms activity from the wastewater treatment plant
activated sludge - water quality parameters evolution over time.

) Parameter
E | Time DO COD | N-NHi | P
[VIm] |[hours]
[mg/L] [mg/L] [mg/L] [mg/L]
Initial 0 3210 59.4 10.1
0 (reference)| 6 1.19&22.1°C 2940 37.20 6.45
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) Parameter
E | Time DO COD | N-NHi | Py
[VIm] |[hours]
gLl | MgL]| gy | [MoL]
12 1.96&22.4°C 2844 19.65 4.50
24 2.67&22.3°C 2643 1.23 3.69
48 3.32&22.6°C 1790 0 1.18
6 1.25&22.1°C 2932 37.55 5.95
15 12 2.05&22.4°C 2795 17.55 4.12
24 2.92&22.3°C 2505 0.83 3.34
48 3.65&22.6°C | 1357 0 1.05
6 1.37 &22.1°C | 2397 20.15 5.55
4 12 2.93&22.4°C 2005 1.92 2.13
24 3.95&22.3°C 1180 0 1.22
48 4.10&22.6°C 1015 0 0.55
6 1.45&22.1°C 2330 19.29 54
6 12 3.21&22.4°C 1775 1.68 2.01
24 4.12&22.3°C 1247 0 1.10
48 4.21&22.6°C 974 0 0.49

Data presented in Table 1 show that, by exposing the sludge suspension to a 50 Hz
electric field of 1.5 V/m, the metabolism of the microorganisms relatively insignificantly
accelerates (compared to the control sample without electric field exposure), the pollutant
content decreases, COD from 1790 mg/L to 1357 mg/L (approx. 24% at 48 hours), N—NH,
from 1.23 mg/L to 0.83 mg/L (approx. 32% at 24 hours), Pt from 1.18 mg/L to 1.05 mg/ |
(approx. 11% at 48 hours). Accordingly, water dissolved oxygen level increases from 3.32
mg/L to 3.65 mg/L (approx. 10%). The metabolism of microorganisms is significantly
accelerated by applying a 4 and 6 VV/m electric field strength. At 6 VV/m, the COD decreases by
approx. 45% (in 48 hours), N—NH; decreases with over 90% in only 12 hours and Pt with
approx. 58% (in 48 hours). This significant decrease in pollutants content leads to an increase
in the oxygenation level. DO increases by approx. 27% in 48 hours. There are no significant
differences between the parameters recorded at 4 V/m and 6 VV/m.

Figure 7. Bacterial colonies formed on LB agar medium, inoculated with 10 dilution samples of activated
sludge after 24 hours; A - sample exposed to 6 VV/m (50 Hz), B - sample not exposed to the electric field.

Table 1 shows that after exposure to 4 V/m and 6 VV/m, the decrease in pollutant content
is significant after the first 6 hours of exposure. This suggests that the LAG phase period
significantly decreases by applying a 50 Hz field (the microorganisms adaptation to
environment and food source conditions stage [36]). These findings are also underlined by
Figure 7 that shows the effect of the electric field on the bacteria multiplication rate from the
activated sludge — comparison between the control sample (B), without exposure to the electric
field and the sample (A) after 6 hours exposure to a 6 V/m electric field strength, at 50 Hz.
https://biointerfaceresearch.com/ 5077
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Figure 7 shows that after 6 hours of treatment, under the same temperature and aeration
conditions, in the sample exposed to 50 Hz, 6 VV/m electric field strength, the bacterial colonies
formed are significantly higher than the control sample. This indicates — in good correlation
with those reported in [37] - that the 50 Hz electric field accelerates the activated sludge
microorganisms' metabolism and stimulates their growth and multiplication rate, respectively.

Based on these experimental results, the efficiency of domestic wastewater treatment
plants can be substantially increased (by reducing the aeration stage and the microbiological
treatment time and, therefore, the specific energy consumption). The results may continue by
implementing bioreactors with electric field stimulation in a wastewater treatment plant [38]
and developing a prototype bioreactor, and performing tests to evaluate its operation efficiency.

4. Conclusions

The influence of ELF electric fields on the activated sludge microbial metabolism was
studied by dielectric spectroscopy technique and specific chemical and microbiological
measurements. The activated sludge resulted from the domestic wastewater microbiological
treatment stage. Following the experimental data processing and analysis, it was found that: in
the investigated frequency range 1+500 Hz, the samples exhibit typical frequencies at 49.9,
99.9, 130.8, and respectively 150.4 Hz; the evolution of dielectric loss and conductivity shows
significant discontinuities indicating oscillation (resonance) phenomena in the investigated
biomass; the dielectric loss and conductivity evolution recorded on sterilized biomass (by
boiling or by applying a voltage that creates a 100 V/m electric field strength on the sample)
does not present discontinuities. However, the values of tgd and o are of approx. 5-6 times
higher than those obtained on activated sludge; this indicates that cell membranes are destroyed
by sterilization and do not ensure the ion pumps function; the metabolism, growth, and
multiplication rate of microorganisms in activated sludge are significantly increased after
biomass exposure to a 4-6 VV/m electric field strength of 50 Hz.

These results prove that the efficiency of the domestic wastewater treatment plants can
be considerably increased by decreasing the aeration and microbiological treatment stages time
and, consequently, the specific energy consumption.
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