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ABSTRACT: Among all the water sources, the ground water is a key and most consistent source of water supply
throughout the world. The current generation is witnessing a tremendous increase in the demand for fresh water owing
to the exponential growth in the population. Monitoring and assessment of water quality parameters provides the basis
for judging the suitability of water quality for its selected uses, necessary for water quality management and improving
existing conditions. The present study was aimed at monitoring and evaluating the groundwater samples collected from
two locations that include, Lingayas Institute of Management and Technology (LIMAT), Vijayawada campus, Andhra
Pradesh, India, Madalvarigudem, Krishna district, Andhra Pradesh, India. The collected samples were analyzed for pH,
total dissolved solids (TDS), total hardness (TH), alkalinity and acidity according to standard methods. As apparent
from the groundwater quality parameter analysis, groundwater of LIMAT campus showed higher values of pH, TDS
and TH, whereas groundwater of Madalavarigudem showed higher values of alkalinity and acidity. The water quality
index (WQI) values further affirmed that groundwater samples collected from Madalavarigudem is of poor quality for
drinking purpose. It is further suggested that relevant treatment techniques can be employed to make the groundwater
safe for drinking purpose. Furthermore, this study also suggests adopting simple rainwater harvesting systems to
improve groundwater recharge to make it a sustainable source of life.
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I. INTRODUCTION

The 21% century is witnessing water resources crisis, wherein many countries are facing issues in ensuring their
mounting population get adequate and clean water. Among all the water sources available on the face of the earth,
ground water is a key and most consistent source of water supply throughout the world. Some areas of the world are
facing serious water shortage because to the utilization of groundwater at faster rate than it is naturally recharged
(Prajapati and Bilas, 2018). The present-day cohort is witnessing groundwater as an imperative source of water supply
since there has been a remarkable increase in the demand for fresh water owing to the exponential growth in the
population. Groundwater entails a constraint with high values of salinity for its utility for irrigation and water supply.
Hence, it is undeniably necessary to maintain the potability of water prior to human consumption (Uddin et al., 2017,
2018; Li et al., 2021).

The groundwater is imaginably thought as clean and free from pollution compared with the surface water. Groundwater
serves as a source of potable water for nearly two billion people and nearly 40% of it is used for irrigation needs
(Gleeson et al., 2020). Nevertheless, groundwater quality in the this generation is encountered with pollution due to the
discharge of sewage and industrial wastewater, dumping of solid waste, negligent extraction of groundwater,
population growth, developmental activities, rapid land use changes, climate change, etc (Uddin et al., 2016; Akhtar et
al., 2021; Che Nordin et al., 2021; Sajib and Moniruzzaman, 2021; Diganta et al., 2021, 2023; Han and Currell, 2022;
Shaibur et al., 2023; Uddin et al., 2023a; Uddin et al., 2024). The present-day generation is seeing raising groundwater
depletion because of mounting population, industrialization, agricultural sources and the technologies involving waste
disposals (Prajapati and Bilas, 2018; Ibrahim et al., 2023).
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According to the United Nations sustainable development goals (SDGs), SDG 6 is treated as a significant pillar to
ensure the availability and sustainable water management and sanitation for all by 2030. Therefore, it is crucial to treat
all the water resources as responsible resources both in quality and quantity (Uddin et al., 2017; Uddin et al., 2018;
Asha et al., 2020; Kodam et al., 2021; Osta et al., 2022). A recent study has described that the developing countries are
facing groundwater quality limitations because of exaggerated use of agrochemicals, rapid urbanization, informal
disposal of industrial waste; uncontrolled leaching of leachate from landfill sites and saltwater intrusion because of
climate change (UN World Water Development Report, 2022). Henceforth, groundwater resources entail periodic
monitoring to keep a check on the quality of water and guarantee the safe and viable utilization for human
consumption.

The Water Quality Index (WQI), which was developed in the early1970s, gives an indication of the health of the water
quality at various points and can be used to keep track of and analyze changes over time (Brown et al., 1972). The WQI
is feasibly considered as one of the most applicable method, which converts huge data into a numeric score and reveals
the water quality for its suitability for both various purposes (Eid et al., 2023; Uddin et al., 2023c; Uddin et al., 2023d;
Uddin et al., 2022a; Uddin et al., 2022b; Uddin et al., 2022c¢).

Therefore, as a matter of fact of the significance of groundwater and its analysis, the present study was aimed at
monitoring and evaluating the variation in the physicochemical parameters of groundwater quality from two different
sources that include, Lingayas Institute of Management and Technology (LIMAT), Vijayawada campus, Andhra
Pradesh, India and Madalvarigudem, Krishna district, Andhra Pradesh, India, as there is a remarkable data gap for the
selected region. The collected samples were analyzed for pH, total dissolved solids (TDS), total hardness (TH),
alkalinity and acidity according to standard methods as these are few common parameters for water analysis. This study
supported in generating basic information on the quality of groundwater and its present status.

II. MATERIALS AND METHODOLOGY

Study area

Groundwater samples were collected from two locations that include Lingayas Institute of Management and
Technology (LIMAT), Vijayawada campus, and Madalvarigudem, Krishna district, Andhra Pradesh, India. Lingayas
Institute of Management and Technology, Madalavarigudem is located at Madalavarigudem, which is a Village in
Gannavaram Mandal in Krishna District of Andhra Pradesh State, India. It is located 65 Km towards North from
District headquarters Machilipatnam, 305 Km from State capital Hyderabad. Maadalavarigudem is surrounded by
Unguturu Mandal towards East, Penamaluru Mandal towards South, Kankipadu Mandal towards South, Agiripalli
Mandal towards North. Figure 1 shows the satellite images of the study area.

Go gle Maps Lingayas Institute of Management and Technology

Imagery ©2024 CNES / Airbus, Maxar Technologles, Map data ©2024 100 m

(a)
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Figure 1. Satellite images of the study area, a.) Lingayas Institute of Management and Technology (LIMAT),
Vijayawada campus and b.) Madalvarigudem, Krishna district.

Methodology

Based on the time frame and limited resources available, groundwater monitoring was carried out by collecting the
samples for a period of 35 days (March to April, 2024) from the study area and the collected samples were analyzed for
pH, TDS, TH, alkalinity and acidity using standard methods described in American Public Health Association (APHA)
(APHA, 2005) as these are common for water analysis. The pH in the samples was verified with pH paper (S. D. Fine-
chem Ltd, Mumbai, India). The TDS in the samples was quantified using a Generic Digital LCD TDS Meter (Generic,
TDS-3, India). Alkalinity, total hardness and acidity in the samples were determined by titration method as per the
methods available in APHA standards. Water quality was evaluated based on the water quality standards recommended
by Bureau of Indian Standards (BIS) (BIS, 2012) and World health organization (WHO). Water quality index (WQI) of
the selected samples is calculated based on Brown et al. (1972) to test the suitability of the groundwater quality for
drinking purpose.

III. RESULTS AND DISCUSSION

Groundwater is supposed as a very vital resource in India for urban water use; however, it is not properly explored
owing to the inadequate monitoring and evaluation. To address this issue, it is necessary to obtain accurate information
via monitoring and to understand what is the problem and its origin, its seriousness, and causes for it. Such type of
information would lead the determination of economical and durable solutions to the problems associated with water.
Figure 2 shows the trend of pH of the samples collected from two different locations of the selected study area. The pH
of any aquatic body influences the chemical reaction, hence considered as a key factor in aquatic ecosystems (Wang et
al., 2002; Fakayode, 2005).

During the period of investigation for 35 days, for the Madalavarigudem samples, the pH value was in the range of 6.5-
9.0, whereas for the LIMAT campus samples, the pH value was in the range of 6.5-8.0, which is within the permissible
limit as per the BIS standards. The results infer that the pH value in the two locations indicate the alkaline nature of the
groundwater, which can be attributed to the different types of buffers generally present in the groundwater (Weber and
Stun, 1963).
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Figure 2. Trend of pH values of the samples collected from three different locations.

The groundwater quality in any area varies with its physical and chemical parameters, which consequently is highly
influenced by geological formations, anthropogenic activities and climatic conditions (Matthess, 1982; Subramani et
al., 2005). Moreover, groundwater chemistry varies with respect to the duration of contact of groundwater with a
particular rock. The longer is the duration of contact, the greater is the vulnerability for the effect of rock chemistry on
the formulation and pH of the groundwater. The groundwater pH varies depending on the composition of the rocks and
sediments that surround the travel pathway of the recharge water infiltrating to the groundwater (American Ground
Water Trust 2003).

Total dissolved solids

The TDS refers to the amount of dissolved material present in the water body and serves as a parameter for pollution
indicator. The range of TDS of the samples collected from two locations is shown in Figure 3. A range of 117-280
mg/L TDS was obtained in the Madalavarigudem samples, whereas in the LIMAT campus samples, it was in the range
of 199-273 mg/L (Fig. 3). High concentration of TDS in the groundwater sample can be attributed to the leaching of
salts from soil and, also domestic sewage may percolate into the groundwater, which may lead to increase in TDS
values (Prasanth et al., 2012). Slightly high TDS values in the samples could be attributed to the presence of elevated
solid materials (both dissolved and suspended) contributed by various anthropogenic activities taking place in the study
area in line with the study reported by Lamare and Singh (2016). The TDS values in two locations are slightly above
the permissible limits as per the BIS standards, which need to be treated if it is meant for drinking purpose. However, it
could be directly used for domestic purpose. Excess TDS in water can be removed using reverse osmosis (RO) or
deionization (DI), and distillation.
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Figure 3. Trend of TDS values of the samples collected from three different locations.
Total hardness

Total hardness is used to describe the effects of dissolved minerals (mostly calcium and magnesium) determining
suitability of water for various purposes due to the presence of several metallic salts (Deepa et al., 2016). The variation
of TH in the samples collected from two different locations is shown in Figure 4. The TH was in the range of 0-210
mg/L in the Madalavarigudem samples, whereas for the LIMAT campus samples, the TH was in the range of 0-230
mg/L. Sawyer and McCarty (1967) classified groundwater, based on TH, with TH <75 designated as soft, with TH 75—
150 as moderately hard, with TH 150-300 as hard and TH >300 mg/L as very hard.

The results obtained in this study indicate that the water in the study area is hard to very hard. The hardness of the
water is due to the presence of alkaline earths such as calcium and magnesium. Also, the increase in the maximum level
of total hardness is due to presence of carbonate and non-carbonate compounds (Ramesh et al., 2013). Total hardness
values in the two locations are slightly beyond the permissible limit as per the BIS standards, deducing that the
groundwater is hard water which is to be treated if it is meant for drinking purpose. However, it could be directly used
for domestic purpose. Softening process could be employed to remove excess total hardness in water.

—#—Madalavarigudem sample —o—College sample
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Figure 4. Total hardness values in the samples from three different sites.
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Alkalinity

The acid neutralizing capacity of water is determined by the alkalinity of any aquatic system (Murangan and
Prabaharan, 2012). The variation of alkalinity in the samples collected from two locations is shown in Figure 5.
Alkalinity was in the range of 525-910 mg/L in the Madalavarigudem samples, whereas for the LIMAT campus
samples, the alkalinity was in the range of 550-750 mg/L. It is well reported in the literature that generally, natural
water is represented as a solution comprising of Ca®*, Mg®*, alkaline metals and SO4>, CI" and, those contributing to
alkalinity, i.e., CO32' and HCOj;™ (Prasanth et al., 2012). The alkalinity values in the selected locations are beyond the
permissible limit as per the BIS standards, which need to be treated if it is meant for drinking purpose. Excess alkalinity
in water can be removed using water softening process.

—a—Madalavarigudem sample —e—College sample
1200
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Figure 5. Alkalinity values of the groundwater samples from three different locations.
Acidity

Acidity in the samples collected from two locations is shown in Figure 6. The acidity was in the range of 105-460 mg/L
in the Madalavarigudem samples, whereas for the LIMAT campus samples, the alkalinity was in the range of 45-525
mg/L. If the geology of the aquifer containing the groundwater has few carbonate rocks, the groundwater will tend to
remain acidic. Acidity in water is not in itself harmful to health. Many popular beverages have considerable acidity or
alkalinity.

—#—Madalavarigudem sample —eo—College sample
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Figure 6. Acidity values in the samples from three different sites.
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The concern for acidity in drinking water is that even mildly acid water can dissolve lead or copper that may be present
in plumbing pipes and fixtures. Because of this fact, almost all the standards formulated to regulate the quality of water
has determined that drinking water should have a pH between 6.5 and 8.5 in order to limit the concentration of
dissolved contaminants from acidic waters or the buildup of scale deposits from alkaline water.

Water quality index (WQI) is considered as one of the most effective method of measuring water quality. According to
Brown et al. (1972), the WQI can be used to monitor water quality changes in a particular water supply overtime, or it
can be used to compare any water supply quality with other water supplies in a selected region or from around the
world. The WQI helps in reducing the huge water quality data to a simple value that expresses the overall water quality
at a certain location and time centered on several water quality parameters. Table 1 presents the water quality status
based on WQI.

Table 1. Water quality status based on WQI (WHO, 2004)

S. No. Water Quality Index Status of Water Quality
1 0-25 Excellent Water Quality
2 26 —50 Good Water Quality
3 51-175 Poor Water Quality
4 76 — 100 Very Poor Water Quality
5 > 100 Unfit for Drinking

The WQI values of Madalavarigudem and LIMAT campus samples obtained in this study are 59.29 and 20.32. The
results indicate that groundwater collected from Madalavarigudem is of poor quality as per the information presented in
the Table 1 (WHO, 2004). Similar results were reported by Prajapati and Bilas (2018), wherein WQI values ranged
from 28 to 65, whereas in few samples, the WQI values were reported as 182.48 and 535.32, indicating that the water
samples are unfit for drinking. The groundwater collected from Madalavarigudem falls under poor water quality in line
with the Table 1. Whereas, the groundwater collected from LIMAT campus falls under fairly good water quality in line
with Table 1, indicating that this water can be used for drinking purpose, provided after treatment.

In this study, as apparent from the groundwater quality parameter analysis, groundwater of LIMAT campus showed
higher values of pH, TDS and TH, whereas groundwater of Madalavarigudem showed higher values of alkalinity and
acidity. Calcium and Magnesium ions often lead to leach in the groundwater from the minerals surrounding
groundwater and thus, contribute to the increased hardness and alkalinity values. This is in line with the results
obtained in the present study. As per the literature, bedrock geology and climate plays a vital role in groundwater
quality of southern India, but may also be affected in some parts by pollution, particularly from agricultural and
industrial sources (Ramakrishna et al., 2009). It is further suggested that relevant water treatment techniques can be
employed to make the groundwater safe for drinking purpose. As per the scarcity of water in the future, rainwater
harvesting technologies, which are locale specific, can be explored and implemented for its practicality and
employment in various communities and institutes, which could lead to groundwater recharge.

IV. CONCLUSION

The present study was aimed at monitoring and evaluating the variation in the water quality parameters, such as pH,
total dissolved solids (TDS), alkalinity, total hardness and acidity of groundwater samples collected from two locations
that include Lingayas Institute of Management and Technology (LIMAT), Vijayawada campus, Andhra Pradesh, India,
and Madalvarigudem, Krishna district, Andhra Pradesh, India. This study was considered for a period of 35 days and
the results indicate that the groundwater of LIMAT campus showed higher values of pH, TDS and TH, whereas
groundwater of Madalavarigudem showed higher values of alkalinity and acidity. The WQI values of
Madalavarigudem and LIMAT campus samples obtained in this study are 59.29 and 20.32 indicating that the
groundwater collected from Madalavarigudem is of poor quality and unfit for drinking as per world health organization
(WHO). Additionally, this study also recommends implementing simple rainwater harvesting systems to improve
groundwater recharge and make it a sustainable source of life.

IJIRSET©2024 |  AnISO 9001:2008 Certified Journal | 6644



International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

\ |
-« |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Refereed Journal |
A By 55K
IJIRSET | Volume 13, Issue 5, May 2024 ||
| DOI:10.15680/IJIRSET.2024.1305019 |

ACKNOWLEDGMENTS

The authors would sincerely thank all individuals contributed to this study. The authors would also like to thank Mr. G.
Ramakrishna sir for his valuable inputs in improving the quality of the manuscript.

12.

13.

16.

17.

REFERENCES

Indian Standards (IS) for Drinking Water as per Bureau of Indian Standards (BIS) specifications (IS 10500-2012;
Second Revision).

Rajesh Prajapati, Ram Bilas, Determination of water quality index of drinking water in Varanasi district, UP, India.
Journal of Scientific Research Vol. 62 (2018): 1-13. Banaras Hindu University, Varanasi

M.G. Uddin, M. Moniruzzaman, M. Khan, Evaluation of groundwater quality using CCME water quality index in
the Rooppur nuclear power plant area, Ishwardi, Pabna, Bangladesh, Am. J. Environ. Protect. 5 (2017) 3343,
https://doi.org/10.12691/env-5-2-2.

M.G. Uddin, M. Moniruzzaman, M.A. Quader, M.A. Hasan, Spatial variability in the distribution of trace metals in
groundwater around the Rooppur nuclear power plant in Ishwardi, Bangladesh, Groundw. Sustain. Dev. 7 (2018)
220-231, https://doi.org/10.1016/j.gsd.2018.06.002.

P. Li, D. Karunanidhi, T. Subramani, K. Srinivasamoorthy, Sources and consequences of groundwater
contamination. Arch. Environ. Contam. Toxicol. 80 (1) (2021), 1-10. https://doi.org/10.1007/s00244-020-00805-z.
T. Gleeson, M. Cuthbert, G. Ferguson, D. Perrone, Global groundwater sustainability, resources, and systems in
the anthropocene. Annu. Rev. Earth Planet Sci. 48 (2020), 431-463. https://doi.org/10.1146/annurev-earth-071719-
055251.

M.G. Uddin, Md. Moniruzzaman, M. Al-Amin Hoque, Md A. Hasan, M. Khan, Seasonal variation of
physicochemical properties of water in the buriganga river. World Appl. Sci. J. 34 (1) (2016), 24-34.
https://doi.org/10.5829/idosi. wasj.2016.34.1.22871.

N. Akhtar, M.I. Syakir Ishak, S.A. Bhawani, K. Umar, Various natural and anthropogenic factors responsible for
water quality degradation: a review. Water (Switzerland) 13 (19) (2021). https://doi.org/10.3390/w13192660.

N.F. Che Nordin, N.S. Mohd, S. Koting, Z. Ismail, M. Sherif, A. El-Shafie, Groundwater quality forecasting
modelling using artificial intelligence: a review. Groundwater for Sustainable Development 14 (2021), 100643.
https://doi.org/10.1016/j. gsd.2021.100643.

. A.M. Sajib, M. Moniruzzaman, Driving forces of landuse and landcover changes in the north-eastern part of Dhaka

Conurbation. The Dhaka University J. Earth and Environ. Sci. 10 (2) (2021), 53-66.
https://doi.org/10.3329/dujees.v10i2.57515.

. M.T.M. Diganta, T.T. Sharmi, A.S.M. Saifullah, M.J. Uddin, A.M. Sajib, Appraisal of heavy metal contamination

in road dust and human health risk in a municipality of Bangladesh. Environmental Engineering and Management
Journal 19 (12) (2021), 2165-2177. https://doi.org/10.30638/eem;j.2020.204.

M.T.M. Diganta, A.S.M. Saifullah, M.A.B. Siddique, M. Mostafa, Md S. Sheikh, M.J. Uddin, Macroalgae for
biomonitoring of trace elements in relation to environmental parameters and seasonality in a sub-tropical mangrove
estuary. J. Contam. Hydrol. 256 (April) (2023), 1-48. https://doi.org/10.1016/j. jconhyd.2023.104190.

D. Han, M.J. Currell, Review of drivers and threats to coastal groundwater quality in China. Sci. Total Environ.
806 (2022), 150913 https://doi.org/10.1016/j. scitotenv.2021.150913.

. M.R. Shaibur, I. Ahmmed, S. Sarwar, R. Karim, M.M. Hossain, M.S. Islam, M.S. Shah, A.S. Khan, F. Akhtar,

M.G. Uddin, M.M. Rahman, M.A. Salam, B. Ambade, Groundwater Quality of Some Parts of Coastal Bhola
District, Bangladesh: Exceptional Evidence. Urban Sci 7 (2023), 71. https://doi.org/10.3390/urbansci7030071.

. M.G. Uddin, M. T.M. Diganta, A.M. Sajib, M.A. Hasan, M. Moniruzzaman, A. Rahman, A.I. Olbert, M.

Moniruzzaman, Assessment of hydrogeochemistry in groundwater using water quality index model and indices
approaches. Heliyon 9 (9) (2023a), 19668. https://doi.org/10.1016/j.heliyon.2023.e19668.

M.G. Uddin, M.H. Imran, A.M. Sajib, A. Hasan, M.T.M. Diganta, T. Dabrowski, A.I. Olbert, Md Moniruzzaman,
Assessment of human health risk from potentially toxic elements and predicting groundwater contamination using
machine learning approaches. Journal of Contaminant Hydrology, 2024 Feb: 261:104307. doi:
10.1016/j.jconhyd.2024.104307. Epub 2024 Jan 21.

H. Ibrahim, Z.M. Yaseen, M. Scholz, M. Ali, M. Gad, S. Elsayed, M. Khadr, H. Hussein, H.H. Ibrahim, M.H. Eid,
A. Kov“acs, S. P’eter, M.M. Khalifa, Evaluation and Prediction of Groundwater Quality for Irrigation Using an
Integrated Water Quality Indices, Machine Learning Models and GIS Approaches: A Representative Case Study.
Water (Switzerland) 15, 2023, https://doi.org/10.3390/w15040694.

IJIRSET©2024 |  AnISO 9001:2008 Certified Journal | 6645



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.
29.
30.
31.
32.
33.
34.

35.

36.

37.

38.

39.
40.

41.

42.

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

\ |
-« |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Refereed Journal |
A By 55K
IJIRSET | Volume 13, Issue 5, May 2024 ||
| DOI:10.15680/IJIRSET.2024.1305019 |

A.S. Asha, A.S.M. Saifullah, M.G. Uddin, M.S. Sheikh, M.J. Uddin, M.T.M. Diganta, Assessment of trace metal
in macroalgae and sediment of the Sundarban mangrove estuary, Appl. Water Sci. 10 (2020) 1-13,
https://doi.org/10.1007/s13201-019-1134-2.

V. Kadam, S.Wagh, B. Patil, R. Umrikar, J. Sankhua, Jacobs, Seasonal variation in groundwater quality and
beneficial use for drinking, irrigation, and industrial purposes from Deccan Basaltic Region, Western India,
Environ. Sci. Pollut. Res. 28 (2021) 26082-26104, https://doi.org/10.1007/s11356-020- 12115-x.

M. El Osta, M. Masoud, A. Alqarawy, S. Elsayed, M. Gad, Groundwater Suitability for Drinking and Irrigation
Using Water Quality Indices and Multivariate Modeling in Makkah Al-Mukarramah Province, Saudi Arabia, vol.
14, 2022, https://doi.org/10.3390/w14030483. Water (Switzerland).

United Nations, Groundwater: Making the Invisible Visible. UN World Water Development Report 2022, 2022.
https://www.unwater.org/publications/un-world-water-development-report-2022/.

M.H. Eid, M. Elbagory, A.A. Tamma, M. Gad, S. Elsayed, H. Hussein, F.S. Moghanm, A.E.D. Omara, A. Kov~acs, S.
P’eter, Evaluation of groundwater quality for irrigation in deep aquifers using multiple graphical and indexing
approaches supported with machine learning models and GIS techniques, souf valley, Algeria, Water (Switzerland) 15
(2023), https://doi.org/10.3390/w15010182.

M.G. Uddin, S. Nash, A. Rahman, A.L. Olbert, Assessing optimization techniques for improving water quality model, J.
Clean. Prod. 385 (2023c), 135671, https://doi.org/10.1016/j.jclepro.2022.135671.

M.G. Uddin, S. Nash, A. Rahman, A.L. Olbert, A novel approach for estimating and predicting uncertainty in water
quality index model wusing machine learning approaches, Water Res. 229 (2023d), 119422,
https://doi.org/10.1016/j.watres.2022.119422.

M.G. Uddin, S. Nash, A. Rahman, A.I. Olbert, A comprehensive method for improvement of water quality index (WQI)
models for coastal water quality assessment, Water Res. 219 (2022a), 118532,
https://doi.org/10.1016/j.watres.2022.118532.

M.G. Uddin, S. Nash, M.T. Mahammad Diganta, A. Rahman, A.I. Olbert, Robust machine learning algorithms for
predicting coastal water quality index, J. Environ. Manag. 321 (2022b), 115923,
https://doi.org/10.1016/j.jenvman.2022.115923.

M.G. Uddin, S. Nash, A.L. Olbert, Optimization of parameters in a water quality index model using principal component
analysis, in: Proceedings of the 39th IAHR World Congress, International Association for Hydro-Environment
Engineering and Research (IAHR), Spain, 2022c, pp. 5739-5744, https://doi.org/ 10.3850/TAHR-
39WC2521711920221326.

R.M. Brown, N.I. McClellan, R.A. Deininger, Tozer R.G, A water quality index—do we dare?-Water Sew Works 117
(1972): 339—343.

W. Wang, A. Chen L. Wang, Y. Liu, R. Sun, Effects of pH on survival, Phosphrous Concentration, Adenylate Energy
Charge and Na*, K" ATPase Activities of Penaeus chinensis Osbeck Juveniles, Aquat. Toxicol., 60 (2002): 75-83.

S.0. Fakayode, Impact assessment of industrial effluents on water quality of the receiving Alaro River in Ibadan,
Nigeria. Ajeam —Ragee, 10 (2005):1-13.

W. J. Jr. Weber, W. Stun, Mechanism of hydrogen ion buffering in natural waters. J. American Water Works
Association. 55 (1963): 1553 1555.

Matthess G., John Wiley & Sons, (1982) New York, 406.

Subramani, T., Elango, L., & Damodarasamy, S. R., Environmental Geology, 47(8) (2005), 1099-1110.

Acid Rain and Ground Water pH, (THE AMERICAN WELL OWNER, 2003, Number 3; © American Ground Water
Trust)

S. V. Sarath Prasanth, N. S. Magesh., K. V. Jitheshlal., N. Chandrasekar., K. Gangadhar., 2012. Evaluation of
groundwater quality and its suitability for drinking and agricultural use in the coastal stretch of Alappuzha District,
Kerala, India. Appl Water Sci 2:165-175. DOI 10.1007/s13201-012-0042-5

R. E. Lamare., O. P. Singh., 2016. Application of CCME Water Quality Index In Evaluating The Water Quality Status In
Limestone Mining Area Of Meghalaya, India. The Ecoscan 10(1&2): 149-154.

A.S. Murangan, C. Prabaharan, Fish diversity in relation to physico-chemical characteristics of Kamala basin of
Darbhanga District, India, Int. J. Pharmaceut. Biol. Archi., 3(1) (2012): 211-217.

P. Deepa, R. Raveen, P. Venkatesan, S. Arivoli, T. Samuel,. Seasonal variations of physico-chemical parameters of
Korattur Lake, Chennai, Tamil Nadu, India. Int J Chem Stud 4 (3) (2016): 116—123.

C.N. Sawyer, P.L. McCarty, Chemistry for Sanitary Engineers, McGraw-Hill, New York, 1967.

M. Ramesh, E. Dharmaraj, B. J. R. Raj, Physico-chemical characteristics of ground water of Manachanallur Block
Trichy, Tamilnadu, India. Advances in Applied Science Research. 3(3) (2013): 1709-1713.

WHO, Guidelines for Drinking Water Quality, Third edition, (2004) Vol.l, Recommendation, world Health
Organization, Geneva.

C. Ramakrishna, D. Mallikarjuna Rao, K. Subba Rao, N. Srinivas, Studies on Ground Water Quality in slums of
Visakhapatnam, Asian Journal of chemistry, 21(6) (2009), 4246-4250

IJIRSET©2024 |  AnISO 9001:2008 Certified Journal | 6646



INTERNATIONAL

‘ ‘ STANDAD lNNO e <
SERIAL = ref (W
b \ NUMBER SJIF Sckenii Journal lmpact Facor CI'OSSr - Treeat

INDIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

IIIIIII

=) 9940 572 462 (@ 6381 907 438 & ijirset@gmail.com *’¢

wWww.ijirset.com



	Total dissolved solids
	Total hardness
	Alkalinity
	Acidity

