
EVALUATION OF RECREATIONAL WATER QUALITY IN SURAT CITY UTILIZING A WATER QUALITY INDEX (WQI)




ABSTRACT

Water is an essential resource for all living beings, serving various purposes including industrial use, agriculture, domestic needs, electricity generation, irrigation, fishing, and recreational activities. This study aims to evaluate the quality of water utilized in recreational facilities in Surat City through the application of the Weighted Arithmetic Water Quality Index (WAWQI). The Water Quality Index (WQI) provides a single value that reflects water quality based on multiple physio-chemical parameters. The WQI calculation follows the methodology developed by Brown et al. in 1972. Water samples were collected from five distinct swimming pools across different areas of Surat City between January and February 2025. The analysis encompassed physical parameters such as pH, color, electrical conductivity, total dissolved solids, and total suspended solids, alongside chemical parameters including total hardness, calcium, magnesium, chloride, alkalinity, turbidity, iron, aluminum, and free residual chlorine. Biological assessments utilizing Standard Plate Count (SPC), Most Probable Number (MPN), and IMViC tests were conducted to detect bacterial presence. The overall Water Quality Index values ranged from 39.5 to 50.1 across the five samples, categorizing the water quality as good.
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INTRODUCTION

Water is one of the most basic requirements for every living being on this planet. Without it, the existence of living beings would be threatened. (Morya et al., 2021)
Water is a natural resource and covers about 75% area of the earth’s surface. Despite that, only 3% of it is used for our everyday life as 97% of the water is present in the seas and oceans which cannot be used as they are very saline.
Out of the 3% of the freshwater, about 69% is trapped in ice glaciers and hence, cannot be used and the rest of 30% is the water is present in surface waters such as lakes, rivers, etc. and in ground water.
Physical and Chemical Properties of Water

Each water molecule consists of one oxygen atom and two hydrogen atoms. The oxygen atom bears a slight electronegative charge while hydrogen possesses a more positive one. Because opposite charges attract, the water molecules are drawn together and gives a strong dipole moment. (Vaidya, 2007)
Water is a tasteless, odourless and transparent liquid at standard room temperature and pressure. It is also a very strong solvent, dissolving many types of substances, including many major components in cells, and hence known as the universal solvent.
It is present in three forms viz. solid (in the form of ice), liquid (in the form of water) and gas (in the form of vapour). (Vaidya, 2007)	Comment by Windows User: Paragraphing is not proper	Comment by Windows User: obsolete
Water is miscible with many liquids in all proportions, forming a single homogeneous liquid. On the other hand, water and most oils are immiscible usually forming layers according to increasing density from the top. As a gas, water vapour is completely miscible with air.
Uses of Water

Water is used for many purposes such as industries, agriculture, domestic, generation of electricity, irrigation, fishing, recreational facilities, etc.
Recreational use of water means immersion of a body or head, splashing the water, swimming, wading, and finally, swallowing the water accidentally. Water reservoirs can be divided into natural (e.g., fresh and coastal waters) and artificial (e.g., pools and spas). (Stec et al., 2022)

Water Pollution

In the last few decades, there has been a significant increase in the demand for fresh water due to population explosion, urbanization and the accelerated pace of industrialization. This has led to the pollution of water sources, making them unfit for consumption or use. (Buddana, 2019a)
Water is typically referred to as polluted when it is impaired by anthropogenic contaminants and either does not support a human use, such as drinking water, and undergoes a marked shift in its ability to support its constituent biotic communities. (Buddana, 2019a)

In its natural form, water is in a pure form. However, it gets polluted when it percolates beneath the surface of the earth and when used for human purposes. Water pollution can be caused by inorganic, organic and radiation substances. (More, 2021)

Water Quality Index

Water Quality Index (WQI) is a widely used method to measure the quality of water by using physical, chemical and biological method of analysis. The results are then segregated into a single value that ranges from a scale of 0 to 100. (Tyagi et al., 2020)
This method was first developed by Horton in the 1970s and later on, many researchers around the world had developed various methods to measure the Water Quality Index over the years. The most recent method developed in literature was in 2017, where it aimed to reduce the uncertainty of other water indices. (Chidiac et al., 2023)
Some of the most widely used WQI methods are National Sanitation Foundation Water Quality Index (NSFWQI), Canadian Council of Ministers of Environment Water Quality Index (CCMEWQI), Oregon Water Quality Index (OWQI), and Weight Arithmetic Water Quality Index (WAWQI). (Chidiac et al., 2023)
The process of WQI comprises of the following steps:

1. Parameter selection for measurement of water quality
2. Transformation of the raw data parameter into a common scale
3. Providing weights to the parameters and
4. Aggregation of sub-index values to obtain the final WQI (Tyagi et al., 2020; Chidiac et al., 2023)

The Weight Arithmetic Water Quality Index (WAWQI) developed by Brown et al. (1972) uses the following table to measure the quality of water:
Table 1: WAWQI and status of water quality

	Water quality index level
	Water quality status

	0-25
	Excellent Water Quality

	26-50
	Good Water Quality

	51-75
	Poor Water Quality

	76-100
	Very Poor Water Quality

	>100
	Unsuitable for drinking




Importance of Water Quality Index

The Water Quality Index (WQI) provides a single value that reflects water quality based on multiple physio-chemical parameters which denotes the quality of that particular water sample to the general public and legislative decision makers in an easy way. (Tyagi et al., 2020)
It is a standard utilized for measuring changes in the quality of water in a water sample over time. It can also be used to make comparisons between different water samples. (Tyagi et al., 2020)
Some of the standards of drinking and recreational water are given as follows. (BIS, 1991; BIS 1993; BIS, 2012; WHO, 2006)
Table 2: Water Quality Parameters and Drinking/Recreational Water Standards

	
Sr no.
	
Parameters
	Type	of
Standard Used
	Recommended

Agency
	Acceptable Limit

	1.
	pH
	Recreational
	BIS
	7.5-8.5

	2.
	Temperature
	Drinking
	BIS
	None

	3.
	Colour
	Recreational
	BIS
	10



	2.
	Odour
	Recreational
	BIS
	Odourless

	5.
	Electric Conductivity
	Drinking
	BIS
	300

	6.
	Total Dissolved Solids
	Recreational
	BIS
	500

	7.
	Total Suspended Solids
	Drinking
	BIS
	100

	8.
	Total Hardness
	Drinking
	BIS
	200

	9.
	Calcium
	Drinking
	BIS
	75

	10.
	Magnesium
	Drinking
	BIS
	30

	11.
	Chloride
	Recreational
	BIS
	500

	12.
	Alkalinity
	Recreational
	BIS
	50-500

	13.
	Turbidity
	Recreational
	BIS
	10

	12.
	Free Residual Chlorine
	Recreational
	WHO
	3

	15.
	Aluminium
	Recreational
	BIS
	0.1

	16.
	Iron
	Drinking
	BIS
	0.3




Note: All the parameters are measured in mg/L except for turbidity which is measured in units and
electric conductivity which is measured in μS/cm.

MATERIALS AND METHODOLOGY

Description of Sampling Sites

For the evaluation of the parameters of this study, water samples were collected from five distinct swimming pools across five different areas of Surat city from January 2025 to February 2025. The description of the sampling sites is presented as under.

Site-1: Lalbhai Contractor Stadium, Piplod Site-2: Surat Gymkhana Club, Dumas Road

Site-3: Akshay Resort and Swimming Pool, Talad-Balkash Road, Olpad Site-4: Chimanbhai Lapsiwala Swimming Pool, Rustampura
Site-5: Vanita Vishram Swimming Pool, Athwalines

Sample Collection

The water samples were collected using the catch-and-grab method from the depth of at least 9ft below the surface. The samples were collected between 9am to 12pm. These samples were collected in clean and labelled water containers which were first washed with distilled water and then with sample water twice before collection. The samples were then stored in a cool, dry conditions away from sunlight and other pollutants.

Some critical parameters were measured on the day of collection itself and then the samples were preserved carefully for the analysis of other parameters.	Comment by Windows User: What are the critical parameters? State them.

Methodology

The water samples were measured for seven physical parameters such as pH, color, electrical conductivity, total dissolved solids, and total suspended solids and nine chemical parameters including total hardness, calcium, magnesium, chloride, alkalinity, turbidity, iron, aluminum, and free residual chlorine. Biological tests like Standard Plate Count (SPC), Most Probable Number (MPN), and IMViC tests were conducted to detect bacterial presence.

All the physical and chemical experiments were carried out as per the methods described in the S.K. Marti Water and Wastewater Analysis Vol. 1. For the biological assessments, the methodology described in the Experimental Microbiology Vol. 1 by Rakesh Patel was used.

Physical Parameters pH
METHOD:

Electrometric method PRINCIPLE:

pH value is determined by measurement of electromotive force of a cell which having an indicator electrode deep in a test solution and a reference electrode. Liquid junction used for the contact between the test solution and the reference electrode which is a part of the reference electrode. The electromotive force is determined with pH meter, that is, a high impendence voltmeter calibrated in terms of pH.
APPARATUS:

i. pH meter PROCEDURE:
pH of water sample was measured by using glass electrode by immersing it in the beaker containing water sample. The display of the pH on pH meter was recorded.
Temperature

PROCEDURE:

Temperature was measured on-site using a thermometer.

Odour

PRINCIPLE:

It is described by type and threshold odour number (TON) which is related to odour-free water required for dilution an odorous sample to a non-odorous level. The ultimate odour-testing device is the human nose.


APPARATUS:

i. Sample bottle, glass-stoppered
ii. Constant-temperature bath
iii. Odour flask: Glass -stoppered, 500 mL capacity, to hold sample dilutions testing.
iv. Pipettes, measuring cylinder, thermometer
v. Odour-free water: prepare odour-free water by passing distilled water through activated carbon.
PROCEDURE:

i. Rinse the Erlenmeyer flask with tap water and clean with chromic acid solution.
ii. Determine approximate range of threshold odour number (TON) by adding 200 mL, 50 mL, 12 mL and 2.8 mL sample to separate 500 mL flasks and odour-free to make total volume of 200 mL.
Use a spare flask containing only odour-free water as reference for comparison.
iii. Stopper and warm flasks to 40°C in a water bath. Mix vigorously by swirling the flask 3 to 4 times. Test for odour, using normal inhalation.
CALCULATION:

TON = (A+B)
𝐴

Colour

METHOD:

Visual Comparison method PRINCIPLE:
Colour of the sample can be compared with the known colour standards.

Platinum - cobalt method is normally used for preparation of colour standards, in which 1 colour unit is equivalent to the colour produced by 1 mg/1 of platinum. As turbidity interferes with the colour determination by increasing the colour intensity, therefore, the samples should be free of turbidity.
APPARATUS AND REAGENTS:

i. Nessler tubes, 50ml
ii. pH meter
iii. Colour standards Dissolve 1.246 g. of potassium chloroplatinate (K2 Pt Clg) and 1.0 g. crystalline cobaltous chloride (COCI2. 6H2O) in distilled water having 10ml of concentrated HCL to prepare 1 litre of solution.
iv. This solution has 500mg/l of platinum and about 250mg of metallic cobalt and thus equivalent to 500 colour units.
MATERIAL AND METHODS:

Prepare 50ml of each 5, 10, 20, 25, 30, 35, 40, 45, 50, 60 and 70 colour units by diluting the stock colour standard of 500 colour units with distilled water. Put these standards in the 50 ml Nessler tubes and prevent evaporation and contamination.
PROCEDURE:

i. Take 50ml turbidity free sample in a 50ml Nessler tube. Turbidity can be removed by centrifugation or filtering the sample using some filters aid such as calcined filter aid. If the turbidity is not removed, the colour is reported as "apparent colour".
ii. Match the colour of the sample with standard colour tubes by looking vertically through the tubes towards a white surface placed at such an angle that light is reflected upward through the column of liquid.
iii. Dilute the sample with distilled water in case the colour of the sample exceeds 70 units.
iv. Measure the pH of the sample as the colour is highly related to pH (See determination of pH).

CALCULATION:

Colour units = estimated colour x dilution factor

Electric Conductivity

PRINCIPLE:

Conductivity is the capacity of water to carry an electrical current and varies both with number and types of ions the solution contains, which in turn is related to the concentration of ionized substances in the water.
REAGENTS:

0.01 N, KCL solution PROCEDURE:
i. Rinse the electrode thoroughly blot and dry.
ii. Immerse the electrode in 0.01 N KCL solution and the conductivity should be 1413 micro mhos at 25°C Temperature.
iii. Remove the cell from KCL solution and wash it thoroughly with distilled water.
iv. Immerse the electrode/cell in the unknown sample whose conductivity is to be determined.

CALCULATION:

If the cell constant is given on the cell itself, then the measured value of conductivity = Cell Constant
(C) x Screen reading.

Total Dissolved Solids (TDS)

Total dissolved solids are determined as the residue left after evaporation of the filtered sample. PROCEDURE:
i. Sample was filtered through the Whatman filter paper no.42.
ii. 10 ml of filtered sample was evaporated in a pre-weighed evaporating dish on a hot plate.
iii. The residue was heated in an oven at 103 - 105C for one hour and the final weight was taken after cooling in a desiccator.
CALCULATION:

Total Solids (mg/l) = (A−B) (1000 x 1000)
𝑣

Where, A = Final weight of the dish in gm, B = Initial weight of the dish in gm,
v = Volume of sample taken in ml Total Suspended Solids (TSS). PRINCIPLE:
The undissolved matter present in water is referred to as suspended solids. Suspended solids is dependent on turbidity.
PROCEDURE:

i. Sample was filtered through the Whatman filter paper no. 42.
ii. 10 ml of filtered sample was evaporated in a pre-weighed Whatman filter paper no. 42.
iii. The residue was heated in an oven at 103 - 105C for one hour and the final weight was taken after cooling in a desiccator.
CALCULATION:

Total Solids (mg/l) = (A−B) (1000 x 1000)
𝑉

Where, A = Final weight of the filter paper in gm,

B = Initial weight of the filter paper in gm, V = Volume of sample taken in ml Chemical Parameters
Total Hardness

METHOD:

EDTA Titrimetric method Principle:
EDTA forms chelated soluble complex when it added to a solution containing some metal cations. Small amount of Eriochrome Black T dye is added in the water containing calcium and magnesium ions at pH 10 ±0.1, solution becomes wine red. If EDTA added as titrant, calcium and magnesium will be complexed and solution turns from wine red to blue that indicate end point of titration.
REAGENTS:

i. Standard EDTA solution (0.01 M)

ii. Buffer solution

iii. Eriochrome Black T indicator PROCEDURE:
i. Suitable volume of sample was taken in to conical flask.

ii. 1 to 2 ml buffer solution was added.

iii. 1 to 2 drops of indicator solution was added.

iv. The content was titrated against EDTA solution. At the end point colour changed wine red to blue.

CALCULATION:

Total hardness (as CaCO3 mg/L) = 𝐶 𝑥 𝐷 𝑥 1000
𝑉

Where,

Where, C = mL of EDTA required by sample for titration

D = mg CaCO3 equivalent to 1mL EDTA titrant (1mg for 0.01M EDTA used here). V = Volume of Sample
Calcium hardness

METHOD:

EDTA Titrimetric Method PRINCIPLE:
Ammonium purpurate form a complex with only calcium but not with magnesium at higher pH. As EDTA having higher affinity towards calcium, the former pink coloured complex is broken down and forms a new complex which is purple in colour that indicates end point.
REAGENTS:

i. Standard EDTA solution (0.01 M)

ii. Sodium hydroxide (1N)

iii. Murexide indicator PROCEDURE:
i. Suitable volume of sample was taken in conical flask.

ii. 2 ml NaOH solution or sufficient volume to produce pH 12 to 13 was added.

iii. 0.1 to 0.2 g murexide indicator was added and well mixed the solution.

iv. The solution was titrated against EDTA solution till the pink colour solution converted in to purple.

CALCULATION:

Calcium hardness as CaCO3 (mg/L) = T x 1000 x 1.05
𝑉

Calcium (mg/L) = T x 400.5 x 1.05
𝑉
Where, T = volume of titrant in mL V = volume of sample in mL Magnesium hardness

METHOD:

By calculation PRINCIPLE:
Calcium and Magnesium form a complex of wine red colour with Eriochrome black T at pH 10.0. The EDTA having higher affinity for calcium and magnesium, the former complex broken down and new complex of blue colour is formed. The value of magnesium can be obtained by subtracting the volume of calcium from the total of calcium and magnesium.
PROCEDURE:

i. Total hardness and calcium hardness were found using EDTA titrimetric method.

CALCULATION:

Mg hardness as CaCO3 = Total hardness as CaCO3 - Ca hardness as CaCO3 Magnesium (mg/L) = Mg hardness as CaCO3 mg/L x 0.2431
Chloride

METHOD:

Argentometric Method PRINCIPLE:
Chloride in water sample was determined by titrating the sample with standard silver nitrate by using potassium chromate indicator. In a neutral or slightly alkaline condition, potassium chromate indicates end point of silver nitrate titration of chloride. Silver chloride is precipitated quantitatively before red silver chromate is formed.
REAGENTS:

i. Standard silver nitrate solution (0.0141 N)

ii. 5% Potassium chromate indicator PROCEDURE:
i. Suitable volume of sample that containing pH about 7 to 10 was taken in to a conical flask.

ii. Few drops of potassium chromate indicator were added.

iii. The sample was titrated against standard silver nitrate solution till the brick red end point appeared.

iv. A blank value was also taken by using distilled water.

CALCULATION:

Chloride in mg/l = (A − B) x M x 35.45
𝑉

Where,

A = Volume of silver nitrate solution consumed for the sample in ml

B = Volume of silver nitrate solution consumed for reagent blank in ml M = Concentration of silver nitrate solution in moles/l
V = Sample volume in ml. Total alkalinity PRINCIPLE:
Alkalinity can be estimated by titrating the sample with a strong acid (HCl), first to pH 8.3 using phenolphthalein as an indicator and then further to pH between 2.2 and 5.4 with methyl orange indicator. In first case, the value is called as phenolphthalein alkalinity (PA) and in second case, it is total alkalinity (TA).
REAGENTS:

i. 0.01N HCI

ii. Phenolphthalein indicator

iii. Methyl orange indicator (0.05%) PROCEDURE:
i. 50ml of sample water was taken in a conical flask.

ii. 2 drops of phenolphthalein was added to it.

iii. When colour of solution remained colourless, PA was absent, but if the colour changed to pink, it was titrated with 0.02N HCl until the colour disappeared.
iv. This was reading for phenolphthalein alkalinity.

v. 2-3 drops of methyl orange were added to the same sample and the titration was continued until the yellow colour changed to pink at the end.
vi. Readings were used for total alkalinity.

CALCULATION:

Phenolphthalein alkalinity (mg/L as CaCO3) = A x 1000
𝑣

Methyl orange alkalinity (mg/L as CaCO3) = B x 1000
𝑣

Total alkalinity (mg/L as CaCO3) = = (A + B) x 1000
𝑣

Where,

A= Volume of hydrochloric acid for sample with phenolphthalein indicator, ml B = Volume of hydrochloric acid for sample with methyl orange indicator. ml V = Sample volume, ml
Turbidity

METHOD:

Nephelometric Method

PRINCIPLE: This method is generally based on the principle of comparison of the intensity of scattered light of sample with standard reference solution under the defined condition. Intensity of scattered light is directly proportional to turbidity.
PROCEDURE:

1. Turbidity of water samples were measured by using digital turbidity meter.

2. The turbidity meter was calibrated by using solution of known turbidity value (generally 0.02, 20, 100, 800 NTU) before examined the water samples.

Free Residual Chlorine

METHOD:

Iodometric Titration method PRINCIPLE:
Chlorine is a strong oxidizing agent and liberates Iodine from Potassium Iodide. The liberated Iodine is equivalent to the amount of chlorine and can be titrated against Sodium thiosulphate using starch as an indicator.
REAGENTS:

i. Acetic Acid

ii. Potassium Iodide

iii. Sodium Thiosulphate, 0.025N. PROCEDURE:
i. Take 10ml water sample in a conical flask and add 5ml acetic acid. The pH after addition of acetic acid should be between 3 and 2.
ii. Add approximately 1 gm of KI crystals and mix thoroughly with a stirring rod for about 15 minutes keeping it away from the direct sunlight.
iii. Add a few drops of starch indicator and titrate against 0.025N sodium thiosulphate until the contents turn colourless from blue.
CALCULATION:

Free Residual chlorine as mg/L = (A − B) x N x 35.45 x 1000
𝑉

Where,

A = mL of titrant required for sample, mL.

B = mL of titrant required for blank, mL N = normality of titrant (Na2S2O3)
V = Sample volume, ml

Aluminium

METHOD:

Eriochrome Cyanine R Method PRINCIPLE:
Aluminium forms a red to pink complex with’ Eriochrome cyanine R’ at pH 6.0. The coloured complex obeys Beer’s law and is suitable for spectrophotometric measurements between 525 nm and 535 nm. This method is applicable in the range of 20 to 300 ug/L of aluminium.


REAGENTS:

i. 0.02 N Sulphuric Acid
ii. Ascorbic Acid Solution
iii. Acetic Acid Solution
iv. Sodium Hydroxide Solution
v. Stock Eriochrome Cyanine R Dye Solution PROCEDURE:
i. Take a series of standard aluminium solution in 50mL SMFs. Similarly, for blank take distilled water in 50ml SMF.
ii. To all SMF of sample, standard and blank, add 1 ml 0.02 N H2SO4, 1ml Ascorbic acid solution followed by 10ml sodium acetate buffer solution. Now add 1ml Eriochrome dye solution and then make upto the mark with distilled water.
iii. Mix well & allow 10 minutes for colour development.

iv. Read the absorbance at 535 nm & draw a Calibration Curve by plotting absorbance on Y-axis & mg of A1 on X-axis
v. Determine the concentration of aluminium Sample with reference to the calibration curve.

CALCULATION:

Aluminium as mg/L = 𝑀
𝑉

Where,

M = mass of aluminium present in ug in the final solution, V = volume of the sample in ml.
Iron

METHOD:

Titration method PRINCIPLE:
Potassium permanganate oxidizes Fe+2 to Fe+3 ions in acidic conditions and itself gets reduced to colourless Mn+2 ions. Excess drops of KMnO4 will give pink colour, due to MnO4 ions.
REAGENTS:

i. 0.1N KMnO4

ii. 1N H2SO4 PROCEDURE:
i. Take 10ml water sample in a conical flask and add 10ml 1N H2SO4 to it.

ii. Titrate against 0.1N KMnO4 until the contents turn from colourless to pink.

CALCULATION:

Iron as mg/L = 𝐴 𝑥 𝑁 𝑥 55.85
𝑉

Where,

A = mL of titrant required for sample, mL. N = normality of titrant
V = Sample volume, ml

Water Quality Index (WQI)

Water Quality Index calculation was carried out by Horton’s method. The method itself describes the status of water quality. It assembles water quality data and convert in to a singular number which can easily interprets water status. The calculation was done on MS Excel 2016.

Equation for calculation of WQI is given as follows:

WQI = Ʃqn wn /Ʃ wn

qn = Quality rating of nth water quality parameter. Wn = Unit weight of nth water quality parameter.


Quality rating (qn):

qn = [ (Vn – Vid) / (Sn- Vid) ] x 100

Vn = Estimated value of nth water quality parameter at a given sample location.

Vid = Ideal value for nth parameter in pure water. (Vid for pH = 7 and 0 for all other parameters) Sn = Standard permissible value of nth water quality parameter.


Unit weight (wn): Wn = k / Sn

Sn = Standard permissible value of nth water quality parameter

k = Constant of proportionality and it is calculated by using the following equation k = [ 1 / Ʃ (1/
Sn=1,2,..,n) ]

Microbiological Analysis Standard Plate Count (SPC) PRINCIPLE:
The method is based on assumption that each single organism develops in to a distinct colony. The original number of organisms can be calculated from number of colony with multiplying to aliquot factor.
REQUIREMENTS:

i. Water sample

ii. Sterile distilled water tubes (9 ml)

iii. Sterile nutrient agar plates

iv. Sterile pipettes PROCEDURE:
i. Water sample was serially diluted up to 10-6 dilutions by adding 1 ml of water sample in to 9 ml of sterile distilled water tubes.
ii. From each dilution, 0.1 ml of sample was transferred in nutrient agar plate.

iii. The sample was spreaded by using glass spreader.

iv. The plates were incubated at 37°C for 24 hrs.

v. The number of colony was then counted on each plate.

CALCULATION:

CFU/ml = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑥 𝑉𝑜𝑙𝑢𝑚𝑒 𝑃𝑙𝑎𝑡𝑒𝑑
𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛𝑠



Most Probable Number (MPN)

PRINCIPLE:

MPN is a statistical method based on the probability theory. The sample is serially diluted till organisms reach to extinction point. From these dilutions several multiple tubes of a specific medium are inoculated. Presence of organisms indicted 26 through acid and gas production in tubes. Positive and negative results indicate the original number in sample.
REQUIREMENTS:

i. 5 MLBB tubes having 10 ml double strength (2X) medium

ii. 11 MLBB tubes having 5 ml single strength (X) medium

iii. Sample water

iv. Sterile pipettes PROCEDURE:

i. The sample was mixed before running the procedure.

ii. Water sample was inoculated in medium tubes.

iii. 5 MLBB tubes which having double strength medium were inoculated with 10 ml sample.

iv. 5 MLBB tubes which having single strength medium were inoculated with 1 ml sample.

v. 5 MLBB tubes which having single strength medium were inoculated with 0.1 ml sample.

vi. 1 MLBB tube of single strength medium was uninoculated and it served as control.

vii. Tubes were incubated at 37°C for 24 hrs.

viii. The tubes were examined for acid and gas production.

INTERPRETATION:

McCardy gave a table in which the MPN number of organisms per 100 ml of water was computed. The set of positive and negative tubes are used for test.





Biochemical test

Various biochemical tests were used for identification of bacterial strain. The tests are based on the presence of specific enzyme in bacteria that can be tested by using specific substrate in the medium. Various biochemical tests are given below.
Indole production test

REQUIREMENTS:

i. 1% Tryptone broth

ii. Kovac’s reagent

iii. Test culture PROCEDURE:
i. The trypton broth was inoculated with a loopful culture of organisms.

ii. The broth was incubated at 37°C for 24 hrs.

iii. 1 ml of Kovac’s reagent was added slowly.

iv. Pink colour ring formation was observed on a top of the layer.

INTERPRETATION:

Fuchsia red colour formation at the interface of the reagent and broth after adding reagent indicated positive results.
Methyl-Red test

REQUIREMENTS:

i. Glucose phosphate broth

ii. Methyl red indicator

iii. Test culture PROCEDURE:
i. The GPB broth was inoculated with test culture.

ii. The broth was incubated at 37°C for 48-72 hrs.

iii. After incubation, methyl red indicator was added.

iv. Development of red colour was observed.

INTERPRETATION:

Development of stable red colour in medium indicated that the methyl red test is positive.

Voges-Proskauer test

REQUIREMENTS:

i. Glucose phosphate broth

ii. 5% alcoholic α- naphthol

iii. 40% KOH solution

iv. Test culture

PROCEDURE:

i. The GPB medium was inoculated with test culture.

ii. The medium was incubated at 37°C for 24-48 hrs.

iii. After incubation, 0.6 ml of α- naphthol and 0.2 ml of KOH solution was added.

iv. The medium was mixed properly after each reagent addition.

v. The result was observed after 15-60 min.

INTERPRETATION:

Red colour development in 15 min, after addition of REAGENTS indicated presence of diacetyl.

Citrate utilization test

REQUIREMENTS:

i. Simmons’s citrate agar slant

ii. Test culture PROCEDURE:
i. Test culture was heavily streaked on the Simmons’s citrate agar slant.

ii. The slant was incubated at 37°C for 24-48 hrs.

iii. The colour change of slant after incubation was recorded.

INTERPRETATION:

The development of deep blue colour indicated positive results. The growth on streaking area also represents positive results because the bacteria are may be in their log phase. The positive interpretation can be confirmed after incubating the slant for another 24 hrs.
DISCUSSION

Recreational use of water such as swimming has been known to be beneficial to the human health and well-being. (Ibanga et al., 2020; Almeida et al. 2012)
The benefits include building of muscles, improved cardiovascular and respiratory function, release of endorphins in brain and cools the body from excessive heat. It is also the most recommended

exercise for obese people, pregnant women, and people with joint disorders or arthritis as it is a non-
weight barring exercise which is not affected by the earth’s gravity. (Chanifuddin et al. 2022)


However, if the water being used for swimming purposes is polluted or unsafe, it can cause many adverse health issues. (Almeida et al. 2012)

Pollution in recreational waters can be caused by many factors such as exposure to toxic chemical substances used to maintain the quality of water, contamination of various micro-organisms in water by various human and animal secretions or objects and clothes. (Ibanga et al., 2020)
Physical Analysis of Collected Samples

pH

pH is a measurement of the hydrogen ion (H+) activity. It is used to determine the acidity or alkalinity of water. It does not pose a direct health risk but it affects other factors such as bacterial growth population and reaction of chemicals present in water.
The pH ranged from 7.4 to 7.8 which was well under the upper limit of 8.5 and in the BIS standards of 7.5-8.5. Site-1 had the minimum pH at 7.4 which was slightly lower than the standard of 7.5 and Site-3 had the maximum pH at 7.8.
Colour

Colour of water is generally analysed for its aesthetic value. Coloured water is not acceptable to general public and hence its removal is necessary.

Visually, the colour of all the samples was transparent and clear and upon practical analysis, it was found that the colour ranged from 0 to 1 hazen units, which was well under the prescribed standard of 10 hazen units.

Site-1 and Site-2 had the minimum values at 0 hazen units and Site-3, Site-4 and Site-5 recorded maximum values at 1 hazen unit.

Electric Conductivity

Electric Conductivity is used to detect impurities in water, quantitative measurement of ionic constituents dissolved in water and checking accuracy of water analysis as there is a distinct relationship between conductivity and total dissolved solids (TDS).

In this study, EC ranged between 479 μS/cm to 718 μS/cm which exceeded the recommended standard value of 300 μS/cm. Site-1 recorded the lowest EC at 479 μS/cm and Site-3 recorded the highest EC at 718 μS/cm. Higher EC can be contributed to the presence of dissolved salts and other inorganic chemicals in water.

Total Dissolved Solids (TDS)

TDS is used to define total minerals in the water which includes all inorganic and some organic compounds. It is the total sum of cations and anions present in water. Excess of TDS can result in gastrointestinal diseases.

TDS ranged from 243 mg/L to 356 mg/L which was under the BIS standards of 500 mg/L. Site-1 recorded the lowest TDS at 243 mg/L and Site-2 recorded the highest TDS at 356 mg/L.

Total Suspended Solids
Total suspended solids (TSS) denotes the suspended solid impurities present in the water such as clay, silt, finely divided organic and inorganic matter.
TSS ranged from 1.7 mg/L to 3.4 mg/L which was under the BIS standards of 100 mg/L. Site-1 recorded the lowest TSS at 1.7 mg/L and Site-2 recorded the highest TSS at 3.4 mg/L.

Chemical Parameters Total Hardness
Total hardness is the amount of CacO3 present in water. It occurs due to the dispersion of bicarbonates, chlorides and sulphates in water.
Total hardness ranged from 233 mg/L to 280 mg/L. Site-5 recorded the minimum hardness at 233 mg/L and Site-3 recorded the maximum hardness at 280 mg/L. All the results were higher than the recommended range of 200 mg/L.
Calcium Hardness

Water calcium occurs from the decomposition of calcium aluminosilicates and from dissolution of limestone, magnesium limestone, magnesite, gypsum and other minerals.
Calcium hardness ranged from 44.6 mg/L to 67.3 mg/L. Site-4 recorded the least calcium hardness at
44.6 mg/l and Site-1 recorded the most calcium at 67.3 mg/L. All the sampling sites were under the BIS standard of 75 mg/L.
Magnesium Hardness

Magnesium is found in lesser amounts in nature than calcium since magnesium is found in much lower amounts as compared to calcium.
Magnesium was found to be in the range of 22.6 mg/L to 40.6 mg/L. Site-5 recorded the lowest amount of magnesium at 22.6 mg/L and Site-4 recorded the highest amount of magnesium at 40.6 mg/L. Site-2, Site-3 and Site-4 exceeded the standard BIS amount of 30 mg/L.
Chloride

Chloride is present in natural water in a very small amount. However, it is present in abundance in swimming pools due to their use for disinfection.
Chloride was found to be in the range of 87.5 mg/L to 159 mg/L. Site-3 recorded the lowest amount of chloride at 87.5 mg/L and Site-1 recorded the highest amount of chloride at 159 mg/L. All the sampling sites were under the BIS standard of 500 mg/L.
Alkalinity

Alkalinity is a measure of ability of water to absorb the hydrogen ion. It occurs in natural waters due to due to free hydroxyl ions and hydrolysis of salts formed by weak acids and strong bases.
Alkalinity was found to be in the range of 11.6 mg/L to 160 mg/L. Site-2 recorded the lowest amount of alkalinity at 11.6 mg/L and Site-3 recorded the highest amount of alkalinity at 160 mg/L. All the sampling sites were under the BIS standard of 500 mg/L.
Turbidity

Turbidity in natural waters is caused by clay, silt, organic matter, phytoplankton and other microscopic organisms. It is usually not harmful to health but spoils the appearance. It makes the water unfit for domestic purposes, food and beverage industries.

Turbidity was found to be in the range of 0.51 NTU to 1.22 NTU. Site-4 recorded the lowest amount of turbidity at 0.51 NTU and Site-3 recorded the highest amount of turbidity at 1.22 NTU. All the sampling sites were under the BIS standard of 10 NTU.
Iron

Iron metal is one of the most frequent constituents of potable water. The presence of iron in natural waters is due to corrosion of iron pipes in the distribution system or the plumbing system.
Iron was found to be in the range of 0.088 mg/L to 0.12 mg/L. Site-3 recorded the lowest amount of iron at 0.12 mg/L and Site-5 recorded the highest amount of iron at 0.088 mg/L. All the sampling sites were under the BIS standard of 0.3 mg/L.
Aluminum

Aluminum naturally enters the water through weathering of rocks and minerals and by human activities such as mining and industrial processes.
Aluminum was found to be in the range of 0.03 mg/L to 0.13 mg/L. Site-5 recorded the lowest amount of aluminum at 0.03 mg/L and Site-2 recorded the highest amount of aluminum at 0.0.13 mg/L. Site- 1 was at par with the BIS standard of 0.1 mg/L while Site-4 and Site-5 were less than the standards. Site-2 and Site-3 exceeded the BIS standard.
Free Residual Chlorine

Chlorine is primarily added to the water for destroying the harmful microorganisms in water and wastewater. Free residual chlorine refers to hypochlorous acid, and hypochlorite ions and the chloramines are called "combined chlorine residuals".
The residual chlorine ranged from 3.5 mg/L to 8.1 mg/L. Site-4 recorded the lowest amount of residual chlorine at 3.5 mg/L and Site-5 recorded the highest amount of residual chlorine at 8.1 mg/L. All the sampling sites were over the WHO recreational standard of 3 mg/L. The excess chlorine was caused by the constant chlorination done for the maintaining the cleanliness standard of swimming pool and to destroy the microorganisms present in water.
Water Quality Index (WQI)

Water Quality Index calculation was carried out by Horton’s method. For the purpose of easier
calculation, standards of recreational water as well as drinking water were used.

The WQI ranged from 38.02 to 50.43 across all the sampling sites with Site-4 recording the lowest WQI at 38.02 and Site-3 recording the highest WQI at 50.43. As per table no. 1, all the sampling sites come under the category of “Good Water Quality”.
Microbiological Parameters Quantitative Analysis Standard Plate Count (SPC)
Standard Plate Count (SPC) is a quantitative bacteriological analysis used to determine the total number of bacterial population that can grow under a given set of conditions. As per IS:3328 (1993), the count should not be more than 100 cfu per ml.
The Standard Plate Count ranged from 6.6 cfu/ml to 9.8 cfu/ml. Site-4 showed the lowest SPC at 6.6 cfu/ml and Site 2 showed the highest SPC at 9.8 cfu/ml. All the sites were well under the limit of 100 cfu/ml.
Most Probable Number (MPN)

Coliforms presence in water enumerates the unhygienic quality of water. Faecal coliforms and total coliforms in drinking water commonly results in the form of diarrhoea, fever and secondary complications.
In the study, the MPN test produced negative results for all the sampling sites, showing the absence of coliforms in water.
Qualitative Analysis IMViC Test
IMViC test is performed to differentiate between typical and atypical coliforms. The differentiation is based on the basis of four biochemical tests, known as IMVIC tests. The letter I stands for indole test, M for methyl red test, V for Voges-Proskauer test and C for citrate test.
In the study, all the sites had a positive result for the indole production test and methyl test while Voges-Proskauer test and citrate test had negative results. The results showed that there was an absence of E. coli and Klebsiella aerogenes bacteria.
CONCLUSION

Recreational waters are necessary as their use provides many health benefits and recreational enjoyment. Polluted and unsafe recreational waters can cause many health issues, hence their quality assessments become a vital requirement.
Water Quality Index is a method that combines various parameters and their concentrations present in a sample and compiles it into a single value, making it easy to convey the quality of water at a single glance to the stakeholders, government officials and the general public.
In this study, out of the sixteen physio-chemical parameters analyzed for the WQI, electric conductivity, total hardness and free residual chlorine were exceeding the recommended standards for all the sampling sites, while magnesium was in excess at three sites. In three out of the five sites, aluminum had exceeded the standards but they could be ignored as they had exceeded in a negligible amount. The results of the biochemical tests show that there was an absence of E. coli and Klebsiella aerogenes bacteria.
The WQI for all the sampling sites was in the range of 38.02 to 50.43, categorizing as good water quality.
It is evident from the results that the recreational waters of Surat city are safe for public use.

This study recommends the assessment of recreational waters of the sites sampled and other sites as well at regular intervals so that the quality of the water is maintained for the users of these facilities.
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