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ABSTRACT

Background: Water is a scarce and highly valuable natural resource. Hospitals require relatively large quantity of water and quality of water is equally important. Hospitals must focus on water efficiency and conservation measures in order to ensure the sustainable use of water. This study was undertaken to understand the current water management practices in the selected teaching hospital and to develop strategies for water conservation. 
Methods: Descriptive study with observational method was used, to collect the data an observational checklist based on the guidelines of bureau of Indian standards (BIS) and world health organization (WHO) was developed. To observe and collect the data, uninformed visits was done to the Department of Maintenance on random days as per the convenience and the information was collected from standard operating procedures (SOPs) and records maintained in the department of maintenance and hospital infection control unit. 
Results: The study found that a well-planned water supply system is present in the selected hospital to meet the required quantity of water. The study reveals that the total consumption of water per day in the hospital is higher than the BIS standards. Preventive and corrective maintenance of all the tanks, pipelines, plumbing, and equipment is done regularly. A well-organized system of quality control of water is present in the hospital and the grey water, is drained to sewage water treatment plant from where the water is recycled and reused. 
Conclusions: Conservation of water enables hospitals to cut cost and to be proactive stewards of their community’s natural resources. 
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INTRODUCTION
Healthcare organization have a greater responsibility to effectively manage their individual water consumption, in an attempt to combat the water crisis. Hospitals have to focus on water efficiency and conservation measures in order to ensure sustainable use of water within hospital.1
Water plays an important role in safe healthcare delivery, it is used for various activities in a healthcare sector, from washing surgical tools and other equipment to creating a soothing environment for patients to have hydrotherapy. Lack of a water management system will directly impact the patient care, a poor water supply impacts health by causing acute infectious disease such as diarrhea or non-diarrheal disease which can arise from chemical substances such as arsenic and fluorides. Water is a scarce natural resource. It is the responsibility of every organization and individual to conserve water. As a major consumer of water, it is critical for the healthcare industry to adopt a proactive approach to conserving water.2 
Water conservation technologies and strategies are often the most overlooked aspects of a whole-building design strategy such as large hospitals. However, many hospitals do not have an effective management for water consumption and planning replacements, such as pipes, valves etc. As natural resources such as water become increasingly scarce, managers often seek policies to reduce water demand. Water management is the activity of planning, developing, distributing, and managing the optimum use of water. The first step in water management is the identification of main water consumers and using policies for water consumption reduction while maintaining consumer’s well-being.3
This study was undertaken to understand the current water management practices in the selected teaching hospital, and to develop strategies for water conservation.
Methods
The following study is descriptive in nature and utilized an observational method conducted in Yenepoya medical college hospital from September 2019 to September 2020. An observational checklist based on WHO guidelines and BIS guidelines was developed for data collection. Additionally, uninformed visits to the department of maintenance were completed on random days as per the author’s convenience. The information such as data of water consumption for the past one year, working plan of water treatment plant, report of water quality test etc. was collected from SOPs and records maintained in the Department of Maintenance and the Hospital Infection Control unit. The findings of the study were then compared with the BIS and WHO guidelines and standards. Ethical approval for the study was received from the institutional ethics committee of Yenepoya medical college. No statistical analysis was conducted. To understand the consumption of water, data of one year was analyzed retrospectively and then the actual demand of water was calculated based on BIS. Water conservation methods are then suggested based on the findings of the study.
Results
To study the consumption of water, retrospective data for one year was collected and analyzed. The data indicates that total water consumption per day for the hospital was 3,37,664 L (Table 1), according to BIS standards per day requirement is 2,32,210 L per day which includes drinking water, sanitation, hand washing and flushing but excludes dietary and laundry and linen. This highlights that the hospital utilizes about 105,454 additional liters of water compared to the average BIS standards.
To meet the daily water requirement a well-planned water supply system is in place (Figure 1). Deep borewells are the main source of water supply, and they are recharged through rooftop rainwater harvesting. In addition to this there is one water reservoir available through rainwater harvesting. In addition, memorandum of understanding (MoU) with an external water supply agency is established as per the joint commission on the accreditation of healthcare organizations, (JCAHO), as a provision for any contingencies.4 It was found that regular maintenance of all the equipment like plumbing, pipelines etc. is conducted. Preventive maintenance checklist is available and completed as scheduled. However, the author noted that the activities completed during preventive maintenance are not documented. The documentation of such activities will be useful to understand the type of problem and its frequency which will help to analyze the root cause of the issue and to take appropriate preventive action. Complaints are raised through the hospital information system subject to which immediate corrective action are taken. Wherever applicable annual maintenance is completed with the equipment such as water treatment plant, RO plant etc.

Table 1: Water usage for one year (January to December 2019).
	Month of consumption
	Usage (kl)
	OP
	IP
	IP+ OP

	January 2019
	9433
	18801
	22462
	41,263

	February 2019
	8355
	17748
	20156
	37,904

	March 2019
	9253
	18688
	23255
	41,943

	April 2019
	9616
	17974
	22540
	40,514

	May 2019
	9243
	17207
	23051
	40,258

	June 2019
	10352
	17810
	23132
	40,942

	July 2019
	10978
	21943
	26219
	48,162

	August 2019
	10184
	19377
	22690
	42,067

	September 2019
	11331
	21500
	25084
	46,584

	October 2019
	10883
	21892
	25446
	47,338

	November 2019
	11006
	20469
	22357
	42,826

	December 2019
	10925
	17590
	21565
	39,155

	Total 
	1,21,559
	2,49,069
	2,99,066
	



Relatively inexpensive and simple technology like regular assessment of water quality can have a high impact in hospital infection control. Microbes present in water pose a significant health risk to patients and care providers. Ensuring water supply of adequate quality and quantity is essential for health. Chemical parameters of water quality are checked every month (Table 2) and biological parameters of water quality (Table 3) are checked once in three months as per WHO standards before consumption.5 Microbiological analysis (Table 4) and endotoxin level test (Table 5) of dialysis water is done separately according to AAMI standards.6 The chemical parameters were in accordance with the BIS standards.7 The microbial growth was found three times in drinking water during the study period, and corrective action such as thorough cleaning of water tank and servicing of aqua filter conducted.

Table 2: The assessment of the chemical parameters of water.
	Parameter
	Acceptable amount
	October
	November
	December

	Essential characteristics

	Color
	No obvious color
	No obvious color
	No obvious color
	No obvious color

	Odour
	No odour
	No odour
	No odour
	No odour

	Taste 
	No peculiar taste
	No peculiar taste
	No peculiar taste
	No peculiar taste

	Turbidity 
	No turbidity
	No turbidity
	No turbidity
	No turbidity

	pH
	6.5-8.5
	7.15
	7.48
	7.05

	Chloride (mg/l)
	250-1000
	20
	20
	20

	Residual chlorine (mg/l)
	0.2
	0
	0
	0

	Total hardness (mg/l)
	300-600
	130
	80
	70

	Desirable characteristics

	Fluoride (mg/l)
	1.5-1.9
	0
	0
	0

	Total dissolved solids (mg/l)
	500-2000
	0
	0
	40

	Total suspended solids (mg/l)
	500-2000
	80
	0
	160

	Total viable count (cfu/ml)
	<500
	0
	420
	20

	Total solids (mg/l)
	500-2000
	120
	0
	200


Table 3: Microbial analysis of water collected from different areas.
	Variables
	Retrospective
	Prospective

	Site of collection 
	Report 
(March 2019)
	Report 
(June 2019)
	Report (September 2019)
	Report (December 2019)

	Physiotherapy
	No growth of coliforms
	No growth
	Growth of coliforms
	No growth

	7th a ward
	No growth 
	No growth
	No growth
	No growth

	NICU
	No growth 
	Growth
	No growth
	No growth

	8th floor
	No growth 
	No growth
	No growth
	No growth

	6th OT
	No growth 
	Growth
	No growth
	No growth

	SICU
	No growth 
	No growth
	No growth
	No growth

	Casualty 
	No growth 
	Growth
	No growth
	No growth

	1 floor
	No growth
	No growth
	Growth
	No growth

	5 old building
	No growth
	Growth
	No growth
	No growth

	5E
	No growth
	No growth
	No growth
	No growth

	4E
	No growth
	No growth
	No growth
	No growth

	4thold building
	No growth
	Growth
	No growth
	No growth

	POR
	No growth
	No growth
	No growth
	No growth

	Cafeteria
	No growth
	No growth
	No growth
	No growth

	6th E
	No growth
	No growth
	No growth
	No growth

	2nd floor old building
	No growth
	No growth
	No growth
	No growth

	3rd OT
	No growth
	No growth
	No growth
	No growth

	1st floor
	No growth
	Growth
	No growth
	No growth

	3A
	No growth
	No growth
	No growth
	No growth

	3C
	No growth
	Growth
	Growth
	Growth

	CSSD
	No growth
	No growth
	No growth
	No growth

	Radiology
	No growth
	Growth 
	No growth
	No growth

	LT
	No growth
	No growth
	No growth
	No growth

	3B
	No growth
	Growth
	No growth
	No growth

	7E
	No growth
	Growth
	No growth
	No growth


Table 4: Microbial analysis of RO water of dialysis unit.
	Retrospective
	Date
	Microbial growth

	
	4/1/2019
	No growth

	
	21/1/2019
	No growth

	
	28/1/2019
	No growth

	
	4/2/2019
	No growth

	
	10/3/2019
	No growth

	
	18/3/2019
	Growth (Acinetobacter baumani)

	
	25/3/2019
	No growth

	
	1/4/2019
	No growth

	
	8/4/2019
	No growth

	
	22/4/2019
	No growth

	
	29/4/2019
	No growth

	
	6/5/2019
	No growth

	
	13/5/2019
	Growth (Staphylococcus species) >200 TVC

	
	21/5/2019
	No growth

	
	28/5/2019
	No growth

	
	5/6/2019
	No growth

	
	10/6/2019
	No growth

	
	18/6/2019
	No growth

	
	29/6/2019
	No growth

	
	July
	-

	Prospective
	5/8/2019
	No growth

	
	2/9/2019
	No growth

	
	7/10/2019
	No growth

	
	14/10/2019
	No growth

	
	21/10/2019
	No growth

	
	4/11/2019
	Growth (Klebsiella species)

	
	11/11/2019
	No growth

	
	16/11/2019
	No growth

	
	December
	-




The RO plant pumps only ultrapure water and almost 50-70% of water that goes into the plant is wasted and is drained into the sewage. The excess grey water from the hospital is transported to sewage water treatment plant from where the water is recycled and reused. Inflow to the sewage treatment plant is about 4-5 lakhs of liters per day out of which 50-60% of recycled water is used for activities such as flushing, and gardening and the rest is used for irrigation.
Table 5: Endotoxin assessment of RO water.
	Month
	Endotoxin level (EU/ml)
	Result 

	February 
	>0.25
	Does not complies

	May 
	>0.25
	Does not complies

	August 
	>0.25
	Does not complies

	November 
	>0.25
	Does not complies


Discussion
The study reveals that the consumption of water in the hospital was higher than the average standards. Collett et al found that the water consumption in their hospital was 200,000 L per day for 183 beds, where the standard requirement was 82,350 L per day.8 Another study by Abbassi et al reported higher water consumption about 8-200 times higher than actual water demand and reported it could be due to traditional distribution system and improper management, in this study the higher consumption can be attributed to additional usage for clinical and nonclinical purposes such as dialysis, super specialty services, construction works, individual usage like surgical scrub as similar to findings from the study by Petterwood et al etc.3,9
In this study it was found that a MoU is established with an external source of water supply this was in accordance with the JCAHO standards and similar practice was observed in other studies. A study conducted by Guibourg et al emphasizes the requirement of emergency water supply, after encountering an emergency in which the entire water supply was polluted due to construction damage to the public water system.10 Another study conducted by Canan et al explored the capabilities of healthcare facilities regarding water supply for emergency purposes, and found that the emergency water supply capability can be improved through collaboration with local emergency preparedness organizations, construction of water towers on or near hospital grounds, and the use of synergetic water reservoir capacity.4
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Figure 1: Flowchart of water supply plan.
This study shows there was a facility of roof top rainwater harvesting in the hospital. Similar practice of rainwater harvesting was presented in a case study from Warragul hospital, where 137 kiloliters tank was built to store the rainwater for the using as boiler feed water in laundry, the study showed that the hospital obtained an annual saving of 1,967 kiloliters of water and a 25 per cent reduction in boiler feedwater treatment chemicals.11 
The chemical and biological parameters of water quality was checked in the hospital before consumption and it was found that the parameters were in accordance with the standards. Conversely, the results from a quality test conducted by Collet et al, concluded that RO water and raw water were found to have total hardness (as calcium carbonate), total dissolved solids (TDS) and Endotoxin level exceeding that of required standards.8 Skarupskiene  et al in 2007 and found that the endotoxin level of both dialysate fluid and dialysate water was well within the standard in several hemodialysis centres of different Lithuanian cities, two samples indicated the level >0.03 EU/ml but all samples indicated level were less than <0.25 EU/ml.12 When the same study conducted in 201014, it was found that water from 8% of dialysate centres did not meet required standards.13 The study concluded with recommendations for continuous monitoring on endotoxin level in dialysate water within Lithuanian cities.
The RO plant pump only ultrapure water to the specific department and almost 50-70% of water that goes into the plant was wasted and was drain to the sewage. The sewage water was recycled and reused. Inflow to the sewage treatment plant is about 4-5 lakhs per day out of which 50-60% of recycled water is used for activities such as flushing, and gardening and the rest is used for irrigation. A case study done from Warragul hospital indicated that the hospital management had adopted a practice of reusing the RO ejected water to sterilizer vacuum pump and condenser cooling and water was then drained to sewage and after treatment was used in flushing system, saving about 33% of total water consumption.
COnclusion 
The present study reveals a satisfactory practice of water management in the selected teaching hospital with a well-organized water supply, quality control and maintenance system. In addition, the water management strategies like benchmarking, water audit, water efficiency fixtures, leakage detection techniques and water conservation campaign may assist further in improving the water conservation and may ultimately alleviate future demand for water.
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