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Abstract
Livestock manure has long been valued as an agricultural fertilizer, but its significance is now overshadowed by

a serious concern - the widespread presence of antibiotic-resistant genes (ARGs). These ARGs, found abundantly

in manure, soil, and water, pose a direct threat by contributing to the emergence of antibiotic-resistant bacteria

due to the extensive use of antibiotics in livestock farming. This research article delves into the scientific

evidence linking the application of livestock manure to the dissemination of ARGs in agricultural lands and the

grave consequences for public health and the environment. The problem of antibiotic and ARG pervasiveness

extends beyond manure, evident in surface water, sewage treatment plant effluent, soils, and animal waste.

Unregulated antibiotic use in animal feed has led to a global health crisis as antibiotic-resistant bacteria become

increasingly prevalent. Applying manure to agricultural soils creates a breeding ground for these pathogenic

entities, posing a significant threat to human well-being. Over half of the veterinary antibiotics released into the

environment end up in the soil, where they undergo complex processes, impacting soil microorganisms. The

article highlights the potential transfer of resistance DNA from animal manure to the soil, further emphasizing

the risks associated with the propagation of antibiotic resistance. The research stresses the need for a proactive

and responsible approach to agricultural practices as the quest for sustainable solutions becomes crucial to

safeguarding human health and the environment. Understanding the intricate complexities of this pressing
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issue is essential in addressing the challenges of antibiotic resistance and its potential consequences. © 2024

selection and editorial matter, Arti Gupta and Ram Prasad; individual chapters, the contributors.

Corresponding authors

© Copyright 2024 Elsevier B.V., All rights reserved.

Corresponding author K. Yadav

Affiliation Department of Biochemistry, University of Lucknow, Lucknow, India

Email address yadav_k@lkouniv.ac.in

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

日本語版を表示する

查看简体中文版本

查看繁體中文版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

Abstract

Corresponding authors

https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/


Terms and conditions Privacy policy Cookies settings

All content on this site: Copyright © 2026 Elsevier B.V. , its licensors, and

contributors. All rights are reserved, including those for text and data mining, AI

training, and similar technologies. For all open access content, the relevant licensing

terms apply.

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
http://www.relx.com/


 (/)

Journals (/about/journals)  Topics (/topics)  Information (/authors)  Author Services

(/authors/english)  Initiatives (/about/initiatives)  About (/about)

Search for Articles:

Title / Keyword

Author / Affiliation / Email

Advanced Search

 

 

Sign In / Sign Up (/user/login)

Submit ( https://susy.mdpi.com/user/manuscripts/upload?journal=water )

 You can access the new MDPI.com website here (https://www.mdpi.com/redirect/new_site?
return=/2073-4441/15/17/3048). Explore and share your feedback with us.

error_outline

Water

All Article Types

Search

Journals (/about/journals) /  Water (/journal/water) /  Volume 15 (/2073-4441/15) /  Issue 17 (/2073-4441/15/17) /
10.3390/w15173048 /

(/journal/water)

► Article Menu

Submit to this Journal
(https://susy.mdpi.com/user/manuscripts/upload?

form%5Bjournal_id%5D%3D36)

Review for this Journal
(https://susy.mdpi.com/volunteer/journals/review)

Propose a Special Issue
(/journalproposal/sendproposalspecialissue/water)

  

 (/)

zoom_out_map (/toggle_desktop_layout_cookie)searchmenu

Typesetting math: 93%



All MDPI websites use third-party website tracking technologies to provide and continually improve our services. I agree and
may revoke or change my consent at any time with effect for the future. 

More Information

Powered by Usercentrics Consent Management
Deny Accept All

https://www.mdpi.com/
https://www.mdpi.com/
https://www.mdpi.com/about/journals
https://www.mdpi.com/topics
https://www.mdpi.com/authors
https://www.mdpi.com/authors/english
https://www.mdpi.com/authors/english
https://www.mdpi.com/about/initiatives
https://www.mdpi.com/about
https://www.mdpi.com/user/login
https://susy.mdpi.com/user/manuscripts/upload?journal=water
https://www.mdpi.com/redirect/new_site?return=/2073-4441/15/17/3048
https://www.mdpi.com/redirect/new_site?return=/2073-4441/15/17/3048
https://www.mdpi.com/redirect/new_site?return=/2073-4441/15/17/3048
https://www.mdpi.com/about/journals
https://www.mdpi.com/about/journals
https://www.mdpi.com/journal/water
https://www.mdpi.com/journal/water
https://www.mdpi.com/2073-4441/15
https://www.mdpi.com/2073-4441/15
https://www.mdpi.com/2073-4441/15/17
https://www.mdpi.com/2073-4441/15/17
https://www.mdpi.com/journal/water
https://www.mdpi.com/journal/water
https://www.mdpi.com/journal/water
https://susy.mdpi.com/user/manuscripts/upload?form%5Bjournal_id%5D%3D36
https://susy.mdpi.com/volunteer/journals/review
https://www.mdpi.com/journalproposal/sendproposalspecialissue/water
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/


Article Menu

Academic Editor

Dimitrios
E.
Alexakis

(https://sciprofiles.com/profile/836346?
utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

Recommended Articles

Related Info Link

More by Authors Links

keyboard_arrow_up

keyboard_arrow_down

keyboard_arrow_down

Article Views 12305

Citations 30

Table of Contents
keyboard_arrow_up

Abstractlens

Introductionlens

Study Arealens

Materials and Methodslens

Resultlens

Discussionlens

Conclusionslens

Recommendationslens

Author Contributionslens

Fundinglens

Data Availability Statementlens

Acknowledgmentslens

Conflicts of Interestlens

Referenceslens

Open Access Article

Assessment of Ground Water Quality of Lucknow City under GIS
Framework Using Water Quality Index (WQI)
by Nazmu Saqib  (mailto:nazmusaqib303@gmail.com),
Praveen Kumar Rai  (mailto:praveenrai@kmclu.ac.in),
Shruti Kanga  (mailto:shruti.kanga@cup.edu.in)  (https://orcid.org/0000-0003-0275-5493),

 (https://w

domain=www.md
Altmetric

share
Share

announcement
Help

format_quote
Cite

 1 

 1 

 2,* 

first_page settingsOrder Article Reprints (/2073-4441/15/17/3048/reprints)

  

 (/)

zoom_out_map (/toggle_desktop_layout_cookie)searchmenu

Typesetting math: 93%



All MDPI websites use third-party website tracking technologies to provide and continually improve our services. I agree and
may revoke or change my consent at any time with effect for the future. 

More Information

Powered by Usercentrics Consent Management

https://sciprofiles.com/profile/836346?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
mailto:nazmusaqib303@gmail.com
mailto:nazmusaqib303@gmail.com
mailto:nazmusaqib303@gmail.com
mailto:praveenrai@kmclu.ac.in
mailto:praveenrai@kmclu.ac.in
mailto:praveenrai@kmclu.ac.in
mailto:shruti.kanga@cup.edu.in
mailto:shruti.kanga@cup.edu.in
mailto:shruti.kanga@cup.edu.in
https://orcid.org/0000-0003-0275-5493
https://orcid.org/0000-0003-0275-5493
https://www.altmetric.com/details.php?domain=www.mdpi.com&citation_id=156810418
javascript:void(0);
https://www.mdpi.com/2073-4441/15/17/3048/reprints
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/


Deepak Kumar  (mailto:dkumar3@albany.edu)  (https://orcid.org/0000-0003-4487-7755),
Bojan Đurin  (mailto:bdjurin@unin.hr)  (https://orcid.org/0000-0002-2361-8036) and
Suraj Kumar Singh  (mailto:suraj.kumar@mygyanvihar.com)  (https://orcid.org/0000-0002-
9420-2804)

Department of Geography, Khwaja Moinuddin Chishti Language University, Lucknow 226013, India
Department of Geography, School of Environment and Earth Sciences, Central University of Punjab,
Bathinda 151401, India
Center of Excellence in Weather & Climate Analytics, Atmospheric Science Research Center (ASRC),
State University of New York, University at Albany (UAlbany) Campus, 1220 Washington Ave., Albany,
NY 12226, USA
Amity Institute of Geoinformatics & Remote Sensing (AIGIRS), Amity University Uttar Pradesh (AUUP),
Noida 201313, India
Department of Civil Engineering, University North, 48000 Koprivnica, Croatia
Centre for Sustainable Development, Suresh Gyan Vihar University, Jaipur 302017, India
Authors to whom correspondence should be addressed.

Water 2023, 15(17), 3048; https://doi.org/10.3390/w15173048 (https://doi.org/10.3390/w15173048)

Submission received: 2 July 2023 / Revised: 19 August 2023 / Accepted: 21 August 2023 /
Published: 25 August 2023

(This article belongs to the Special Issue Advances in Hydrology: Flow and Velocity Analysis in
Rivers ( /journal/water/special_issues/6O94B28KJQ ))

  (https://pub.mdpi-res.com/water/water-15-

03048/article_deploy/html/images/water-15-03048-g001.png?1692976593) (https://pub.mdpi-

res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g002.png?1692976595)

(https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-

g003.png?1692976596) (https://pub.mdpi-res.com/water/water-15-

03048/article_deploy/html/images/water-15-03048-g004.png?1692976597) (https://pub.mdpi-

res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g005.png?1692976598)

(https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-

g006.png?1692976600) (https://pub.mdpi-res.com/water/water-15-

03048/article_deploy/html/images/water-15-03048-g007.png?1692976601) (https://pub.mdpi-

res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g008.png?1692976602)

(https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-

g009.png?1692976603) (https://pub.mdpi-res.com/water/water-15-

question_answer
Discuss in
SciProfiles

(https://s
groups/p
utm_sou

 3,4 

 5 

 6,* 

1

2

3

4

5

6

*

Downloadkeyboard_arrow_down Browse Figures

  

 (/)

zoom_out_map (/toggle_desktop_layout_cookie)searchmenu

Typesetting math: 93%



All MDPI websites use third-party website tracking technologies to provide and continually improve our services. I agree and
may revoke or change my consent at any time with effect for the future. 

More Information

Powered by Usercentrics Consent Management

mailto:dkumar3@albany.edu
mailto:dkumar3@albany.edu
mailto:dkumar3@albany.edu
https://orcid.org/0000-0003-4487-7755
https://orcid.org/0000-0003-4487-7755
mailto:bdjurin@unin.hr
mailto:bdjurin@unin.hr
mailto:bdjurin@unin.hr
https://orcid.org/0000-0002-2361-8036
https://orcid.org/0000-0002-2361-8036
mailto:suraj.kumar@mygyanvihar.com
mailto:suraj.kumar@mygyanvihar.com
mailto:suraj.kumar@mygyanvihar.com
https://orcid.org/0000-0002-9420-2804
https://orcid.org/0000-0002-9420-2804
https://orcid.org/0000-0002-9420-2804
https://doi.org/10.3390/w15173048
https://doi.org/10.3390/w15173048
https://www.mdpi.com/journal/water/special_issues/6O94B28KJQ
https://www.mdpi.com/journal/water/special_issues/6O94B28KJQ
https://www.mdpi.com/journal/water/special_issues/6O94B28KJQ
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g001.png?1692976593
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g001.png?1692976593
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g002.png?1692976595
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g002.png?1692976595
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g003.png?1692976596
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g003.png?1692976596
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g004.png?1692976597
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g004.png?1692976597
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g005.png?1692976598
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g005.png?1692976598
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g006.png?1692976600
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g006.png?1692976600
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g007.png?1692976601
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g007.png?1692976601
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g008.png?1692976602
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g008.png?1692976602
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g009.png?1692976603
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g009.png?1692976603
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g010.png?1692976604
https://sciprofiles.com/discussion-groups/public/10.3390/w15173048?utm_source=mpdi.com&utm_medium=publication&utm_campaign=discuss_in_sciprofiles
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/


03048/article_deploy/html/images/water-15-03048-g010.png?1692976604) (https://pub.mdpi-

res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g011.png?1692976605)

(https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-

g012.png?1692976606) (https://pub.mdpi-res.com/water/water-15-

03048/article_deploy/html/images/water-15-03048-g013.png?1692976608) (https://pub.mdpi-

res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g014.png?1692976609)

(https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-

g015.png?1692976610) (https://pub.mdpi-res.com/water/water-15-

03048/article_deploy/html/images/water-15-03048-g016.png?1692976611) (https://pub.mdpi-

res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g017.png?1692976611)

(https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-

g018.png?1692976615) Versions Notes (/2073-4441/15/17/3048/notes)

  

 (/)

zoom_out_map (/toggle_desktop_layout_cookie)searchmenu

Typesetting math: 93%



All MDPI websites use third-party website tracking technologies to provide and continually improve our services. I agree and
may revoke or change my consent at any time with effect for the future. 

More Information

Powered by Usercentrics Consent Management

https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g010.png?1692976604
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g011.png?1692976605
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g011.png?1692976605
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g012.png?1692976606
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g012.png?1692976606
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g013.png?1692976608
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g013.png?1692976608
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g014.png?1692976609
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g014.png?1692976609
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g015.png?1692976610
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g015.png?1692976610
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g016.png?1692976611
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g016.png?1692976611
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g017.png?1692976611
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g017.png?1692976611
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g018.png?1692976615
https://pub.mdpi-res.com/water/water-15-03048/article_deploy/html/images/water-15-03048-g018.png?1692976615
https://www.mdpi.com/2073-4441/15/17/3048/notes
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/
https://www.usercentrics.com/en/consent-management-platform-powered-by-usercentrics/


Abstract

Continuous groundwater quality monitoring is crucial for ensuring safe drinking and irrigation by mitigating
risks from geochemical contaminants through appropriate treatment methods. Therefore, the primary
objective of this study was to assess the suitability of groundwater collected from Lucknow, India, for both
drinking and irrigation. Forty samples were collected from different sites within the study area to evaluate
groundwater quality. Various parameters such as pH, turbidity, total dissolved solids (TDS), chlorides (

), total alkalinity, total hardness, sulphate ( ), nitrate ( ), fluorides ( ), iron (Fe), arsenic
(As), magnesium ( ), and calcium ( ) were analyzed. The weighted arithmetic water quality
index (WAWQI), a vital rating system representing overall water quality, was employed to classify the
water into different categories, such as very good, good, moderate, poor, and unfit for drinking. This
classification is invaluable for public awareness and decision-making to make informed decisions
regarding effective management, treatment, and sustainable societal development on a broader scale. A
correlation matrix was generated and analyzed to observe correlations between the various parameters.
Additionally, spatial distribution maps for the analyzed parameters and WQI were prepared using the
inverse distance weighted (IDW) method. The study found that WQI values in the area ranged from 2.64
to 168.68, indicating good water quality in most places except for the Kukrail region, where the water
quality is unfit for drinking purposes. The water quality map shows that 86% of the area falls under the
very good category, 14.63% under good to moderate quality, and 0.37% is categorized as unfit for
drinking. Consequently, the findings suggest that the groundwater in the studied area is safe and suitable
for drinking and irrigation purposes.

Keywords: groundwater contamination (/search?q=groundwater+contamination); arsenic
(/search?q=arsenic); nitrate (/search?q=nitrate); water quality index (/search?
q=water+quality+index); geographical information system (/search?
q=geographical+information+system)

1. Introduction

For the past decade, the world economic forum has identified the degradation of freshwater
resources as one of the top ten most critical global risks. Failing to tackle this immense challenge could
result in severe repercussions for numerous sustainable development goals (SDGs) [1]. More than 40%
of water bodies assessed in 89 countries were severely polluted [2]. In India, 80% of the water resources
are classified as degraded, and the Ganges River has been listed as the most polluted river in the world.
The Citarum River in Indonesia is the world’s second most polluted river, heavily impacted by human
settlements. Similarly, due to rapid industrialization, China’s Yellow River holds the unenviable rank of the
third dirtiest river [3]. Unfortunately, water quality data collection remains infrequent in many countries,
leaving over 3 billion people at risk with unknown health of their freshwater ecosystems [4]. Conservation
of the environment and protecting the water quality is one of the essential responsibilities of all peoples
around the globe [5]. Urbanization worldwide is causing severe problems for water quality, arriving from
various sources and being gathered in vast bodies of water [6]. Water plays a very significant role in the
regulation of climate as well as in providing shape to the land. It is among those natural resources that
have a crucial impact on entire ecosystems. The need for groundwater has increased several times due

Cl− SO2−4 NO−3 F−

Mg2+ Ca2+
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to rapid urbanization and industrialization, increasing strain on water resources, especially groundwater.
The degraded quality of groundwater also endangers the health of humans and has incurred significant
costs to cure the different types of waterborne diseases. The swift urbanization, industrialization, and
agricultural development rate have also caused groundwater pollution in various regions of the country
due to over-exploitation and pollution of groundwater resources. This results in adverse environmental
impacts that affect the long-term sustainability of groundwater resources. A vast portion of the population
of India depends on groundwater for drinking [7]. Human activities, including excessive exploitation and
improper waste disposal from domestic, agricultural, and industrial sources, severely impact groundwater
reservoirs’ availability and quality (Figure 1) [8,9,10].

Figure 1. Schematic diagram, representing the genesis of groundwater chemical composition due
to rainfall diffuse recharge.

As a result, human health is at risk due to cultivation practices in general, particularly those involving
excessive fertilizer usage, unhygienic conditions, and the discharge of wastewater into groundwater [11].
Groundwater quality varies due to seasonal changes, depth, subsurface environment, and leached
dissolved salts [9,12]. According to the World Health Organization, nearly 80% of human diseases are
transmitted through water [13]. It becomes very troublesome to restore the water quality if groundwater is
polluted once. Therefore, it becomes crucial to regularly monitor groundwater quality and find means and
ways to prevent pollution. Groundwater quality has been analyzed for different chemical, physical, and
biological properties [14]. The groundwater quality data are crucial for treating and assessing analytical
determination values and indicating a water resource’s quality. Classifying groundwater becomes much
more feasible based on the principles of WQIs [15,16,17,18,19,20]. Water quality indices (WQIs) are
mathematical tools employed to classify water quality [21,22]. They are crucial in summarizing and
simplifying various analytical determination values, indicating a water resource’s quality [23,24]. The
issues of water quality and quantity are directly interconnected with socio-economic development.

Aggregation functions and sub-indicator development are the main building blocks for water quality
indicators. A WQI represents the overall condition of water under various requirements of the
environment.
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Groundwater quality assessment and monitoring have been routinely performed using geographic
information system (GIS) techniques complemented by IDW interpolation methods. These are powerful
tools for investigating and analyzing spatial information about water resources that have been developed
in recent years [18,25,26,27,28,29]. It is a time-efficient and economically viable method to show the
associations, sources, and trends of groundwater pollution by transforming massive datasets to produce a
variety of projections and spatial distribution maps. GIS technology was used in this work for spatial
analysis of different groundwater parameters.

This study’s primary objective is to assess the suitability of groundwater for drinking purposes using
geographic information systems (GISs) and a WQI. The physicochemical properties of forty groundwater
samples from tube wells and hand pumps were analyzed and compared to international standards set by
BIS and WHO, employing the WQI for drinking and domestic purposes. The WQI, initially introduced by
Horton in 1965 [30], involves a weighted arithmetic calculation. Several researchers [31,32,33,34,35,36]
have proposed different WQI models based on rating and weighing various water quality parameters
using the weighted arithmetic method. The WQI is a distinct numerical rating that reflects the overall water
quality condition, indicating categories like very good, good, moderate, poor, and unfit for drinking at a
specific time and location based on different water quality parameters. Its values vary between 0 and 100.
The WQI is, therefore, a crucial tool for comparing and managing groundwater quality in any distinct
region [37]. It also assists in selecting economically viable and appropriate treatment processes to
address issues associated with quality. It demonstrates the information on water quality to legislative
decision-makers and the public, to help make strict policies and execute programs related to water quality
[16,18,20,38].

This paper aims: (a) to investigate and interpret the groundwater quality in the study area and (b) to
evaluate its suitability for drinking and irrigation purposes in the region.

2. Study Area

Lucknow city is the capital of Uttar Pradesh; it lies between 26°30′ and 27°10′ N latitude and 80°32′
and 81°12′ E longitude, and it has an area of approximately 2528 km  (Figure 2). The Gomati River flows
through the center of the city. She is a principal tributary of the Ganga River, which is a significant source
of water for domestic, as well as irrigation purposes. There are much higher population densities in the
cities of the Ganga Plain compared to central India, as they are employed in large-scale agriculture
practices. Lucknow, the capital city, has an approximate population of about 4,589,838 [39]. It enjoys a
sub-tropical climate with three definite seasons, viz. monsoon, winter, and summer, and a mean yearly
rainfall of about 676 mm. There is a maximum temperature of about 45 °C in May, which decreases to 5
°C in January. The city has a flat alluvial plain within the central Ganga Plain that generally slopes
towards the southeast. Sharda Canal is the central canal utilized for domestic and irrigation and various
other uses in the region, although groundwater has been widely utilized for drinking, irrigation, and other
purposes. It has been noticed that approximately 77% of irrigated areas are cultivated using groundwater
resources [40,41,42,43].
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Figure 2. Location map of the study area. (A–C) shows the country, state, and district area,
respectively.

Geological and hydrogeological set-up reveals that the study area comprises mainly flat alluvial
plains where elevations vary from 102 to 130 m over sea level, sloping towards the southeast, and is a
part of the central Ganga Plain. Groundwater is mainly found within loose alluvial sediments and pore
spaces under a semi-confined and phreatic state [44,45,46,47,48].

The Quaternary sedimentary deposits in this region are divided into new alluvial deposits and old
alluvial deposits; the ancient deposits of alluvial consist mainly of clay, silt, and sand without kankar (small
pebbles), and the new alluvial deposits are comprised of clay, silt, and sand having fine to coarse grains.
The presence of thick Quaternary sediments in the plain of central Ganga forms a multi-layered system of
aquifer in the region, which is the best aquifer from a hydrogeological point of view, and due to this, there
is the existence of groundwater in the area. Since the plain of Ganga has unconsolidated alluvial
sediments, potential aquifers and groundwater availability in these alluvial belts are regulated by the
proportions of clay and sand layers and their relative thickness. The sand layer forms the most significant
aquifer, and the aquifer’s potential increases as sorting increases. Hand pumps are the primary tool for
water extraction in this zone, particularly utilized for drinking [48,49,50,51].

3. Materials and Methods

Forty groundwater samples have been collected from forty distinctive regional stations following
standard methods as recommended by [32,52]. Samples were collected from tube wells, hand pumps,
and boreholes, representing both deep and shallow aquifers, to reflect the groundwater chemistry in the
study area accurately. Sampling stations were uniformly distributed throughout the entire study area. One-
liter capacity bottles made of high-density polyethylene (HDPE) were sterilized using aseptic techniques
to prevent any potential contamination and subsequent alterations to the groundwater’s characteristics.
The samples were stored in a portable ice box and transported to a state-level water analysis laboratory,
U.P. Jal Nigam, Lucknow, for physio-chemical analysis. In the chemical laboratory, the samples were
stored at 4–5 °C. The thirteen groundwater quality parameters of all forty samples were analyzed using
standard methods [32,52]. Unstable parameters, namely pH and turbidity, were determined using a pH-
meter and turbidity-meter. The gravimetric method was employed to determine TDS. The analysis
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involved volumetric titrations to measure chloride, total alkalinity, and total hardness. Sulphate levels were
assessed via the turbidimetric method, while nitrate and fluoride concentrations were measured using UV
screening and ion-selective electrode methods, respectively. Iron, arsenic, magnesium, and calcium were
analyzed utilizing the ICP-MS technique (Table 1). The study carefully considered the data quality
assurance and quality control (QA/QC) procedures. Half of the sample volume, 500 mL, was meticulously
separated and examined in the laboratory as part of the QA/QC mechanisms to ensure reliable results.

Table 1. Details of analyzed physio-chemical parameters, methods of analysis, and instruments
used.

Spatial distribution maps were generated using the inverse distance weighted (IDW) interpolation
tool, an efficient technique to show the spatial interpolation of groundwater quality parameters [53,54].
Different zones of groundwater quality parameters were depicted on spatial distribution maps, specifically
the desirable/permissible and acceptable ranges for drinking purposes based on BIS (2012, 2015) and
WHO (2017). Statistical evaluation of the analyzed groundwater quality parameters was established, as
depicted in Table 2. A correlation matrix was also created, as shown in Table 3.

Table 2. Statistical analysis of analyzed physio-chemical parameters of groundwater quality in the
study area.

Table 3. Correlation matrix of groundwater quality parameters.

3.1. Ground Water Quality Parameters

3.1.1. Hydrogen Ion Concentration (pH)

The pH varied between 7.32 (minimum) to 8.25 (maximum) in this study in Figure 3, which is within
the acceptable range and indicates the alkalinity of groundwater (the ideal pH range for drinking purposes
is 6.5–8.5).
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Figure 3. Spatial distribution of pH across the study region.

3.1.2. Turbidity

The relative clarity of any liquid is measured by turbidity. It measures the proportion of light dispersed
by substances in the water when the water sample is illuminated. Excessive turbidity in water is not
pleasing and can be a health hazard. If the causes of high turbidity are not addressed, the regrowth of
waterborne pathogens can be accelerated, leading to waterborne diseases [55]. The permissible limits for
turbidity are 1 to 5 NTU, respectively, as per IS:10500-2012. In the current study, turbidity varied between
1.2 to 19.04 NTU, which exceeds the permissible range, as shown in Figure 4.
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Figure 4. Spatial distribution of turbidity across the study region.

3.1.3. Total Dissolved Solids (TDS)

In this study, TDS varied from 300 to 1090  (TDS for safe water by BIS is <500 ). The
primary sources of TDS are cultivation practices, leaching of soil, urban runoff, and sources of point
pollution that discharge through industry or sewage treatment plants [53,56].

3.1.4. Chloride ( )

Chloride concentration ranged from 14.68 to 112 , within the permissible range (250 ).
High chloride content in groundwater is harmful to the health of human beings [57].

3.1.5. Total Alkalinity

The acceptable range for alkalinity in drinking water is up to 200 , above which water tastes
bitter [58]. Alkalinity ranged from 170 to 490  in this study, which is within acceptable limits (600

).

3.1.6. Total Hardness

In this study, the hardness in water ranged from 190 to 495 , which is within the acceptable
range (600 ). Heart diseases and kidney stones can be caused due to high concentrations of
hardness in groundwater [59].

3.1.7. Sulphate ( )

Sulphate concentration varied from 2 to 160  in the current work, within the acceptable range
of 200  [60].

3.1.8. Nitrate ( )

Nitrate is a naturally existing ion and is an integral part of the nitrogen cycle. However, nitrate in
groundwater is troublesome because it can cause Methemoglobinemia in children under six months
[60,61,62]. Generally, high nitrogen concentration beyond the permissible range of 45  [57] poses
a health hazard [63]. In the present study, nitrate concentrations range from 0.43 to 100 ,
exceeding the permissible range. High nitrate concentrations in drinking water increase health risks in
pregnant women and newborns [64].

3.1.9. Fluoride ( )

Fluoride is a common constituent of groundwater. Natural sources are connected to various types of
rocks and volcanic activity. Agricultural (use of phosphatic fertilizers) and industrial (clays used in ceramic
industries or burning of coals) activities also contribute to high fluoride concentrations in groundwater [65].
It is among the lightest halogens and the most reactive elements [66]. It is usually found as a trace
quantity or a significant ion in high concentration [67]. Fluoride is present in groundwater mainly through
the interaction of fluoride-bearing minerals and host rocks with groundwater. This study’s fluoride
concentration varied from 0.15 to 1.15 , within the acceptable limit (1–1.5 ).

3.1.10. Iron (Fe)

The most frequent source of iron in groundwater is the weathering of iron-containing mineral rocks.
Iron exists naturally in the aquifers in the  state, but the concentration of iron rises after its dissolution
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in groundwater. It is soluble in this form and does not typically cause any health hazard, but when the
 state is oxidized to the  state, insoluble hydroxides are formed in groundwater due to its

contact with atmospheric oxygen [68]. Therefore, compared with surface water, there are higher iron
concentrations in the groundwater. The iron content varied from 0.01 to 0.5 , within the acceptable
range of 1.0  [60,61,62].

3.1.11. Arsenic (As)

Arsenic content in the studied area’s water fluctuated between 0.0002 to 0.017 , within the
permissible limit of 0.01 to 0.05 . Arsenic concentration can be significantly elevated in
groundwater with sulfide mineral deposits and volcanic rock deposits. Arsenic also enters the atmosphere
through natural biomethylation and reduces to arsine at low temperatures. Long-term ingestion of arsenic-
contaminated water can cause skin lesions, hard patches on the palms and soles of the feet
(hyperkeratosis), diabetes, pulmonary disease, and cardiovascular disease [2].

3.1.12. Magnesium ( )

Magnesium concentration is a significant parameter that affects the hardness of water. Magnesium
concentration varied between 17.9 to 122.79 , more than the acceptable range (100 ).

3.1.13. Calcium ( )

Calcium is introduced into the aquifer system through the leaching of calcium-containing minerals.
Calcium concentration varied from 8.1 to 75 , within the permissible limits (200 ).

3.2. Water Quality Index (WQI)

This study utilized all thirteen parameters to calculate the WQI. The WQI was determined based on
drinking water quality standards set by the Indian Council for Medical Research [63], the Bureau of
Standards of India (BIS), and the World Health Organization [55]. The weighted arithmetic index method
[64] was employed to calculate the WQI for water, involving the following successive steps.

3.2.1. Weightage Factor )

The parameters’ weights ) were allocated based on their importance in ensuring water quality.
The weightage factor was determined in the following manner.

where  indicates relative weight, indicates the weight of every parameter, and n indicates the
number of parameters.

3.2.2. Calculation of Sub-Index ( )/Quality Rating

The calculation of the sub-index is as follows:

where  indicates an estimated value for the ith parameter,  indicates an ideal value for the ith
parameter,  indicates a standard permissible value for the ith parameter, and   indicates the quality
rating for the ith water quality parameter.
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3.2.3. Calculation of WQI

To calculate WQI, first there is a calculation of the sub-index for every parameter with the use of the
following formula:

where  indicates the sub-index of its parameter, qi indicates the sub-rating based on the concentration
of ith, and n represents the numbers of the parameter.

Each value of the sub-index of each groundwater sample was added to calculate the overall WQI
[34,66,67].

Calculated values of WQI were classified into five different categories: very good, good, poor, very
poor, and unfit for drinking, as depicted in Table 4.

Table 4. Groundwater quality as per WQI range.

4. Result

4.1. Correlations Matrix and Statistical Assessment

Groundwater quality parameters were assessed for the tabulation of the correlation matrix and
general statistical analysis, as given in Table 2 and Table 3. A correlation matrix of thirteen different
parameters was created with the help of MS Excel 2017. Among the thirteen parameters, pH positively
correlates with turbidity, chloride, sulphate, and calcium. Turbidity is significantly correlated with chloride,
fluoride, and arsenic. Chloride has a positive correlation with sulphate, fluoride, and calcium. Sulphate
positively correlates with arsenic and calcium, and alkalinity negatively correlates with hardness, fluoride,
and arsenic. Fluoride is negatively correlated with arsenic.

Among the maximum quality parameters, there is a positive correlation with each other. Higher
concentrations of Fe and As can trigger the presence of other heavy metals such as Pb, Cd, and Cr. As
they are much more critical and crucial heavy metals, they require careful monitoring for the future
groundwater quality of the region. The presence of Fe, ( ), and can lead to the existence of
cadmium [69].

4.2. Spatial Distribution Pattern

The spatial distribution pattern was generated from groundwater quality parameters, as depicted in
Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, Figure 12,
Figure 13, Figure 14 and Figure 15. The spatial distribution map of pH shows that the north-central part
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has alkaline water, as illustrated in Figure 3. Therefore, an alkali pH is more advantageous for forming
fluoride solutions [70,71,72]. Turbidity exceeds the permissible range in the east-central part, making it
unfit for drinking. The alkalinity is most significant in the central patches and eventually decreases
outward, as shown in Figure 7. It is clear from the spatial distribution pattern of total hardness that there
is moderately hard groundwater in the study area, especially in the central region. Sulphate lies inside the
acceptable range in the region and is a crucial quality parameter. The spatial distribution map of chloride
reveals that the distribution of chloride is low in the area (Figure 6). Fluoride distribution is highest in the
north-central part of the region. Its concentration is within the acceptable range (Figure 10). Several
factors contribute to fluoride concentration in groundwater; in particular pH, temperature, absence or
presence of complexed or precipitated colloids and ions, the solubility of fluoride-containing minerals
(apatite and biotite), the aquifer anion exchange capacity, the size and type of formations that the
groundwater passes through, and the time of contact that the water persists in association with these
formations are the leading causes of formation of fluoride in groundwater [73]. The extensive use of
nitrogen fertilizers like urea, ammonium nitrate, ammonium sulphate, dry ammonium phosphate, NPK,
and NP complex [74] have led to an increase in nitrate levels in both surface water and groundwater over
the past five decades. Since soils do not absorb nitrates, they are leached into surface water bodies and
groundwater. Elevated nitrate levels in drinking water can result in a severe blood disorder known as ‘blue
baby syndrome’ or Methemoglobinemia, particularly affecting infants under six months old. Moreover,
there is a potential link between excessive nitrate consumption and the synthesis of carcinogenic
nitrosamines in the human body [75]. The nitrate concentration exceeds the acceptable range in the
central region, which may affect human health (Figure 10). Further, ammonification of animal waste and
plant and animal remains in soil produces ammonia that endures nitrification. Unlined septic tanks and
unplanned sewage systems may cause high nitrate concentrations in the region, contaminating the
phreatic aquifers [76,77,78]. There is a requirement for regular monitoring to evaluate the effects of nitrate
on the health of humans. The concentration of heavy metals does not have any notable existence in the
region (Figure 12 and Figure 13). The study shows that there is varying concentration of iron throughout
the study area, but its concentration is within the acceptable limit. Once ( ) is converted into the (

) state, it becomes harmful and causes health hazards. This situation can be avoided by increasing
groundwater levels in the affected areas through groundwater recharge (Figure 12). The concentration of
arsenic falls within the permissible range, as indicated in Figure 13. The study area displays fluctuating
but acceptable calcium concentration levels, as depicted in Figure 15. Additionally, the magnesium
concentration in the north-central region slightly surpasses the permissible range (Figure 14).
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Figure 5. Spatial distribution of TDS across the study region.

Figure 6. Spatial distribution of chloride across the study region.
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Figure 7. Spatial distribution of alkalinity across the study region.

Figure 8. Spatial distribution of hardness across the study region.
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Figure 9. Spatial distribution of sulphate across the study region.

Figure 10. Spatial distribution of nitrate across the study region.
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Figure 11. Spatial distribution of fluoride across the study region.

Figure 12. Spatial distribution of iron across the study region.
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Figure 13. Spatial distribution of arsenic across the study region.

Figure 14. Spatial distribution of magnesium across the study region.
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Figure 15. Spatial distribution of calcium across the study region.

4.3. Water Quality Index

Using Arc-GIS 10.8, WQI maps were created based on selected quality parameters illustrating
various quality classes at each hydro station, including very good, good, moderate, poor, and unsuitable
for drinking (Table 4 and Table 5, Figure 16). The WQI map reveals that 86% of the area exhibits very
good groundwater quality, 14.63% falls under the good to moderate quality range (35–45), and only
0.37% is considered unsuitable for drinking (Figure 16). Overall, the groundwater quality in most of the
study region is very good, making it suitable for drinking and irrigation (Figure 17 and Figure 18).
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Figure 16. Spatial distribution of WQI across the study region.

Figure 17. Water quality index.

Figure 18. Maps of LULC, population density, drainage, and groundwater depth.

Table 5. Water quality index and its category for all hydro stations of the study area.

5. Discussion

The pH level of water gauges its acid–base balance. Water can be either alkaline, neutral, or acidic
based on its pH value. Water with extremely high or low pH levels is unsafe to drink and unsuitable for
specific uses. The World Health Organization (WHO) suggests maintaining a pH between 6.5 and 8.5
[61]. Water with a pH above 10 can irritate the eyes, skin, and mucous membranes if used by people [79].
It can also cause hair fibers to swell and potentially result in gastrointestinal irritation. Conversely, using
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water with a low pH produces similar effects and affects disinfection efficiency [80]. Verma et al. (2021)
recorded a maximum pH of 8.6 in the Lucknow district. In the current study, pH levels ranged from 7.32 to
8.25 [81].

Turbidity indicates the cloudiness of water resulting from particles held in suspension, like clay, silts,
chemical precipitates (such as manganese and iron), and organic matter (including plant remnants and
organisms). Heightened turbidity diminishes water clarity due to the scattering and absorption of
transmitted light. There have been instances where elevated turbidity has been linked to disease
outbreaks [82]. However, a direct correlation between eliminating turbidity and reducing pathogens has
not been proven [83]. Similarly, efforts to establish connections between the turbidity levels of drinking
water and rates of local gastrointestinal diseases have yielded mixed outcomes. Some studies suggest a
link, while others do not [82,84]. Thus, although correlations might exist in specific water supplies, a
consistent relationship remains unestablished. In Gautam Buddh Nagar, U.P., Banerjee et al. (2021)
documented a maximum turbidity of 56 NTU [85]. In the current study, turbidity ranged from 1.2 to 19.04
NTU, surpassing the permissible range.

Total Dissolved Solids (TDS) encompasses all dissolved mineral components and other solids in
water. TDS is an indicator of water’s suitability for diverse applications. Water with TDS levels below 500

 is considered suitable for drinking [60]. Elevated TDS values can impact water’s taste, hardness,
and corrosive tendencies [86]. If TDS concentration surpasses 1000 , the water becomes
unpalatable for consumption [60]. In the Lucknow district, Verma et al. (2021) identified a peak TDS level
of 805.3  [81]. In the present study, TDS varied between 300 and 1090 , exceeding the
permissible range.

Chlorides represent significant inorganic anions found in natural water sources. Chloride can stem
from natural origins or accumulate in groundwater through weathering, sedimentary rock and soil
leaching, agricultural practices, and domestic wastewater. Elevated chloride levels indicate pollution from
organic waste from industrial or animal sources [87]. Nevertheless, a rise in  concentration can result
in detrimental effects such as heart and kidney impairments, digestive issues, and alterations in taste and
palatability [88]. In Lucknow City, Singh et al. (2020) documented the highest chloride reading at 122

 [89]. Chloride levels within this study varied from 14.68 to 112 , remaining within the
permissible range (250 ).

Alkalinity, also known as buffering capacity, signifies a water’s ability to neutralize acid. Slightly
elevated alkaline water might benefit individuals with high cholesterol, diabetes, and hypertension.
Additionally, it supports the immune system and carries advantages like weight management and
potential cancer resistance. However, prolonged consumption of highly alkaline water could lead to
adverse effects, including skin irritation, nausea, vomiting, hand tremors, and muscle spasms, particularly
around the facial extremities. It might also result in a reduction of free calcium levels within the human
body [90]. In the Lucknow region, Kumar et al. (2016) observed the highest alkalinity recorded at 450

 [91]. Alkalinity within this study ranged from 170 to 490 , remaining well within the
acceptable limits (600 ).

Elevated hardness levels can impact various aspects, including water supply systems, excessive
soap usage, and the potential for arterial calcification. These effects might contribute to urinary
concretions, kidney and bladder diseases, and gastrointestinal disorders [88]. In his discussion, Sengupta
explored a converse connection between water hardness and cardiovascular ailments [92]. Kozisek’s
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findings indicate that hardness concentrations exceeding allowable limits increase the risk of conditions
like gallstones, urinary stones, kidney stones, and arthropathies within the population [93]. In Lucknow
city, Singh et al. (2020) documented the highest recorded hardness at 419  [89]. The present
study recorded water hardness varied from 190 to 495 , all within the permissible range (600

) [60].
While not inherently toxic, sulphate can produce undesirable effects when consumed in excessive

quantities. Elevated sulphate levels can induce catharsis, dehydration, and diarrhea, occasionally altering
methemoglobin and sulfhemoglobin levels within the human body system [93,94]. High sulphate levels
can also change water’s taste, rendering it bitter, particularly if concentrations surpass 250 .
Sulphate might trigger a laxative effect, potentially leading to dehydration and heightened risk, especially
for infants. Once sulphate levels exceed 400 , the water becomes unsuitable for infant use
(including drinking and food preparation). In the Lucknow area, Singh et al. (2020) identified the highest
sulphate concentration recorded at 86.4  [89]. The current study observed sulphate levels ranging
from 2 to 160 , all within the permissible range of 200 .

Nitrate is a naturally occurring ion linked to the nitrogen cycle [95]. Exceeding acceptable nitrate
levels can lead to “blue baby syndrome” and thyroid disorders [96]. Nitrate groundwater contamination is
a global issue, often associated with agricultural activities. In India, 11 out of 28 states have nitrate
concentrations exceeding the acceptable level of 45  [75]. Rajasthan, for instance, has 22% of
villages with excessive nitrate contamination [97]. As per Indian standards, the permissible nitrate level in
potable water is 45 . Verma et al. (2021) reported a maximum nitrate level of 108 in
Lucknow [81]. In the present study, nitrate concentrations range from 0.43 to 100 , exceeding the
permissible range.

Fluoride is frequently present in minerals and can be leached out due to erosion by rainwater,
resulting in the pollution of ground and surface waters [98]. Multiple countries and states, including India,
China, Japan, Sri Lanka, Iran, Pakistan, Turkey, Southern Algeria, Mexico, Korea, Ohio, Wisconsin, South
Carolina, Kenya, Ghana, Norway, Canada, Ethiopia, North Jordan, Malawi, Brazil, and Italy, have been
identified with excessive fluoride levels in their groundwater [3]. In Uttar Pradesh’s Sonbhadra district,
Prof. H.K. Pandey and co-authors studied fluoride contamination and the groundwater release
mechanism in hard rock aquifers. India is particularly affected, with an estimated 62 million people
experiencing dental, skeletal, and nonskeletal fluorosis [4]. Verma et al. (2021) reported a maximum
fluoride level of 0.9 in the Lucknow area [81]. The fluoride concentration in the present study
ranged from 0.15 to 1.15 , which falls within the acceptable range of (1–1.5 ).

The body requires iron to synthesize oxygen-transport proteins, particularly hemoglobin and
myoglobin. Imbalances in iron levels, whether deficient or excessive, can adversely affect both plants and
animals [99]. Elevated iron levels in natural water sources pose potential risks to human health and the
environment. While iron overload is less frequent than its deficiency, it can result in severe health
problems such as heart and liver issues, diabetes, cancer, and even neurodegenerative disorders
[100,101,102,103]. Iron contamination in groundwater has become a significant concern in multiple
countries, including India, Sweden, Canada, the USA, Brazil, South Africa, Kazakhstan, Iran, Russia,
China, New Zealand, Australia, and Bangladesh [2,104]. In India, Rajasthan, Orissa, and Tripura are
particularly affected, with iron levels varying from 0.01 to 0.5 , within the acceptable range of 1.0

 [75]. Kumar et al. (2016) documented the highest iron level of 1.38 in Lucknow [91]. In the
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present study, iron concentrations ranged from 0.01 to 0.5 , which falls within the acceptable range
of 1.0 .

Arsenic has been classified as a class I human carcinogen by the International Agency of Research
on Cancer (IARC) [105]. Prolonged oral exposure to inorganic arsenic leads to neurological and
hematological toxicity in humans [106]. Excessive exposure to arsenic heightens the risk of ailments such
as lung, kidney, and skin cancer [107]. Arsenic contamination in groundwater is prevalent in Bangladesh,
India (West Bengal), China, Russia, Brazil, the USA, and Australia. In India, nitrate contamination in
groundwater has been reported with levels above 100 , and other countries like Iran, Mexico,
China, South Africa, and Argentina have documented levels above 50–100  [4]. The problem of
arsenic contamination is widespread in India, impacting around 40 million people residing in at-risk areas
[2]. Singh et al. (2020) identified the highest arsenic concentration of 0.04  in the Lucknow area
[89]. The arsenic content in the study area fluctuated between 0.0002 to 0.017 , within the
acceptable range of 0.01 to 0.05 .

Magnesium is vital in bone mineralization, muscle relaxation, and cellular functions [108]. Inadequate
magnesium intake has been connected to conditions like high blood pressure, the accumulation of arterial
plaque, soft tissue calcification, elevated cholesterol, and arterial stiffening [109]. High magnesium levels
in drinking water have been linked to hypertension and cardiovascular issues, which can potentially be
life-threatening [110]. Verma et al. (2021) recorded the highest magnesium concentration in the Lucknow
region at 65  [81]. In the current study, magnesium concentrations ranged from 17.9 to 122.79

, exceeding the permissible range of 100 .
Excessive calcium intake can lead to notable adverse effects such as hypercalcemia, elevated

urinary calcium levels, formation of urinary tract stones, soft tissue calcification (particularly in the kidneys
and arterial walls), and suppression of natural bone remodeling [111]. In the Lucknow region, Singh et al.
(2020) noted the highest calcium level of 101  [89]. This study revealed calcium concentrations
spanning 8.1 to 75 , all within the allowable limits (200 ).

6. Conclusions

The conclusion of the current research in the flat alluvial region of central India reveals that
groundwater quality is overall excellent in the area. The thick Quaternary sediments form a multi-layered
aquifer system, considered one of the best from a hydrogeological perspective. This setup allows for a
good flux of water, which enhances the groundwater quality. However, unsustainable human activities,
such as the use of synthetic nitrogen fertilizers, combustion engines in vehicles, municipal effluent
disposal through sludge spreading on fields, atmospheric emissions from energy production, septic tanks,
leaking slurry or manure tanks, leaking sewage systems, accidental spills of nitrogen-rich compounds,
and nitrogen-rich waste disposal using sound injection techniques, are observed in various locations and
have increased groundwater nitrate concentrations, especially in the north-central parts of the study area.
Urban areas with high population densities experience considerable water resource quality impacts,
primarily due to intensified human activity, industrialization, and agricultural practices. These factors
synergistically contribute to elevated levels of nitrates and magnesium in water content. Agricultural runoff
from nitrogen-rich fertilizers and untreated urban wastewater discharge introduce substantial nitrate
concentrations. Urbanization and land use changes result in decreased infiltration, leading to increased
surface runoff that carries nitrates into water bodies. Human activities, vehicular emissions, industrial
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discharges, and improper waste disposal practices also escalate nitrate and magnesium pollution.
Consequently, the elevated levels of nitrates and magnesium in water content underscore the pressing
need for comprehensive strategies to manage pollution and sustain urban water resources. High turbidity
has been observed in the Kukrail region, while magnesium levels have surpassed the permissible level in
some areas. The remaining areas have potable and safe groundwater, as indicated by their lower WQI
values, ensuring secure water quality for drinking and domestic purposes. The conclusion from the
analysis in this study, based on WQI, is that the groundwater in the area is safe and suitable for drinking.

7. Recommendations

Regular Monitoring: Establishing an ongoing groundwater quality monitoring system is imperative for
promptly identifying changes or potential sources of contamination that may emerge over time.
Focused Investigation: A comprehensive investigation is advised to pinpoint the precise origins of
contamination in the area. This in-depth analysis will facilitate the development of targeted solutions.
Treatment Implementation: Immediate measures should be taken to apply suitable treatment
techniques in the Kukrail region to bring the water quality up to acceptable standards.
Public Awareness: Public awareness campaigns will empower residents with knowledge about their
groundwater quality. Information about the overall water quality, the areas with unfit water, and potential
health risks can help residents make informed decisions about water use.
Localized Solutions: Since most of the area falls under very good water quality categories, it is
essential to focus on localized solutions to address emerging water quality issues. This might involve
promoting best practices for agricultural and industrial activities that could impact groundwater quality.
Collaboration with Authorities: Close collaboration with local authorities and environmental agencies
is pivotal in influencing policy formulation and regulations concerning groundwater management.
Regular Updates: Keep the public and local authorities informed about the progress of groundwater
quality improvements. Regular updates and transparent communication can build trust and foster
cooperation in managing this valuable resource.
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Abstract
Global water resources are rapidly diminishing, driven by population growth, climate changeClimate change,

and expanding industrialization. Experts estimate that by 2050, 52% of the projected 9.7 billion people

worldwide will reside in areas experiencing water stress or scarcity. The global challenge of accessing clean,

potable water will persist as sustainable solutions remain elusive. Water sustainabilitySustainability involves

meeting the current generation’s water needs without jeopardizing future generations’ ability to meet their

own. Water is the cornerstone of sustainable developmentSustainable development, serving as a common

thread linking global challenges such as energy, food securityFood security, health, peace, security, and poverty

eradication. Our survival and well-being depend heavily on effective water resource systems. However, with

growing development pressures on land in watersheds and increasing demands for water in streams, rivers,

lakes, and aquifers, it is unrealistic to expect these water systems to return to or maintain their pristine, most

productive states. Sustainable water managementWater management (SWM) is crucial for addressing these

pressures and achieving sustainable development goalsSustainable Development Goals (SDGs). SWM ensures

that current water needs are met for all users without compromising the ability of future generations to meet

their own needs. This concept aligns with broader sustainability principlesSustainability principles, addressing

both present and future water challenges. Enhancing the efficiency of conventional membrane technologies for

water treatment is now crucial to minimizing their environmental impactEnvironmental impact.

https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/pages/home
mailto:bmishra_pharmacy@dsmnru.ac.in


WastewaterWastewater treatmenttreatmentWastewater treatment removes pollutants, coarse particles, and

toxic substances while killing pathogens and producing bio-methaneMethane (CH₄) and manure for

agricultureAgriculture. It is crucial in reducing water waste, easing pressure on natural water sources, and

supporting clean energy, forming the foundation for sustainable waste managementWaste management.

Membrane technologies are increasingly favored forSustainable wastewater treatmentwastewater

treatmentWastewater treatment due to their sustainabilitySustainability advantages, including cost-

effectiveness, operational ease, and safety. Sustainable water treatment technologies utilize innovative methods

such as membrane filtrationMembrane filtration, advanced oxidation processesAdvanced Oxidation Processes

(AOPs), and nanotechnologyNanotechnology. Techniques like reverse osmosisReverse osmosis and ultrafiltration

are highly effective in removing contaminantsContaminants, microorganisms, and nanoparticles from water.

Sustainable water technologies include wastewater treatmentWastewater treatment plants, intelligent irrigation

systems, fog catchers, rainwater harvestingRainwater harvesting, tap aerators, seawater

desalinationDesalination, portable filters, and solar-powered desalinationDesalination units. © The Author(s),

under exclusive license to Springer Nature Switzerland AG 2025.

Author keywords
Electro deionization; Membrane technology; Water management; Water pollution; Water scarcity; Water

Stress Index; Waterborne diseases

Indexed keywords
Engineering controlled terms

Agriculture; Cost effectiveness; Environmental technology; Microfiltration; Population statistics; Potable

water; River pollution; Sustainable development; Sustainable development goals; Wastewater treatment;

Water conservation; Water filtration; Waterworks

Engineering uncontrolled terms

Electro-deionization; Future generations; Global challenges; Sustainable water; Sustainable water

management; Water needs; Water scarcity; Water stress indices; Water-borne disease; Waters

managements

Engineering main heading

Membrane technology

Corresponding authors

Corresponding author B. Mishra

Affiliation Shakuntala Misra National Rehabilitation University, Lucknow, India



Terms and conditions Privacy policy Cookies settings

© Copyright 2025 Elsevier B.V., All rights reserved.

Email address bmishra_pharmacy@dsmnru.ac.in

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

日本語版を表示する

查看简体中文版本

查看繁體中文版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

Abstract

Author keywords

Indexed keywords

Corresponding authors

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/


All content on this site: Copyright © 2026 Elsevier B.V. , its licensors, and

contributors. All rights are reserved, including those for text and data mining, AI

training, and similar technologies. For all open access content, the relevant licensing

terms apply.

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
http://www.relx.com/

