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Introduction 

Water is a vital resource for life, playing a crucial role in daily activities, from domestic use to 

industrial processes. As the global population grows, water consumption increases, leading to 

more wastewater disposal that must be treated to ensure biosafety. Effective wastewater 

treatment is essential for maintaining clean water resources, promoting environmental 

sustainability, and safeguarding public health (Tortajada C. 2013). The treatment processes in 

wastewater treatment plants (WWTP) typically involve three stages: primary (mechanical), 

secondary (biological), and tertiary (chemical) methods. These stages work together to remove 

pollutants, contaminants, and pathogens, ensuring that treated water meets established quality 

standards. In the chemical treatment phase, chlorine (Cl₂) is commonly used for disinfection, 

effectively killing harmful pathogens (Amit Sonune & Rupali Ghate 2004). Sulfur dioxide (SO₂) 

is then introduced to dechlorinate the water, neutralizing residual chlorine and reducing its 

toxicity (A. Sathasivan et al. 2017). This dual approach ensures that treated wastewater is safer 

for discharge into the environment. 

However, treated wastewater is often not 100% pure, creating an environment conducive to 

biofilm growth. Biofilms are aggregates of microbial cells that stick to surfaces and are enclosed 

in a self-producing extracellular matrix composed of proteins, polysaccharides, and nucleic acids 

(Chattopadhyay et al. 2022). These structures can vary in population density and are known for 

their resistance to antimicrobial agents, leading to chronic infections and contamination in 

various industries (Costerton et al.(1995)) Factors influencing biofilm formation include nutrient 

availability, hydrodynamic conditions, and static environments. The formation of biofilms occurs 

through a multi-stage process, complicating its management in different systems (Uneputty et al. 

(2022)).  

To address the challenges posed by biofilms, innovative strategies are being explored that utilize 

the antimicrobial properties of nanoclusters and phytochemicals. Nanoclusters, small aggregates 

of nanoparticles, have shown promise in disrupting biofilm formation and reducing microbial 

density (Sengupta et al. (2016)). An example is the use of DNA aptamer-templated silver 

nanoclusters (Apt-DNA Ag-NC), formed through a chemical reaction involving the reduction of 

silver ions, known for their potent antimicrobial properties (Benn et.al (2010). DNA aptamers 

provide high specificity and binding affinity to target proteins and microorganisms within 

biofilms, enhancing treatment effectiveness while minimizing impacts on non-target organisms 

(Radwan et al. (2019). Phytochemicals derived from various plants also possess natural 

antimicrobial properties that can effectively combat biofilm-forming microorganisms 

mailto:*senguptab@sfasu.edu


(Nascimento GGF et al. (2000)). Utilizing these natural compounds offers a potential alternative 

to traditional chemical treatments, which may contribute to the emergence of resistant microbial 

populations (Singh et.al (2020)).  

This research investigates the effectiveness of wastewater treatment processes using biofilm 

formation as a key indicator. By analyzing how chemically treated wastewater can facilitate 

biofilm growth, which challenges the effectiveness of treatment systems, we can gain insights 

into the efficiency of various methods. These insights will help identify areas for improvement in 

wastewater management practices, enhancing treated water purity to protect public health and 

environmental safety. 

Methods 

Treated wastewater samples were collected from treatment plants in Deep East Texas, 

specifically from San Augustine (SAWWTP) and Nacogdoches (NWWTP) counties, focusing on 

those treated with sulfur dioxide (SO₂) and chlorine (Cl₂). Additionally, sterilized (ST) distilled 

water was prepared through autoclaving distilled water, and tap water (TW) was obtained after 

running the tap for 10 minutes. Bacillus thuringiensis (Bt) ATCC 33679 served as the model 

organism, grown overnight in liquid Luria Broth (LB) at 37ºC with shaking at 109 rpm. The 

optical density (OD) was measured at 600 nm using a Genesys 10S UV-Vis spectrophotometer to 

determine bacterial growth, with a final OD600 of 0.03 chosen to initiate biofilm formation. Bt 

was grown in 100% LB and in LB mixed with water samples at a 50%:50% v/v ratio in 

Eppendorf tubes, LB agar, mica, and multi-well culture plates at 37ºC for 24 hours in static 

conditions. After incubation, OD600 was measured, and the supernatants were removed and 

filtered for ion exchange analysis. Brightfield imaging and scanning electron microscopy were 

performed on the plates/mica to study the morphological structure of the biofilm. 

Results and Discussion 

The results obtained from this study are illustrated in Figures 1 and 2. These findings indicate the 

presence of Bt biofilms across various environments, including treated wastewater from the 

NWWTP and SAWWTP. Data collection utilizes a range of techniques, including spectroscopic 

studies to measure optical density, light microscopy to obtain bright field images, scanning 

electron microscopy (SEM), and ion chromatography analyses. Collectively, these methods 

provided a thorough evaluation of biofilm formation, acting as a probe to assess the purity of 

treated wastewater. This research offers valuable insights into the water quality of treated 

wastewater in Deep East Texas. 

 

 



 

Our studies found that treated wastewater can promote the growth of biofilm-forming microbes, 

with Bt serving as a model organism. The optical density (OD) of the supernatant (see figure 1A) 

was a reliable indicator of bacterial growth, directly correlating with biofilm formation. Ion 

chromatography studies (see figures 1B and 1C) on the supernatants highlight the role of bacteria 

in releasing phosphate to enhance biofilm mechanical stability (Flemming et al., 2016), with 

chloride excretions showing a direct significance with biofilm formation. Imaging studies, as 

shown in Figure 2, revealed that brightfield microscopy highlighted lighter spots, indicating the 

development of microbial communities within the biofilm. SEM further illustrated the vertical 

growth and complex surface structure of the biofilm, providing a deeper understanding of its 



architecture. Additionally, ongoing strategies aim to mitigate biofilm formation using 

phytochemicals in basil and mint extracts are underway to further improve the efficiency of 

wastewater treatment processes and mitigate the adverse effects of biofilms, ultimately 

contributing to sustainable water management practices in Deep East Texas. 
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