Original Research Article 


Environmental Contaminants in Drinking Water of Urban Dairy Farms in Dhaka, Bangladesh: Microbial and Iron Burdens as Emerging One Health Threats Under Climate Stress


ABSTRACT

With direct implications for One Health and environmental resilience, water quality remains a critical yet underexplored determinant influencing livestock health, productivity, and food safety in Bangladesh’s urban dairy systems. In rapidly urbanizing regions such as Dhaka, drinking water infrastructure is increasingly vulnerable to microbial contamination, structural decay, and climate-linked stressors. This study evaluated the microbiological and physicochemical quality of drinking water supplied to five representative urban dairy farm locations. Sampling followed a 5-site design with 4 replicates per location (n = 20), using standard microbiological and biochemical methods to detect total coliforms, Escherichia coli, and protozoa (Giardia spp., Balantidium spp.), alongside measurements of pH, total dissolved solids (TDS), iron, chloride, and total hardness. All samples showed 100% prevalence of coliforms and E. coli, with bacterial loads significantly exceeding WHO safety limits. The highest coliform count was recorded in Mirpur-1 (2.63×10⁸ CFU/ml; P = 0.012), while the lowest was at the SAU campus (1.73×10⁸ CFU/ml). E. coli loads ranged from 5.50×10⁷ to 7.05×10⁷ CFU/ml (P = 0.043) while no protozoan parasites were detected. Iron concentrations exceeded recommended levels across all sites, with Mirpur-1 showing the highest mean (0.972 ± 0.02 ppm; P = 0.001). TDS and chloride levels were highest in the 60 Feet area (397.0 ± 3.14 ppm and 0.945 ± 0.03 ppm; both P = 0.001). Water hardness ranged from 75.0 ± 2.04 to 165.0 ± 1.23 ppm, while pH values remained within acceptable limits (6.12 ± 0.03 to 6.70 ± 0.07). TDS showed a moderately strong positive correlation with coliforms (R² = 0.697; P = 0.079), while chloride had a moderate negative correlation with E. coli (R² = 0.460; P = 0.208). These findings emphasize the need for climate-resilient water safety protocols, regular microbial surveillance, and improved sanitation to protect livestock and public health in urban dairy environments.
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1. Introduction

Effective management of drinking water is essential in livestock farming, as water supports life and directly influences growth, lactation, and reproduction. A strong positive relationship exists between water intake and feed intake under normal physiological conditions (Beede, 2006). Water also regulates digestion, nutrient absorption, thermoregulation, osmotic balance, and the secretion of hormones and bodily fluids including saliva and milk (Lardner et al., 2005).
Livestock are sensitive to water taste and odor; poor quality often reduces consumption and affects productivity (Deshmukh, 2013; Umar et al., 2014). Evaluating physicochemical and microbiological properties is therefore central to understanding water quality. Key factors include pH, total dissolved solids (TDS), hardness, chloride, iron concentrations, and microbial contaminants (Beede, 2006). Animals typically accept drinking water with a pH range of 6.5 to 8.5 (Curran et al., 2007). When the pH falls below 6.5, the water becomes acidic and less palatable; above 8.5, it turns strongly alkaline, which also discourages intake (Dragchi, 2001; Man, 2007; Propescu, 2010). Elevated TDS can reduce intake, impair feed efficiency, and introduce excess sulfur (Patterson and Johnson, 2003). Similarly, high chloride levels depress consumption and reduce milk yield (Swistock, 2016). Hard water may cause gastric disorders, renal stones, and methemoglobinemia, especially when animals adapted to soft water are exposed to hardness (El Mahdy, 2013). Iron concentrations above 0.3 ppm impart a metallic taste, reducing intake and productivity; chronic exposure affects feed conversion efficiency (Man et al., 2002; Swistock, 2012).
Microbiological contamination is another major concern. Pathogens such as coliform bacteria, Giardia, and Balantidia pose risks to both animal and human health. Bacteria may constitute up to 95% of all microorganisms in contaminated water (Yan et al., 2021); often originating from sewage intrusion or corroded pipelines (Patoli et al., 2010). Coliforms may colonize organs and act as opportunistic pathogens (Dodds and Giillies, 1984). Infections like Giardiasis and Balantidiasis can cause diarrhea, dehydration, reduced appetite, and poor growth or productivity (Olson et al., 1995; Yazar et al., 2004).
Dhaka, the capital of Bangladesh, hosts a growing cluster of dairy farms that contribute to urban food security. However, poor water quality, due to defective sewerage, industrial discharge, and fecal contamination, threatens animal health and production efficiency (Patoli et al., 2010). Despite water's central role, no comprehensive research in Bangladesh has yet documented water quality in terms of microbial and physicochemical properties in dairy farming. Therefore, many producers and policymakers continue to underestimate its importance for livestock health and milk hygiene.
Given the intensifying demand for safe dairy products and vulnerability of urban livestock systems to environmental stressors, this knowledge gap is particularly concerning. Rapid urbanization, coupled with climate variability, exacerbates water contamination risks and infrastructure challenges, undermining sustainable dairy farming and environmental health in Dhaka. The interplay between urban expansion, climate change, and water resource management demands integrative approaches to safeguard both animal and human health.
Our research group has been actively involved in investigating public health and environmental risks tied to microbial contamination and antimicrobial resistance in food and livestock systems. In response to these challenges, we have prioritized studies that explore microbial dynamics across multiple interfaces of the food production chain. Recent studies from our laboratory have documented the presence of antibiotic-resistant Salmonella Enteritidis in raw chicken meat (Karim et al., 2025), and identified Escherichia coli and Salmonella spp. isolated from dead broilers with notable antimicrobial resistance profiles (Islam et al., 2025). In dairy cattle, we reported mastitis prevalence associated with resistant strains of E. coli and Staphylococcus aureus (Islam et al., 2024), alongside detection of antimicrobial-resistant bacteria in cows' raw milk posing public health risks (Islam et al., 2024).
Additionally, epidemiological surveys from our laboratory have revealed gastrointestinal parasitic zoonoses in cattle in Bangladesh, including ascariasis incidence in calves reared under rural conditions, highlighting parasitic infections as critical components of livestock health challenges and potential zoonotic transmission routes (Kabir et al., 2019; Islam et al., 2005). These findings highlight the intricate and multifaceted links between animal health, food safety, and the prevalence of zoonotic microbiota across both rural and urban livestock value chains. Building on this foundation, the present study investigates the microbiological and physicochemical quality of drinking water in urban dairy farms, a critical yet frequently overlooked determinant of livestock health, productivity, and zoonotic transmission dynamics. These factors not only influence immediate farm-level outcomes but also exert broader impacts on environmental health and the One Health continuum. By examining key water quality parameters such as pH, total dissolved solids (TDS), hardness, chloride, and iron, alongside microbial contaminants including coliforms, E. coli, Giardia, and Balantidium, we aim to generate actionable evidence that informs practical improvements in farm water management. This integrative approach addresses acute health risks while contributing to long-term resilience in dairy production systems, particularly under conditions of environmental stress and climate variability. Ultimately, this research advances our overarching goal of safeguarding public health and environmental integrity through comprehensive One Health-oriented investigations tailored to Bangladesh’s rapidly urbanizing contexts. It aligns with global sustainable development goals (SDGs) reinforcing the need for climate-resilient livestock systems and integrated water governance. 

2. Materials and Methods

2.1 Study Location and duration

The study was carried out over a period of seven months, from January to July, in selected representative dairy farms across Dhaka city. Dhaka, located at 23°42′N latitude and 90°22′E longitude along the Buriganga River, covers an area of 270 km². The climate is monsoonal, with hot, wet summers and mild winters; the average annual temperature is 26°C, ranging from 13.9°C in January to 33.3°C in May. Rainfall averages 2,123 mm annually; about 87% of which occurs between May and October. Pollution from untreated municipal wastewater has impacted air and water quality in the city. Dairy farms, which supply the growing demand for milk, rely on diverse water sources. For this study, five cattle-dense areas were selected: 60 Feet area (Pirerbagh); Mirpur-1; Mirpur-2; Kalshi; and the SAU campus (Figure. 1).
[image: ]Fig. 1. Left: Map of Bangladesh showing the capital Dhaka city. Right: Geographic distribution of selected dairy farm study sites in Dhaka City. This figure illustrates the locations of the five selected study areas-60 Feet area (Pirerbagh), Mirpur-1, Mirpur-2, Kalshi, and the Sher-e-Bangla Agricultural University (SAU) campus-where water samples were collected for microbiological and physicochemical analysis. The sites were chosen based on their significance in dairy farming and water supply conditions.

2.2 Sample Collection

Samples were collected following standard methods. For physicochemical analysis, sterile 500 ml PTFE bottles were used, with four replicates per site. For microbiological testing, 30 ml sterilized glass bottles were employed. Bottles were filled, sealed, and labeled (e.g., S1R1–S1R4 for each site) for both analyses. Samples were transported in ice boxes to the DMEPH Laboratory, SAU, and stored at 4°C until processing.
2.3 Microbiological Study

Microbial indicators included total coliforms, E. coli, Giardia, and Balantidium. Samples were cultured in nutrient broth and nutrient agar; with EMB and MacConkey agar used for bacterial isolation and identification. Pure colonies from EMB agar were confirmed as E. coli through Catalase and Methyl red tests (Islam et al., 2016). Detection of Giardia and Balantidia cysts followed the flotation method; with coverslips examined microscopically at 10x-40x magnification (Islam et al., 2008).
2.4 Physicochemical Study

Water samples were analyzed at ACI Animal Health Diagnostic Laboratory Ltd., Dhaka. pH and TDS were assessed using a portable EUTECH PCSTestr 35 device (Jackson et al., 1998). Chloride and iron levels followed standard protocols (Annem, 2017; Bitar, 2016), while hardness was determined via EDTA titration and calculated according to established methodology (Achakzai et al., 2014).

2.5 Statistical Analysis

Means and standard errors (SEM) were calculated for all parameters. Differences among sites were assessed using one-way ANOVA. When significant (P = 0.05); Tukey’s HSD post hoc test identified pairwise differences. Analyses were performed using SPSS v26 and R v4.3.0; with significance set at P = 0.05.
3. Results

3.1 Microbiological Quality of Water 

Water samples collected from five urban dairy zones in Dhaka were analyzed for coliforms, E. coli, Giardia spp., and Balantidium spp. All samples tested positive for coliform and E. coli, indicating a 100% prevalence. The highest coliform load was recorded in Mirpur-1 (2.63×10⁸ ± 1.9×10⁷ CFU/ml), while the lowest was observed at the SAU campus (1.73×10⁸ ± 9.0×10⁶ CFU/ml). E. coli concentrations ranged from 5.50×10⁷ ± 2.3×10⁶ CFU/ml (SAU campus) to 7.05×10⁷ ± 3.7×10⁶ CFU/ml (Mirpur-1). No Giardia spp. or Balantidium spp. were detected in any of the samples; suggesting the absence of protozoan contamination during the sampling period. Statistical analysis using one-way ANOVA revealed significant differences in bacterial loads among sites. For coliform, F(4,15) ≈ 4.62 (P = 0.012); and Tukey’s post-hoc test indicated that Mirpur-1 had significantly higher counts than Mirpur-2 and SAU campus. For E. coli, F(4,15) ≈ 3.33 (P = 0.043); with Mirpur-1 significantly higher than SAU campus. Other sites showed no significant differences (Table-1).


3.2 Physicochemical Quality of Water

Water samples were analyzed for pH, total dissolved solids (TDS), iron, chloride, and hardness. All parameters showed significant variation across the five study areas. The pH ranged from 6.12 ± 0.03 (60 Feet) to 6.70 ± 0.07 (Mirpur-2); remaining within the acceptable range for livestock. ANOVA yielded F(4,15) = 45.2 (P = 0.001); with Mirpur-2 significantly higher than 60 Feet and Mirpur-1. TDS values ranged from 307.5 ± 3.23 ppm (SAU campus) to 397.0 ± 3.14 ppm (60 Feet); with significant differences confirmed by F(4,15) = 68.4 (P = 0.001). Tukey’s test showed that 60 Feet and Mirpur-2 had significantly higher TDS than SAU campus. Iron concentrations exceeded the recommended threshold of 0.3 ppm in all samples; ranging from 0.780 ± 0.01 ppm (Mirpur-2) to 0.972 ± 0.02 ppm (Mirpur-1). ANOVA revealed F(4,15) = 25.3 (P = 0.001); with Mirpur-1, Kalshi, and SAU campus significantly higher than Mirpur-2. Chloride levels ranged from 0.384 ± 0.01 ppm (Mirpur-2) to 0.945 ± 0.03 ppm (60 Feet); and ANOVA confirmed significant variation with F(4,15) = 105.7 (P = 0.001). Chloride in 60 Feet was significantly higher than all other sites. Water hardness ranged from 75.0 ± 2.04 ppm (Kalshi) to 165.0 ± 1.23 ppm (Mirpur-2). ANOVA showed F(4,15) = 250.5 (P = 0.001); with Kalshi significantly lower than all other areas (Table-2). 

3.3 Relationship Between Bacterial Load and Physicochemical Parameters




The relationships between Coliform and E. coli counts (CFU/mL) and key physicochemical parameters (expressed in ppm, except pH) were evaluated using linear regression. Ten scatter plots were generated to visualize these pairing, each annotated with coefficient of determination (R²) and p-values (Figure-2). A moderately strong positive correlation was observed between TDS and Coliform (R² = 0.697, P =  0.079), while the correlation between TDS and E. coli was weaker (R² = 0.233, P =  0.410). Iron showed minimal correlation with both Coliform (R² = 0.048, P =  0.725) and E. coli (R² = 0.013, P =  0.854). For Chloride, a weak negative correlation was observed with Coliform (R² = 0.084, P =  0.636), while a moderate negative correlation was seen with E. coli (R² = 0.460, P =  0.208). The pH parameter was weakly correlated with Coliform (R² = 0.037, P =  0.758) and E. coli (R² = 0.019, P =  0.824). Likewise, Hardness showed very weak positive associations with both Coliform (R² = 0.017, P =  0.836) and E. coli (R² = 0.067, P =  0.674). No statistically significant correlations (p < 0.05) were observed in any of the pairwise relationships evaluated (Figure-2).
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Table 1. Counts and prevalence of coliform and E. coli in supplied water across study sites in Dhaka city
	Study
Sites
	Water
Sample
	Coliform
(Count×10⁸ CFU/ml)
	ANOVA F
	ANOVA p
	E. coli
(Count ×10⁷ CFU/ml)
	ANOVA F
	ANOVA p

	
	
	Count
	Mean ± SEM
	
	
	Count
	Mean ± SEM
	
	

	[bookmark: _Hlk199224305]
60 Feet
	S1R1
	2.1
	2.08 ± 0.12ab
	4.62
	0.012
	6.2
	5.75 ± 0.22ab
	3.33
	0.043

	
	S1R2
	1.9
	
	
	
	5.6
	
	
	

	
	S1R3
	2.4
	
	
	
	6.0
	
	
	

	
	S1R4
	1.9
	
	
	
	5.2
	
	
	

	
Mirpur-1
	S2R1
	3.0
	2.64 ± 0.20a
	
	
	7.6
	7.05 ± 0.38a
	
	

	
	S2R2
	2.94
	
	
	
	7.0
	
	
	

	
	S2R3
	2.4
	
	
	
	6.0
	
	
	

	
	S2R4
	2.2
	
	
	
	7.6
	
	
	

	
Mirpur-2
	S3R1
	1.6
	1.83 ± 0.13b
	
	
	7.2
	6.50 ± 0.25ab
	
	

	
	S3R2
	1.7
	
	
	
	6.0
	
	
	

	
	S3R3
	2.2
	
	
	
	6.4
	
	
	

	
	S3R4
	1.8
	
	
	
	6.4
	
	
	

	
Kalshi
	S4R1
	1.94
	2.26 ± 0.25ab
	
	
	6.4
	6.05 ± 0.17ab
	
	

	
	S4R2
	3.0
	
	
	
	6.0
	
	
	

	
	S4R3
	2.0
	
	
	
	5.6
	
	
	

	
	S4R4
	2.1
	
	
	
	6.2
	
	
	

	SAU
Campus
	S5R1
	1.94
	1.74 ± 0.09b
	
	
	6.6
	5.50 ± 0.45b
	
	

	
	S5R2
	1.5
	
	
	
	5.6
	
	
	

	
	S5R3
	1.7
	
	
	
	5.4
	
	
	

	
	S5R4
	1.8
	
	
	
	4.4
	
	
	


Note: Values with different superscripts within each column differ significantly (P = 0.05) according to Tukey’s HSD post hoc test.
Abbreviations: CFU- Colony Forming Unit; SEM- Standard Error of the Mean; SR- Sample and Replication


Table 2. Physicochemical properties of supplied water in the representative dairy farms of Dhaka city
	Study Area
	Water
Sample
	pH
	TDS (ppm)
	Iron (ppm)
	Chloride (ppm)
	Hardness (ppm)

	
	
	Value
	(Mean ± SEM)
	Value
	(Mean ± SEM)
	Value
	(Mean ± SEM)
	Value
	(Mean ± SEM)
	Value
	(Mean ± SEM)

	60 feet
	S1 R1
	6.2
	6.12±0.03a
	398
	397.0±3.14a
	0.823
	0.855±0.02b
	1
	0.945±0.03a
	165
	151.5±7.0b

	
	S1 R2
	6.1
	
	395
	
	0.874
	
	0.89
	
	138
	

	
	S1 R3
	6.1
	
	390
	
	0.889
	
	1
	
	141
	

	
	S1 R4
	6.1
	
	405
	
	0.832
	
	0.89
	
	162
	

	Mirpur-1
	S2 R1
	6.2
	6.20±0.00a
	367
	363.0±3.39b
	0.982
	0.972±0.02a
	0.51
	0.520±0.02c
	153
	158.3±3.6a

	
	S2 R2
	6.2
	
	370
	
	1
	
	0.53
	
	153
	

	
	S2R3
	6.2
	
	355
	
	0.915
	
	0.48
	
	159
	

	
	S2R4
	6.2
	
	360
	
	0.992
	
	0.56
	
	168
	

	Mirpur-2
	S3 R1
	6.6
	6.70± 0.07b
	385
	392.5±3.23a
	0.773
	0.780±0.01c
	0.39
	0.384±0.01d
	165
	165.0±1.23a

	
	S3 R2
	6.6
	
	395
	
	0.759
	
	0.345
	
	168
	

	
	S3 R3
	6.7
	
	390
	
	0.811
	
	0.389
	
	162
	

	
	S3 R4
	6.9
	
	400
	
	0.778
	
	0.412
	
	165
	

	Kalshi
	S4R1
	6.4
	6.40±0.04ab
	365
	363.0±1.22b
	0.873
	0.924±0.05a
	0.512
	0.520± 0.01c
	75
	75.0 ± 2.04c

	
	S4 R2
	6.4
	
	360
	
	0.821
	
	0.517
	
	70
	

	
	S4 R3
	6.3
	
	365
	
	1.000
	
	0.547
	
	80
	

	
	S4 R4
	6.5
	
	362
	
	1.000
	
	0.502
	
	75
	

	SAU campus
	S5 R1
	6.4
	6.48±0.05ab
	300
	307.5± 3.23c
	0.832
	0.931±0.04a
	0.653
	0.670± 0.01b
	150
	149.3±1.89b

	
	S5 R2
	6.6
	
	310
	
	0.892
	
	0.678
	
	153
	

	
	S5 R3
	6.5
	
	305
	
	1.000
	
	0.653
	
	144
	

	
	S5 R4
	6.4
	
	315
	
	1.000
	
	0.697
	
	150
	

	ANOVA F (4,15)
	
	
	45.2
	
	68.4
	
	25.3
	
	105.7
	
	250.5

	ANOVA p
	
	
	< 0.001
	
	< 0.001
	
	< 0.001
	
	< 0.001
	
	< 0.001


Note: Superscripts within a column indicate significant differences among sites (P = 0.05) based on Tukey’s post hoc test.
Abbreviations: TDS- Total Dissolved Solids; ppm- parts per million; SEM- Standard Error of the Mean; SR- Sample and Replication

[image: ]Fig. 2. Scatter plots illustrating relationships between bacterial counts (Coliform and E. coli) and physicochemical parameters of water (TDS, Iron, Chloride, pH, and Hardness) across five study areas. Each plot displays a red linear regression line with a 95% confidence interval (shaded), blue data points, and annotations indicating the coefficient of determination (R²) and associated p-values
4. DISCUSSIONS

4.1 Prevalence and Loads of Coliform and E. coli in Supplied Water

The present study revealed a 100% prevalence of Coliform and E. coli in all water samples collected from five dairy farming zones in Dhaka city. The bacterial loads were alarmingly high; with Coliform counts ranging from 1.74×10⁸ to 2.63×10⁸ CFU/ml and E. coli from 5.50×10⁷ to 7.05×10⁷ CFU/ml. These values far exceed the World Health Organization (WHO) guideline; which stipulates zero detectable Coliform or E. coli in 100 ml of drinking water intended for human or animal consumption (WHO, 2017). Such contamination reflects systemic fecal exposure, likely exacerbated by Dhaka’s aging infrastructure, open sewage, and seasonal flooding. Climate variability, especially monsoonal surges may intensify microbial infiltration through surface runoff and pipe breaches. 
The presence of E. coli, a fecal indicator organism, also raises concerns about the potential presence of other enteric pathogens such as Salmonella, Campylobacter, and Cryptosporidium (Yan et al., 2021). These findings are consistent with our earlier investigation; which highlighted systemic microbial contamination within the dairy sector. That study reported Coliform counts reaching up to 3.92 log₁₀ CFU/ml in raw milk samples from Dhaka; reinforcing the pervasive nature of contamination across the supply chain. Although E. coli was not specifically quantified; elevated Coliform levels strongly suggest fecal exposure at both farm and retail levels. Shared water sources, milking equipment, and handling practices likely contribute to this link between water and milk hygiene (Islam et al., 2021). Comparative data from the Indo-Pak subcontinent reveal similar trends. Khan et al., (2016) reported, in Quetta, Pakistan, 17% of dairy farm water samples were contaminated; with buffalo farms showing higher contamination (22%) than cattle farms (12%). Mean bacterial loads reached 3.29×10⁴ CFU/ml; substantially lower than our findings but still above WHO thresholds. Contamination was attributed to poor sanitation, open sewage, and rusted pipelines (Hasan et al., 2018). In India, which surrounds Bangladesh almost entirely (Figure-1); microbial contamination in both water and milk has been documented. Hasan et al., (2018) reported Coliform counts ranging from 2.12×10⁴ to 9.72×10⁴ CFU/ml in raw milk samples from five districts; with contamination linked to inadequate cleaning of milking equipment and poor water quality. The Bureau of Indian Standards (BIS) also recommends zero E. coli in potable water; aligning with WHO guidelines (BIS, 2012). The consistently high contamination levels across all Dhaka sites suggest systemic issues in water sourcing, storage, and distribution. Mahmud et al., (2014) observed that leaky or corroded pipelines may permit sewage intrusion; especially during low-pressure periods. Additional risks include exposure to dust, animal waste, and insects. The absence of chlorination or point-of-use treatment; combined with microbial persistence in pipes and tanks; may lead to continuous recontamination. Notably, the SAU campus showed relatively lower bacterial loads; likely due to better infrastructure and hygiene awareness.
Chronic exposure to contaminated water affects livestock health; contributing to gastrointestinal disorders, mastitis, and reduced milk yield (Swistock, 2012; Broadwater, 2007). Human health risks also rise; especially for farm workers and consumers; due to zoonotic transmission in settings lacking pasteurization or boiling. These findings underscore the urgent need for microbial surveillance, disinfection, infrastructure upgrades, and farmer training to safeguard both animal and public health.

4.2. Prevalence of Giardia spp. and Balantidia spp. in Dairy Farm Water

In this study, neither Giardia spp. nor Balantidia spp. were detected in water samples from five dairy farm sites in Dhaka city. This absence suggests sanitary integrity of the water sources and aligns with findings from groundwater systems with limited surface runoff. Giardia intestinalis is a zoonotic protozoan linked to diarrhea, weight loss, and poor growth in calves (Olson et al., 1995). Its detection depends on diagnostic sensitivity and proximity to fecal contamination. Subsurface aquifers, like those sampled here, typically show low protozoan contamination due to natural filtration. Archer et al., (1995) found no Giardia cysts in six Wisconsin wells; while Hancock et al., (1997) reported cysts in only 1% of vertical wells but up to 36% in spring-fed systems. Dhaka’s reliance on confined aquifers and submersible pumps likely contributed to the exclusion of cysts. Balantidium coli, a ciliated protozoan associated with swine and occasionally cattle, was also absent. Though rare, it can cause dysentery in immunocompromised hosts under poor hygiene (Yazar et al., 2004). This may reflect the subsurface origin of the water sources and limited exposure to surface runoff. However, conventional flotation techniques may lack sensitivity; especially with low parasite burdens. Advanced methods like immunofluorescence or PCR offer higher sensitivity (Hancock et al., 1997). While current practices appear effective; seasonal factors like heavy rainfall may increase surface infiltration. Continued surveillance using sensitive diagnostics is essential to prevent protozoan outbreaks in dairy herds.

4.3 Physicochemical Quality of Water

The physicochemical parameters; pH, TDS, iron, chloride, and hardness; varied across the study sites, though most remained within acceptable limits for livestock, except for iron. pH ranged from 6.12 ± 0.03 (60 Feet) to 6.70 ± 0.07 (Mirpur-2); within the recommended range of 6.5–8.5 for livestock (Curran and Robson, 2007). Slight acidity; especially in 60 Feet; may result from dissolved CO₂, humic substances, or iron oxidation (Man, 2007; Propescu, 2010). While not immediately harmful; prolonged exposure may reduce palatability and mineral uptake. Hardness varied from 75.0 ± 2.04 ppm to 165.0 ± 1.23 ppm. Water between 120-180 ppm is considered “hard” (Mahdy et al., 2016). Though within safe limits; hard water may cause scale buildup and reduce detergent effectiveness. TDS levels ranged from 307.5 ± 3.23 ppm (SAU) to 397.0 ± 3.14 ppm (60 Feet); below the NRC’s 1000 ppm threshold (NRC, 2001). However, values above 400 ppm may reduce intake and milk yield in heat-stressed cattle (Beede, 2006; Dyer, 2012). Elevated TDS in 60 Feet and Mirpur-2 may reflect urban runoff or soil leaching. Iron concentrations exceeded the 0.3 ppm limit (Swistock, 2012) in all samples; ranging from 0.780 ± 0.01 ppm (Mirpur-2) to 0.972 ± 0.02 ppm (Mirpur-1). Higgins and Agouridis, (2008) reported that High iron can impart metallic taste, reduce intake, and interfere with zinc absorption. Likely sources include iron-rich aquifers or pipe corrosion. Similar findings in Dhaka groundwater were reported by Islam and Mostafa, (2024). Chloride ranged from 0.384 ± 0.01 ppm to 0.945 ± 0.03 ppm; well below the 250 ppm limit (Beede, 2006). Though not concerning at these levels; elevated chloride may indicate sewage seepage or disinfectant residues. Overall, elevated iron and site-specific increases in TDS and chloride warrant attention. Accelerating urbanization, climate variability, and environmental degradation exacerbate pressures on water quality in Dhaka, threatening ecosystem function, livestock resilience, and public health. These dynamics emphasize the critical need for integrated water management policies that consider climate change impacts and urban environmental stressors to promote sustainable livestock systems, food security as well as food safety. 


4.4 Relationships Between Indicator Bacteria and Physicochemical Parameters of Water

The relationships between bacterial indicators (Coliform and E. coli) and physicochemical parameters across five study areas in Dhaka revealed varied associations; some aligning with existing research and others diverging.
TDS showed the strongest positive correlation with Coliform (R² = 0.697); supporting findings by Bichi and Anyata, (2008) who linked elevated TDS to increased microbial loads in urban water bodies. This suggests that ionic enrichment from runoff or decaying organics may enhance bacterial persistence. E. coli showed a weaker correlation (R² = 0.233); consistent with Ahmed et al., (2012) who noted species-specific responses to solute concentrations in groundwater. Iron displayed very weak correlations with both Coliform (R² = 0.048) and E. coli (R² = 0.013); aligning with Al-Omran et al., (2015) who found iron below 1 ppm had no measurable microbial impact. Iron may not be bioavailable in forms that influence bacterial growth. Chloride showed a moderate negative correlation with E. coli (R² = 0.460) and a weak inverse relationship with Coliform (R² = 0.084). While Rui et al., (2019) reported NaCl may enhance E. coli growth in lab media; Mahmud et al., (2014) suggested elevated chloride in Dhaka aquifers may reflect dilution or residual disinfection. pH varied slightly (6.12–6.70) and showed no meaningful correlation with microbial indicators; consistent with Oshukunuofa et al., 2024 field observations. Only extreme pH values significantly affect bacterial viability (Curtis et al.,1992). Hardness showed weak positive associations with Coliform and E. coli; echoing findings by Varol and Davraz (Neumann et al., 2017). Though mineral content may influence transport dynamics; its direct impact on bacterial load appears limited. 
While none of the relationships reached statistical significance, moderate trends suggest environmental gradients may influence microbial presence. Further longitudinal studies could clarify these patterns. Importantly, these physicochemical-microbial relationships must be interpreted within the broader context of environmental change. Urban water systems in Dhaka are increasingly vulnerable to climate-induced stressors such as erratic rainfall, rising temperatures, and seasonal flooding. These phenomena can alter solute concentrations, disrupt aquifer recharge, and mobilize contaminants from surface runoff into groundwater supplies. For instance, elevated TDS and chloride levels may reflect intensified leaching during monsoonal surges or prolonged dry spells that concentrate solutes through evaporation.
Moreover, climate variability may influence microbial survival and transport. Warmer temperatures can accelerate bacterial metabolism and replication, while flooding events may breach containment systems and introduce fecal matter into water lines. These dynamics emphasize the need for integrated water quality monitoring that accounts for both physicochemical parameters and climate-linked hydrological shifts.
In this light, the observed correlations, though modes, offer valuable insights into how environmental gradients shaped by climate change may modulate microbial risks in urban livestock systems. Future studies should incorporate seasonal sampling, rainfall data, and land-use mapping to better understand these interactions. 

5. Conclusion

While pH, hardness, TDS, and chloride levels in Dhaka’s urban dairy farm water remained within acceptable limits, all samples exhibited high Coliform and E. coli loads, indicating pervasive fecal contamination. Iron concentrations exceeded recommended thresholds, most notably in Mirpur-1, posing risks to water palatability and livestock health. The absence of protozoa suggests protection from subsurface sourcing, yet microbial hazards remain a critical concern. Widespread bacterial contamination and elevated iron levels call for urgent interventions, including water treatment, routine microbial surveillance, and sanitation upgrades. These measures are essential to ensure climate-resilient water safety and uphold One Health outcomes. Long-term studies are needed to evaluate the impacts of water quality on animal productivity, reproductive performance, and public health amid evolving environmental conditions. Such studies will be vital for developing adaptive water safety protocols and strengthening livestock system resilience in rapidly urbanizing and climate-vulnerable regions like Dhaka, Bangladesh. 
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