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ABSTRACT: The primary and widely used technique to determining the surface water quality condition is a 

conventional way of calculating the water quality index. Equally, the quality of harvested rainwater must be maintained 

for human health. Detailed evaluations and continuous monitoring of water quality are essential to ensure its safety for 

a range of applications.Major objective of this current study was to create a novel index approach that would be useful 

for any water quality metrics, irrespective of location or water consumption, and would simplify and ease computation. 

This study concentrates on defining and establishing the water quality level concerning Water Quality Index to assess 

the quality of harvested rainwater at Swami Vivekananda Institute of Science & Technology College. 
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I. INTRODUCTION 

 

The most widely used method for evaluation of water body's quality level is the Water Quality Index (WQI). WQI is a 

single dimensionless integer that clustered of quality parameters to identify the quality state of water bodies [1,2]. WQI 

is a method for providing the public with an abbreviated version of a water body's status that is consistent. WQI comes 

in several forms that are employed for various objectives.The WQI project is important because it can offer a thorough 

evaluation of water quality. By quantifying various parameters, such as physical, chemical, and biological indicators, 

the WQI can indicate the overall health of a water body [3,4]. Various national and international organizations have 

established a variety of water quality indices depending on location, area, goals, and quality factors. Some 

globallyacceptable methods of determining WQI are described herein. 

 

1.1Weighted Arithmetic Water Quality Index Method 

Weighted arithmetic mean method classified the water quality according to the scale of purity by using the most 

commonly measured water quality parameters [5, 6,7].  
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Where, Qx = Quality rating for xth parameter. Wx = weightage factor for xth parameter. 
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Vx represents estimated value of each xth parameter. Vo = Ideal values of xth parameter. (0 for each parameter, except 

pH =7 and for DO =14.6 mg.l
-1

). Sx = Recommended permissible value of xth parameter. [8]. 
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K = Constant of proportionality as expressed in equation no 4 
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Considering the result of the Weighted Arithmetic WQI technique a scale of water quality rating is given in Table 1. 

 

WQI Value Range Water Quality Status 

0-25 Excellent 

26-50 Good 

51-75 Poor 

76-100 Very Poor 

Above 100 Unsuitable for drinking 

 

Table1. Rating of water quality by weighted arithmetic water quality index method 

 

1.2 National Sanitation Foundation Water Quality Index Method (NSF-WQI) 
This is a standard water quality index technique was developed carefully by choosing parameters, creating a shared 

scale, and allocating weights [9,10,11]. This method is also called as NSF-WQI as it was accepted by National 

Sanitation Foundation (NSF). [12] 
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Where,  

Qx= sub-index of xth water quality parameter. 

Wx is weight factor associated with xth water quality parameter. 

n= no. of water quality parameter. 

 NSF-WQI facilitates the assessment of WQI between the region and variations in water quality. This approach 

provides the overall quality state of water so; WQI for individual water usage is not achievable. Based on the value 

derived from the NFSWQI method, the status of water quality has been expressed at Table 2. 

 

WQI Value Range Water Quality Status 

90-100 Excellent 

70-90 Good 

50-70 Poor 

25-50 Very Poor 

0-25 Unsuitable for drinking 

 

Table2. Status of water quality by NSFWQI 

 

1.3 Oregon Water Quality Index (OWQI) 

In this approach eight water quality parameters are combined in a single figure by WQI to assess the overall water 

quality of Oregon's stream and to apply the procedure for another geographic locations [13,14].OWQI used the Delphi 

approach to choose the water quality parameter. This method does not require the calculation of each parameter's 

weight. In OWQI method, 8 water quality parameters are often taken into account including pH, temperature, dissolved 
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oxygen (DO), biological oxygen demand (BOD), ammonia, nitrate nitrogen, total suspended solids (TSS) and electrical 

conductivity. The following is the OWQI mathematical expression (equation 6). 

 

WQI = 
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 (6) 

 

n = no. of sub-indices, SIx= sub-index data of xth parameter. 

This index is significant for the changing water condition as the formulation is very sensitive. Additionally, this OWQI 

rating scale has been divided into a number of groups, which are listed beneath at table 3 [15]. 

 

 

Table 3. Status of water quality rating by Oregon Water Quality Index (OWQI) 

 

1.4 Canadian Council of Ministers of the Environment Water Quality Index (CCME WQI) 
This WQI was provides a sustainable approach to evaluate surface water for the protection of aquatic existence. 

Minimum four criteria are needed to develop the CCME WQI, and these might change depending on the location. 

Moreover, screening needs to be done at least four times [16, 17]. Therefore corresponding values of water quality 

rating summarized in Table 4[18, 19]. According to Siraj et al. (2023), mathematical expression of CCME index is 

mentioned herein [20] 
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Where, 

F1 is scope that is no. of variables whose objective are not encountered 

F1 = [Number of failed variables ∕ Number of total variable] ∗ 100 

F2 is frequency that is number of times by which the objectives are not met 

F2= [Number of failed test∕ Number of total test] ∗ 100 

F3 is amplitude that is quantity, by which the objectives are not met where, 
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WQI Value Range Water Quality Status 

90-100 Excellent 

85-89 Good 

80-84 Fair 

60-79  Poor 

0-59 Very Poor 
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WQI Value Range Water Quality Status 

95-100 Excellent 

80-94 Good 

60-79 Fair 

45-59 Marginal 

0-44 Poor 

 

Table 4. Status of WQI by CCME Method 

 

II. STUDY AREA 

 

The study area consists of 20x30 m
2
 catchment area located in Dakshin Gobindapur near Eastern Metropolitan Bypass 

(22°23′08.25″N&88°24′45.59″E), Kolkata, West Bengals mentioned in Fig. 1a & Fig. 1b. 

 

                            
  

                                                   Fig. 1a                                                                   Fig. 1b 

 

III. METHODOLOGY 

 

Rainwater samples were collected from the roof of Civil Engineering Department, situated at the campus near Eastern 

Metropolitan Bypass, Kolkata, West Bengal. West Bengal generally receives ample amount of rainfall throughout the 

year and the study area received a well distributed annual rainfall with the average rain of 1813 mm (IMD, 2021). 

Harvested rainwater were collected at a time interval of 30 days to 45 days and further analysed for 7 physiochemical 

parameters.Five samples of rainwater were obtained from rainfall events that occurred between May and August of 

2023.As per previous research findings, the first three millimeters of rainwater were discarded as the first flush 

[21].Seven parameters were analyzed for the samples: dissolved oxygen (DO), pH, total suspended solids (TSS), 

ammonia-nitrogen (NH
3
-N), chemical oxygen demand (COD), biochemical oxygen demand (BOD5), and electrical 

conductivity.In this study Weighted Arithmetic Mean Water quality index had been introduced for calculation of index 

value.Weighted Arithmetic Mean index value was therefore validated by CCME Water quality index. 

 

IV. RESULT AND DISCUSSION 

 

Sample 

No 

pH DO 

(mg.l
-1

) 

BOD5 

 (mg.l
-1

) 

COD 

(mg.l
-1

) 

TSS 

(mg.l
-1

) 

EC 

(µS/cm) 

NH3-N 

(mg.l
-1

) 

1 5.97 5.47 1.51 0 0 214.24 0.15 

2 5.92 5.65 1.54 0 1 226.31 0.23 

3 5.93 5.57 1.65 0 1 203.45 0.13 

4 5.99 4.78 1.79 0 2 234.69 0.27 

5 5.91 5.27 1.82 0 1 255.10 0.20 

 

Table 5. Physiochemical Parameters of collected rainwater 
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Weighted Arithmetic Mean WQI 

 

Parameters pH DO 

(mg.l
-1

) 

BOD5 

(mg.l
-1

) 

COD 

(mg.l
-1

) 

TSS 

(mg.l
-1

) 

EC 

(µS/cm) 

NH3-N 

(mg.l
-1

) 



W

QW

x

xx
WQI

 

Sample 1 5.97 5.47 1.51 0 0 214.24 0.15 32.28 

Sample 2 5.92 5.65 1.54 0 1 226.31 0.23 44.27 

Sample 3 5.93 5.57 1.65 0 1 203.45 0.13 29.86 

Sample 4 5.99 4.78 1.79 0 2 234.69 0.27 49.36 

Sample 5 5.91 5.27 1.82 0 1 255.1 0.2 39.98 

 

Table 6. Calculation by Weighted Arithmetic WQI Method 

 

Mean WQI= 39 

 

The research area is located roughly thirty kilometers from the nearest industrial zones and has low traffic intensity. 

Therefore, it stands to reason that the collected rainwater would be of good quality. Now based on the result obtained 

from the Weighted Arithmetic mean method the scaling index as mentioned in Table 1 clearly indicates that harvested 

rainwater quality is Good. 

 

CCME WQI 

 

Parameter pH DO 

(mg.l
-1

) 

BOD5 

(mg.l
-1

) 

COD 

(mg.l
-1

) 

TSS 

(mg.l
-1

) 

EC 

(µS/cm) 

NH3-N 

(mg.l
-1

) 

BIS Standard 8.5 6 5 4 30 300 0.5 

Sample 1 5.97 5.47 1.51 0 0 214.24 0.15 

Sample 1 5.92 5.65 1.54 0 1 226.31 0.23 

Sample 1 5.93 5.57 1.65 0 1 203.45 0.13 

Sample 1 5.99 4.78 1.79 0 2 234.69 0.27 

Sample 1 5.91 5.27 1.82 0 1 255.1 0.2 

 

Table 7. Calculation of Water Quality Index by CCME 

 

 CODE CCME DATA F1 F2 F3 

No of Failed 

Variable(Parameters) 

X 1  

 

14.28 

 

 

 

14.28 

 

 

 

1.76 

 
Total No of Variable (Parameter 

Studied) 

Y 7 

Total No of Test Z 35 

Total No of Fails Test E 5 

 

Table 8. Calculation of Water Quality Index by CCME 

 

From equation no7 

CCME WQI=88 

 

The result of CCME WQI clearly indicates that harvested rainwater quality is good in nature according to Table 4. It 

may be used right away for non-potable tasks like gardening or toilet flushing. 
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V. CONCLUSION 

 

This study investigates the reliability of the harvested rainwater at Swami Vivekananda Institute of Science & 

Technology campus as water resource. Total Five samples of rainwater were collected from rooftop on different months 

were analysed for physical and chemical water parameters (pH, DO, BOD5, COD, TSS, EC, NH3-N).Every sample 

indicates the drinking water requirements established by Indian government were met in terms of pH, DO, TSS, EC and 

NH3-N. The pH and oxygen content of the collected rainwater remain almost same and not changed drastically during 

the research days. Finally the research finding reveals that harvested rainwater may be used for non-potable usage with 

a little bit of treatment and disinfection is needed for drinkable purposes. 

 

REFERENCES 

 

[1]Effendi H., Romanto Wardiatno Y., Water Quality Status of Ciambulawung River, Banten Province, Based on Pollution 

Index and NSF-WQI, Procedia Environ Sci . 24, 228-237, 2015. 

[2] Babaei Semiromi, F., Hassani, A.H., Torabian, A., Karbassi, A.R. and Hosseinzadeh Lotfi, F., “Water quality index 

development using fuzzy logic: A case study of the Karoon river of Iran”, African J. Biotech.., 10(50). 10125-10133. 2011. 

[3]Guidelines for Drinking-water Quality, Fourth Edition, World Health Organization ISBN 978 92 4 154815 1. 2012. 

[4]Guide Manual: Water and Waste Water, Central Pollution Control Board, New Delhi. 

http://www.cpcb.nic.in/upload/Latest/Latest_67_guidemanualw& wwanalysis.pdf (Accessed 12 July 2013). 

[5] Tyagi, S., Sharma, B., Singh, P., &Dobhal, R. (2013). Water quality assessment in terms of water quality index. American 

Journal of Water Resources, 1(3), 34–38. 

[6]Chaurasia, A. K., Pandey, H. K., Tiwari, S. K., Prakash, R., Pandey, P., & Ram, A. (2018). Groundwater quality assessment 

using water quality index (WQI) in parts of Varanasi District, Uttar Pradesh, India. Journal of the Geological Society of 

India, 92, 76-82. 

[7]Etim, E. E., Odoh, R., Itodo, A. U., Umoh, S. D., &Lawal, U. (2013). Water quality index for the assessment of water 

quality from different sources in the Niger Delta Region of Nigeria. Frontiers in science, 3(3), 89-9. 

[8] Bouslah, S., Djemili, L., Houichi, L.: Water quality index assessment of Koudiat Medouar Reservoir, northeast Algeria 

using weighted arithmetic index method. J. Water Land Dev. 35, 221–228 (2017). 

[9] Poonam, T., Tanushree, B., & Sukalyan, C. (2013). Water quality indices—important tools for water quality assessment: a 

review. International Journal of Advances in Chemistry, 1(1), 15–28. 

[10] Brown, R. M., McClelland, N. I., Deininger, R. A., & Tozer, R. G. (1970). Water quality index-do we dare? Water 

Sewage Works, 117(10), 339–343. 

[11] Kumar, D. and Alappat, B., “NSF-Water Quality Index: Does It Represent the Experts’ Opinion?”, Pract. Period. Hazard. 

Toxic Radioact. Waste Manage., 13(1). 75-79. 2009. 

[12] Noori, R., Berndtsson, R., Hosseinzadeh, M., Adamowski, J. F., & Abyaneh, M. R. (2019). A critical review on the 

application of the National Sanitation Foundation Water Quality Index. Environmental Pollution, 244, 575-587. 

[13]Dunnette, D.A., “A geographically variable water quality index used in Oregon”, J. Water Pollu. Cont. Fed., 51(1). 53-61. 

1979. 

[14] Cude C. G., Oregon Water Quality Index a tool for evaluating water quality management effectiveness, Journal Of The 

American Water Resources Association. 37 (1), 125-137, 2001. 

[15] Darvishi G., Kootenaei F. G., Ramezani M., Lotfi E., Asgharnia, H., Comparative Investigation of River Water Quality 

by OWQI, NSFWQI and Wilcox Indexes (Case study: the Talar River – IRAN), Archives of Environmental Protection. 42 (1), 

41-48, 2016. 

[16]Khan, A.A., Tobin, A., Paterson, R., Khan, H. and Warren, R., “Application of CCME procedures for deriving site-

specific water quality guidelines for the CCME water quality index”, Wat. Qual. Res. J. Canada.., 40(4). 448-456. 2005. 

 [17] Kankal, N.C., Indurkar, M.M., Gudadhe, S.K. and Wate, S.R., “Water quality index of surface water bodies of Gujarat, 

India”, Asian J. Exp. Sci., 26(1). 39-48. 2012. 

[18] Paun I., Cruceru L. V., Chiriac F. L., Niculescu M., Vasile G. G., Marin N. M., Water Quality Indices - Methods For 

Evaluating The Quality Of Drinking Water, National Research and Development Institute for Industrial Ecology, INCD-

ECOIND. 395-402, 2016. 

[19] F. Rufino, G. Busico, E. Cuoco, T. H. Darrah, and D. Tedesco, “Evaluating The Suitability Of Urban Groundwater 

Resources for Drinking Water and Irrigation Purposes: An Integrated Approach in The Agro-Aversano Area of Southern 

Italy,” Environmental Monitoring and Assessment, vol. 191, no. 12, pp. 1-17, November 2019 

[20] Siraj, G., Khan, H. H., & Khan, A. (2023). Dynamics of surface water and groundwater quality using water quality 

indices and GIS in river Tamsa (Tons), Jalalpur, India. HydroResearch, 6, 89-107 

[21]Coombes P, Kuczera G, Kalma J .2000. Rainwater quality from roofs tanks and hot water systems at fig tree place. In: 

Proceedings Of The 3rd International Hydrology And Water Resources Symposium.Perth. 



 
 

  
 


