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Abstract

Floating photovoltaics (FPV) is an emerging technology that is gaining attention worldwide.
However, little information is still available on its possible impacts in the aquatic ecosystems, as
well as on the durability of its components. Therefore, this work intends to provide a contribution
to this field, analysing possible obstacles that can compromise the performance of this technology,

adding to an increase of its reliability and assessing possible impacts.

The problem under study is related to the potential submersion of photovoltaic cables, that can
lead to a degradation of its electrical insulation capabilities and, consequently, higher energy

production losses and water contamination.

In the present study, the submersion of photovoltaic cables (with two different insulation
materials) in freshwater and artificial seawater was tested, in order to replicate real life conditions,
when FPV systems are located in reservoirs or in the marine environment. Electrical insulation
tests were carried out weekly to assess possible cable degradation, the physical-chemical
characteristics of the water were also periodically monitored, complemented by analysis to detect

traces of copper and microplastics in the water.

The results showed that the submersion of photovoltaic cables with rubber sheath in saltwater can
lead to a cable accelerated degradation, with reduction of its electrical insulation and,

consequently, copper release into the aquatic environment.
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List of Abbreviations, Acronyms, Initials and Symbols

CE-Electric conductivity (uS/cm)

FPV- Floating photovoltaic

MQ- Megaohm (MQ)

DO-Dissolved oxygen (% or mg/L)

ORP- Oxidation Reduction Potential (mV)
SAL-Salinity (mg/L)

TDS-Total dissolved solids (ppm)

T- Temperature (°C)

PE- Polyethylene

PP- Polypropylene

P- Polystyrene

PMMA- Polymethyl methacrylate, plexiglass
PUR- Polyurethane

PET- Polyethylene terephthalate

PVC- Polyvinylchloride, vinyl plastics

PTFE- Polytetrafluorethylene, Teflon



1. Introduction

The world population is growing, causing an increase in the use of resources needed to maintain
the living standard of the modern societies. The electricity consumption is increasing due to the
electrification of various sectors, e.g. electric vehicles. Nearly 95% of the electricity by 2050
would need to be low-carbon, a deep transformation to achieve the global temperature change
below 2°C [1]. The answer to this challenge is the use of renewable energies for the production
of electricity, minimizing its ecological footprint and enabling the decarbonization of the electric
system. Solar energy can provide an important share of clean electricity, either through
decentralized energy production, generating energy closer to the consumption points, or with

centralized power production.

The floating photovoltaic (FPV) systems allow the usage of a potentially unoccupied surface, not
competing with other applications such as agriculture or urban development, particularly
important factors in countries with high population density. FPV systems can also benefit from
coexistence with other renewable energy sources (e.g., hydropower), taking advantage of existing
infrastructures, such as electric power transmission lines, electric substations or energy storage

systems (pumped-storage hydroelectricity, batteries, etc.).

In the current market there are different types of floating photovoltaic platforms from different
suppliers, but in general the electrical components (modules, cables, inverters, electrical
protection devices, etc.) are the same as those used in conventional PV applications on land. In
general, the photovoltaic modules are installed on a plastic floating platform which makes the
system buoyant. These floating systems are installed with some degrees of freedom, in order to
accommodate variations in the water level and wave motion, with stability given to the platforms

with a mooring and anchoring setup.

The literature about potential environmental impacts of these systems is reduced, however, some
of the potential impacts on aquatic ecosystems that could arise include [2]: 1) Reduced sunlight
on the reservoir / Increased heat generated — can induce changes on the water column
characteristics and/or the mixing patterns of the reservoir, uneven surface heating, generate
potential heat plume, reduce littoral plant/ algae growth, the biota in the limnetic zones and the
primary production, increase algae decomposition rate and the oxygen demand at the bottom of
the reservoir and the shading of habitats and species; 2) Reduced wind and water flow — can
increase stratification and limit water mixing, reduce Dissolved Oxygen (DO) levels, depending
on the reservoir covered area/ total area ratio; 3) Reduced flow in the areas surrounding the arrays
— can increase the sedimentation; 4) Leaching of chemicals from the materials / Use or accidental
release of oil, lubricants from boats and detergents used to clean panels — can impact the water

quality and aquatic biota, and accumulate in the sediments; 5) FPV components and anchoring in



the littoral and benthic zones (mooring systems, electric cables) — can destroy benthic habitats,
cause direct mortality and increase the turbidity; 6) Exposure to electromagnetic fields from
electric cables on the bottom and littoral zones — may have direct effects on macroinvertebrates
and fish.

Therefore, it is necessary to deepen FPV systems testing and study, in order to enhance the

understanding of their operation effects and optimize their use through good practices.

Furthermore, despite showing resilience to extreme phenomena of nature, some news has been
published about catastrophic failures of these systems [3], [4], and FPV systems are still perceived
as relatively high risk.

The first application of a floating photovoltaic system was in 2007, in Aichi, Japan, with an
installed power of 20 kWp [5]. In 2008, the first commercial floating photovoltaic platform was
built in a water reservoir in California, with 175 kWp [5].

After 2008, new FPV plants were installed in countries like Japan, Korea, and the United States
of America. Recently, China entered this market and currently dominates the FPV sector
regarding total installed capacity [5].

In Europe, this technology has had a slow growth, accelerating in the last years and currently the
total installed capacity is 47.20 MW. Portugal may top this list when the construction of 50 MW
in the Alentejo region is concluded, estimated to be commissioned by the end of 2021, thus
increasing the total European installed capacity to 97.201 MW.
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Figure 1 Floating Photovoltaic Power Installed in Europe [6], [7], [16]-[25], [8]-[15]
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Figure 2 Evolution on FPV installed capacity in Europe [6], [7], [16]-[25], [8]-[15]

In this work, possible submersion of photovoltaic cables in water is addressed. The photovoltaic
cables, that can be fully or partially submerged, will be exposed to freshwater or salt water, ice, a
high humidity environment and solar radiation, which can lead to cable degradation and loss of
electrical insulation. Submersion of cables or connectors can be caused by low clearance from the
water surface as well as mismatch in module cable length and floats dimension, waves due to
wind or a boat passing nearby.

The accelerated degradation of the photovoltaic cables or connectors can cause its failure,
reducing the electric insulation characteristics or causing problems to the power line
communications. In addition, individual insulation failures can often be difficult to detect in large
PV systems and/or PV strings, with added difficulty related to performing O&M tasks in floating
plants. In case of electric insulation failure, the photovoltaic inverters are able to detect it and will
stop, isolating the faulty system. This leads to increased plant downtime, loss of energy generation

and lower overall performance ratios.

The cable tests follow the EN 50618, regarding electric cables for photovoltaic systems, and EN

50395 standards, focused on electrical test methods for low voltage energy cables [26], [27].

This work intends to evaluate if the submergence of photovoltaic cables can lead to its accelerated
degradation, either in freshwater or in saltwater. The degradation of the insulation layers of these
cables, can lead to the direct water contact and exposure of their conductors, with potential
leaching of contaminants (metals, microplastics) to the aquatic environment. This study also

intends to evaluate the possibility of the occurrence of this environmental contamination.



2. Methodology
2.1. Experimental description

Currently, there are multiple types of photovoltaic cables. The conductor material is generally
copper or aluminium, either solid or stranded, allowing very good conductivity, malleability, and
ductility. The cable cross-sectional area and thickness of insulating layers depends on its current
rating. Solar DC cables are intended for outdoor use and single-core cables with double insulation

have proven to be a practical solution with high reliability in land installed PV plants.

Among the various requirements for cable selection in the photovoltaic industry, the following
are often used: good weather, ozone and UV-resistance; large temperature operating range; able
to withstand mechanical stress; abrasion-resistance; acid and base pH resistance; flame retardant

and halogen free; high dielectric strength; small outside diameter (space-saving).

After consulting several suppliers of photovoltaic cables, two types of photovoltaic cables
frequently used in photovoltaic installations (including FPV plants) in Portugal were selected,
depicted in Table 1.

Table 1 Photovoltaic cables

Cable Conductor Insulation and outer sheath Section

Tinned copper grade5 i
Cable 1 ) Cross-linked polyethylene (XLPE) 4 mm?
Compliant EN 60228 / IEC 60228

Class 5 annealed and tinned electrolytic
Cable 2 COpper wires Rubber 4 mm?

Compliant EN 60228 / IEC 60228

Six large tanks were used to simulate freshwater and marine environments, with a radius of 0.75m,
0.3m in height and a total volume of 0.53m3, made of high-density polyethylene POLYCHOC™

with anti UV treatment, and a food safe rating.

The six tanks were installed outdoors, filled with water, and equipped with a water mixing and
oxygenation system in order to prevent algae growth and bacterial organic matter degradation.
This system is composed by an air compressor and a compressed air distribution network for the
six tanks. A timer system controller was installed, performing 10 daily cycles of 20 minutes, from
9:00 until 18:00. The experimental setup is presented in detail in Table 2. The outdoor distribution
of the test tanks is illustrated in figure 3. This outdoor test setup was installed in the experimental
campus of the University of Evora (Polo da Mitra, GPS coordinates: 38°31'53.3"N, 8°00'43.3"W).

The test site is framed in a rural context, with characteristics similar to the framing of these FPV



facilities (for instance the FPV 1 MWp plant in Cuba-Este reservoir, GPS coordinates:
38°10'07.2"N 7°50'51.2"W), whether climatic or regarding the surrounding ecosystem, having no

major sources of atmospheric pollution or contamination in its neighborhood.

To simulate freshwater systems, tanks 1, 3 and 5 were filled with ca. 500 L of tap water, and for
marine environments simulation, ca. 18kg of marine salt was added to the tanks 2, 4 and 6, to
achieve a salinity level of about 3.5% (Figure 4 a). The salinity value was monitored using a
TROLL 9500 PROFILER XP multi parametric probe [28] (Figure 4 b).

Figure 3: Experimental setup with the 6 water tanks. The air compressor and timer system are

installed inside the red container (top of the image).

Table 2: Experimental setup distribution

Tank Photovoltaic cable Water

1 Cable 1 Fresh
2 Cable 1 Salt

3 Cable 2 Fresh
4 Cable 2 Salt

5 (control) - Fresh
6 (control) - Salt




Figure 4 a) Preparation of saltwater; b) Physical-chemical characterization with the

multiparametric probe

Weather and ambient variables were continuously monitored by a meteorological station installed
100m away from the water tanks, also in the open field. This station is equipped with a two-axis
fully automatic sun tracker SOLYS2 [29], with two CMP11 pyranometers [30] to monitor global
and diffuse solar radiation, one CHP1 pyreliometer [31] to measure direct solar radiation, one air
temperature and relative humidity sensor [32] and one precipitation sensor [33]. This station is
presented in Figure 5.

Figure 5: Onsite meteorological station.



2.2.

Electrical insulation tests

The electrical insulation tests of photovoltaic cables follow a set of standards, namely EN 50618
and EN 50395 [26], [27]. After purchasing the cables from the supplier, and before starting the

submersion test, an initial dielectric measurement was made. Each cable sample under test is 5

meters long. Special care was taken so that the ends of each cable under test were never

submerged, in order to avoid the entry of water or absorption at these points, as well as the contact

of the exposed conductor at the ends with water.

For the purpose of this electric tests, a voltage source [34] was used, as well as a photovoltaic and

electrical installation tester [35] to measure the insulation resistance. For safety, a galvanic

isolation device was also used between the electrical installer tester and the cable being measured.

For measuring the cable insulation resistance, the following procedure was used:

1.

Visual inspection of each cable, checking for any fault or degradation of the dielectric
layer.

Measuring of the cable resistance with the electric tester, applying a voltage of 100 V. If
the resistance result is above the minimum limit, the next step was carried out. This initial
step is important in order to assess the safety conditions of the cable and allow to proceed
safely in the next steps of the test.

As indicated by the test procedure in the standards, it is necessary to apply a voltage
between 80-500 V for one minute to the photovoltaic cable submerged in water, in a small
test tank, where the measurements were periodically made. For this, the voltage source

was used to apply 100 V to the cable conductor and the water through a solid copper bar.

. Finally, the cable resistance is measured with the electric tester equipment. After the

resistance is measured, the cables were submerged again in the outdoor tanks. Electrical

insulation tests were carried out once a week for 12 weeks.



Figure 6 a) Resistance measurement with the 1-V curve tracer; b) Application of 100 V with the

voltage source.

2.3.  Water physic-chemical characterization

A physical-chemical characterization of the water was carried out weekly, measuring key
parameters with the multi parametric probe (TROLL 9500 PROFILER XP), including water
temperature (T, °C), Electrical Conductivity (EC, uS/cm), salinity (Sal. mg L), Total Dissolved
Solids (TDS, mg L), pH, Oxidation-Reduction Potential (ORP, mV) and Dissolved oxygen (DO,
% of 02 saturation and mg L™). Whenever the volume of water was higher than the initial volume
(due to the precipitation events), the salinity values were adjusted, removing water, and adding
salt. To evaluate potential impact in the water or aquatic ecosystems due to the cable degradation,
analysis to detect the presence of copper in the water through flame atomic absorption
spectroscopy, using the SMEWW 3111B method [36] were carried out at the Water Laboratory
of the University of Evora. This analysis was performed at different times:1) initially with the
water used to fill the tanks; 2) after 6 weeks of cable submersion and 3) at the end of the test
period, with 12 weeks of cable submersion.

The presence of microplastics in the water was also monitored, with the samples being filtered by
a 20 um mesh and analysed by Fourier-transform infrared spectroscopy (FTIR).
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3. Results and discussion
3.1. Electrical insulation tests results

In the first measurement, all cables reached the maximum measurement limit of the device, 200
MQ. The first cable to record electrical insulation losses was cable 2, in salt water in the eighth
week, with a resistance value of 27 M, and in the same week the presence of copper was detected
with a significant concentration (Table 3). This decrease in the resistance value occurred when
the air temperature dropped below 0°C for the first time in that year, as showed in Figure 7. The
cable 2 (saltwater) presented again resistance values below 200 MQ during the test period,
nevertheless these resistance values were higher than 2.9 MQ, the minimum insulation resistance
value for a 4 mm2 cross-section cable. Cable 2 (freshwater) had also a one low resistance value,
recovering to a higher value the next week. The cable 1, either submerged in freshwater, either in

saltwater, never presented lower electrical resistance values.
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Figure 7 Air temperature and electric insulation resistance over time.

The cable 2 (saltwater) showed visual signs of degradation of the dielectric layer, with increased
volume at that location, indicating potential absorption of salt water in the outer layer, as depicted
in Figure 8. A possible explanation is related to the occurrence of night temperatures below 0°C
and the freezing of the salt water absorbed by the outer layer, with consequent expansion of its

volume and acceleration of its degradation.

That said, this points to the potential failure of this type of cable when submerged. Following this
occurrence, more tests should ideally be carried out in a controlled climate chamber, to confirm
this behavior.

Figure 8: Cable 2 (saltwater tank) showing signs of physical degradation of the insulation layer.
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Physical and chemical characteristics of water

3.2.

The test conditions were maintained during the experimental period, in order to have aquatic

environments as stable as possible, as depicted in Figure 9.
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In Figure 9 (and in Tables S1 and S2 in Supplementary Material) is clear that most parameters
were stable during the test period, and no major differences between freshwater and saltwater
tanks for water temperature and dissolved oxygen were detected. Clearly, all parameters that
evaluate the amount of dissolved substances and minerals in the water, as the salinity, electrical
conductivity and total dissolved solids, reflect the experimental conditions, distinguishing
saltwater and freshwater tanks. In spite of the efforts to keep salinity values around 35 mg L,
some variations can be observed (it ranges between 32.5 and 41.9 mg L), since some dilution
occurred due to precipitation events and sometimes an excess of salt was added since heavy
precipitation events were predicted. We can also see that oxygenation levels have always been
high, so there was a good circulation of water. Water temperature decreased with time, in
accordance with the atmospheric temperature decrease and the seasonal changes from Autumn to
Winter progression.

Regarding the possible release of copper into the water, in 3/12/2020, copper was detected in the
saltwater tank 4 (cable 2) with a concentration of 0.052 mg L. Since the copper concentration in
the water used to fill the basins was 0.005 mg L, an increase of 0.045 mg L* was then registered,

as can be seen in Table 3.

The decrease in copper in container 4 shortly after its detection is explained by the fact that excess

water was removed from the tank due to the heavy precipitation that occurred at that time.
Table 3 Copper concentration in water over time [mg L]

16/10/2020 03/12/2020 11/12/2020 11/01/2021 29/01/2021

Initial sample - water used to fill 0005 0.005 0.005

the tanks - -
Tank 1 - Freshwater 0.005 0.015 - - 0.006
Tank 2 - Saltwater 0.005 0.008 - - 0.011
Tank 3 - Freshwater 0.005 0.017 - 0.005 -
Tank 4 - Saltwater 0.005 0.052 0.012 0.005 -
Tank 5 — Freshwater (control) 0.005 0.014 - - 0
Tank 6 — Saltwater (control) 0.005 0.009 - - 0

In order to verify a possible water contamination with microplastic released by the cables, this
analysis was carried out in all tanks. In table 4, we can observe that the microplastics concentration
is always low, with the control tanks (5 and 6) presenting higher values than the others. Thus, we

can conclude that there was no significant release of microplastics by the photovoltaic cables.

In future works the same analyses should be carried out, but in an aquatic environment where the

remaining components of a floating photovoltaic system are, such as the floats.
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Table 4 Microplastics concentration in water (The units in the table are, number of particles

larger than 20 micrometres in size per litre)

Tank1l Tank2 Tank3 Tank4 Tank5 Tank6

Organic particles (e.g., PP, PE, PS) - - - <2 - -
Polyethylene (PE) 2 - - - 2 2

Polypropylene (PP) 4 4 4 - 10 6

Organic particles (e.g., PMMA, PUR, PET) - - - <2 - -
Polyester 2 <2 - - 2 -

Ethylene-vinyl acetate (EVA) - - 2 - 6 4
%rgg::)c particles with silicone (e.g., plastic, <2 <2 < < < <
Organic particles with chlorine (e.g., PVC) <2 <2 <2 <2 <2 <2
Organic particles with fluorine (e.g., PTFE) <2 <2 <2 <2 <2 <2
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4. Conclusion

The characteristics of aquatic environments pose new challenges to floating photovoltaic
installations, with regard to their reliability and performance, as well as in the assessment of
potential impacts on the aquatic ecosystems. The marine saltwater environment should be the
most challenging for this new technology, due to its salinity, higher waves and wind speed, as
well as additional anchoring and mooring difficulties. Being a recent technology, it does not yet
benefit from the maturity and greater experience than conventional photovoltaic installations on
land. This work intended to contribute to the increase of knowledge about these systems, in
particular about the consequences of submersion of photovoltaic cables, both in the FPV

installation and in the aquatic environment.

It was found that cables with rubber outer shell could fail when submerged in saltwater, with a
decrease in its electrical insulation resistance and consequent release of copper into the water,
potentially impacting the aquatic ecosystems. There is probably a relationship between
submersion of this type of cable with temperatures below 0 °C and the occurrence of accelerated
degradation of the cable insulation layer. Reduced resistance values were measured in this cable
after the occurrence of such temperatures, both in salt and freshwater. This cable type showed
visible exterior degradation signs, when submerged in saltwater. However, no microplastics

concentration increase was detected in the water, probably due to the cable small dimensions.

Cross-linked polyethylene insulation showed higher reliability when submerged, without
presenting any reduction of its dielectric parameter. However, faults may appear for longer
submersion periods, situation most likely to occur in installations in remote sites and with less
frequency of inspection and maintenance visits. Further testing will be needed to determine the

likelihood of failure occurring over longer submersion periods, for both cables and connectors.

The results of this work showed that it is possible the occurrence of electrical insulation failures
in submerged photovoltaic cables, as well as the leaching of contaminants in case of failure. The
release of microplastics has not been shown to exist with new cables, but should be revaluated for

longer periods of time, with the consequent ageing of the cables.
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Supplementary Material

Table S1. Detailed physical-chemical characterization of the tanks with freshwater during the experiment. T = water temperature; ORP = Oxidation-Reduction

Potential; EC = Electrical Conductivity; Sal. = Salinity; TDS = Total Dissolved Solids; DO = Dissolved Oxygen (% saturation and mg/L)

Freshwater
T (2C) pH ORP (mV) EC (uS/cm) Sal. (mg/L) TDS (ppm) DO (%) DO (mg/L)

T1 T3 T5 [ T1| T3 |T5| T1 T3 T5 T1 T3 T5 TL| T3 |T5| T1 | T3 | T5 T1 T3 T5 | T1 T3 T5
16/10/2020|21.5|21.3 |/ 21.0(8.2|8.3|8.4|184.3| 180.3 | 173.3 - - 602.2 10.0/0.0|0.0{ 0.0 | 00|04 |855|869(89.2| 76 | 7.8 | 8.0
29/10/2020|20.4 | 20.4 | 19.7 | 8.6 | 8.4 |8.2|134.6 | 134.6 | 146.2 | 525.3 | 470.6 | 446.6 {0.3|0.3|0.2| 0.4 | 0.3 | 0.3 | 96.8 | 91.5|90.0| 8.8 | 8.4 | 8.3
10/11/2020|17.3|17.2 | 16.4 8.3 | 8.4 | 8.4 - -60.0 | -64.0 | 449.0 | 469.0|474.0|0.0{0.0{0.0{ 0.2 | 0.2 | 0.2 | 720 | 68.0|656| 6.3 | 5.8 | 5.7
18/11/2020|19.2 | 18.9|18.9|8.4|8.3|8.2 - -80.0 | -79.0 | 348.0 |314.0|310.0|0.0/0.0({0.0|/ 03 | 0.2 | 0.0 | 859 |85.6(85.6| 79|79 |78
25/11/2020|13.3| 13.1 | 13.2 (8.3 | 8.3 |8.4 - -61.0 | -60.0 | 420.0 | 346.0| 285.0|0.0(0.0({0.0| 0.2 | 0.2 | 0.2 | 904 | 90.0 |{92.5| 9.3 | 93 | 9.6
02/12/2020|15.7 | 15.0 | 14.4|8.4| 8.2 | 8.1 - -74.0 | -72.0 | 324.0 | 289.0| 285.0|0.0|/0.0(0.0|/ 0.3 | 0.2 | 0.2 | 85.1 | 81.8(81.0| 82 | 80 | 79
11/12/2020|15.2 | 154 | 15.5|7.5|7.7 7.8 - - -37.0 | 307.0 | 278.0| 269.0 0.0/ 0.0 (0.0|{ 0.2 | 0.2 | 0.2 | 763 |75.1|76.7| 73 | 71 | 7.2
16/12/2020| 13.5| 13.2 | 13.6|8.5| 8.0 | 8.0 - - -45.0 | 275.0 | 258.0| 251.0{0.0|/0.0{0.0| 0.2 | 0.2 | 0.2 | 829 | 823 (83.7| 83 | 84 | 84
22/12/2020|13.5| 12.7 | 12.4 | 8.4 | 8.5|8.5|115.7 | 106.7 | 106.2 | 250.4 | 254.0 | 240.0 |0.0| 0.0 {0.0|/ 0.2 | 0.2 | 0.2 | 83.4 | 83.9|83.1| 9.2 | 9.5 | 9.3
04/01/2021| 9.2 | 81 | 83 |8.2(8.6(8.2|221.0| 194.4 | 176.7 | 222.8 | 238.2|206.3 |0.0|0.0({0.0|/ 0.2 | 0.2 | 0.2 | 87.9 | 88.7 | 88.9|10.0|10.4 |10.4
11/01/2021|10.3| 9.9 | 9.1 |8.4|8.5|8.4|168.0| 163.8 | 174.1 | 267.0 | 243.1|243.2 |0.0/0.0|0.0| 0.2 | 0.2 | 0.2 | 92.6 | 91.8 | 90.5|10.4 | 10.4 | 10.4
18/01/2021|11.8| - 11.2|7.7| - |7.6|181.7 - 177.0 | 254.6 - 268.6 |0.0| - |0.0] 0.2 - 0.2 | 91.7 - 90.9|10.0| - |10.0
25/01/2021|13.8| - 139|81| - |8.2|161.3 - 157.1 | 221.7 - 210.5(0.0| - |0.0| 0.2 - 0.2 | 87.6 - 86.6| 9.0 - 8.8
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Table S2. Detailed physical-chemical characterization of the tanks with salwater during the experiment. T = water temperature; ORP = Oxidation-Reduction

Potential; EC = Electrical Conductivity; Sal. = Salinity; TDS = Total Dissolved Solids; DO = Dissolved Oxygen (% saturation and mg/L)

Saltwater
T (2C) pH ORP (mV) EC (uS/cm) Sal. (mg/L) TDS (ppm) DO (%) DO (mg/L)
T2 | T4 | T6 | T2 | T4 |T6 | T2 T4 T6 T2 T4 T6 T2 | T4 | T6 | T2 | T4 | T6 | T2 T4 T6 T2 | T4 T6
16/10/2020 | 24.3 | 24.6 | 25.8 |7.9|7.9|7.4| 211.6 | 201.9 | 189.3 | 52115 | 54741 |53464 |35.3 |37.2|35.3|34.3|359(34.2(91.4| 941 | 896 | 7.7 | 7.9 7.3
29/10/2020| 19.2 | 19.2 | 19.9|7.8|7.8|7.7| 197.0 | 190.7 | 205.3 | 52202 | 51867 |48064 |39.6 |39.3 |35.6 (38.2|38.034.7|84.0| 84.6 | 87.2 | 80 | 81 | 8.1
10/11/2020|17.1|16.4|17.2 |8.0|8.0|8.0 - - - 41700 | 41600 |41800|33.0|33.0|33.0| - - - |62.0| 615 | 616 | 5.2 | 5.1 51
18/11/2020|19.1 | 19.0 | 19.2 |8.3|7.8|8.0 - - - 48900 | 49200 |48500|35.8|36.1|354| - - - |925]| 88.7 | 87.2 | 86 | 82 | 8.2
25/11/2020| 13.4 | 13.3 | 13.3 |8.1(8.2|8.1 - - - 48300 | 50100 |48300|35.5|37.0|355| - - - 1938|929 | 93.0 | 9.7 | 9.6 | 9.9
02/12/2020| 15.2 | 149 |15.5|79|7.8|7.7 - - - 48300 | 49400 |47700|35.5|36.4|35.0| - - - |86.1| 82.0 | 83.0 | 84 | 80 | 7.6
11/12/2020| 15.4 | 15.3 | 15.4 |7.4|7.6|7.6 - - - 44700 | 46100 |48200|32.5|33.6|35.3| - - - |77.7| 764 | 774 | 74 | 7.2 7.3
16/12/2020| 13.5 | 13.4 | 13.8|8.0|7.7|7.7 - - - 45100 | 48600 |44900(32.8|35.8|32.7| - - - |85.4| 8.0 | 876 | 86 | 85 | 838
22/12/2020(13.3 | 12.5|13.9|7.7|7.7|7.7 | 162.2 | 158.2 | 155.5 | 45257 | 43563 | 44651 |38.7 |37.8|37.6 |37.9|37.2|136.9(84.4| 83.1 | 84.7 | 9.4 | 94 | 9.2
04/01/2021| 84 | 80 | 93 |7.5|7.5|6.9| 254.0 | 243.7 | 235.8 | 42681 | 40093 |39739|41.1|38.7|37.0|40.6 |38.5|36.9|91.4| 90.1 | 88.9 [10.6|10.5| 10.1
11/01/2021| 9.4 | 9.5 |10.3 |7.6|7.6|7.0| 225.2 | 220.6 | 235.8 | 44499 | 41992 |42321|41.9|39.2 (38.7|41.2|38.7|38.2|93.3| 93.3 | 929 |10.6|10.7| 10.3
18/01/2021|11.4 | - 11.1|7.6| - |7.7|229.7 - 235.8 [ 39429 - 392781348 - 349|346 - |34.7)|89.8 - 93.1 |{10.0| - 10.5
25/01/2021(14.5| - 14.4179| - |7.9]| 237.7 - 222.5 | 40593 - 400201333 | - |32.8|33.0] - |326(914 - 89.8 |333| - 32.8
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