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Abstract: The efficient management of slurry, which is a by-product rich in nutrients derived from
feces, urine, cleaning water, and animal waste that stands out for its high concentration of nutrients
such as nitrogen, phosphorus, and potassium, is of vital importance, highlighting the importance of
slurry management in storage ponds, which. The Murcia-Spain region has an important number
of pig farms. Hence, infrastructures dedicated to managing by-products are necessary to prevent
environmental pollution and eutrophication of groundwater. The aim of a recent study was to
evaluate the relationship between electrical values and geochemical parameters of pig slurry stored
in a pond using ERT and geochemical analysis. In addition, the study was designed to monitor
the pond to determine the geochemical characteristics of the slurry and to assess the risk of lateral
contamination. The study results indicate a noticeable decrease in electrical resistivity values at 0.4
and 1.6 m depth in surveys 1 and 2. The reduction ranges from 50 to 100 percent. This paper presents
a new method for monitoring slurry ponds using electrical resistivity tomography. This non-invasive
method provides detailed information on the distribution and characteristics of the fluids, as well as
a clear picture of the electrical resistivity of the subsurface.

Keywords: electrical resistivity tomography (ERT); waste characterization; time-lapse;

hydrogeophysical studies; groundwater

1. Introduction

Pig slurry is a nutrient-rich byproduct composed of pig feces, urine, cleaning water,
feed remnants, and other animal waste [1]. This by-product material has crucial nutrients,
including nitrogen, phosphorus, potassium, and various inorganic compounds (ammonia
(NHs), carbon dioxide (CO,)) and organic compounds (methane (CHy), oil acids, pheno-
lic compounds, proteins and peptides, organic phosphorus, humic and fulvic acids, and
volatile organic compounds (VOCs)) [2]. The elevated concentration of these nutrients (N,
P, K) underscores the highest importance of effective management of pig slurry, serving as
a critical measure to mitigate environmental pollution concerns, notably the risk of ground-
water quality deterioration due to eutrophication [3]. In the 2022 Global Pig Production
ranking, Spain ranked third place due to a remarkable number of 88,437 pig farms located
in the country [4]. Notably, the region of Murcia emerged as a prominent contributor,
housing a notable 7% of the total pig farms, with a comprehensive count of 1444 farms and
an approximate production of 72,000 m® of slurry per year. The substantial presence of pig
farms in this region underlines the essential need for dedicated infrastructure to efficiently
manage and store the by-products generated by these porcine operations.
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Presently, different legislation has been established to construct slurry storage ponds,
such as the Water Resources (Control of Pollution. Silage, Slurry and Fuel Oil, England,
Regulations 2010) [5], which aims to minimize water pollution risks. According to these
regulations, slurry stores must be constructed at a minimum distance of 10 m from wa-
tercourses. They must also be adequately waterproofed and have sufficient capacity to
accommodate four months of slurry production. An additional United States Department
of Agriculture (USDA) regulation requires that the construction of slurry ponds be located
in soils that meet permeability standards to prevent groundwater contamination, according
to the Natural Resources Conservation Service—Conservation Practice Standard Code
313 (NRCS-CPS) [6]. To accomplish this, it is necessary to perform a thorough analysis of
the pond sealing or lining through various geotechnical tests, including compacted soil
treatment (Code 520), geomembrane or geosynthetic clay liner (Code 521), or concrete
(Code 522). In Spain, RD 306/2020 [7] regulations require that storage facilities be closed
and waterproofed by their natural structure or artificial conditioning. Similarly, the Council
Directive of 12 December 1991 (91/676/EEC) [8] states that storage containers for pig slurry
must have a capacity more significant than the amount of waste produced on the farm
during its most extended period. The calculation of this capacity depends on the location of
the farm and whether it is in an area vulnerable to nitrate pollution caused by nitrates used
in agriculture. However, in the past, waste storage consisted of depositing by-products
in open pits excavated in the ground, using in situ material as a sealing method. The
environmental risks associated with possible slurry seepage from storage ponds are closely
related to nitrate (NO3 ™) leaching, which can contaminate surface and groundwater in case
of infiltration [9,10]. Non-destructive techniques are required to make measurements to
ensure the stability and security of the slurry pond. These techniques should also provide
a representation of the distribution of pig slurry in the storage pond and its infiltration
into the surrounding soil, which can be obtained through the use of electrical resistivity
tomography (ERT).

The electrical resistivity tomography (ERT) method is a geophysical technique with
many applications, including marine [11], geotechnical, environmental [12], and composi-
tion of the soil, including building foundation prospecting, archaeological prospecting [13],
landfill delineation [14], contamination [15], and chemical tracer studies [16,17]. This tech-
nique is based on measuring the electrical resistivity of soil [18], which is dependent on
the geometry, pore size, and total porosity of the soil [19]. Therefore, ERT provides fast,
low-cost, and accurate results in the subsurface [20]. Several studies have highlighted
the effectiveness of ERT in identifying and determining the extent of leachate contam-
ination in urban waste [21,22]. For instance, Akiang et al. [23] applied ERT to identify
the infiltration zones of leachate and map out the surface areas contaminated by leachate
in an urban waste site. Similarly, Morita et al. (2022) [24] demonstrated the successful
use of ERT in identifying covered and uncovered zones and boundary zones within an
exposed landfill. Moreover, Zaini et al. (2022) [25] established that ERT is one of the most
effective methods for evaluating the existence and extent of leachate in urban landfills.
Additionally, Udosen et al. (2022) [26] conducted geoelectrical modeling using ERT to
determine the extent of leachate contamination at a landfill site in southeastern Nigeria. A
few studies have explored the impact of slurry on soil and groundwater. Capa-Camacho
et al. [27,28] used geophysical and geochemical techniques to identify areas affected by
slurry and found that the most significant accumulation of contaminants occurs at two
meters depth. Martinez-Pagan et al. [29,30] demonstrated the effectiveness of electrical
resistivity tomography (ERT) in assessing the impact of slurry ponds on the subsoil. These
studies show the potential of ERT to delimit the subsoil areas affected by slurry ponds and
to characterize the physicochemical properties of these areas. Conversely, monitoring the
development of the possible infiltration plume in slurry ponds has not been carried out.

With ERT, one of the ways to corroborate the results can be by geochemical tech-
niques, which are crucial to studying the composition of fluids, soils, and rocks in various
environmental contexts [31]. However, conventional geochemical methods to analyze
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the possibility of slurry seepage into a storage pond intended for containment require
the collection of samples at specific locations in the pond. These methods, while valu-
able, do not provide a global understanding of the subsurface conditions throughout
the pond. In contrast, tomographic techniques, such as the ERT method, offer a unique
advantage by allowing continuous and noninvasive global subsurface monitoring of the
subsoil. ERT generates a subsurface image consisting of spatially distributed apparent
electrical resistivity values, facilitating a more holistic and dynamic assessment of the entire
storage pond [32,33]. This approach is advantageous when investigating potential slurry
infiltration, as the tomographic technique can effectively identify preferential pathways
and areas vulnerable to slurry infiltration without the limitations of discrete sampling
points [27,29,34].

Using the ERT method to monitor a slurry pond is a novel approach. This non-invasive
technique provides detailed information on the distribution and characteristics of the fluids
in the pond. It offers a clear image of the electrical resistivity of the subsurface materials,
which helps to identify the composition and concentration of fluids present in the pond.
This is crucial for understanding slurry dynamics and making informed decisions around
waste management. Furthermore, ERT allows for the detection of changes in the electrical
resistivity of the soil. This information can be used to identify the presence and movement
of liquids, which is essential in predicting and preventing environmental issues related
to slurry management. Implementing ERT is essential in promoting sustainability and
minimizing negative impacts on the surrounding environment [35].

The main objective of this work was to evaluate the relationship between the elec-
trical values and geochemical parameters of pig slurry stored in a pond using ERT and
geochemical analysis. ERT was used as a proxy to understand the different conditions
of the pig slurry inside the slurry pond. Additionally, the analysis aimed to monitor the
pond to determine the geochemical characteristics of the pig slurry and assess the risk of
contamination through lateral and vertical seepage.

2. Materials and Methods
2.1. Study Area

Fuente Alamo is a municipality (Region of Murcia, SE Spain) (Figure 1a) with 244 pig
farms annually producing around 12,000 cubic meters of slurry. Moreover, Fuente Alamo
is located near the Mar Menor coastal lagoon, where nitrates from agriculture and cattle
raising can cause contamination [36,37]. This zone has an average annual temperature of
17.3 °C and receives a yearly rainfall of 321 mm [38]. The geological composition of the
Fuente Alamo municipality can be found on sheet 955 of the National Geological Map
(MAGNA) 1:50,000 [39]. The northern part is characterized by gravel, conglomerates, sands,
and silts, while the southern region is composed of undifferentiated Quaternary. Regarding
hydrogeological characteristics, Fuente Alamo is located in the “Campo de Cartagena”
region, a complex and huge hydrogeological unit comprising several aquifers. These
aquifers are characterized by Neogene Quaternary materials, primarily consisting of loamy
soils with dendritic and calcareous intercalations from the Miocene to the Quaternary,
resulting in various aquifer levels [40]. Remarkably, the “Quaternary” aquifer is prominent
within the study area, composed of 20-150 m of gravels, sands, silts, clays, and caliches
deposited on tertiary marls, which act as an impermeable base.

Consequently, a slurry pond in this municipality was chosen as a point to employ
the ERT method to monitor potential slurry (Figure 1a). The year of construction of the
slurry pond corresponds to the year 2001; the type of production system of the farm is
intensive (fattening) with a maximum capacity of 4000 animals per year with an average
weight of 120 kg and an approximate annual slurry production of 2830 m3/year. The type
of waterproofing used in the slurry pond construction is natural, i.e., soil from the area was
used. The pig slurry pond has a storage capacity of 2867 m3 with dimensions of 64 m in
length, 28 m in width, and 1.6 m in depth (Figure 1a).
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Figure 1. Location and schema of the selected slurry pond. (a) Geographical location of the studied
pond in southeast Spain; layout of ERT profiles in the slurry pond (b) in survey 1, (c) in survey 2,
(d) in survey 3.

2.2. Electrical Resistivity Tomography

During the ERT measurement process, an electrical current (I) is injected into the
soil through a pair of electrodes, and the resulting difference of potential (V) is measured
between another pair of potential electrodes. By comparing the voltage measured at the
potential electrodes to the current input at the current electrodes, an apparent resistivity
value (p;) is obtained in Ohm-m. The resistivity mapping of the area of study is presented in
2D and 3D pseudo sections after an inversion process [16]. Different electrode arrangements
can be used to determine the apparent resistivity at varying depths and lateral positions [41].

ERT was conducted within the slurry pond using a modified marine cable from
Advanced Geosciences Inc (AGI). The modifications involved adding polyethylene floats
and plastic clamps to the line, which allowed the graphite electrodes to float on the surface
of the slurry pond. We employed a 28-electrode dipole-dipole array with one-meter
spacing between electrodes for the measurements, providing acceptable penetration and
horizontal resolution. This array also enabled 2D modeling by producing pseudo sections
that yielded insightful information [18,42]. The AGI SuperSting R4 resistivity meter was
used for field data collection. Five profiles were performed to monitor the slurry pond
with a 15 m separation between each profile (Figure 1a). The pond was measured three
times—the control measurement was conducted in December 2020 (Figure 1b), named
survey 1, while the second and third field measurements were carried out in July 2021
(Figure 1c) and January 2022 (Figure 1d), named survey 2 and 3, respectively. Earthimager
2D v. 2.4.2 software was employed to process the raw electrical data. Firstly, a post-
processing stage was undertaken to eliminate outliers and perform static correction to
normalize the resistivity variations caused by the difference in electrode elevation. Then,
smooth inversion was carried out on the apparent electrical resistivity values obtained
from the control pond. Smooth model inversion, also known as inversion of Occam, is a
mathematical technique determining the smoothest possible model that can fit the data
while adhering to an a priori Chi-square statistic. This approach is predicated on assuming
a Gaussian distribution of data errors. By minimizing the roughness of the model, smooth
model inversion aims to generate a model that is most representative of the data without
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overfitting. The percentage value of the root mean square error (RMS), which indicates
the mismatch between the field measurements and model data [43], was less than 10% for
the modeling of each ERT profile section. The interpolation of 2D sections to 2D models
at different depths was calculated using the commercial software Surfer v. 25.4.320 by
Golden Software.

2.3. Pig Slurry Sampling

The selected slurry pond was examined three times, with three samples collected
during each survey. The first survey was conducted in December 2020, with samples taken
at different points along the pond. The second and third surveys were conducted in July
2021 and January 2022, respectively. As soon as the laboratory received the slurry samples,
they were promptly stored at 4 °C to prevent any probable chemical or biological reactions.

The sample pH and electrical conductivity (EC) measurements were carried out using
the HANNA Instrument portable equipment model HI 9025(Hanna Instruments S.L. Eibar,
Spain). The measurement is taken directly from a homogenized sample. The pH and
EC values are read once the reading stabilizes in the values parameter with a standard
temperature of 25 °C [41]. To determine the total suspended solids (TSS), 1 mL of the
homogenized sample was filtered through a glass fiber filter and dried at 60 °C for 24 h.
The sample was filtered using a Watman filter with a 0.45 um pore size and a Vacuum
Brand vacuum pump (method 2440-D, APHA-AWWA-WEEF, 2012) [44]. The TSS units
of measurement are expressed in g L~!. Total nitrogen (TN) is the collective amount of
all forms of nitrogen in a sample. Furthermore, Kjeldahl nitrogen (NK) is a subset of TN
encompassing organic and ammoniacal nitrogen and nitrates and nitrites. Measuring
NK involves treating the sample with a combination of sulfuric acid and catalyst at 400
°C for 40 min. The distilled sample is then titrated using 0.1 N hydrochloric acid [45].
Ammoniacal nitrogen (N-NH4") is measured without treatment, while organic nitrogen
(NO) is calculated by subtracting N-NH4" from NK. Lastly, nitrate (NO3 ™) and nitrite
(NO,) are measured separately using ion exchange chromatography.

2.4. Statistical Analyses

The IMB SPSS 23 program was used to analyze the data for descriptive statistics. To
identify significant differences in the chemical compositions of the slurry during the three
surveys, a one-way analysis of variance (ANOVA) was performed, followed by Tukey’s
post hoc test at p < 0.05. The different letters assigned by Tukey’s post hoc test (a, b) indicate
statistically significant differences among the means of each parameter. The same test
was also used to determine statistical differences between the resistivity values obtained
through ERT during each survey and at different depths.

3. Results and Discussion
3.1. Electrical Resistivity Tomography of Pig Slurry

The average resistivity of the slurry during the three surveys was 0.97 Ohm-m,
1.42 Ohm'm, and 3.18 Ohm-m for surveys 1 in 2020, 2 in 2021, and 3 in 2022, respec-
tively. A comparison between the 2D ERT sections from the ERT in each of the periods in
the selected slurry storage pond shows the changes in the resistivity of the slurry accumu-
lated in the pond and the variations of these resistivities at depth (Figure 2). The depth of
the slurry pond is 1.6 m, which was confirmed by using ERT during each survey. The 2D
ERT sections showed variations in the resistivity values from survey to survey, evidencing
the aging of the slurry reflected in the three layers that were distinguished in each survey.
The formation of these three layers within the slurry pond is consistent with the pig slurry
behavior, which, in natural decantation, separates 45-57% of the suspended particles with a
diameter greater than 400 pm, forming three distinct layers: the crust zone, the most liquid
part, and the sedimentation zone [46].
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Figure 2. Horizontal sections of the resistivity model of the pig manure pond. The resistivity
distribution is represented for the following depths: (a) surface (0 m), (b) 0.7 m, (c) 1.3 m, (d) 1.6 m.
The depth of 1.6 m represents the bottom of the pond.

Figure 3 shows an increase in resistivity values from one survey to the next. Further-
more, the resistivity values also exhibit variability based on the depth within the slurry
pond, which can be categorized into three distinct layers. In survey 1, the average resistivity
value is 0.97 Ohm-m. However, at a depth of 0.7 m, the average resistivity value rises to
1.97 Ohm-'m, and at the bottom of the pond, it further increases to 3.08 Ohm-m. For survey
2, the average surface value of the slurry increases to 1.42 Ohm-m; this is attributed to the
formation of the crust. In the center of the pond, the average value of the slurry decreases
to 0.81 Ohm-m, corresponding to the liquid part of the slurry, and at depth, this value
increases to an average value of 3.02 Ohm-m. The same behavior is observed in survey 3,
where the surface crust zone shows a value of 3.18 Ohm-m, the liquid slurry zone shows
an average value of 1.65 Ohm-m, and the bottom of the pond shows a remarkable increase
with an average value of 7.13 Ohm-m (Figure 2).
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Figure 3. ERT 2D electrical section comparison of (a) profile 1, (b) profile 2, (c) profile 3, (d) profile 4,

and (e) profile 5; retrieved from surveys 1, 2, and 3.

The resistivity values obtained in the three ERT surveys are consistent with similar
values reported in other studies for pig slurry [27,29,34]. The superficial electrical resistivity
values of each profile with respect to survey 1 (0.97 Ohm-m) indicated an increase of 146%
(1.42 Ohm'm) for survey 2 and a further increase of 328% (3.18 Ohm-m) for survey 3
(Figure 2). The increase is attributed to the elevated crustal content at the surface. The
crustal content corresponds to the solid surface layer that develops on top of pig slurry
ponds, commonly referred to as the pig slurry crust. This crust results from several physical
and chemical factors and environmental conditions, such as temperature. However, the
increase in resistivity values was higher at the bottom of the pond. All profiles from the
first survey showed a lower resistivity at depth (3.08 Ohm-m), indicating less sediment
accumulation of the slurry at the time of measurement at the bottom of the pond. In contrast,
the resistivity value in the pig slurry pond profiles from the second survey at the base
was similar with a value of 3.02 Ohm-m, and the slurry in this survey had a higher crust
concentration on the slurry surface (Figure 3). Likewise, survey 3 revealed an increase in
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resistivity values compared to previous surveys, indicating a higher accumulation of slurry
sediment at the bottom of the pond than the first and second. Survey 3 was conducted
six months after the second and eleven months after the first. The 2D ERT sections at the
depth of the bottom showed a 236% (7.13 Ohm-m) increase in ground electrical resistivity
compared to the second survey (3.02 Ohm-m) and an increase of 232% (7.13 Ohm. m)
compared to the first survey (3.08 Ohm-m).

The results of the three surveys conducted on the slurry pond are displayed in Figure 3.
The profiles show that the slurry had a more liquid consistency in the first survey, resulting
in lower resistivity values. However, the resistivity values increased in subsequent surveys,
leading to higher values. In fact, we also noticed more crust on the surface of the pig slurry
than in previous surveys (Figure 1). This is attributed to the fact that during storage in the
slurry pond, the particles settle by natural gravity, resulting in a solid-liquid separation
process. Thus, this separation process causes an increase in the resistivity value at the
bottom of the pond by sediment accumulation [47]. These waste materials, with higher
resistivity values, may suggest lower water content [40], while on the surface, the slurry
forms that hard crust covering the liquid part, which is observed in contrast obtained in
the 2D ERT sections for the first, second, and third surveys.

Overall, the resistivity values tended to increase during the ERT analysis. However,
interestingly, the ERT identified specific areas in the pond at a depth of 1.6 m where the
resistivity values decreased. Figure 3 depicts this resistivity difference, which was primarily
concentrated in profiles 2, 3, 4, and 5, specifically between electrodes 1 and 3, located at the
edge of the pond.

The resistivity values of profile 1 increased from one survey to the next. However, the
third survey showed a decrease in resistivity values to less than 1 Ohm-m for the first three
electrodes at depth. This behavior is consistent across profiles 2, 3, and 4 and coincides with
electrodes 1 and 3 (Figure 3). This decrease in the resistivity value could be attributed to
the different degrees of saturation of the soil, probably due to the introduction of the slurry,
which includes the infiltration of salts prevalent in slurry [48], allowing a reduction in the
resistivity, making the soil more conductive [49,50]. In addition, the findings above indicate
that the slurry may have spread laterally due to the soil composition in this region [51],
because the decrease in electrical resistivity values was observed under the electrodes
situated adjacent to the slurry pond side.

Also, analyzing surveys 1 and 2, it becomes apparent that the electrical resistivity
values differ from those of survey 3. This disparity is especially noticeable in the electrodes
where no decrease in resistivity value was detected during survey 3. To highlight, the
resistivity values at the bottom for surveys 1 and 2 closely align with the 1 Ohm-m range
commonly associated with pig slurry (Figure 4). This can be attributed to the composition
of the slurry. The slurry in surveys 1 and 2 exhibited a more fluid consistency, which may
have facilitated throwing into the soil. This finding suggests that the fluidity of the slurry
plays a crucial role in the ability to penetrate the soil and also emphasizes the significance of
monitoring the pond from the interior and the perimeter of the pond for potential external
contamination [51]. In cases where low resistivity values are observed, it could be an
indication of pig slurry seeping into the soil. This is because the presence of dissolved salts
in the pig slurry initially causes an increase in electrical conductivity, which consequently
lowers the resistivity of the soil [52]. However, as the soil dries up and the salts become
more concentrated, the resistivity may increase due to a higher concentration of dissolved
salts in the dry soil [53]. This is evidenced by the increase in the resistivity value from
survey to survey at the bottom of the pond.
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(d) profile 4, and (e) profile 5.
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In addition, a noticeable decrease in electrical resistivity values was observed under
the electrodes located outside the pond, specifically in profile 5, from electrodes no. 22
to no. 27, at a depth of 0.4 m and 1.6 m in surveys 1 and 2 (Figure 3). This decrease in
resistivity values was more pronounced in Figure 4, which showed values below 1 Ohm in
survey 2. This reduction can be attributed to an external infiltration that may compromise
the efficacy of the slurry containment system [54].

3.2. Pig Slurry Characterization and Statistical Analysis

As a result of the differences obtained by the ERT for each level within the slurry pond,
the average resistivity values at three different depths were examined. The surface, middle,
and depth resistivity values of the slurry showed no significant differences in profiles 1 to
5; therefore, the mean value of the pig slurry was analyzed for each survey. The analysis
determined that surveys 1 and 2 differ statistically from survey 3 (Figure 4).

For the chemical characterization of the pig slurry, the initial survey yielded an average
pH of 7.3, and subsequent surveys showed a marginal increase that did not reach statistical
significance. The fluctuations in pH levels across the analyzed slurry samples can be
attributed to variances in salt intake through the feed and changes in water volume added
during cleaning procedures [1]. The EC values ranged from 37 dS/m to 17.9 dS/m;
the results indicated significant differences in the values obtained from surveys 1 and
2 compared to survey 3, consistent with the resistivity values (Figure 4). This could be
attributed to the slurry storage time, since an influential factor in the electrical conductivity
value is the organic matter content [55], which can be reduced by the storage time of the pig
slurry in the pond [56]. Over time, the TSS values in the surveys increased, with notable
disparities between the first and second surveys compared to the third. The gradual rise
in TSS levels suggested a progressive buildup of solid particles in the pond; this could be
attributed to the fact that the TSS amount was considerably more significant for the third
survey, which increased the slurry resistivity value, as suspended particles within the fluid
act as insulators, increasing resistivity [57].

Additionally, significant differences were observed between the PO, 3 values of
surveys 1 and 2 compared to survey 3 (Figure 5). The variances in the PO, 3 concentrations
found in the slurry pond result from biogeochemical occurrences [58]. Inorganic phosphate
is one of the different types of phosphorus present in pig slurry. This is because around
50-60% of the phosphorus in their food is excreted by pigs through their feed and urine,
as their digestive system cannot fully absorb it [59]. As organic matter decomposes in the
slurry, specific chemical reactions may cause phosphate to be released or retained on the
surface. According to research by Masse et al. [60] and Christensen et al. [61], approximately
70% of the undissolved phosphorus in swine manure is bound to particles ranging from
0.45 pm to 10 pm or colloids; this is because these small particles contain a significant
portion of the total phosphorus in swine manure, which could indicate a relationship
between the decrease in PO 2 and the increase in the amount of solids in the slurry.
This suggests that the solid particles in the slurry may contain a significant amount of
PO, 3, which could lead to a lower PO, 3 value during laboratory analysis in liquid slurry.
Additionally, it implies that more PO~ might be trapped in the sediment at the bottom
of the pond, explaining why the PO, 3 level decreases from one survey to another at the
surface [62]. Organic nitrogen showed significant differences between survey 1, survey 2,
and survey 3 (Figure 5). The NO concentrations were highest during survey 1 compared
to surveys 2 and 3. This can be attributed to the fact that organic nitrogen in pig slurry is
usually associated with organic matter [56]. Organic matter is the primary nitrogen source
in the slurry that is broken down by microorganisms through biological decomposition
processes. This results in the breakdown of nitrogen into different forms, meaning that some
organic nitrogen can be converted into ammonia nitrogen through microbial activity [63].
Moreover, it is essential to note that the amount of time slurry is stored can impact the levels
of organic nitrogen. When slurry is stored in an anaerobic environment, ammonia nitrogen
levels increase while NO levels decrease. This can explain why longer storage times result
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in lower NO levels, as observed in all three surveys. Nonetheless, external environmental
conditions, like temperature and precipitation, can also affect nutrient dynamics in the
slurry pond. Temperature fluctuations can influence microbial activity rates, affecting
nutrient transformation processes [64]. But also, the significant fluctuations observed in
the TN and PO, 3 values in the slurry storage pond highlight the complex interplay of
biogeochemical cycles, microbial activity, and external environmental factors in shaping
the dynamic nature of nutrient content within the system.

Pig slurry analysis results.
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Figure 5. Bar graph of the slurry analysis results. (a) pH results, (b) EC (electrical conductivity)
results, (c) TSS (total solid suspension) results, (d) NO (organic nitrogen) results, (e) POy -3 (Phosphate
ion) results, (f) resistivity values. Different letters (a, b) indicate statistically significant differences
(p < 0.05) among the means of each parameter.

4. Conclusions

This study revealed that slurry composition varied significantly over time. This
variation can be attributed to several factors, including changes in diet, environmental
conditions such as temperature and humidity, farm management practices, and the type
and amount of cleaning water used for slurry handling and storage.

Regarding the pig slurry, the electrical resistivity values obtained from the ERT method
showed significant differences from those values obtained for EC, TSS, PO, 3, and NO.
This suggests that the use of ERT in pig slurry ponds can be used as a proxy for estimating
these concentrations; however, a more exhaustive study should be carried out to confirm if
there is a direct correlation between slurry composition and electrical resistivity values.

The variations in resistivity values observed during the time-lapse studies were found
to be associated with the consistency of the slurry. Therefore, we can conclude that electrical
resistivity tomography (ERT) can be used to accurately identify different layers of the slurry,
such as the crust zone, more fluid part, and sedimentation zone. The research findings
indicate that the utilization of electrical resistivity can be a valuable means of monitoring
slurry storage systems in real time while also providing insight into the internal variability
of the slurry.

The effectiveness of ERT In detecting and monitoring possible horizontal and vertical
infiltrations in a slurry pond has been demonstrated. This highlights the ability of ERT
to pinpoint areas that may be susceptible to the migration of slurry components into the
surrounding environment. Consequently, ERT can be a valuable tool in mitigating envi-
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ronmental risks by aiding in informed decision-making regarding the location and design
of storage ponds and implementing practices that reduce the likelihood of contamination,
therefore helping to ensure more effective environmental management of pig slurry.
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