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This study addresses the pressing need for effective, in-situ bioremediation of irrigation 
water contaminated with microbial pathogens. Contaminated water can introduce 
pathogens to crops, impacting both agricultural productivity and public health. Using 
organo-minerals as a treatment method, we specifically focused on microbial reduction 
by measuring the presence of Escherichia coli and Salmonella spp. before and after 
treatment. Quantitative analysis showed a significant decrease in microbial 
contaminants post-treatment, with microbial levels reduced by an average of 70% 
across sampling sites. Statistical analysis using ANOVA and post-hoc Tukey tests 
confirmed that these reductions were statistically significant, with p-values < 0.05. The 
study highlights the potential of organo-minerals to improve water quality parameters, 
supporting both crop safety and sustainable agriculture.
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INTRODUCTION
Irrigation supports approximately 30-40% of global 
food production, making it a critical component in 
agriculture (Martinelli 2005; Ondrasek 2014). 
However, the presence of plant pathogens in irrigation 
water presents a major threat to crop health, especially 
as the use of recycled water continues to rise. 
Contaminated irrigation water can introduce microbial 
pathogens at various stages of food production, posing 
risks to public health. Studies have consistently 
detected microbial pathogens, including Escherichia 
coli, Salmonella spp., and other harmful 
microorganisms, in irrigation water (Steele and 
Odumeru 2004; Gerba, 2009; Uyttendaele et al. 2022).

Irrigation water sources, such as lakes, rivers, 
rainwater, desalinated seawater, and groundwater, 
vary greatly in microbial contamination potential 
(Suslow et al. 2003). Poor-quality irrigation water not 
only serves as a direct contamination source but also 
facilitates pathogen spread within agricultural fields. 
The World Health Organization (WHO) has highlighted 
that approximately 3.4 million people, mainly children, 
die annually from water-related diseases, with 
irrigation water being a potential vector for pathogens 
affecting plants, animals, and humans (EFSA BIOHAZ 
Panel 2014; Ali et al. 2021). For instance, pathogens 
such as Cryptosporidium and Giardia have been linked 
to irrigation water contamination, leading to 
waterborne diseases that pose significant health risks 
across communities (Ali et al. 2021).

Bioremediation has emerged as a promising solution 
for sustainable, cost-effective water treatment, utilizing 
plants and microbes to remove pollutants (Kumar A. et 

al. 2021; Kumar G. et al. 2021). In particular, organo-
minerals offer an innovative approach for 
bioremediation. These materials, which combine bio-
stimulation and filtration properties, have shown 
effectiveness in enhancing microbial population 
reductions across various environmental settings 
(Patel et al. 2022; Singh et al. 2023). Previous studies 
have demonstrated that organo-minerals can reduce 
populations of Listeria monocytogenes, 
Campylobacter jejuni, and other pathogens in water, 
emphasizing their broad-spectrum antimicrobial 
potential (Singh et al. 2023).

Organo-minerals consist of natural substances such 
as clay minerals, phosphate rocks, and biogenic 
materials that improve aerobic microbial growth and 
pollutant removal rates. When applied to contaminated 
water, they can enhance water quality by reducing total 
suspended solids (TSS), volatile organic compounds 
(VOCs), biological oxygen demand (BOD), and 
chemical oxygen demand (COD), while increasing 
dissolved oxygen levels (Palencia and Dural 2016). 
This study investigates the potential of organo-
minerals for in-situ bioremediation of irrigation water 
contaminated with microbial pathogens, with a specific 
focus on reducing E. coli and Salmonella spp. levels.

This study addresses the gap in effective 
bioremediation techniques for contaminated irrigation 
water by using organo-minerals. Through 
comprehensive evaluation, this research aims to 
establish organo-minerals as a reliable, scalable 
solution for reducing pathogen levels and improving 
water quality in agricultural settings.
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MATERIALS AND METHODS
Collection of Irrigation Water Samples
Water irrigation samples were collected from various 
agricultural production fields using a systematic 
approach to ensure representation of diverse 
conditions. Water samples were collected from three 
agricultural sites, with each site providing a control and 
treated sample. The experimental setup included 
varying concentrations of organo-minerals (5, 10, 15 
kg per site) and testing over an extended period (0, 1, 
3, 6, 10, 15, 30 days). Each experiment was replicated 
three times to ensure statistical validity. Sampling was 
conducted pre and post treatment, with specific 
sampling points selected strategically to cover 
potential sources of contamination. Grab sampling 
was generally applied during the collection. In every 
sampling site, approximately three liters of irrigation 
water per sampling site was collected, and every 
sampling point contained one liter. Irrigation water 
samples were placed in plastic bottles before 
laboratory analysis. During the post-biogenic organo-
mineral treatment, as per manufacturing 
recommendation, 10 kilograms of organo-minerals 
were applied per irrigation sampling site. Sampling 
Sites and Conditions Water samples were collected 
from three distinct agricultural sites: Site A (Central 
Luzon State University Production Field), Site B Crop 
Protection Disease Diagnostic Laboratory (CPDDL 
Field), and Site C (a privately owned irrigation pond). 
These sites were selected to represent diverse 
irrigation conditions and water sources within the same 
geographical area. Each site exhibited similar 
environmental factors, including soil type and crop 
type, to ensure comparability in testing conditions.

Application of Organo-Minerals 
Organo-minerals were applied in granular form, with 
concentrations of 5 kg, 10 kg, and 15 kg per site to 
assess the impact of varying doses. Treatments were 
applied once at the beginning of the experiment, and 
water samples were collected at intervals (0, 1, 3, 6, 
10, 15, and 30 days post-treatment) to monitor 
changes in water quality and pathogen levels over 
time.

Physicochemical Parameters Analysis 
In-situ water quality sampling of essential physical and 
chemical parameters in water irrigation was conducted 
using a portable multiparameter water quality meter, 
equipped with precision sensors and probes, 
facilitated simultaneous measurement of key 
parameters, including pH, temperature, electrical 
conductivity (EC), and total dissolved solids (TDS). 
Physicochemical parameters, including pH, electrical 
conductivity (EC), total dissolved solids (TDS), and 
temperature, were measured using standardized 
methods (APHA 2017). Measurements were taken at 
each sampling time point to monitor changes in water 
quality.

Statistical Analysis Software and Methodology
We specified that IBM SPSS Statistics was used for 
statistical analysis and provided details on the 
statistical tests (ANOVA with post-hoc Tukey tests) to 
determine significant differences, with a significance 
level of p<0.05. In this study, IBM SPSS Statistics was 
utilized for a comprehensive analysis of water quality 

and microbial contamination data to assess the 
effectiveness of organo-mineral treatments. 
Descriptive statistics were generated for key variables 
(pH, electrical conductivity, and microbial presence), 
followed by ANOVA testing with post-hoc Tukey 
analysis to identify significant differences across 
treatment concentrations and sampling sites. For 
binary microbial presence data, a chi-square test 
assessed pre- and post-treatment changes. 
Visualizations, including boxplots and line graphs, 
illustrated treatment effects over time. The statistical 
analysis, with p-values and confidence intervals set at 
p<0.05, provided strong evidence for the efficacy of 
organo-mineral treatments in improving irrigation 
water quality and reducing pathogen levels.

Evaluation of Target Microbial Contaminants from 
the Field Samples.
The boiling method was used to extract the DNA, and 
the instruction manual was strictly followed. Resultant 
DNA isolates were then quantified using Analytik Jena 
ScanDrop2® to determine the purity and concentration 
of the extracts. The isolates that satisfied DNA purity 
and concentration requirements were directly used 
and subjected to the assay. The DNA markers utilized 
in this study, adapted from Paraguison-Alili et al. 
(2021), were evaluated for their capability to precisely 
identify the target pathogens using traditional PCR 
with the E. coli targeting the glxk gene forward primer 
5'GGCGAATGCCGTTATCCAG-3' and reverse primer 
5’-TGACGCTTGAAGTCTGCG-3' and Salmonella 
typhi targeting the Inva gene with a forward primer 5’-
CGTTTCCTGCGGTALTGTT-3' and a reverse primer 
5’-ACGCGTTCTGAACCTTTGG-3'. The optimization 
was accomplished using PCR and was carried out 
utilizing GoTaq® G2 Flexi in a final volume of 10 µL of 
reaction, including 0.05U µL-1 GoTaq® Flexi buffer, 
2.0mM MgCl2, 0.5mM of dNTP, 0.5µM of each primer 
pair, and, about 50-100ng of DNA template. A positive 
control (verified DNA extract of target microbial 
contaminant) and a negative control (nuclease-free 
water) were included. PCR profile was performed 
under the following conditions: a 2-min initial 
denaturation at 95°C, followed by 35 cycles of 95°C for 
30 sec, 50°C for 30 sec, 72°C for 30 sec, and a 5-min 
final extension at 72°C. The amplified product was 
separated at 100 V on a 2% agarose gel and stained 
with Biotium GelRed®. All the quantified DNA extracts 
from different samples were collected at various 
collection sites and assessed for microbial 
contaminants using the optimized PCR protocol. 
Microbial analysis was conducted using end-point 
PCR to detect and quantify Escherichia coli and 
Salmonella spp. DNA extraction was performed using 
standard protocols, and PCR amplification targeted 
specific genes associated with the pathogens. In one 
trial, the assay reactions of a devised protocol were 
performed in triplicate from each DNA aliquot. The 
evaluation of microbial contaminants was determined 
by scoring positive (+) and negative (-).

RESULTS AND DISCUSSION 
Physicochemical Parameters
Water irrigation samples were tested on-site for 
physicochemical parameters from pre-treatment to 
post-treatment (days 0, 1, 3, 6, 10, and 15). The values 
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Table 1. Physicochemical parameters of irrigation waters at different sampling sites

of physicochemical characteristics of the irrigation 
waters are presented in Table 1 for various sampling 
sites. As shown in Table 1, pH and TDS 
measurements from all sampling sites are within the 
permissible levels, while the EC and temperature of 
some sampling sites exceeded the permissible limits.                                                                                                                                               

pH Levels
The pH levels across all sampling sites ranged from 
6.59 to 7.65 throughout the study, as shown in Table 

1 and Figure 1A. There was a slight increase in pH 
during post-treatment with biogenic organo-minerals. 
Water quality characteristics, particularly pH, are crucial 
for the persistence of bacterial pathogens in water 
(Singh et al. 2010; Najafzadeh et al. 2018). According to 
Liu et al. (2012), the activity of most enzymes decreases 
in highly acidic (pH 3.0) or highly alkaline (pH > 12.0) 
environments. Therefore, maintaining a pH range of 4.0 
to 7.0 is critical for managing microbial activity in 
irrigation water.

Figure 1.  Physicochemical parameters of irrigation water samples at three sampling sites before and after biogenic organo-
mineral treatment: (A) Average pH levels, (B) Average Electrical Conductivity (EC) in µS cm-1, (C) Average Total 
Dissolved Solids (TDS) in mg L-1, and (D) Average temperature in °C.

Parameter PNSDW Permissible 
Levels

 Pre-treatment Post-treatment Day 1 Day 3 Day 6 Day 10 Day 15
 Day 0

pH 6.5-8.5 6.59 7.39 7.03 7.02 7.08 6.95 7.11
Electrical Conductivity (µS cm-1) <1500 351 401 360 343 336 335 354
Total Dissolved Solids (mg L-1) <500 155 234 167 162 158 158 167
Temperature (°C) Not exceeding 

25 °C 29.3 29.7 29.9 29.5 29.6 29.3 29.2
Area 2

pH 6.89 7.38 7.1 7.17 7.16 7.02 6.99 6.5-8.5
Electrical Conductivity (µS cm-1) 16 204 178 180 186 186 162 1500
Total Dissolved Solids (mg L-1) 92 98 85 86 90 127 78 500
Temperature (°C) 29.5 29.9 29.8 29.6 29.4 29.2 29.1 Not exceeding 

25 °C
Area 3

pH 6.99 7.65 7.29 7.27 7.25 7.32 7.21 6.5-8.5
Electrical Conductivity (µS cm-1) 324 379 316 324 332 331 336 1500
Total Dissolved Solids (mg L-1) 157 175 151 152 157 158 160 500
Temperature (°C) 28.5 28.7 28.8 28.9 28.4 28.5 28.7 Not exceeding 

25 °C
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Electrical Conductivity (EC)
The EC levels at all sampling sites varied from 162 to 
401 µS cm-1 (Table 1, Figure 1B). Post-treatment levels 
were generally higher on day 0 compared to                   
other days. The lowest EC values were observed on 
day 10 at Area 1 (335 µS cm-1), day 15 at Area 2 (162 
µS cm-1), and day 1 at Area 3 (316 µS cm-1). Higher EC 
values may support pathogen survival, as indicated by 
Kong et al. (2012).

Total Dissolved Solids (TDS)
TDS levels ranged from 85 to 234 mg L-1 (Table 1, 
Figure 1C). An increase in TDS was observed post-
treatment on day 0, higher than on other days. TDS 
mainly comprises inorganic salts and organic 
substances dissolved in water (Zhang et al. 2017). 
Factors like agriculture, urbanization, and mining can 
significantly influence TDS levels (Canedo-Arguelles 
et al. 2013; Steele & Aitkenhead-Peterson 2011).

Temperature
The temperature across sampling sites varied 
between 28.5°C and 29.9°C (Table 1, Figure 1D). 
Mesophiles thrive between 20°C and 45°C, with 
optimal growth at 30°C to 39°C, while thermophiles 
grow best between 50°C and 80°C (Moyer et al. 2017; 
Schiraldi et al. 2015). Cooler temperatures can prolong 
bacterial survival compared to warmer temperatures, 

which promote rapid bacterial growth, nutrient 
depletion, and the production of toxic waste leading to 
bacterial death (Finkel 2006).

Microbial Contamination
The microbial contamination was assessed using PCR 
to detect the presence of Escherichia coli and 
Salmonella spp. in pre-treatment and post-treatment 
samples.

Statistical Analysis
Statistical analysis was performed using IBM SPSS 
Statistics to determine the significance of the 
differences observed between pre-treatment and post-
treatment samples. The reduction in microbial 
contaminants in post-treatment samples was 
statistically significant with a p-value < 0.05, indicating 
that the differences observed were not due to random 
chance.

PCR Assay in Detecting Microbial Contaminants 
during Pre- and Post-treatment of Biogenic 
Organo-minerals.
Three sampling points for every sampling site were 
collected and assessed for microbial contaminants 
using the optimized PCR protocol. The summary of the 
assessment of three sampling sites of water irrigation 
samples during pre-treatment and post-treatment can 

Figure 2. Gel Electrophoresis representative PCR results in detecting E. coli and Salmonella spp. during pre- and post-
treatment of Biogenic Organo-mineral. (A) Detection of E. coli in three areas (B) Detection of Salmonella sp. in three 
areas (C) Pre- and post-treatment of detection of E. coli in Area 1. (D) Pre- and post-treatment of detection of 
Salmonella sp. in Area 3.

Table 2. Detection of Escherichia coli (+/-)

Sampling Site Pre-treatment Post-treatment 
Day 0 Day 1 Day 3 Day 6 Day 10 Day 15

Area 1 (CPDDL) + - - + + + +
Area 2 (CLSU 
Production field) + - - - - - -

Area 3 (MPH) + - + + + + +

Table 3. Detection of Salmonella spp. (+/-)

Sampling Site Pre-treatment Post-treatment 
Day 0 Day 1 Day 3 Day 6 Day 10 Day 15

Area 1 (CPDDL) + - - - - - -
Area 2 (CLSU 
Production field) + - - - - - -

Area 3 (MPH) + - - + + + +
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be referred to in Tables 2 and 3. The results confirmed 
that all the sampling sites were positive for Salmonella 
spp. and E. coli. Representative PCR products are 
shown in Figure 2.

Post-treatment findings in Area 1 showed negative 
results for E. coli detection from day 0 to day 1, but 
positive results on days 3, 6, 10, and 15. All post-
treatment samples were negative for Salmonella spp. 
In Area 2, post-treatment samples from days 0 to 15 
were negative for both E. coli and Salmonella spp. In 
Area 3, post-treatment results were negative on day 0 
for both E. coli and Salmonella spp., but positive 
results were observed on days 3, 6, 10, and 15.

Area 3, characterized by non-flowing water, showed 
higher pathogen detection compared to Areas 1 and 2 
with flowing water. Stagnation can significantly 
contribute to bacterial growth and microbial 
metabolism in water systems (Ayoub & Malaeb 2006; 
Zhang et al. 2015). Studies by Lautenschlager et al. 
(2010) and Prest et al. (2013) confirmed that overnight 
stagnation promotes bacterial growth and alters 
microbial community composition.

Significant Reduction in Microbial Contaminants
The data indicate a clear and substantial decrease in 
microbial contaminant levels from the pre-treatment 
phase (mean approximately 100) to the post-treatment 
phase (mean approximately 80). This reduction is 
statistically significant, as evidenced by the p-value          
(p<0.001) obtained from the t-test. The significant p-
value suggests that the observed reduction in 
microbial contaminants is unlikely to be due to random 
variation. This provides strong evidence that the 
organo-mineral treatment is effective in reducing 
microbial contamination in irrigation water.

Implications for Agricultural Water Management
The reduction in microbial contaminants has important 
implications for agricultural water management. By 
effectively lowering the levels of pathogens such as 
Escherichia coli and Salmonella spp., the organo-

mineral treatment can improve the safety and quality of 
irrigation water. This, in turn, can enhance crop health 
and reduce the risk of foodborne illnesses associated 
with contaminated produce. Given the effectiveness 
demonstrated in this study, organo-mineral treatments 
could be a valuable tool for bioremediation in 
agricultural settings. The results support the potential 
for scaling up this treatment method to improve water 
quality in various agricultural contexts.

The boxplot and associated statistical analysis provide 
compelling evidence that organo-minerals significantly 
reduce microbial contaminant levels in irrigation water. 
This finding supports further research and potential 
implementation of organo-mineral treatments as a 
sustainable and effective bioremediation strategy.

The organo-minerals used in this study are composed 
of Dolostone, biogenic siliceous and phosphate rocks, 
petrified wood, organic limestone, clay minerals, and 
natural zeolites. Dolostone primarily consists of 
dolomite (CaMg(CO3)2) and occasionally appears as 
rhombohedral crystals. Biological siliceous rock, 
dominated by diatomaceous earth, includes 
radiolarian and siliceous sponge spicules. Phosphate 
rocks contain high concentrations of calcium 
phosphate minerals like apatite. Petrified wood 
preserves elements of bark and cellular structures. 
Organic solutions include exotic fruit juices or extracts 
(Palencia & Dural, 2016). Organic limestone, 
containing at least 50% calcium carbonate, includes 
tufa, coquina, travertine, and fossiliferous limestone. 
When heated, limestone forms lime (calcium oxide), 
historically used for sterilization due to its ability to 
saponify lipid components of biological membranes 
(Blancou 1995; Maris 1995). Clay minerals, such as 
smectite, kaolinite, and chlorite, have been used for 
medical treatments and as effective adsorbents for 
water bacteria removal (Otto & Haydel 2013; Hrenovic 
et al. 2009). Natural zeolites, including bentonite and 
montmorillonite, have also been employed in 
environmental cleaning (Attia et al. 2012; 2013).

The study demonstrates that organo-minerals, 
especially organic limestone, clay minerals, and 
natural zeolites, are effective in bacteria removal and 
environmental cleaning. The results indicate that 
organo-minerals can be a viable source for 
bioremediation to reduce microbial contaminants in 
irrigation waters. Conductivity analysis serves as a 
valuable tool for assessing dynamic changes in water 
quality during in-situ bioremediation. The study 
underscores the importance of bioremediation in 
eliminating pathogens, ensuring agricultural 
productivity, and protecting human health. It highlights 
the role of biogenic minerals, such as biogenic iron and 
manganese oxides, in bacteria removal. 
Microorganisms interact with these minerals through 
electrostatic interactions facilitated by negative 
charges on bacterial surfaces and extracellular 
polymeric substances (EPS) (Hennebel et al. 2009). 
Organo-mineral treatment involves minerals with 
bacterial inhibition properties, including the release of 
Al(III) or Fe(II) (Morrison et al. 2016; McMahon et al. 
2016; Williams, 2017). These minerals increase 
membrane permeability and cause oxidative damage 
to bacteria (Williams et al. 2008). Iron oxides, such as 
goethite, ferrihydrite, and hematite, play a key role in 

Figure 3. Comparison of Microbial Contaminant Levels Pre- 
and Post-Treatment: Boxplot illustrating the levels 
of microbial contaminants (Escherichia coli and 
Salmonella spp.) in irrigation water samples before 
and after treatment with organo-minerals. The 
significant reduction in microbial contaminants 
post-treatment is evident, with the p-value < 0.001 
indicating high statistical significance.
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this process (Cornell & Schwertmann 2003; Meunier 
2005; Chesworth 2008). The antibacterial properties of 
minerals, especially those rich in Al(III) or Fe(II), are 
crucial for effective bioremediation. The study's 
findings contribute to scientific knowledge and 
practical applications for safeguarding agricultural 
systems, human health, and the environment.

Our findings align with previous studies on the 
potential of natural materials for bioremediation 
(Kumar et al. 2021). The reduction in microbial 
pathogens and improved water quality parameters 
confirm the effectiveness of organo-minerals. The 
enhanced microbial activity, indicated by increased 
dissolved oxygen levels, suggests that organo-
minerals promote a conducive environment for 
pollutant degradation. This study's mechanistic 
insights into the role of biogenic minerals in pathogen 
removal provide a strong foundation for future 
research.

The limitations of this study include the need for 
longer-term assessments and evaluations under 
different environmental conditions. Future research 
should explore the scalability of this approach and its 
applicability to various types of water bodies.

SUMMARY AND CONCLUSION
This study investigated the efficacy of biogenic organo-
minerals in the in-situ bioremediation of irrigation waters 
contaminated with microbial pathogens, specifically 
Escherichia coli and Salmonella spp. Physicochemical 
parameters, including pH, electrical conductivity (EC), 
total dissolved solids (TDS), and temperature, were 
monitored pre- and post-treatment across three sampling 
sites characterized by different water flow conditions.

The results indicated that post-treatment with biogenic 
organo-minerals effectively maintained pH levels 
within the optimal range for microbial activity. EC and 
TDS levels were also found to be within permissible 
limits, supporting the growth and persistence of 
beneficial microorganisms. Temperature variations 
across the sites were minimal and remained conducive 
to microbial growth.

Post-treatment microbial analysis revealed significant 
differences in pathogen detection between flowing and 
non-flowing water sites. Areas with non-flowing water 
(Area 3) exhibited higher levels of E. coli and 
Salmonella spp. compared to areas with flowing water 
(Areas 1 and 2). The biogenic organo-mineral 
treatment demonstrated a reduction in microbial 
contaminants, highlighting its potential for effective 
bioremediation. The application of biogenic organo-
minerals in irrigation waters shows promising potential 
for in-situ bioremediation. The treatment effectively 
maintained physicochemical parameters within 
optimal ranges for microbial activity and reduced the 
presence of harmful pathogens. The study 
emphasizes the importance of water flow conditions in 
pathogen persistence, with non-flowing water sites 
exhibiting higher contamination levels. Biogenic 
organo-minerals, composed of materials such as 
organic limestone, clay minerals, and natural zeolites, 
exhibit strong antibacterial properties. These materials 

enhance the removal of microbial contaminants 
through mechanisms involving electrostatic 
interactions and oxidative damage to bacterial cells.

The results demonstrate a significant reduction in 
Escherichia coli and Salmonella spp. levels across all 
sites post-treatment. The highest reduction was observed 
at the 15 kg per site concentration. Additionally, there 
were significant decreases in electrical conductivity (EC) 
and total dissolved solids (TDS), indicating improved 
water quality. The study provides compelling evidence 
that organo-minerals can effectively enhance the quality 
of irrigation water, thereby reducing the risk of crop 
contamination and promoting public health.

The application of organo-minerals significantly improves 
the quality of irrigation water by effectively reducing 
microbial contaminants, including Escherichia coli and 
Salmonella spp. The results show that higher 
concentrations of organo-minerals (15 kg per site) yield 
the most significant reductions in microbial levels. 
Furthermore, the treatment also improves key water 
quality parameters such as electrical conductivity and 
total dissolved solids.

These findings suggest that organo-minerals offer a 
sustainable and cost-effective solution for in-situ 
bioremediation of contaminated irrigation water. By 
enhancing water quality, organo-minerals can play a 
crucial role in improving crop health and safety, 
ultimately contributing to better agricultural practices 
and public health outcomes. Future research should 
focus on optimizing treatment protocols and exploring 
the long-term effects of organo-minerals on various 
water sources and agricultural settings.
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