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Abstract 
 

Backyard pig farms on the Tabok Peninsula, Northwestern Leyte, Philippines, pose 

risks to the sustainability of the region's doline ponds, which are essential for aquifer 

recharge. These ponds receive pig slurry from the said farms, yet the impact of this 

wastes on pond water quality is poorly understood due to a lack of monitoring. This 

study investigates the physicochemical properties of doline pond waters in the villages 

of Antipolo and Cantuhaon to establish baseline water quality and assess pig slurry's 

impact. A two-group experimental design was used with five replications for the 

unslurried (USG) control and slurried (SG) treatment groups. Composite and grab 

samples from each pond were analyzed for nine physicochemical parameters. 

Bootstrap hypothesis testing showed no significant differences in temperature, pH, 

COD, and NO₃-N between the groups. Turbidity was marginally significant, and total 

P was below the reporting limit. However, EC, TDS, and alkalinity were significantly 

higher in SG ponds, likely due to inorganic salts and lime-like substances that waste 

decomposition releases. The contradiction between this evidence of decomposition and 

the COD and NO₃-N results is attributed to the significantly higher macrophyte density 

in SG ponds, likely removing excess nutrients and organic material through 

phytoassimilation. Overall, the findings indicate that current backyard pig farming 

practices in the area have not yet negatively impacted pond water quality. However, 

indirect evidence of increased nutrient release and utilization in SG ponds supports 

prioritizing the peninsula's doline ponds in the LDWQS Programs of Isabel and 

Palompon, especially if backyard farming activity increases. 
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1. Introduction 

 

The pig farming industry has remained a significant contributor to the 

agricultural sector in the Philippines, accounting for an average of 14.47% of 

the total agricultural production value between 2000 and 2020 (Fang and Elca, 

2021). In 2015, backyard pig farms accounted for 64% of the national swine 

inventory, while commercial farms contributed 36% (Manalo and Dorado, 

2017). Leyte Province led swine production in Eastern Visayas in the 3rd 

quarter of 2019, boasting a total population of 155,071 heads, representing 

51.3% of the region's total (Cayubit, 2020). Notably, as of mid-year 2022, 

95.52% of pig farms in the region were backyard operations, with only a tiny 

fraction classified as commercial farms (Niala, 2023).  

 

A rapid appraisal of the operation of backyard pig farms in Antipolo village 

in Isabel and Cantuhaon village in Palompon, both within the island of Leyte, 

revealed that they carry out one to three pig production cycles per year, each 

lasting three months from farrowing to finishing. Their operation is primarily 

geared at producing porkers, with an average of six heads raised per cycle per 

farm. Aside from porkers, which are disposed of either through live pig sales 

or direct meat sales, some of the pig farms also have breeding sows. Averaging 

about two sows per farm, these animals produce two litters of piglets per year 

that the farmers sell or raise in the next production cycle. All assessed farms 

use commercial feeds placed inside the pigpens in troughs. 

 

Leyte Island’s karst landscapes, primarily found in its northwestern and 

southwestern regions (Restificar et al., 2006), offer a fascinating interplay 

between natural geology and backyard pig farming. Situated in the island’s 

northwest, the Tabok Peninsula, home to the villages of Antipolo and 

Cantuhaon, is characterized by dolines and rolling karst hills (Kusumawati 

and Widyastuti, 2023). This landscape supports a hydrogeological system in 

which surface water from doline ponds gradually infiltrates underground 

aquifers (Parise, 2019; Hofierka et al., 2018).This crucial process provides 

essential water resources for local communities like Antipolo, which rely on 

pumped underground water for its tap supply (Geraldo, 2021).  

 

Agriculture in karst areas, including backyard pig farming, has often posed 

challenges for rural communities, and efforts to manage agricultural wastes, 

such as piggery waste, have frequently impacted karst systems (Gillieson, 

2019). Contamination problems from livestock waste disposal are particularly 

acute where point sources coincide with karst features such as dolines (Coxon, 
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2011; Parise, 2019). As it is, all of the appraised backyard pig farms in 

Antipolo and Cantuhaon, are situated directly above doline ponds. While some 

of these farms directly wash the wastes out of the pens and into the ponds in 

the form of pig slurry — defined as a mixture of feces, urine, fodder residues, 

and cleaning water (Venglovsky et al., 2018) — others remove the solid 

manure before sweeping the concrete floor with water, which is then drained 

into the doline ponds. The removed manure is either deposited in open pits 

near the water level of the doline ponds or piled at the base of coconut trees to 

serve as fertilizer. The situation in the villages of Antipolo and Cantuhaon 

reflects Maharjan and Fradejas (2005) analysis, showing that independent pig 

raisers are more affected by waste disposal problems than their organized 

counterparts, as they have limited access to waste management facilities like 

biogas and training on waste disposal.  

 

The manner in which piggery wastes are disposed of in Antipolo and 

Cantuhaon, as outlined above, is indeed concerning as it allows for the 

transport of significant quantities of solid manure and pig slurry into the 

nearby doline ponds via surface runoff. According to Koelsch (2019), the 

transport of such materials in sufficient quantities is generally unlikely unless 

one or more of four specific conditions are met. In this case, however, the 

waste disposal practices of the backyard farms in Antipolo and Cantuhaon 

satisfy two of the four. Specifically: there is a direct discharge from livestock 

housing into surface water drainage (1); and the current situation does not 

mitigate the exposure of newly surface-applied solid manure to significant 

rainfall (2). Once in the doline ponds, according Kulpredarat (2023) and El 

Bied et al. (2021), the flushed untreated pig slurry and manure can result in 

water fouling, which may or may not be preceded by eutrophication or algal 

blooms. 

 

The introduction of untreated piggery waste into the doline ponds truly poses 

a significant threat to water quality. Koelsch (2019) emphasizes that pig 

manure, whether in slurry or solid form, contains abiotic components such as 

nitrogen (N), in the form of NH₄⁺-N and NO₃⁻-N; phosphorus (P), in the form 

of dissolved P; and organic matter, in the form of organic N and organic P — 

all of which can alter the physicochemical conditions of the doline ponds. 

Although N and P in piggery waste play essential roles in aquatic ecosystems, 

they are increasingly scrutinized for their significant contributions to water 

quality degradation (Chynoweth et al., 1999; Kumar et al., 2005; Piotrowski 

et al., 2011). The rapid growth of algae and the proliferation of aquatic 

vegetation under eutrophic conditions driven by N can lead to discolored, 
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hypoxic waters, and the production of toxins that disrupt aquatic life and may 

even result in fish kills (Koelsch, 2019; Piotrowski et al., 2011). Nitrate 

contamination of drinking water presents severe health risks, particularly for 

infants and pregnant women, by impairing oxygen (O2) transport and 

potentially causing methemoglobinemia or blue baby syndrome in infants 

under six months old (Koelsch, 2019). Similarly, excessive P levels exacerbate 

eutrophication and promote the unchecked growth of algae and aquatic 

vegetation, depletion of O2 levels, and fish mortality. Alongside these 

concerns, the organic matter component of piggery waste also undergoes 

microbial mineralization, which leads to the same problems of increased O2 

depletion and negative changes in water quality including increased turbidity, 

undesirable taste, and foul odor (Chynoweth et al., 1999; Koelsch, 2019; 

Kopp, 2012). Eutrophication, whether driven by N, P, or organic matter in 

piggery waste, therefore not only destabilizes aquatic ecosystems but also 

hinders the recreational use of water bodies, reduces the palatability of 

drinking water, and increases the complexity and cost of water treatment 

(Koelsch, 2019; Piotrowski et al., 2011). 

 

If, in fact, the water quality in the doline ponds is degraded it may compromise 

their other uses by the communities on Tabok Peninsula, particularly their role 

in the natural production of tap water for community use. This is hastened in 

the case of Antipolo and Cantuhaon by critical karst-related factors which 

contribute to increased water quality vulnerability in karst systems 

(Leibundgut, 1998). Specifically, these factors include: limited soil cover that 

restricts the natural filtration of contaminants (1); highly permeable aquifers 

that promote rapid infiltration (2); and extensive subsurface conduits that 

transport unfiltered water directly to springs or wells (3). Definitely, numerous 

studies have demonstrated that abiotic contaminants originating from pig 

farming operations can infiltrate groundwater systems. In Ho et al. (2016) 

which examined the effects of different piggery systems on the quality of their 

surrounding surface and underground water, it was determined that due to the 

insufficient treatment of the systems' wastewaters, the parameters monitored 

for the surface water, such as COD, PO₄³⁻, NH4
+-N, and TSS, did not meet the 

water quality standards for the examined pig-farming systems, indicating 

water quality deterioration. The underground water quality also declined as its 

NH4
+-N levels under each piggery system exceeded the standard by 13 times. 

In Tymczyna et al. (2000), the effect of a large pig farm on the 

physicochemical properties of underground water and well water within the 

close farm vicinity was evaluated. In line with results of Ho et al. (2016), the 

piezometric examinations conducted showed a significant concentration of N 
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compounds, PO₄³⁻and Cl- in underground water. At the same time, the well 

water showed the contents of NH4
+-N and NO3-N to exceed the boundary 

values for drinking water 10 times. Lastly, Pedrozo-Acuña and Ramirez 

(2025) conducted a field campaign to assess the water quality of wells and 

cenotes located on designated pig farms situated over the karst aquifer of 

Yucatán, Mexico, in order to evaluate the farms’ adherence to environmental 

regulations. The results of their study indicated signs of contamination from 

fresh organic waste, primarily originating from diffuse sources of animal 

effluent such as pig farms, resulting in elevated concentrations of NH₄⁺-N. The 

study concludes that intensive pig farming practices in the Yucatán Peninsula 

significantly contribute to water pollution through nutrient runoff. 

 

Despite the potential contamination of surface and groundwater through 

doline ponds in Antipolo and Cantuhaon —as inferred from the relevant works 

of Leibundgut (1998), Parise (2019) and Koelsch (2019) — no regular 

monitoring is conducted in these water bodies. After all, backyard and small 

commercial pig farms are exempt from Environmental Management Bureau 

(EMB) monitoring and compliance because their wastewater discharge 

generally falls below 30 m3 per day (Calub et al., 2016). As a result, it is 

unknown to what extent small-scale backyard pig farms affect the water 

quality of the doline pond ecosystems. Addressing this knowledge gap is 

crucial as it can provide empirical basis for the inclusion of the karst 

hydrogeological system on the Tabok Peninsula in the Local Drinking Water 

Quality Surveillance (LDWQS) Programs of Isabel and Palompon. Such 

endeavor is in line with the Philippine Code on Sanitation (PD 856) and its 

Implementing Rules and Regulations (IRR) which require drinking water to 

be protected from all types of contamination (Department of Health [DOH] 

and Department of Interior Local Government [DILG], 2022). Specifically, 

the present study provides an initial inventory of an identified water supply 

system within the said municipalities and conducts preliminary fieldwork and 

water sampling to support its prioritization, as required by PD 856, during the 

initial phase of establishing LDWQS programs. 

 

In order to generate insights that may serve as critical guidance for 

policymakers in Isabel and Palompon in the management of the doline ponds 

on the karst landscape of the Tabok Peninsula, with the ultimate goal of 

safeguarding the long-term viability of their water resources, this study aims 

to: assess the physicochemical characteristics of water in the pre-selected 

doline ponds in Antipolo and Cantuhaon to help characterize baseline water 

quality conditions (1); investigate nutrient concentrations in the same ponds 
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to complement and complete the baseline water quality profile (2); and 

compare water quality between slurried and unslurried ponds to identify 

potential differences that may reflect the impact of pig slurry on doline pond 

water quality (3). 

 

 

 

2. Methodology 

 

2.1 Description of the Study Area 

 

The study was conducted in the villages of Antipolo and Cantuhaon, located 

on the Tabok Peninsula in Leyte, Philippines (Figure 1). Antipolo, part of the 

municipality of Isabel, is situated at approximately 10° 56' North and 124° 25' 

East, while Cantuhaon, within the municipality of Palompon, lies at 10° 57' 

North and 124° 24' East. These rural communities comprise 1.11% (517) and 

3.33% (1,941) of the total populations of their respective municipalities 

(PhilAtlas, 2022a; PhilAtlas, 2022b).  
 

 
 

Figure 1. Location of the Tabok Peninsula 

[Adapted from Banag et al. (2015); Ueno et al. (2008)] 

 

As a characteristic of their karst topography, the landscapes of Antipolo and 

Cantuhaon are dotted with numerous doline ponds, locally known as basak 

(Figure 1). These enclosed circular, oval, or irregularly shaped surface 

depressions, which can span up to a kilometer in diameter, are intermittently 

or permanently filled with rainwater (Widyastuti and Haryono, 2017). These 
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ponds are vital in the Tabok Peninsula, where no surface river or stream 

systems exist. 

 

Ten doline ponds from the villages above were selected for data collection—

seven in Antipolo and three in Cantuhaon. The preselected ponds were 

strategically chosen for their accessibility. 

 

2.2 Collection of Water Samples 

 

To assess the impact of pig slurry on pond water quality, a structured water 

sampling protocol was implemented in both slurried and unslurried doline 

ponds. The approach ensured representative, seasonally consistent, and 

minimally invasive sample collection for subsequent physicochemical 

analysis. The study achieved this by employing a Two-Group Experimental 

Design with five replications. The control group (USG) consisted of five 

unslurried ponds, while the treatment group (SG) comprised of five slurried 

ponds. The sampling plan for the pre-selected ponds had a dual purpose: 

capturing their physicochemical heterogeneity and minimizing disturbance to 

the ecosystems. Sampling points, distributed across various locations within 

the ponds, were carefully chosen and GPS-marked based on accessibility amid 

dense pond surface vegetation.  

 

Water samples were collected from the subsurface of each pre-selected pond 

during the peak wet season (November to January) in 2022 and 2023 to ensure 

consistent water availability. Three rounds of sampling were conducted to 

capture the necessary observations during this period. 

 

Two types of water samples were collected in each pond: composite and grab 

samples. Composite samples were prepared following Ohio Environmental 

Protection Agency [EPA] (2021) guidelines, requiring triple field rinsing of 

collection bottles, combining sub-samples from each pond's sampling points, 

and preserving the composite samples in an iced cooler at ≤ 6 °C for laboratory 

analysis. Grab samples were also taken directly from each sampling point; 

however, they were not combined but analyzed individually. Before use, 

collection bottles were triple-rinsed in the field, and all samples were stored 

in an iced cooler at ≤ 6 °C for subsequent ex-situ analysis. 

 

2.3 Determining Water Quality 

 

Nine physicochemical properties were measured for each of the pre-selected 

doline ponds. These variables, which provided insight into the 
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physicochemical effects of pig slurry enrichment on the ponds, included: 

temperature (°C) (a); electrical conductivity (EC) (μS/cm) (b); pH (c); total 

dissolved solids (TDS) (ppm) (d); turbidity (NTU) (e); chemical oxygen 

demand (COD) (mg/L) (f); alkalinity (meq/L) (g); nitrate-nitrogen (NO3
--N) 

(mg/L) (h); and total phosphorus (Total P) (mg/L) (i). To avoid measurement 

errors, the portable testers, except for the Salifert Alkalinity/KH Test Kit, were 

regularly calibrated using standard calibration compounds specific to the 

parameter being tested (i.e., excluding temperature). The list of 

physicochemical properties, methods, and calibration protocols used in the 

analysis are shown in Table 1.  

 

Table 1. Summary of Physicochemical Properties and Analysis 

 

Water 

Quality 

Property 

Measurement 

Source 
Method of Analysis 

Calibration Protocol per 

Sampling Round 

Temperature 

Yieryi BLE-

C600 Water 

Quality Tester 

Thermistor-based 
Measurement 

N/A 

EC 
Conductometric 

Method 

Calibration is done for each 

pond using 12.88mS/cm  & 

1413μS/cm EC standard 
solutions 

pH 
Electrometric Method 

 

Calibration is done for each 

pond group using 6.86, 4.00, 
& 9.18 pH buffer powders 

TDS 

Conductometric 

Method; conductivity-

to-TDS conversion 

Included in the conductivity 
calibration 

Turbidity 

Yieryi Portable 

Digital 

Turbidity Meter 
Range 

Nephelometric    

Method 

Calibration is done for each 
pond using 400NTU turbidity 

standard solution 

Alkalinity 

Salifert 

Alkalinity/KH 

Test Kit 

Titration Method N/A 

COD 

F.A.S.T 

Laboratories 

522B. Open Reflux 

Method 

Standardization with KHPa 

Nitrate N Brucine Method Calibration Curve Methodb 

Total P 

4500-P C 

Vanadomolybdo-

phosphoric Acid-

Calorimetric 

Calibration Curve Methodc 

a. As outlined in (Rice et al., 2017), the calibration protocol for the 522B Open Reflux Method involves conducting the 

test on a standard potassium hydrogen phthalate (KHP) solution. The measured COD of the KHP standard is 

subsequently compared to its theoretical value to confirm reagent accuracy and procedure reliability. Results that 

deviated significantly require adjustment of the reagent concentrations or the checking for interferences.  

b. For the Brucine Method, calibration involves creating a calibration curve by measuring the absorbance of known 

NO3- standards reacted with Brucine-Sulfanilic acid solution, and then using this curve to determine the NO3- 

concentration of unknown samples (Bain et al., 2009).  

c. For the 4500-P C Vanadomolybdo-phosphoric Acid Colorimetric Method, calibration also involves creating a 

calibration curve by measuring the absorbance of known PO₄³⁻ standards reacted with the Vanadomolybdo-

phosphoric acid reagent, and then using this curve to determine the PO₄³⁻ concentration of unknown samples (Rice 

et al., 2017). 

 



N. F. T. Monserate & D. C. Inoc / Mindanao Journal of Science and Technology Vol. 23 (Issue 1) (2025) 298-344 

306 

 

The composite water samples were used to analyze COD, nitrate-N, and Total 

P. In contrast, the grab samples were utilized to measure the pre-selected 

ponds' pH, temperature, EC, TDS, turbidity, and alkalinity.  

 

2.4 Statistical Analyses of Collected Data 

 

The triplicate measurements for each parameter were averaged to obtain a 

representative value for each pond. The mean values from all ponds within 

each group were then averaged to calculate the group-level mean for each 

parameter. Boxplots comparing the two pond groups for each parameter were 

created using the pond means and generated in Microsoft Excel. 

 

Using the pond means in each group, an independent t-test was conducted to 

evaluate the significance of differences between the two groups for each 

parameter, resulting in an observed t-statistic. To obtain a more robust 

measure of the difference, non-parametric bootstrapping was utilized to 

generate 10,000 bootstrap samples. Bootstrap t-statistics were calculated from 

these samples, and the Monte Carlo p-value was determined using Equation 

1, with significance assessed at α = 0.05. The t-tests and bootstrapping 

analyses were performed using the R Statistical Software (v4.2.2; R Core 

Team, 2022).  

 

Computing the Monte Carlo p-value in the present study is advantageous, as 

it addresses the limitation posed by the small sample size of ponds. The 

method achieves this by empirically simulating the null distribution of the t-

statistic for each parameter through 10,000 random permutations of the 

observed data. By constructing the null distribution from empirical data, the 

computed Monte Carlo p-values provide a more accurate estimate of the 

probability of obtaining t-statistics as large as or larger than the observed value 

(Park, 2024). 

 

𝑝 =
∑(|𝑡.𝑏𝑜𝑜𝑡.𝑛𝑝|>|𝑡.𝑜𝑏𝑠|)+1

𝐵+1
    (1) 

Where: 

p  = Montecarlo p-value 

t.boot.np = independent t-statistics of the non-parametric bootstrap      

                  samples 

t.obs = independent t-statistic of the observed samples 

B = number of bootstrap replications. 
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3. Results and Discussion 

 

3.1. Pond Water Quality Baseline and Its Implications  

 

Figure 2 shows the physicochemical property levels of the two pond types, 

visually comparing the water quality between the different groups. It is 

noteworthy that none of the physicochemical datasets exhibit outliers or data 

points that deviate significantly from their respective distributions (Liu, 2014). 

The absence of outliers in this case suggests that the datasets are clean and 

consistent, with no extreme values resulting from measurement errors, 

sampling anomalies, or natural variation—factors that could otherwise distort 

the statistical analyses implemented (Frost, 2025). 

 

3.1.1. pH 

 

The mean pH values of all ponds vary between the slightly acidic 6.4 to the 

slightly basic 7.6 (Figure 2). The fact that fluctuations in water pH affect 

physicochemical properties—such as decreasing pH associated with elevated 

dissolved oxygen (DO), turbidity, and COD, and increasing pH with reduced 

DO and turbidity but elevated EC — underscores the critical role of pH 

regulation in effective water quality management (Dewangan et al., 2023a). 

As a measure of H+ concentration, pH influences the solubility of solids, the 

leaching of essential ions, and the bioavailability of nutrients — all of which 

carry electrical charges that determine their mobility and reactivity in soil and 

water systems (El Bied et al., 2021; Singer et al., 2012). 

 

As a potential source for public water supply, the mean pH values of the pond 

groups fall within the optimal range of 6.5 to 8.5, in accordance with 

Department of Environment and Natural Resources (DENR) Administrative 

Order No. 2016-08 (DENR, 2016). Given that the ponds’ mean pH values are 

not significantly different (p > 0.05; Table 2), the water is neither corrosive 

and prone to toxic metal contamination, nor likely to impair nutrient 

absorption or cause indigestion and malnutrition when consumed (Arhin et al., 

2023). The water in the ponds is also considered suitable for irrigation (Ayers 

& Westcot, 1989) and for supporting the growth of aquatic organisms, as their 

productivity declines outside the optimal pH range and mortality may occur 

under extreme pH conditions (Food and Agriculture Organization of the 

United Nations [FAO], 1981). It is important to emphasize, however, that 

aside from pH, water temperature and substrate concentration also play 

significant roles in the enzymatic activities underlying this dynamic (Pandey 

and Singh, 2012). Lastly, the pH of the ponds may also allow for the optimal 
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availability of nutrients (Dunn and Singh, 2017). This means that 

micronutrients (i.e., Fe, Mn, B, Zn, Cu) are not at risk of becoming less 

available—as can occur at high pH—or excessively available, as often 

happens at low pH (Pennisi and Thomas, 2009). The same holds true for P, 

which may precipitate with calcium (Ca) at high pH and bind with iron (Fe) 

and aluminum (Al) at low pH (Cerozi and Fitzsimmons, 2016; Prasad and 

Chakraborty, 2019), and for N, whose availability decreases at very high pH 

due to NH₃ volatilization and at very low pH due to conversion into less 

mobile forms such as ammonium NH₄⁺ (Follett et al., 1981).  

 

3.1.2. Temperature 

 

The ponds' mean temperatures ranged between 27.17 and 29.09°C and were 

within the limit of 26 to 30°C (DENR, 2016). The fact that their temperatures 

are within the 26 – 30 °C range is ecologically consequential, as it implies that 

the ponds are providing optimal or near-optimal thermal conditions for the 

physiological functioning and survival of a wide range of their inhabitant 

organisms, including aquatic invertebrates, fish, and macrophytes (Kutty, 

1987; Ogunji and Awoke, 2017; Souza et al., 2021).  

 

Despite the uneven spread of mean temperatures for the SG ponds (Figure 2), 

which show a skewness towards the lower end compared to the USG mean 

temperatures, the closeness of the group means underscores the non-

significant difference between the groups' mean temperatures (p > 0.05; Table 

2). This similarity suggests that the water temperature of the pond groups exert 

comparable influences on the metabolic rates and biological activities of 

aquatic organisms living in the doline ponds (Rubalcaba, 2024). This occurs 

as most chemical reactions as well as physiological performances in 

organisms are temperature dependent stemming from the activation energy 

associated with them (Miller and Stillman, 2012; Rubalcaba, 2024; World 

Health Organization [WHO], 2022 ). In fact, water temperature along with the 

amount of decomposer microorganisms have the most important role for the 

degradation of organic matter in waterbodies (Kopp, 2012). In addition to their 

potential effects on the physiology of the ponds’ living organisms, the ponds’ 

temperatures are also likely exerting comparable influences that keep several 

of the physical and chemical properties measured in this study near optimal 

levels. Specifically, pH is affected through the autoionization of water, which 

intensifies with increasing temperature; EC is influenced by temperature, as 

higher temperatures increase the kinetic energy of water molecules, thereby 

enhancing their capacity to carry more charged ions; TDS are influenced due 

to temperature-dependent changes in the solubility of various compounds; and 
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COD removal efficiency improves at higher temperatures, as elevated thermal 

conditions accelerate microbial metabolic activity and proliferation, thereby 

enhancing the biodegradation of organic pollutants (Dewangan et al., 2023b; 

Health Canada, 2021; Muloiwa et al., 2023). Beyond these parameters, pond 

temperature levels may also be positively influencing the DO concentrations 

in the ponds, as temperature affects both the O2 holding capacity of water and 

the rate of photosynthesis (Mary River Catchment Coordinating Committee 

[MRCCC], 2025a). The taste and odor of the water might likewise be 

optimally affected, considering that the water temperature of the ponds are 

within the favorable range that may help limit the formation of unpleasant-

tasting or odor-causing compounds (Health Canada, 2021). 

 

3.1.3. Turbidity 

 

Turbidity exhibited a near-significant difference between the two pond groups 

(p = 0.0635; Table 2). This result implies that, although the evidence is not 

sufficiently strong to be conclusive, there is nonetheless a possibility of an 

effect of pig slurry and manure on the ponds’ turbidity (Childs et al., 2021). 

Mean turbidity values ranged from 2.83 to 26.59 NTU, with only one sampled 

pond falling within the allowable limit of 5 NTU (DOH, 2017). These high 

turbidity levels may be attributed to the karstic location of the ponds, where 

the weathering of limestone rocks leads to the formation of limestone soils. In 

the case of Isabel and Palompon, these soils are primarily composed of silt and 

clay (Oraiz et al., 2021). When transported into the ponds by runoff, the silt 

and clay remain suspended in the water column, causing prolonged turbidity, 

as they are easily kept from settling, prone to resuspension, and settle at a 

prolonged rate (Boyd, 2012).  

 

As pointed out by Cole et al. (1999), the relatively high turbidity levels of the 

doline ponds can potentially increase water temperature, by allowing 

suspended particles to absorb more solar heat, and decrease DO levels, since 

warm water holds less DO than cold water. The ponds’ high turbidity levels 

may also inhibit photosynthesis in the water by decreasing light penetration of 

the water column decreasing submerged or suspended plants’ survival and 

further decreasing DO output. Moreover, since turbidity levels of more than 5 

NTU can be visible to the average person, the waters in the doline ponds may 

also look unhealthy and unappetizing (Hassan Omer, 2020). But beyond mere 

appearances the waters of the doline ponds can potentially be unhealthy, given 

that suspended particulates can provide hiding places for harmful 

microorganisms and act as adsorption surfaces for heavy metals and various 

hazardous organic pollutants (Cole et al., 1999; Edzwald, 2010).  
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3.1.4. Chemical Oxygen Demand, NO₃⁻-N, and Total P 

 

The mean COD values of the ponds ranged from 43.67 to 178.67 mg/L, while 

the mean NO₃-N values ranged from 0.031 to 0.163 mg/L. Meanwhile, the 

mean Total P values of all ponds across all sampling rounds were <1.0 mg/L, 

which is already below the reporting limit of the contracted external 

laboratory. The group mean COD and NO₃⁻-N values for both pond groups 

were below the allowable limits of 100 mg/L (DENR, 1990) and 7 mg/L 

(DENR, 2016), respectively, for public water supply sources. No significant 

differences were detected between the two pond groups for both COD and 

NO₃⁻-N (p > 0.05; Table 2).  

 

Regarding the low concentrations of NO₃⁻-N in both pond groups, Oraiz et al. 

(2021) pointed out that limestone terrains generally have low contents of 

essential nutrients including N. However, the addition of pig slurry and 

manure is unlikely to have significantly altered the NO₃⁻-N levels in the doline 

ponds, at least under the current application volumes. While approximately 

10.00% of the inorganic N in pig slurry is NO₃⁻-N, most N in pig slurry exists 

in the form of the inorganic NH₄+-N or organic N, from which NO₃⁻-N can 

also be derived (Koelsch, 2019; Kopp, 2012). However, unlike NH₄+-N, which 

is readily available for plant uptake, organic N becomes available more slowly 

through mineralization (Koelsch, 2019; McCutcheon and Quinn, 2020). At the 

same time, although NH₄+-N can be converted to NO₃⁻-N via nitrification, this 

process could be stunted as it requires sufficient O2, which is often depleted 

by the decomposition of organic matter. Additionally, NH₄+-N is prone to 

volatilization, resulting in N loss to the atmosphere (Koelsch, 2019; U.S. 

Environmental Protection Agency [EPA], 2012).    

 

In freshwater systems such as the doline ponds, N plays a critical role and 

warrants careful consideration. Nitrogen, next to P, is considered the most 

important element limiting phytoplankton growth in freshwater bodies and its 

enrichment can lead to harmful algal blooms, which in turn cause nuisance 

conditions such as unfavorable odors, discoloration, or the production of 

toxins harmful to aquatic organisms (De Vries, 2021; Environment Agency, 

2019). Petr (2000) pointed out that algal blooms can result in the dominance 

of phytoplankton over macrophytes, as former can outcompete the latter for 

resources such as light and nutrients, and inhibit their growth through toxic 

factors of algal and bacterial origin. Furthermore, phytoplankton proliferation 

can lead to the formation of hypoxic (i.e., oxygen-depleted) waters due to the 

decomposition of excess algal and other biomass, ultimately reducing the 

ecosystem’s productivity, increasing the incidence of fish kills, and 
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contributing to ecosystem collapse (De Vries, 2021; Koelsch, 2019; 

Piotrowski et al., 2011). From a consumption standpoint, Ward et al. (2018) 

concluded that substantial evidence links NO₃⁻ in drinking water to adverse 

health outcomes, including methemoglobinemia, colorectal cancer, thyroid 

disorders, and neural tube defects. 

 

Considering the absence of a significant difference between pond groups, and 

the fact that none of the pond means exceeded the DENR NO₃⁻ limit for water 

supply (7 mg/L) or the 0.3 mg/L limit associated with supporting algal blooms, 

the NO₃⁻-N content of the doline ponds poses no risk of causing 

eutrophication, algal blooms, or related health problems (Center for 

Agriculture, Food and the Environment [CAFE], 2016; DENR, 2016).  

 

Similar to N, Oraiz et al. (2021) emphasized that limestone terrains generally 

have low contents of P. Additionally, the limited availability of P under these 

conditions may be due to its reaction with Ca2+, leading to the formation of 

insoluble Ca-P compounds (Cable et al., 2002) or its absorption and 

precipitation by CaCO3 (Yanamadala, 2005). Regardless of the cause, the 

finding of undetectable total P levels in the sample ponds supports the 

suggestion — based on NO₃-N level findings — that piggery waste input into 

the doline ponds is not currently exerting a noticeable influence on nutrient 

concentrations. At the same time, it is also in line with the fact that P is usually 

present in very small amounts and is considered the ‘limiting factor' for algae 

and plant growth in freshwater bodies (CAFE, 2016; Environment Agency, 

2019). Hence, it is unsurprising that in  Pennsylvania, USA, very low P levels 

(i.e., < 1 mg/L)  in groundwater and surface waters are considered indicators 

that they are unpolluted (Swistock, 2022). As such, higher levels often signal 

contamination from fertilizer or manure runoff and levels above 5 mg/L may 

cause antagonism and deficiencies in other nutrients. The relatively low P 

levels observed in both pond groups suggest they are less likely to experience 

the ecological impacts typically associated with P over-enrichment. Like N, 

excessive P levels can drive eutrophication, triggering rapid plant and algal 

growth that lowers DO through respiration and decomposition, releases 

harmful toxins, blocks sunlight, and degrades habitats for benthic 

macroinvertebrates and other aquatic life (Chynoweth et al., 1999; US EPA, 

2025; Koelsch, 2019; Kopp, 2012).  
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Figure 2. The Physicochemical and Nutrient Properties of the Doline Ponds: 

Boxplot graphs showing the distribution for the two pond groups’ datasets 

on pH, Temperature, Electrical Conductivity (EC), total phosphorus (TP), 

Total Dissolved Solids (TDS), Turbidity, Alkalinity, Chemical Oxygen 

Demand (COD), and Nitrate Nitrogen (Nitrate N), where: x = mean; 

rectangle = standard mean error; vertical bars = standard deviation; USG = 

Unslurried Group; SG = Slurried Group 
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3.1.5. Electrical Conductivity, Total Dissolved Solids, and Alkalinity  

 

In contrast to the water parameters above, the two pond groups exhibited 

significant differences in their EC, TDS, and alkalinity (p>0.05; Table 2). This 

finding is expected, given that water in karst terrains is rich in Ca(HCO3)2, 

derived from the abundant limestone parent material (Oraiz et al., 2021). In 

Figure 2, the EC, TDS, and alkalinity graphs show that the values measured 

for the SG are much higher than those in the USG. The range of mean values 

for EC is from 25.56 to 214. 33 μS/cm; for TDS, it is from 12.44 to 161 ppm; 

and for alkalinity, it is from 1.39 to 3.31 meq/L. As it is, all ponds were within 

the permissible limits for these properties: 300 μS/cm for EC, 500 ppm for 

TDS (Sandoval, 2024), and 5.99 meq/L for alkalinity (Tonog and Poblete, 

2015). 

 

The fact that the EC and TDS levels are within permissible limits provides 

evidence against the notion that the pond waters have deteriorated, particularly 

in the case of the SG ponds (Kadhem, 2013). Overall, the SG and USG ponds 

averaged 44.74 μS/cm and 138.76 μS/cm for their ECs and 22.09 ppm and 

79.5 ppm for their TDSs, respectively. These levels are considered safe for 

potential municipal water sources. According to the World Health 

Organization (WHO, 2003), TDS levels < 300 ppm are associated with 

excellent palatability in drinking water. Given that the measured TDS levels 

in the doline ponds fall within this range, their water may be considered highly 

palatable if used for potable purposes. This is supported by the fact that the 

average EC levels of the doline ponds fall in the range from 0 to 800 μS/cm 

which would classify their waters as good for human consumption (MRCCC, 

2025b). These EC and TDS levels, in terms of irrigation use, are not 

problematic as well as they fall within the low salinity class, implying a low 

salinity hazard or osmotic stress to vegetation (Kadhem, 2013). Given that EC 

and TDS are reliable indicators of salt content and other dissolved compounds 

such as organic matter, their significant differences between the groups 

suggest that SG ponds might have higher nutrient availability and can 

potentially support greater vegetation growth compared to USG ponds (Dunn 

and Singh, 2017). 

 

Based on the work of Kopp (2012), the higher alkalinity levels of the SG ponds 

are likely to make them more resistant to sudden changes in pH compared to 

the USG ponds. However, the fact that the average alkalinity of both groups 

is above 1.00 meq/L, is indicative that their waters are not experiencing poor 

buffering capacity either, which could otherwise result in wide pH 

fluctuations. In fact, the mean pH values also suggest this as they fall within 
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the range of 6.5 to 9 (Sallenave, 2019). Furthermore, considering that the 

alkalinity levels of the ponds are not too low, their water is unlikely to promote 

chemical corrosion of piping and fixtures, which could otherwise elevate 

metal concentrations in tap water sourced from them (KnowYourH2O Water 

Research Center, 2025). At the same time, their alkalinity levels are also not 

too high as to impart a bitter or chalky taste to the water if used for drinking, 

or to cause harmful reactions with certain cations in the water, which may lead 

to sediment formation and clogging of pipes and other water supply 

infrastructure (Bozorg-Haddad et al., 2021). 

 

Table 2. Monte Carlo P-values from independent T-tests of Physicochemical 

Properties between Slurried and Unslurried Pond Groups 

 

Property P-Values Significance 
pH 0.6322 — 

Temperature 0.4067 — 

EC 0.0444 * 

TDS 0.0528 * 

Turbidity 0.0635 — 

Alkalinity 0.0519 * 

COD 0.5851 — 

Nitrate N 0.8590 — 

Total P N/A N/A 
  *          Statistically significant difference observed at α = 0.05 

  --         No statistically significant difference detected at α = 0.05 

 N/A      Not Applicable 

 

 

3.2 Potential Drivers of Pond Water Quality 

 

3.2.1 pH and Alkalinity 

 

Given the significantly different alkalinities between the two pond groups, the 

similarity in their pH levels suggests that the SG ponds may have been more 

acidic initially before being buffered by their higher alkalinity. The observed 

parity in pH, despite this significant difference in alkalinity, could be due to 

the neutralizing effect of NH3 in the manure countering the acidity of its 

volatile fatty acids (VFAs), which are the primary contributors to the 

acidifying effect of pig slurries (Jayasundara, 2015).  

 

The presence of cations, particularly Ca2+ and Mg 2+ (Bokossa et al., 2014a), 

at the end of the decomposition process of pig slurry and manure, is also a 

good source for the higher alkalinity (Baboo, 2015) in the SG ponds that can 

neutralize the effect of VFAs. These cations react with CO₂ present in water 
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or air, or with water itself, to form alkaline compounds such as CaCO3, 

MgCO3, Ca(HCO3)2 , and Mg(HCO3)2 (Bokossa et al., 2014a). Consequently, 

pig manures are low-cost sources for increasing alkalinity (Gao et al., 2022).  

 

Pig manure has been used, for instance, in biological treatment systems to 

eliminate COD and remove the nutrient contents of treated waste materials. In 

a study examining such an application, Piasai et al. (2020) reported that the 

addition of alkalinity from pig manure to wastewater resulted in a mean P 

release that is 1.32 times higher than normal, over 99% of COD removed, and 

more than 95% of total Kjedahl nitrogen (TKN) removed.  

 

Pig manures are also added to agricultural soils to improve their alkalinity and 

productivity. A study conducted by Luo et al. (2023) analyzed the effect of 

eight years of pig manure application on soil quality and concluded that it may 

reduce soil acidity, increase soil fertility, and raise crop yields. Based on these 

findings, they even recommended that a manure application rate of 15 Mg/ha 

should be observed in their studied soil. 

 

The apparent contribution of piggery waste to elevated alkalinity levels in the 

SG ponds is regarded as advantageous for attaining favorable water quality 

conditions in the ponds. This is because increased alkalinity — as long as it is 

within the optimal range — contributes to pH stability (Suter et al., 2025) 

which the present study demonstrates. This is beneficial for organisms in the 

doline ponds considering that fluctuating pH levels or prolonged exposure to 

pH outside the optimal range can physiologically stress many species, leading 

to reduced reproduction, inhibited growth, disease, or even death (Dewangan 

et al., 2007; FAO, 1981; Suter et al., 2025). Additionally, sudden shifts in pH 

can alter the chemical states of pollutants, such as NH3, affecting their 

solubility, transport, and bioavailability—thereby increasing the exposure and 

toxicity of metals and nutrients to aquatic plants and animals, as well as to 

humans who rely on aquifers fed by these ponds (Cerozi and Fitzsimmons, 

2016; Dewangan et al., 2007; Follett et al., 1981; Pennisi and Thomas, 2009; 

Prasad and Chakraborty, 2019).  

 

A stable pH regime, potentially maintained by the elevated alkalinity 

associated with pig slurry inputs into the doline ponds, is essential for 

sustaining aquatic biodiversity and facilitating efficient nutrient cycling within 

these freshwater ecosystems. However, these potential outcomes are 

themselves important factors in ensuring the sound quality of water in the 

doline ponds. In a seminal study by Cardinale (2011), N uptake rates of algae 

— measured using NO₃⁻ (i.e.,¹⁵N-labelled), a primary nutrient pollutant 
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contributing to water quality deterioration — increased linearly with species 

richness and were driven by niche differences among species. Conversely, 

when these niche opportunities were experimentally removed, species 

diversity no longer influenced N uptake. As it stands, Cardinale’s (2011) 

results provide direct evidence that communities with greater species richness 

capture a larger proportion of biologically available resources, such as nutrient 

pollutants, thereby buffering natural ecosystems against the ecological 

impacts of nutrient pollution. Likewise, balanced nutrient cycling, as can be 

facilitated by the increased alkalinity along with other factors, is important as 

aquatic nutrient cycles are particularly vulnerable to change (Meunier and 

Boersma, 2017; Wetzel, 1996). If unabated, alterations in nutrient availability 

— such as those driven by pH fluctuations — can degrade habitat quality and 

indirectly affect ecosystem productivity and biodiversity (Meunier and 

Boersma, 2017). 

 

3.2.2 Electrical Conductivity and Total Dissolved Solids 

 

In line with the proposed scenario of pig slurry and manure decomposition, 

the EC levels of SG ponds show a significantly higher presence of inorganic 

solids than those in the USG ponds. These inorganic solids are likely the salts 

left after the volatile dissolved solids in the pig manure have been converted 

to CO₂ and CH4 during decomposition (Hamilton and Zhang, 2011). 

 

Apart from the previously mentioned alkaline compounds, these salts can also 

include NH4NO3, (NH4)2SO4, NH4Cl, and KNO3, depending on the N and 

sulfur content in the manure (Bokossa et al., 2014b). As indicated by Hjorth 

et al. (2010), the elevated EC in pig slurry is primarily a result of the salt-

based and high-protein diets required to meet the nutritional needs of pigs. 

 

Accordingly, the higher TDS of the SG ponds can now be explained by the 

accumulation of these dissolved residual salts in their water column (Hamilton 

and Zhang, 2011) compared to that in the USG ponds. The study by Fridrich 

et al. (2014) highlighted the potential of pig slurry as a significant source of 

inorganic solids and residual salts. By using EC levels in groundwater as an 

indicator of pig slurry lagoon leakage into shallow aquifers, the researchers 

found that piezometers positioned closest to the lagoons had significantly 

higher EC values compared to those located farther away, suggesting the 

extent of salt contamination decreases with distance from the source. 

 

Further supporting this, Díez et al. (2004) investigated the impact of pig slurry 

applications on irrigated Mediterranean soils and found that both optimal and 
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excessive slurry applications led to substantial increases in soil EC values 

across all sampling periods, compared to urea-treated soils and the control 

group. Additionally, EC levels in the soil solution increased with depth, likely 

due to salt mobilization under irrigation. This finding was accompanied by a 

significant increase in TDS leaching in slurry-treated soils, further 

demonstrating the link between the two parameters. 

The suggested correspondence of EC and TDS in the doline ponds is in line 

with the results of many studies such as that of Dewangan and Shrivastava 

(2024) which found a strong correlation between these two parameters. Since 

EC and TDS can be used to indicate nutrient levels in aquatic habitats (Dunn 

and Singh, 2017; Wu et al., 2020), the significantly higher values observed in 

the SG suggest that backyard pig farms can potentially cause severe 

deterioration in pond water quality if their activity becomes excessive (Dorado 

et al., 2019; Dunn and Singh, 2017). Numerous studies have highlighted the 

relationship between these parameters and the extent of water pollution. In one 

such study, Wu et al. (2020) found the EC of the waters in Lake Taihu in 

China to have increased rapidly from 1992 to 2007 due to eutrophication 

processes brought about by the disposal of sewage in the lake. After 2007, 

with the implementation of various pollution control measures, the EC 

subsequently decreased along with gradual improvement in the pollution 

situation. If such eutrophication happens in the doline ponds the growth of 

aquatic plant life within them may become overstimulated, potentially leading 

to DO depletion (Marshall and Wilcox, 2015). As it is, elevated EC and TDS 

levels can contribute to DO depletion by increasing the availability of organic 

and inorganic substrates for microbial decomposition, thereby accelerating O2 

consumption. Demonstrating this dynamic, Njue et al. (2022), in their study 

on agricultural nutrient pollution in the Thiba River in Kenya, an area 

vulnerable to eutrophication driven by inorganic fertilizer inputs, reported that 

during the period of peak microalgae abundance, the spatial patterns of EC 

and TDS were positively correlated, whereas DO exhibited a negative 

correlation with these parameters.  

 

Another key finding reported by Njue et al. (2022) was that salinity exhibited 

a positive correlation with both EC and TDS, and a negative correlation with 

DO. This report underscores an additional adverse consequence of intense 

backyard pig farming activity, which is the increased risk of salinization in the 

soil and water systems adjacent to the effluent source (Díez et al., 2004). This 

issue is particularly critical given that the pig farms and doline ponds analyzed 

in the present study are situated within a karst landscape. Salinization of the 

doline aquifers resulting from waste disposal by backyard pig farms in the 

study area may become acute, particularly because specific hydrogeological 
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characteristics of karst landscapes amplify the susceptibility of groundwater 

quality to degradation (Coxon, 2011; Parise, 2019). As outlined by Leibundgut 

(1998), these relevant karst characteristics are: the presence of thin or absent 

soil cover in some karst areas, which significantly weakens the natural 

breakdown of contaminants by microorganisms and by physical and chemical 

processes(1); the high permeability of karst aquifers, resulting from 

solutionally enlarged fissures and channels that diminish attenuation 

mechanisms and enable rapid water passage through the unsaturated zone (2); 

and  the presence of large conduits and channels in the saturated zone that 

directly transport unfiltered recharge water to springs or wells (3). These 

factors were particularly evident in an assessment of water quality in wells and 

cenotes situated on designated pig farms overlying the karst aquifer of 

Yucatán, Mexico. In this study, Pedrozo-Acuña and Ramírez (2025) observed 

an increasing trend in EC and TDS levels — indicating a significant presence 

of dissolved salts — in wells aligned with the principal flow direction of the 

peninsula’s subterranean aquifer, confirming the occurrence of a diffuse 

contamination process. In the event of slurry seepage in the doline ponds, 

although NO₃⁻ leachate is the nutrient most likely to infiltrate the subsurface 

and contaminate the underlying aquifer (Díez et al., 2004), Na⁺ and K⁺ ions 

may also leach into the groundwater, potentially contributing to the 

degradation of its quality (Rosa et al., 2017). If these ions and others 

contribute to groundwater salinization, subsequent extraction and use for 

domestic or agricultural purposes may significantly increase soil salinity at the 

application sites. This scenario is illustrated by Bernal et al. (1992), who 

reported that during two years of pig slurry application in calcareous soils, 

significant increases in EC and soluble salt concentrations — primarily 

involving Na⁺ and K⁺ — were observed in treated soils compared to control 

soils, indicating a potential salinity risk.  

 

Clearly, high levels of TDS and EC can cause significant damage to aquatic 

ecosystems, agricultural crops, and human health. If left unabated, the 

salinization of freshwater ecosystems they cause can ultimately impair 

fundamental physiological processes in aquatic biota — including 

osmoregulation, ion transport, and reproduction — while also driving shifts in 

the structural composition and functional dynamics of aquatic communities 

(Castillo et al., 2018). Overall, species richness in inland aquatic ecosystems 

tends to exhibit a negative correlation with increasing salinity levels, reflecting 

a progressive decline in biodiversity along the salinity gradient (Kefford et al., 

2011; Pinder et al., 2005). For agricultural crops, high salt concentrations in 

the soil solution can induce an osmotic or water-deficit effect, thereby 
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reducing the plants’ ability to uptake water (Machado and Serralheiro, 2017). 

In addition, crop growth may also be inhibited by the accumulation of salts in 

the shoots at toxic levels under such conditions. According to Ahmed et al. 

(2024), citing Maas (1990), among the vital crops in the Philippines, Zea mays 

L. has been shown to reduce its yield by 19.00%, Solanum tuberosum L. by 

12.00%, Lycopersicon esculentum Mill. by 9.90%, and Oryza sativa L. by 

12.00% in response to high salinity in their substrate. In humans, drinking 

water with elevated salinity increases the risk of adverse health effects. For 

instance, Chakraborty et al. (2019) found that elevated drinking water salinity 

and TDS in the rural sub-districts of southern Bangladesh were significantly 

associated with increased hospital visits for cardiovascular diseases, diarrhea, 

and abdominal pain. High levels of salts may also affect the taste of drinking 

water which reduces their suitability not only for human consumption but also 

as water supply for grazing animals (Queensland Government, 2013). 

 

According to the Safe Drinking Water Foundation (2025), water with high 

TDS and EC requires a specialized treatment process to correct its impaired 

quality. This typically involves reverse osmosis (RO) to remove dissolved 

solids, including salts. However, this process also eliminates beneficial 

minerals such as Ca and Mg; therefore, the treated water should ideally be re-

mineralized by passing it through a Ca- and Mg mineral bed. As it is, drinking 

water treatment plants utilize energy-intensive unit processes to treat raw 

water to desired water quality standards for consumer protection (Bukhary, 

2024). Empirically, the higher the amount of TDS, EC and salinity 

concentrations in the water, the greater amount of pressure is required for the 

pumps to push the water through the membranes in the RO systems which 

consequently increases the cost of the whole RO operation (Adjovu et al., 

2023).  

 

Considering the substantive implication of water TDS and EC levels, 

especially when they are outside recommended ranges, their monitoring and 

assessment might be crucial to fully comprehend how human activity, such as 

backyard pig farming, affect water bodies. These water quality parameters can 

be good indicators for monitoring piggery waste pollution because they reflect 

the concentration of dissolved ions and solids in the wastewater, which are 

likely to be elevated in piggery wastes due to the presence of salts, organic 

matter, and other contaminants (Bokossa et al., 2014a; Dunn and Singh, 2017; 

Hamilton and Zhang, 2011; Hjorth et al., 2010). Furthermore, the salts in the 

pig manure slurry, which primarily include NH4SO3, (NH4)2SO4, NH4NO3, 

P2O5, K2O, MgHCO3, MgSO4, CaHCO3, CaSO4 and NaCl are water soluble 

and can be measured easily and directly by EC (Manitoba Agriculture, Food 
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and Rural Development, 2015). Hence, consistent with the results of the 

present study, Ravbar et al. (2023) specifically promoted EC and major ions 

such as Ca²⁺, Mg²⁺, and Cl⁻ as key parameters to indicate the dynamics of 

water inflow from different subsystems of a karst hydrogeologic system. They 

further emphasized that in karst landscapes, where the risk of groundwater 

contamination is high, continuous monitoring of these easily measurable 

indicators and surrogate parameters is advantageous and should be done, as it 

facilitates the identification of contamination sources in early warning 

systems. 

 

3.2.3 Chemical Oxygen Demand, Nitrate Nitrogen and Total Phosphorus 

 

Another implication of the posited decomposition of piggery wastewater 

would be that the SG ponds should have had elevated COD levels and 

increased N and P release. The fact that COD and NO3-N levels in both pond 

groups are not significantly different and that their TP levels are too low to be 

problematic points to a potential mechanism in the SG ponds that removes 

excess nutrients produced from the decomposition of organic materials in the 

slurry.  

 

In a macrophyte inventory of the studied ponds, Monserate (2024a) 

determined that the SG has a significantly higher (p < 0.05) macrophyte 

density compared to the USG. Consequently, this observation identifies the 

excess macrophyte density as the primary driver in removing additional 

nutrients and organic matter through biomass assimilation in the SG ponds 

(Elliott et al., 2020). This is consistent with the proposed implication that 

elevated EC and TDS levels in SG ponds may reflect increased nutrient 

availability and a greater potential to support enhanced vegetation growth 

compared to USG ponds (Dunn and Singh, 2017). As it is, macrophytes can 

assimilate N and P from both the water column through their leaves and the 

water body sediments through their roots (Preiner et al., 2020). Rooted 

macrophytes — the sole type in the doline ponds (Monserate, 2024) — 

typically do not compete with phytoplankton and algae for nutrients, as they 

absorb most from nutrient-rich sediments, with uptake from the overlying 

water serving only as a secondary source (Burkholder and Glibert, 2013). 

According to Dhir et al. (2009), the removal of inorganic nutrients by aquatic 

plants, particularly macrophytes, primarily occurs through phytoassimilation 

wherein contaminants are transported and metabolized in the plant body 

(Ansari et al., 2020). 
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Phosphorus and N in the forms of PO4
3− and NO3

-, respectively, are the most 

essential nutrients in aquatic systems and are critical for the growth of aquatic 

vegetation (Sallenave, 2019). Based on this relationship, many studies have 

shown the capability of aquatic macrophytes to lower either or both PO4
3−- 

and NO3
- containing nutrients and organic matter in waters.  

 

As highlighted by Aljawahiry et al. (2022) in their investigation of the 

feasibility of NO3
- removal from agricultural wastewater using the 

macrophytes Myriophyllum spicatum L. and Lemna gibba L., a significant 

difference (p < 0.05) in NO3
- absorption was observed between samples 

containing the two macrophyte species and the control sample without them. 

Additionally, L. gibba’s ability to utilize NO3
- as a nutrient to create biomass 

was demonstrated by its significantly increased (P < 0.05) dry weight at the 

end of the experiment.   

 

Kalengo et al. (2021) examined the efficiency of four aquatic macrophytes 

(i.e., Lemna spp, Pistia stratiotes L., Ipomoea aquatica Forssk., and 

Eichhornia crassipes (Mart.) Solms) for N and P utilization from aquacultural 

effluents. They found that regardless of the species, the TN, NH3-N, NO3-N, 

TP, and ortho-P concentrations still decreased with no significant difference 

(p > 0.05) between treatments.  

 

In Mohan et al. (2010), floating, emergent, and submergent aquatic 

macrophytes were incorporated in an ecologically engineered system (EES) 

designed to mimic the natural cleansing functions of wetlands to bring about 

wastewater treatment. Based on the operation of the ESS, the researchers 

reported that among the three tanks of the system, the one with the 

macrophytes species E. crassipes was able to achieve an average COD 

removal efficiency of 72.92% to 76.19%, depending on the substrate used. It 

also attained an average NO3
- removal efficiency of 23.15%. As for the other 

tank, which had macrophytes (i.e., Bryophyllum pinnatum (Lam.) Oken., 

Lycopodium esculentum L., Coriandrum sativum L., Capsicum annum L., 

Oryza sativa L., Hydrilla verticillate (L. f.) Royle, and Myriophyllum) its 

average NO3
- removal efficiency is 15.99%. Both macrophyte tanks had higher 

average COD and NO3
- removal efficiency compared to the last tank 

containing two snail and one carp species. 

 

In light of the above, the relatively low COD levels observed in the pond 

groups indicate a lower presence of organic matters requiring chemical 

oxidation (Li and Liu, 2019). Consequently, this will likely result in higher 

DO levels, as less oxygen will be consumed in the subsequent oxidation 
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process (Rekrak et al., 2020). Since NO3-N and Total P levels are low in the 

doline ponds, eutrophication is less likely to occur (Akinnawo, 2023). 

Collectively, the inferred high DO concentrations and absence of eutrophic 

conditions in the doline ponds suggest a healthy and diverse aquatic 

ecosystem. If the opposite conditions were present, i.e., elevated nutrient 

levels and reduced O2 concentrations, the ponds would likely exhibit 

diminished biodiversity. In support of this, Wang et al. (2021), in their study 

of zooplankton and zoobenthos diversity across 261 lakes in the 

eutrophication-affected Lake Taihu watershed in China, confirmed that 

excessive nutrient levels led to a significant loss of diversity and community 

simplification. 

 

As the results of this study suggest, the macrophytes present in the SG ponds 

have likely played a role in remediating the pond water by absorbing excess 

nutrients and decreasing the risk of algal blooms. In effect, they have 

functioned as natural filters, removing pollutants and enhancing the overall 

health of the said aquatic ecosystem. Carefully conducted studies, such as that 

of Pastor et al. (2023), have demonstrated this capability of macrophytes. In 

that study, macrophyte removal in stream ecosystems led to a marked decline 

in nutrient retention capacity, with NH₄⁺ uptake velocity decreasing by 34–

77% and PO₄³⁻ uptake by 50–77%. Many macrophytes can also reduce the 

toxicity of a contaminated habitat by developing large central vacuoles that 

store harmful substances, such as heavy metals absorbed from the water 

(Maranho and Gomes, 2024). In Munyai and Dalu (2023), for example, their 

assessment of macrophytes’ potential for phytoremediation of metals in an 

Austral subtropical river across three seasons found that the studied 

macrophytes, namely Phragmites australis (Cav.) Trin. ex Steud., 

Schoenoplectus corymbosus (Roth ex Roem. & Schult.) J.Raynal, and Typha 

capensis (Rohrb.) N.E.Br., were effective phytoremediators, with the ability 

to accumulate metals such as B, Na, Mg, Ca, and N. The improvement in water 

quality of the doline ponds, achieved through the reduction of excess nutrients 

and heavy metals as outlined here, can yield dividends by providing safer and 

more palatable potable water for the immediate community relying on the 

karst aquifer, as well as supporting healthier aquatic life in the ponds. In 

support of this, the study by Nahar and Hoque (2021) offers compelling 

evidence. In their study, the authors evaluated the capacity of Pistia stratiotes 

L. to enhance the quality of eutrophic water. The results showed a 100% 

survival rate of the species in the aquatic plant treatment setup, with no visible 

signs of toxicity in the biomass. Notably, the plant's extensive root system and 

overall biomass contributed to water quality improvement after just one week 

of treatment. This was evidenced by a significant reduction in turbidity, TDS, 
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EC, and NaCl, alongside an increase in pH and DO levels. In fact, DO levels 

increased several-fold over the 168-hour (7-day) treatment period. 

 

In addition to the benefits mentioned above, the high density of macrophytes 

in SG ponds can also play a more significant role in carbon sequestration by 

storing C in their biomass and accumulating organic C in the soil and water, 

even after they die and decompose. In a related study, Lolu et al. (2019) found 

that the twelve dominant macrophytes of Hokersar Wetland in India, act as a 

C pool of 0.85 kg C m⁻² yr⁻¹, indicating their massive potential for C storage 

and thus helping to neutralize the effects of global warming. When it comes 

to C sequestration, macrophytes, alongside microalgae, are uniquely special 

because they can be cultivated in water, thus eliminating competition with 

food crops for fertile land, and have much higher growth rates as well as CO₂ 

fixation efficiencies that are almost 10–15 times greater than those of 

terrestrial plants (Khalid et al., 2022). 

 

However, while macrophytes exhibit a well-documented capacity to enhance 

water quality in aquatic ecosystems through nutrient assimilation, their more 

massive development in SG ponds could, however, be perceived as a nuisance 

that is hard to eradicate due to rapid macrophyte regrowth (Schneider et al., 

2024). Furthermore, their senescence and subsequent decomposition can 

result in the re-release of assimilated nutrients that can lead to eutrophication 

if unabated (Dhote, 2007). In relation to this, Rudic et al. (2018) highlighted 

two additional critical constraints associated with the use of macrophytes for 

nutrient remediation. First, effective macrophyte management necessitates the 

timely harvesting of biomass to prevent the reintroduction of sequestered 

nutrients into the water column during decomposition. This harvesting must 

occur prior to senescence; but, in the absence of mechanized equipment, the 

process becomes highly labor-intensive. Second, while the complete removal 

of macrophytes at the end of the growing season prevents nutrient recycling 

into the water, it also results in the permanent loss of those nutrients from the 

ecosystem, which may have implications for long-term ecological balance. 

 

The above finding regarding the potential role of macrophytes in doline pond 

ecosystems — particularly in the SG ponds — is relevant to advancing the 

understanding of the impact of backyard pig farming on water quality. While 

such farming practices can adversely affect water quality, the presence of a 

manageable density of macrophytes may help mitigate these effects. This 

insight is especially relevant for the management of karstic aquatic systems, 

as karst landscapes possess geological properties that promote greater 

interaction between surface water and groundwater. Given these features, 
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phytoremediation strategies using macrophytes can be considered as a 

mitigation measure against eutrophication for small-scale backyard pig farms 

that discharge slurry and manure into adjacent doline ponds. These strategies 

could provide preliminary natural treatment of the water before it infiltrates 

the aquifer, which supplies potable water to residents of Antipolo and the 

nearby village of Bantigue. 

 

3.2.4 Turbidity 

 

The marginally significant (p = 0.06) difference in the turbidity of the two 

pond groups, in which the USG ponds have higher mean turbidity values than 

the SG ponds, can also be attributed to the higher density of macrophytes in 

the latter.  

 

Scheffer (1999) notes that aquatic macrophytes contribute to improved water 

transparency and decreased phytoplankton biomass through shading, 

reduction of nutrient availability, excretion of allelopathic substances, and 

reduction of resuspension.  Elliott et al. (2020) also revealed that macrophytes 

can reduce resuspension by stabilizing the bed sediments, resulting in higher 

water clarity and improved water quality. James et al.'s (2000) examination of 

the effects of macrophyte shredding further demonstrates this connection 

between macrophytes and water turbidity. Turbidity levels increased 

dramatically over 14 days after removing macrophytes, suggesting some 

sediment resuspension due to increased wave activity. 

 

As it is, macrophytes can be an effective means for the purpose of water 

transparency improvement as they promote sedimentation, which is one of the 

main turbidity reduction mechanisms according to Gomes et al., 2024. In Li 

et al. (2022), it was indicated that the presence of macrophytes and the 

distribution of their fixed or free root structures in the water column slows 

water flow velocity, which facilitates the settling of suspended solid particles 

in the water due to gravity. As for filtration, which is the other primary 

mechanism according to Li et al. (2022), the stems of aquatic plants, 

particularly in the case of emergent macrophytes, and their roots, as in the case 

free-floating macrophytes, increase the contact surface for trapping suspended 

particles and contribute significantly to reducing turbidity (Vymazal et al., 

2007). The extensive root systems of some macrophytes also anchor the soil, 

minimizing sediment movement, which is crucial for maintaining water clarity 

and preventing the resuspension of particles and the spread of contaminants 

(Maranho and Gomes, 2024). The fact that macrophytes are highly effective 

in removing nutrients also contribute to their capability of reducing turbidity. 
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If not correctly managed, these nutrients—primarily N and P—which are 

commonly found in piggery wastewater can lead to eutrophication (Maranho 

and Gomes, 2024) characterized by a bloom of algae on the water’s surface 

that creates a cloudy underwater environment (Denchak, 2019). 

 

The reduced turbidity in SG ponds, if present, is likely beneficial to their 

ecological functioning. As pointed by Cole et al. (1999) high turbidity 

prevents much of the sun’s light from reaching bottom-dwelling organisms, 

including submergent macrophytes. This is crucial as underwater autotrophs 

are often a critical source of food and shelter for other organisms, and without 

them entire aquatic food webs and ecosystems can suffer (Denchak, 

2019). This was clearly demonstrated in a controlled experimental study that 

simulated varying levels of turbidity disturbance within the Yellow River 

wetland in China. In the said experiment, Shen et al. (2019) revealed that 

increases in turbidity can significantly reduce gross primary production (GPP) 

and ecosystem respiration (ER) rates, even within a single day. This result was 

explained by the fact that increases in turbidity limited photosynthetic O2 

production which in turn limited the GPP rate. And since the GPP declined 

more than the ER, the result was a lower net ecosystem production and a more 

heterotrophic water column.  

 

Macrophytes are frequently incorporated into integrated farming systems, 

where they enhance overall farm productivity by fulfilling a range of essential 

ecological functions such as nutrient supply, heavy metals sorption, and 

improvement of soil structure (Poveda, 2022). These services may be 

attributed to the macrophytes ability to provide valuable feed ingredients for 

various aquatic and terrestrial animals, as well as their influence on 

hydrological processes, sediment dynamics, and biogeochemical cycles 

(Majeed et al., 2025). The results of the present study provide empirical 

support for the inclusion of macrophytes in policy frameworks aimed at 

mitigating elevated turbidity in aquatic ecosystems, particularly in karst 

landscapes. Moreover, the findings reinforce the argument that the carefully 

regulated introduction of piggery waste into doline ponds may be justified, as 

it can promote a balanced and ecologically appropriate level of macrophyte 

growth. According to Gomes et al. (2024), the most successful macrophyte 

morphotype in terms of turbidity reduction are those that have denser 

structures since they provide a larger contact surface, resulting in more 

efficient retention of suspended particles in the water. Macrophytes of this 

type may be incorporated into farming systems that integrate aquaculture and 

pig husbandry, such as the pig–fish integrated system, in which pig pens are 

typically situated adjacent to or on the dikes of fish ponds to facilitate the 



N. F. T. Monserate & D. C. Inoc / Mindanao Journal of Science and Technology Vol. 23 (Issue 1) (2025) 298-344 

326 

 

direct discharge of pig manure and waste into the aquatic environment 

(Tokrishna, 1992). Integrated pig-fish culture is not a new concept as it has 

been practiced for many years in many parts of Asia, including the Philippines 

(Fermin, 2001). In this integrated system, the addition of pig manure into fish 

ponds increases fish production through both the direct consumption of 

manure by fish and the enhancement of natural fish food via nutrient release 

from manure decomposition (Nnaji, 2008). The integration of freshwater 

macrophytes into this system aims to improve water quality by reducing pond 

turbidity through mechanisms outlined by Li et al. (2022) and Maranho and 

Gomes (2024). In addition, macrophytes can absorb excess nutrients and help 

prevent eutrophication of the fish ponds, thereby supporting the overall health 

of the agro-ecosystem (Mebane et al., 2014). 

 

3.2.5 Temperature 

 

Temperature is considered a key indicator of composting, as it is closely linked 

to the decomposition of organic matter and the growth of microorganisms and 

microbial communities (Wei et al., 2022). However, several studies have 

shown no significant change in the temperature of water bodies despite the 

addition of pig manure.  

 

For instance, Dhawan and Kaur (2002) observed no significant adverse effect 

on the water temperature even after adding 18 and 36 t/ha/year of pond manure 

into their experimental carp polyculture tanks. Similarly, Hussein (2012), 

studying the effect of nutrient inputs (i.e., feed, manure, and their 

combination) on the common carp (Cyprinus carpio), found that the values of 

water temperature in the diurnal samples showed no effect of treatments. 

Instead, they concluded that its fluctuations are correlated with the presence 

and absence of sunlight.  

 

Therefore, the absence of any significant difference in the water temperatures 

of the SG and USG despite the potential decomposition of organic matter in 

the former is perhaps driven by natural processes such as thermal radiation. 

According to Knud-Hansen (1998), thermal-radiation temperature losses 

occur when the ponds' surface water temperature is warmer than the air above, 

similar to the heat radiating from a pie fresh out of the oven cooling it in return.  

 

Due to the exposure of pond waters to ambient air and wind, any heat 

generated by pig slurry decomposition would likely dissipate from the surface, 

balancing the temperature between the ponds and their immediate 

environment. In line with this, Bokossa et al. (2014a), investigating the effects 
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of pig dejection decomposition in wetland conditions using pots experiment, 

reported that water temperature values after pig manure addition were similar 

in all treatments and just reflected the climatic condition during the 

experimentation period. 

 

Apart from thermal radiation as the potential primary influencing factor, the 

non-significant difference in temperature between SG and USG ponds may 

also reflect observations in pond fertilization practices, that the application of 

pig slurry on ponds, as long as it is appropriately done, does not necessarily 

exert adverse impacts on the affected water bodies (Bwala and Omoregie, 

2009). Consistent with this study’s explanation for the non-significant 

differences in COD and NO₃-N, Kopp et al. (2008) reported that, because 

properly applied slurry is rapidly assimilated by biological communities for 

biomass growth, the resulting water quality impacts, including any 

temperature change, occur only in the period immediately following 

application. This was evident in their monitoring of the hydrochemical 

properties of Jarohněvický Pond in Moravia after pig slurries were applied. In 

this context, even at the highest sustainable application rates—16.1 kg/m² in 

2001 and 15.6 kg/m² in 2002—used in their study, the resulting impacts on the 

pond ecosystem were transient rather than long-lasting. When applied to the 

present study, this reasoning supports the suggestion that backyard pig 

farming in Antipolo and Cantuhaon may not yet be excessive. As a result, the 

addition of piggery waste into the SG ponds may have remained within 

appropriate limits, thereby preventing sustained biodegradation activity that 

could have led to significant alterations in the water temperature of the 

affected ponds. This dynamic is reflected in the fact that the average pig-to-

water surface ratio of the backyard pig farms associated with the SG ponds is 

very low, at 0.23 pigs/100 m² (Monserate, 2024). This ratio is likely 

insufficient to generate more than 10 liters/100 m² per day of pig slurry, which 

is considered the maximum safe loading rate for ponds in warm and tropical 

climates (Coche, 1996). To put it into perspective, Manh et al. (2012), in their 

investigation of the treatment of wastewater from pig farms in the Mekong 

delta, Vietnam, found that the pig-to-water surface ratio recorded in their 

study—from 2.36 to 9.12 pigs/100m2—did not affect the temperature of the 

slurried ponds. 

 

Although water temperature may not constitute a primary determinant of 

water quality in the present study, it remains a critical parameter due to its 

strong associations with and influence on other physicochemical properties. 

As previously noted, temperature is crucial for water quality, as it governs 

various physicochemical and biological processes within aquatic systems. It 
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influences the solubility of gases, particularly DO (MRCCC, 2025a); regulates 

the rates of chemical reactions and biological activity in the water, including 

the metabolism of aquatic organisms (Kopp, 2012); affects their exposure to 

pollutants through corresponding changes in pH, EC, TDS, and COD removal 

efficiency (Dewangan et al., 2023b; Health Canada, 2021; Muloiwa et al., 

2023); and impacts the palatability of water to consumers (Health Canada, 

2021). Due to these implications, it is prudent that there should be a long-term 

monitoring of water temperature differences between the two pond groups as 

it can provide the opportunity to detect temporal points of excessive discharge 

of piggery wastes. Despite the fertilization observations cited above, the 

addition of pig slurry can induce changes in water temperature, particularly 

when not properly managed. In an investigation of the biochemical 

mechanisms affecting the availability of nutrients released from litter bags in 

water pots containing various types of pig dejections, Bokossa et al. (2014b) 

observed an increase in pot temperature after the 3rd and 6th week of 

fertilization in all treatments. These observed temperature rise, according to 

the authors, shows activation of metabolic reactions of nutrients released by 

microorganisms. Consequently, a decrease in DO was also observed during 

these time points as the increases in temperature triggered consumption of O2 

in the water which supports the faster degradation of organic matter. They also 

led to further increases in pH underscoring a propensity to alkalinity in water 

containing pig manure mainly due to a release of NH3 from NH4
+.  

 

 

 

4. Conclusion and Recommendation 

 

In terms of the water quality baseline, the present study found that all tested 

physicochemical properties, except for turbidity, were within optimal levels. 

The high turbidity of the doline ponds makes the water appear unhealthy. 

However, the other parameters indicate that the doline pond ecosystem is not 

deteriorating and that its water resource, when pumped from the aquifer and 

treated for turbidity, can be utilized for household tap water supply and 

agricultural irrigation. 

 

Measurements for pH, Turbidity, COD, NO3
--N, and Total P could be a 

reflection of the karstic nature of the ponds’ locations. But aside from the 

geologic factor, the addition of pig slurry and manure at tolerable levels may 

also have influenced the physicochemical configuration of the ponds. This 

addition could have contributed to the parity in pH between the pond groups 
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by significantly increasing the alkalinity of the SG ponds, thereby 

counteracting the potential acidity resulting from the decomposition of pig 

slurry and manure. This proposed scenario of intensified decomposition in the 

SG ponds is supported not only by their elevated alkalinity but also by their 

significantly higher EC and TDS.  As these two indicators imply a higher 

nutrient load, the SG ponds were able to support a greater density of 

macrophytes. This, in turn—due to their phytoassimilative activity—may help 

explain the low levels and the absence of a significant difference between the 

two pond groups in terms of COD, NO₃-–N, and Total P concentrations. 

Moreover, the presence of greater macrophyte biomass in the SG ponds may 

have contributed to the near-significant difference in turbidity between the 

groups, with turbidity being relatively lower in the SG ponds. The fact that 

water temperature remained within optimal levels and did not differ 

significantly between pond groups further supports both the influence of 

thermal radiation and the notion that piggery waste discharge into the SG 

ponds remained within acceptable limits.  

 

Analysis of the results also shows that the current level of pig slurry and 

manure input into the doline ponds does not adversely affect water quality. 

However, evidence from the elevated EC and TDS values indicates that if this 

waste disposal practice increases without regulation, it could lead to negative 

consequences such as eutrophication. Given that groundwater is utilized in the 

Tabok Peninsula, it is therefore prudent that doline pond water resources be 

prioritized in the LDWQS monitoring programs of Isabel and Palompon, 

particularly if an uptick in backyard pig farming activity is observed. 

 

The assessment was limited to doline ponds accessible within the Tabok 

Peninsula, with data collection conducted exclusively during the wet season. 

A more comprehensive understanding of the doline pond water quality—both 

in the presence and absence of slurry and manure discharge—would benefit 

from a broader spatial coverage and a longer temporal scale, ideally spanning 

at least one year to account for seasonal variations. 
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