




















Physicochemical and Microbial Water Quality: A Key to Sustainable Poultry Farming




ABSTRACT

Water quality is a critical factor in poultry farming, directly influencing animal health, growth performance, and farm biosecurity. This chapter explores the physicochemical and microbiological characteristics of drinking water, highlighting how parameters such as pH, total dissolved solids (TDS), hardness, and microbial contamination affect the physiological functions of broilers. Poor water quality has been linked to increased mortality rates, reduced vaccine efficacy, and the spread of infectious agents through shared water systems. It also contributes to the emergence of antimicrobial resistance due to chronic pathogen exposure. Furthermore, the use of biocides such as Sandez and Klorsept 25 is discussed as an effective strategy to control microbial load and biofilm formation within water lines. Maintaining high-quality drinking water is crucial for protecting poultry health, enhancing biosecurity, and ensuring the long-term sustainability of intensive farming systems.
Keywords: physicochemical and bacteriological water quality; growth performance; health status; biosecurity; biocide.	Comment by LENOVO X1 YOGA: It is preferable to use short keywords that are not present in the title; to ensure an increased chance of finding the contents of the scientific article during searches via search engines, so we suggest adding these keywords: Disinfection, Pathogen transmission, Poultry welfare, Waterline management.

1. INTRODUCTION
Water is one of the most essential nutrients in poultry production. The quality of drinking water is a critical factor that can directly influence poultry health, productivity, and the overall efficiency of farm operations (Amaral, 2004; Saleh et al., 2023). In intensive poultry production systems, birds typically consume almost twice as much water as feed, underscoring water's dual role as a vital nutrient and a potential route for pathogen and contaminant transmission (Balogun et al., 2013). Physicochemical parameters such as pH, hardness, and total dissolved solids (TDS), along with microbial contaminants like Escherichia coli and other coliforms, can significantly affect water palatability, nutrient absorption, and internal organ function in broilers (Brian and Casey, 2006). Prolonged exposure to poor-quality water may lead to increased mortality rates, compromised immunity, digestive disorders, and reduced feed conversion efficiency (Saleh et al., 2023).
Moreover, contaminated water systems contribute to the spread of infectious diseases within and between flocks, undermining both preventive and therapeutic interventions. The limited effectiveness of vaccines and antibiotics under these conditions not only poses significant economic challenges but also contributes to the rapid rise of antimicrobial resistance, a growing global health threat (Amaral, 2004; Scott et al., 2018). Therefore, ensuring safe and clean water is a fundamental component of biosecurity and sustainable poultry production. This chapter explores how both physicochemical and bacteriological water quality affect poultry health, growth performance, and biosecurity. Additionally, the use of biocides to control microbial contamination in drinking systems is examined as a crucial strategy for maintaining water quality and supporting the overall health management of poultry farms. 

2. WATER QUALITY PARAMETERS
Water used in poultry farming must meet strict physicochemical and bacteriological standards to ensure the health, productivity, and welfare of the birds. Several key parameters must be monitored regularly, as even slight deviations can adversely affect poultry performance (Amaral, 2004).
2.1. Physicochemical Parameters
[bookmark: _GoBack]Key physicochemical parameters to monitor include temperature, pH, turbidity, total solids, and hardness (Brian and Casey, 2006). Research on drinking water temperature for poultry has shown varied effects on performance and health. For broilers, water temperatures between 17.8°C and 23.9°C improved growth and feed consumption compared to warmer temperatures (Harris et al., 1975). In laying hens exposed to heat stress, a water temperature of 23°C was found to be optimal for feed and water intake (Xin et al., 2002). For broiler breeders in cold environments, warm water (27.7°C) tended to improve antibody responses compared to cool water, though it did not affect production parameters (Spinu et al., 1993). A recent study on broilers in high ambient temperatures found that cooler drinking water (10°C) positively influenced meat quality and certain behaviors compared to warmer water (31°C) (Kaya and Dereli Fidan, 2023). These findings suggest that optimal drinking water temperature may vary depending on species, ambient conditions, and production goals. pH is another critical factor influencing both water palatability and microbial growth. pH of 6.0 to 6.8 is preferred for broiler production; however, birds can tolerate a pH range of 4 to 8. A pH greater than 8 could result in reduced water consumption (Brian and Casey, 2006). Turbidity in poultry drinking water, typically caused by suspended particles such as clay, silt, sand, or organic matter, can result in cloudy or muddy water that not only reduces palatability but also contributes to technical issues like leaking nipple drinkers and clogged fogging nozzles (Brian and Casey, 2006). Water hardness, primarily due to elevated concentrations of calcium and magnesium salts, leads to scale and sludge accumulation within pipelines, which impairs water flow and reduces the effectiveness of disinfectants and certain orally administered medications (Brian and Casey, 2006). While total solids, comprising both suspended and dissolved matter, are not directly linked to poultry health problems, excessive levels can disrupt equipment functionality and water distribution efficiency, thereby indirectly affecting bird performance (Brian and Casey, 2006). Therefore, maintaining appropriate levels of these physicochemical parameters is essential for sustaining optimal water hygiene. 	Comment by LENOVO X1 YOGA: It is preferable to delete the brackets to standardize the number format in the article.	Comment by LENOVO X1 YOGA: It is preferable to delete the brackets to standardize the number format in the article.	Comment by LENOVO X1 YOGA: It is preferable to delete the brackets to standardize the number format in the article.	Comment by LENOVO X1 YOGA: It is better to cite the reference once or twice at most if it is in the same period; therefore, it is preferable to combine the paragraph and reduce mentioning it to one or two times instead of four times, as indicated in yellow.
2.2. Bacteriological Parameters
Bacteriological water quality is crucial in poultry farming, as its contamination affects its safety. Microorganisms in drinking water pose a high risk of waterborne gastroenteritis (Doyle and Erickson, 2006). Multiple investigations found that water samples from poultry farms often exceeded acceptable standards for microbial content, with high levels of total coliforms, fecal Enterococci, and other pathogens (Bengoumi et al., 2015; Kassem Agha et al., 2022; Haddad and Masoud, 2024). Common contaminants included E. coli, Salmonella spp., and Campylobacter showed deteriorating quality along distribution systems, with higher contamination at endpoints (Di Martino et al., 2018). To ensure poultry health and prevent contamination of animal products, regular water quality assessments and proper cleaning of rearing equipment are recommended (Augusto et al., 2022). According to the Austrian Poultry Hygiene Regulation, bacteria levels in drinking water of poultry should not exceed a total aerobic mesophilic count of 2.0 log₁₀ CFU/mL at 22°C and 1.3 log₁₀ CFU/mL at 37°C.​ Brian and Casey (2006) reported that the maximum acceptable levels of total heterotrophic bacteria and coliform bacteria are 100 CFU/100 ml and 50 CFU/100 ml, respectively. To maintain acceptable microbiological water quality in poultry production, water treatment methods such as chlorination, as well as combined chemical-mechanical approaches and other biocidal interventions, have been increasingly adopted and refined (Valias and Silva, 2001; Calente et al., 2021; Mustedanagic et al., 2023).

3. [bookmark: _bookmark2]IMPACT OF POOR WATER QUALITY
3.1.  On Poultry Health
Contaminated water serves as a transmission route for bacterial, viral, and protozoan diseases in poultry. Diseases caused by bacteria, viruses, and protozoa are among the most prevalent in the poultry industry. Among bacterial diseases, Mycoplasma gallisepticum, the causative agent of Chronic Respiratory Disease (CRD), may contaminate water through respiratory secretions, while Escherichia coli,frequently implicated in colibacillosis and often associated with CRD,can enter the water system via fecal contamination, leading to respiratory exacerbations and septicemia. Pasteurella multocida, responsible for avian cholera, and Salmonella Gallinarum, the agent of fowl typhoid, are also shed in feces and can infect birds through polluted drinking water, causing systemic illness and significant mortality. Viral diseases are similarly transmissible through contaminated water: Paramyxovirus (Newcastle Disease), Coronavirus (Infectious Bronchitis), Herpesvirus (Marek’s Disease), Picornavirus (Avian Encephalomyelitis), and Birnavirus (Gumboro Disease) may all be introduced into drinking systems through feces or respiratory discharges, leading to symptoms ranging from respiratory distress and immunosuppression to paralysis and high mortality. Protozoan pathogens also pose a considerable risk. Histomonas meleagridis, the agent of histomoniasis, and Eimeria spp., responsible for coccidiosis, are commonly spread through fecal-contaminated water, causing gastrointestinal damage, poor weight gain, and reduced flock performance (Amaral, 2004). These examples underscore the importance of maintaining strict hygiene and regular microbiological monitoring of drinking water systems to prevent the spread of waterborne poultry diseases.
3.2.  On Growth Performance
Several studies have explored how water quality influences chicken performance. Regarding total dissolved solids (TDS) concentrations, Pourreza et al. (2000) divided broilers into six groups exposed to TDS levels of less than 1000, 1000–2000, 2000–3000, 3000–4000, 4000–5000, and over 5000 ppm and they noted a strong positive correlation between TDS levels and both water intake (r = +0.74) and litter moisture (r = +0.65). Furthermore, mortality reached 56.2% at the highest TDS level, and birds in the highest TDS group showed significantly reduced body weights compared to the control group. Similarly, Al-Salhie and Hussain (2022) reported that high levels of TDS in drinking water can lead to decreased body weight, weight gain, and feed intake in broiler chickens and Ahmed (2013) tested TDS levels of 265, 2610, 3154, and 3448 ppm under hot, dry conditions and found that 2610 ppm led to the highest weight gain, while 3448 ppm negatively affected both feed efficiency and growth. However, supplementation with vitamin C (100 mg/L) in high TDS water can improve growth parameters and physiological status of broilers (Al-Salhie and Hussain, 2022). Regarding other water parameters, Borges et al. (2003) showed that increased saline water consumption, meant to stabilize plasma osmolarity, sped up digesta transit and lowered nutrient absorption. Mushtaq et al. (2007) linked increased chloride intake to higher litter moisture and reduced dressing and organ weights. Berghaus and Stewart-Brown (2013) found that water pH influences consumption rates. Abdou et al. (2018) highlighted that contaminants such as lead nitrate, ammonium chloride, and microbial agents like E. coli O157:H7 can accumulate in poultry tissues, impair immune response, and threaten consumer health when present above safe levels. It should also be noted that contaminated water negatively affects broiler survival and production of broilers (Saleh et al., 2023), and mineral and microbial content of water influences poultry performance, with substances like nitrate and magnesium in drinking water depressing performance in broilers (King, 1996). Hence, proper management of water quality is crucial for poultry production, as it impacts the quality of animal products and food production economics (Saleh et al., 2023; King, 1996).	Comment by LENOVO X1 YOGA: Not found in the reference list

3.3.  On Farm Biosecurity
In the context of farm biosecurity, water quality plays a fundamental role in either preventing or enabling the spread of infectious agents. When water sources are contaminated, they become a continuous and invisible route for the transmission of pathogens within and between poultry houses (Amaral, 2004). Shared pipelines, drinkers, and storage tanks can facilitate the rapid distribution of bacteria, viruses, and parasites across the flock, undermining biosecurity protocols designed to contain disease (Scott et al., 2018). Moreover, inadequate water sanitation can compromise the efficacy of disinfection routines, as biofilms forming in poorly maintained water lines protect pathogens from chemical agents, allowing microbial populations to persist despite surface cleaning efforts (Melo et al., 2017; Maes et al., 2019). Studies have shown that biofilms can quickly reestablish in waterlines after cleaning, harboring pathogens like Salmonella, E. coli, and Listeria (Melo et al., 2017; Raut et al., 2024). Another major concern is the diminished effectiveness of vaccination programs (Saleh et al., 2023). Vaccines rely on the immune system’s ability to mount a controlled response, but when birds are continuously exposed to pathogens through their drinking water, this baseline immunological stress may render vaccines less effective or even counterproductive (Fairbrother et al., 2004). Further complicating the issue is the risk of antimicrobial resistance (AMR) emerging within the water system itself. Chronic exposure to low doses of antibiotics, whether from residues or environmental contamination, can select for resistant strains within biofilms or standing water. These resistant organisms not only threaten treatment efficacy but can also be transmitted between farms via equipment, staff, or water runoff, thereby breaching the farm’s biosecurity perimeter (Piccirillo et al., 2024) which contributes to making poultry one of the animal species with the highest level of antimicrobial resistance (Saidani et al., 2019). Lastly, ensuring good water quality is crucial for maintaining biosecurity in poultry production, which encompasses hygiene practices and bird health status (Wlaźlak et al., 2023).
4. USE OF BIOCIDES TO IMPROVE WATER QUALITY IN POULTRY FARMING
To mitigate issues related to poor water quality, farmers should focus on protecting water supply sources, implementing disinfection measures, and regularly monitoring water quality parameters (Amaral, 2004). To improve water quality, various biocides and disinfection methods have been evaluated. Chlorination, cleaning, and disinfection were identified as significant factors in reducing contamination (el Allaoui et al., 2016). Various biocides, including sodium hypochlorite and alkaline detergents like "Sandez," have demonstrated efficacy against pathogens such as Salmonella, E. coli, and Listeria (Kasianenko and Nesterenko, 2023; Raut et al., 2024). Klorsept 25, calcium hypochlorite, and hydrogen peroxide were also found effective against pathogenic bacteria (Mohammed, 2019). However, biofilm regrowth remains a challenge, emphasizing the need for robust sanitation protocols (Raut et al., 2024). Proper dosing is crucial, as underdosing may foster resistance while overdosing can negatively affect bird health and water intake. Regular rotation of biocidal agents is also recommended to avoid microbial adaptation (Murtough et al., 2001). Furthermore, the effectiveness of biocides is influenced by water pH, hardness, and organic matter content, necessitating prior water quality assessment (Li et al., 2019).	Comment by LENOVO X1 YOGA: Capitalize as it appears in the reference list.” E”
5. CONCLUSION
The physico-chemical and bacteriological quality of drinking water plays a pivotal role in poultry production systems. Parameters such as pH, total dissolved solids (TDS), hardness, and microbial contamination, including pathogens like E. coli and Salomella spp., must be carefully monitored and controlled, as they directly affect water palatability, safety, and its suitability for poultry consumption. Poor water quality can lead to reduced feed intake, impaired nutrient absorption, weakened immune responses, and increased mortality rates. Beyond its effect on individual bird health and growth performance, contaminated water also poses a broader threat to farm biosecurity. It serves as a vehicle for pathogen transmission within and between flocks and undermines the effectiveness of preventive measures such as vaccination and disinfection. Moreover, the persistence of microbial contaminants in the water system contributes to the emergence of antimicrobial resistance, further complicating disease management. As discussed, the use of biocides offers an effective method to control microbial loads and biofilm formation in drinking systems. Therefore, maintaining high water quality standards is a strategic necessity for ensuring productive, resilient, and biosecure poultry farming operations.
f	Comment by LENOVO X1 YOGA: Delete
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