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BEFORE THE NATIONAL GREEN TRIBUNAL SITTING

AT PUNE
MEMORANDUM OF APPLICATION
APPLICATION NO. 39 OF 2025

pr Snehal Donde and Anr )...Applicants

VERSUS
Bhiwandi Nizampur Municipal Corporation )
“and Ors. . o )...Respondents

AFFIDAVIT ON BEHALF OF THE APPLICANTS

I, Dr Snehal Donde, Indian Adult residing at 19C/603, New Dindoshi
Garden Hill Society, New MHADA Colony,Film City Road, Dindoshi

Goregaon (East) Mumbai, the Applicant No. 1 herein do hereby solemnly

affirm and declare as under:

1. 1 say that I am the Applicant No. 1 in the present Original Application
and 1 am well acquainted with the facts and circumstances of the case

and hence competent to swear this Affidavit.
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2. 1 say that the present Affidavit is being filed for the purpose of placing
on record the Legal Notice dated 7th March 2026 along with its
annexures and to explain the circumstances necessitating issuance of
the said Legal Notice as well as to respond to the Affidavit dated

25.03.2026 of the Respondent No. 3 bringing on record test reports of a

private laboratory of the water of the Varaldevi lake. I say that I crave

leave to respond in detail to the affidavit of the Respondent No.1 dated

13 March 2026 on the issue of the STPs for the Varaldevi Lake.

3. I say that this Hon’ble Tribunal by its Order dated 9th February 2026

directed the Respondent No. | to arrange for supply of potable water
through tankers to the local residents.I say that despite the aforesaid

Order, there was complete lack of transparency and no confirmation

from the Respondent Corporation regarding compliance. [ say that I

had addressed emails dated 24.02.2026, 26.02.2026, 04.03.2026 and

07.03.2026 to the concerned authorities seeking clarification.

4. 1 say that in the absence of any response and in view of the continuing
risk to public health, the Applicants were constrained to issue the Legal
Notice dated 7th March 2026 through their Advocate, calling upon the

Respondents to comply with the Order of this Hon’ble Tribunal. A

copy of the said Legal Notice dated 7th March 2026, enclosing the said
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Order, is annexed hereto and marked as Annexure A-1. Copies of the
said emails of the Applicant No. land an RTI Application dated
05.03.2026 seeking details of water supply from Varaldevi Lake filed

by the Applicant No. 2 were annexed to the said Legal Notice.

| say that the said Legal Notice was issued bona fide and in public

interest and clearly sets out the concerns regarding continued use of

polluted water from Varal Devi Lake.

6. I say that the Respondent No. 1 has thereafter issued a Reply dated

18th March 2026 making several claims which are incorrect,

contradictory and misleading. A copy of the said Reply notice of the

Respondent No.1 along with its annexures is annexed hereto and

marked as Annexure A-2.

7. 1 say that the Respondent has claimed in the said Reply that tanker
supply commenced from 11th February 2026 in compliance with the

Order of this Hon’ble Tribunal.

8. I say that the Respondent No.1 has also relied upon a Work Order

AR JA\ dated 6th March 2026 appointing a private agency for tanker supply for
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a period of 60 days, as part of its Reply to the Legal Notice of the

Applicants.

9. 1 say that the above stand of Respondent No.l is inherently
contradictory. If tanker supply had indeed commenced from 1Ith
February 2026, there could not have been a valid or organized tanker

supply without any work order in place until 6th March 2026.

10.1I say that this inconsistency clearly demonstrates that the Respondent’s

claim of tanker supply from 11th February 2026 is unreliable and

s to be an afterthought.I say that the Respondent No. 1 has

appear.

further relied upon a manual tanker log book, forming part of its Reply,

to support its claim.

11.1 say that upon perusal of the said log book, it is evident that the entries

do not correspond to supply within the Varaldevi water supply area

which constitutes to the areas such as Fenegaon and Mansoravor.

12.1 say that the log book records supply to locations such as Gopal

AR B\ Nagar, Bhagwad and Anjur Phata and other areas which are situated far
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away from the Varaldevi supply zone and are not part of the affected
localities for which tanker supply was directed. 1 say that the
Applicant No. 2 to the present Original Application resides on Idgah
road where water from Varaldevi lake is normally sourced. Water is
also sourced from Varaldevi lake and provided to areas such as

Feneghat, Mansarovar, Gauri pada, Thana road, Brahman ali, Kasar ali,

Varaldevi, Padmanagar, Dhaman naka, Dargahroad.

13.The Applicant No. 2 has made extensive enquiries regarding the

compliance of the order dated 9.02.2026 and the water supply from
te to the water from Varaldevi Lake. It is submitted

tankers as an alterna

that the log book attached to the Reply notice of the Respondent

Corporation shows water sent from the Varal Devi Lake being sent by

tankers to other places and is a misleading logbook. I further say that

that time stamped and geo tagged photos taken from the Varaldevi

water treatment plant in Padma Nagar, Bhiwandi shows water tankers

of the Municipal Corporation being filled at the Water Treatment Plant
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on 25.03.2026, in direct breach of the order of this Hon’ble Tribunal.
Time stamped and geo tagged photos taken from the Varaldevi water
treatment plant in Padma Nagar, Bhiwandi have been annexed hereto

and marked as Annexure A-3.

14.1 say that the reliance on such a log book, without correlation to the
actual beneficiary-areas, renders the Respondent’s claim of compliance- - - - -
misleading and untenable and that heavy costs and penalties should be
imposed on the Respondent No.1 for violating the directions of this

Hon’ble Tribunal in its order dated 09.02.2026.

15.1 say that the Respondent has failed to produce any credible record

demonstrating area-wise distribution of tanker water to residents

dependent on Varaldevi Lake.

16.1 say that the contradiction between the alleged commencement date of

tanker supply and the date of the work order, coupled with the
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unreliable log book entries, clearly establishes that the Respondent is

attempting to retrospectively justify non-compliance.

17.1 say that the Legal Notice dated 7th March 2026 was therefore issued
on the basis of genuine, substantiated concerns and in order to bring

these facts on record before this Hon’ble Tribunal.

18.In relation to the reports produced by a Private Laboratory located in
Bhiwandi by the Respondent No. 3 MPCB. I say that the said reports
are evidently produced with a malafide intention to pass off the water
from the Varaldevi Lake as being fit for consumption. I say that in OA
39/2025, the Applicants have provided metagenomics and pathogen
tests showing the disturbing and alarming presence of the Leptospira
and E coli in the drinking water obtained from the Varal Devi lake. The
MPCB reports produced before this Hon’ble Tribunal in February 2026
also confirmed the presence of faecal coliform and excessive forms of

E. Coli in the drinking water procured from the Varal Devi lake. The
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' before this Hon’ble Tribunal to show any improvement of the water
treatment plant and pumping station of the Varal Devi lake since the
filing of this Original Application, but instead wish to convey to this
Hon’ble Tribunal that there has been a miraculous, suo motu
improvement in the water treatment system of the Varal Devi lake.
Annexed hereto and marked as Annexure A-4 is a complete set of the
sampling reports of the MPCB done in terms of the order of this
Hon’ble Tribunal to be produced before the Hon’ble NGT. Photographs
taken by the Applicants and attached as Annexure A-5 shows the
dilapidated condition of the pumping station and water treatment plant
of the Varal Devi lake and the many point sources as well as non-point
sources of sewage and contaminants in the Varal Devi lake, from

public toilets, open defecation and open and improperly maintained

nallahs and culverts located immediately adjacent to the pumping
station itself and opposite the bungalow of the Municipal

Commissioner of the Respondent No.1, It is submitted that in such

circumstances, this Hon’ble Tribunal should not accept the reports of
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the private laboratory produced by the Respondent No. 3, particularly
without pathogen testing which would confirm the true condition of the
water securcd from the Varaldevi lake sought to be passed off as

potable by the Respondent No.1. A presentation regarding the survival

of pathogens with regular chlorine treatment of municipal supplied

water has been annexed hereto and marked as Annexure A-6.

19.1 say that it is in the interest of justice that the documents annexed to

this affidavit be taken on record and appropriate directions be issued by

this Hon’ble Tribunal.

Solemnly affirmed at Mumbai )

Dated day of March 2026 ) Applicant No.1

Snehal Donde

Identified by me ;b}
0

BEFQ\P‘!E ME
RONITA BHATTACHARYA BECTOR — k ot
N K. SINGH >3[%

B.Sc., LL.B.

Advocate for the Applicant Before mOVOCATE & NOTARY
GOVERNMENT OF INDIA

S, 4.302, Sun Nidhi Park, Behind Fire Brigade,
\Vasai East Palghar, Maharashtra-401209.

1A K. smen f
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ANNEXURE A-1
RONITA BHATTACHARYA BECTOR

Advocate

BY EMAIL/SPEED POST
To, 7th March 2026

1. Bhiwandi Nizampur Municipal Corporation,
Through its Commissioner,
Old ST Stand, New Building, Anand Dighe Chowk,
Opp. Rajiv Gandhi Flyover,
Bhiwandi — 421302.
2. The Collector, Thane District,
Collector Office, Court Naka,
Thane (West) —400601.
3. Mabharashtra Pollution Control Board,
Through its Member Secretary,
Kalpataru Point, Sion Circle,
Mumbai — 400022.
4. Environment Department,
Government of Maharashtra,
Mantralaya, Mumbai — 400032.
5. Water Resources Department,
Government of Maharashtra,
Mantralaya, Mumbai — 400032.

Subject: Legal Notice regarding violation and non-compliance of the Order dated 9th
February 2026 passed by the Hon’ble National Green Tribunal in Original Application
No. 39 of 2025 concerning the pollution of Varal Devi Lake and supply of drinking water
from the Lake.

Sir/Madam,

1. Under instructions from and on behalf of my Clients, Dr Snehal Donde and Mr
Dilshad Momin, the Applicants in the above-mentioned proceedings, I write to you as
follows:

2. My Clients, had approached the Hon’ble National Green Tribunal by filing Original
Application No. 39 of 2025 seeking directions for restoration, cleaning and protection
of the Varal Devi Lake and the Kamvari River, which are facing severe pollution due
to discharge of untreated sewage, encroachments, garbage dumping and other
anthropogenic activities.

3. During the course of the hearings of the captioned Original Application No. 39/2025,
it was specifically brought to the attention of the Hon’ble Tribunal that Varal Devi
Lake has become dangerously polluted due to untreated sewage and other
contaminants, yet water from the said lake continues to be used for public supply.

4. Tt was further placed on record that approximately 5 MLD of water from the said lake
is supplied daily for drinking purposes to nearby residential areas such as Kamatghar,
posing a serious risk to public health and safety.

Address: 17, 1st Floor, Rohit Chambers, Janmabhoomi Marg, Fort, Mumbai 400023 Mobile No. 9920097464,
Email: ronita.b6@gmail.com
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RONITA BHATTACHARYA BECTOR

Advocate

5. That after hearing the parties and considering reports compiled by the MPCB, the
Hon’ble National Green Tribunal by its Order dated 9th February 2026 directed that,

“Looking to the above report, learned counsel for the applicants has prayed that an
interim relief may be granted stopping the circulation of the tap water for drinking
purposes to the people in that location and further, an order may be passed for
supplying of the potable water to the local residents. She has submitted that the said
prayer is already made at page no.44 of the paper book in prayer clause (i) of the
present Original Application.

5. In view of above observations, we allow the request made by learned counsel for the
applicants and direct Respondent No.l to arrange for potable water to be supplied to
the local residents through tankers, till the time the next report, which is to be
submitted by the MPCB, comes on record.”

A copy of the order of the Hon’ble NGT dated 09.02.2026 in OA 39/2025 has been
annexed hereto and marked as Exhibit A.

6. That despite the said order and the clear directions issued therein, it has come to the
knowledge of my clients that the Bhiwandi Nizampur Municipal Corporation
continues to supply drinking water sourced from the heavily polluted Varal Devi Lake,
without ensuring adequate remediation or compliance with environmental standards.

7. The continued extraction and supply of water from the said contaminated source is
contrary to the spirit and directions of the Order dated 9th February 2026, and
amounts to deliberate non-compliance with the directions of the Hon’ble Tribunal.

8. The said conduct not only undermines the authority of the Hon’ble National Green
Tribunal but also endangers the health and safety of thousands of residents who rely
on the water supplied by the municipal authorities.

9. My Client Dr Snehal Donde met within Ms. Nayna Sasane, the Additional
Commissioner of the Bhiwandi Nizampur Municipal Commissioner on 12th Feb 2026
to discuss this issue and she assured my Client that she would share further updates
after conducting meetings with the Water Supply Department. However, Ms Sasane is
now not answering calls or messages and the local public have confirmed that water
supply is same and continues being drawn from the Varal Devi Lake.

10. My Clients have addressed four emails dated 24.02.2026, 26.02.2026, 4.03.2026 and
7.03.2026 to the concerned officers of the Bhiwandi Nizampur Municipal Corporation
as well as the Maharashtra Pollution Control Board seeking confirmation that the
directions of the Hon’ble NGT are being complied with and drinking water is not
being sourced from the excessively polluted Varal Devi Lake. However there has been
no reply to the said email received by Ms. Client, Ms. Snehal Donde. Copies of the
four emails dated 24.02.2026, 26.02.2026, 4.03.2026 and 07.03.2026 sent by Client
have been annexed hereto and marked as Exhibit B Colly. In fact the issues raised by
my Client regarding the Soil Biotechnology and Bio Remediation in the email have
also not been addressed by your officers.

11. My Clients have filed an RTI application dated 05.03.2026 seeking the particulars of
the drinking water being supplied to the citizens of the Bhiwandi Nizampur Municipal

Address: 17, 1st Floor, Rohit Chambers, Janmabhoomi Marg, Fort, Mumbai 400023 Mobile No. 9920097464,
Email: ronita.b6@gmail.com
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RONITA BHATTACHARYA BECTOR

Advocate

Corporation from the Varal Devi lake but have not received any reply to the same. A
copy of the RTI Application filed by Mr Dilshad Momin has been annexed to this
notice and marked as Exhibit C.

12. The Respondent authorities are legally bound under various environmental statutes
including the National Green Tribunal Act, 2010, the Water (Prevention and Control
of Pollution) Act, 1974 and other applicable environmental regulations to ensure that
polluted water bodies are not used as sources of potable water supply.

13. Your continued failure to take corrective action constitutes gross negligence, violation
of statutory duties and contemptuous disregard of the orders of the Hon’ble Tribunal.

14. Therefore, through this Legal Notice you are hereby called upon to:

i.  Immediately cease the supply of drinking water from Varal Devi Lake unless
and until the water quality complies with all applicable drinking water and
environmental standards;

ii.  Ensure strict compliance with the Order dated 9th February 2026 passed by the
Hon’ble National Green Tribunal;

iii.  Take urgent remedial measures to stop discharge of untreated sewage and other
pollutants into Varal Devi Lake and the Kamvari River;

iv.  Submit a detailed action taken report on the measures adopted for compliance
within 7 days from receipt of this notice.

14. Please note that if you fail to comply with the above within the stipulated period, my
Clients shall be constrained to put this legal notice and the documents on record before the
Hon’ble National Green Tribunal in order to inform the Hon’ble Tribunal regarding the
evident non-compliance by you.

15. A copy of this notice is retained in my office for future reference.

Sincerely,

o g

Ronita Bhattacharya
Advocate for the Applicants in OA 39/2025

Enclosures - 1. Exhibit A - A copy of the order of the Hon’ble NGT dated 09.02.2026
in OA 39/2025
2. Exhibit B CollyCopies of the four emails dated 24.02.2026, 26.02.2026,
4.03.2026 and 07.03.2026 sent by Dr Snehal Donde
3. Exhibit C- A copy of the RTI Application filed by Mr Dilshad Momin

Address: 17, 1st Floor, Rohit Chambers, Janmabhoomi Marg, Fort, Mumbai 400023 Mobile No. 9920097464,
Email: ronita.b6@gmail.com



792
Exhibit A

Item No.6 (Pune Bench)

BEFORE THE NATIONAL GREEN TRIBUNAL
WESTERN ZONE BENCH, PUNE

[THROUGH PHYSICAL HEARING (WITH HYBRID OPTION)]

ORIGINAL APPLICATION NO.39 OF 2025 (WZ)
Dr. Snehal Donde & Anr.
..... Applicants

Versus

Bhiwandi Nizampur Municipal Corporation & 6 Ors.
....Respondents

Date of hearing: 09.02.2026

CORAM: HON’BLE MR. JUSTICE DINESH KUMAR SINGH, JUDICIAL MEMBER
HON’BLE MR. SUDHIR KUMAR CHATURVEDI, EXPERT MEMBER

Applicants : Ms. Ronita Bhattacharya Bector, Advocate

Respondents : Mr. Saurabh Raut, Advocate h/f
Mr. Manish Kelkar, Advocate for R-1/BNMC
Ms. Pooja Natu, Advocate h/f
Ms. Manasi Joshi, Advocate for R-4/MPCB
Mr. Aniruddha Kulkarni, Advocate for R-5/Envt. Deptt. &
R-7 /Tourism Deptt.
Mr. Pushkal Mishra, Advocate for R-8 / MoEF&CC

ORDER

1. In compliance with our previous order dated 28.11.2025,
Respondent No.1- Bhiwandi Nizampur Municipal Corporation has
provided English translation of the analysis report, which is taken on
record, a copy of which is said to have been served upon learned counsel
for the applicants. In this report, it is indicated that water is found to be
fit for drinking purposes on various dates i.e. on 26.08.2024, 29.08.2025

and 28.08.2025.

2. Learned counsel for the applicants has rebutted the above report by
saying that as against this, the report, which has been submitted today by

learned counsel for Respondent No.4- MPCB, which is in tabular form
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without an affidavit, shows high contamination of the tap water at
Varhaladevi Mandir, as the Biochemical Oxygen Demand (BOD) level on
05.01.2026 is found to be 4.6 and Dissolved Oxygen is found to be 5.8,
which are on the higher than the prescribed limit. Faecal Coliform (MPN
technique) is also reported to be 170 and Total Coliform (MPN technique)
is reported to be 1600, which are extremely high. Hence, this report

suggests that the said water is not potable at all.

3. Learned counsel for Respondent No.4- MPCB has submitted that as
the sample has been taken on 06.02.2026, which is sent for analysis to
National Accredited Agency i.e. Skylark Lab and result of the same is
likely to be received within two to three weeks, she prays for three to four
weeks’ time to be allowed to submit the said report to this Tribunal. We
grant her the said time with a direction that a copy of the same be served

upon all the other parties.

4. Looking to the above report, learned counsel for the applicants has
prayed that an interim relief may be granted stopping the circulation of
the tap water for drinking purposes to the people in that location and
further, an order may be passed for supplying of the potable water to the
local residents. She has submitted that the said prayer is already made at
page no.44 of the paper book in prayer clause (i) of the present Original

Application.

S. In view of above observations, we allow the request made by learned
counsel for the applicants and direct Respondent No.l1 to arrange for
potable water to be supplied to the local residents through tankers, till the
time the next report, which is to be submitted by the MPCB, comes on

record.

Page 2 of 4
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6. We also find that Respondent No.l1 through their reply affidavit
dated 18.09.2025 has submitted that the proposal for conservation of the
lake has been submitted to the Steering Committee headed by the
Respondent No.5- Principal Secretary (Environment), State of Maharashtra
on 04.07.2023 and is awaiting approval under the National Plan for
Conservation of Aquatic Eco-systems (NPCA) from the Wetland Division of
Ministry of Environment, Forest and Climate Change, Government of

India, New Delhi.

7. We find that the Wetland Division of Ministry of Environment,
Forest and Climate Change, Government of India, New Delhi has already
been impleaded as Respondent No.8 in the present Original Application,
and from their side, learned counsel Mr. Pushkal Mishra has appeared
and seeks four weeks’ time to file reply affidavit in this matter. We grant

him the said time.

8. From the side of Respondent No.5 — Environment Department and
Respondent No.7 — Tourism and Cultural Affairs Department, learned
counsel Mr. Aniruddha Kulkarni has appeared and seeks four weeks’ time
to file reply affidavit in this matter. We grant him the said time. He has
further submitted that the Department of Environment and Climate
Change, Government of Maharashtra has also written a letter dated
18.09.2023 to the Wetland Division, Ministry of Environment, Forest and
Climate Change, Government of India, New Delhi, wherein it is made clear
that a proposal for conservation of Varaladevi lake has already been
submitted to the MoEF&CC on 04.07.2023 and that no response so far
has been received from the MoEF&CC in this regard. Therefore, it is
prayed by him that a direction may be issued to MoEF&CC to send reply

to the said letter to Respondent No.5. We direct accordingly to Respondent

Page 3 of 4
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No.8- MoEF&CC to send the said reply to Respondent No.5 within two

weeks.

9. Learned counsel for the applicants has also pointed out that
Respondent No.1 may further be directed to consider setting up and
operationalizing necessary Soil Biotechnology Plants by diverting the
sewage from the lake to such Soil Biotechnology Plants as per the proposal
of the applicants. We allow her request and direct Respondent No.1-
Bhiwandi-Nizampur Municipal Corporation to provide reply to the same to

the applicants within two weeks.

10.  Put up this matter for further consideration on 27.03.2026.

Dinesh Kumar Singh, JM

Sudhir Kumar Chaturvedi, EM

February 09, 2026
ORIGINAL APPLICATION NO.39 OF 2025 (WZ)

P.Kr.

Page 4 of 4
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From:

Exhibit B 796

Dr Snehal donde drsnehaldonde @gmail.com

Subject: Ref: ngt order 39/2025 dated 9th Feb
Date: 24 February 2026 at 12:48 PM

To:

BNCMC bncmc.cd@gmail.com, Bhiwandi SRO srobhiwandi@mpcb.gov.in, Kalyan RO rokalyan@mpcb.gov.in,
Ronita Bhattacharya ronita.b6@gmail.com, Siddhesh R. Kadam chairman@mpcb.gov.in, collector.thane@maharashtra.gov.in

Dear Sasane Madam,

Additional Commissioner Water supply

In continuation with my meeting with you on 12th Feb to appraise about the Varaldevi lake conditions and the ngt Order to stop supply
of water till next date of hearing i.e. 27th March 2026, you had informed that water supply is discontinued from the taps.

However, as | physically visited few places after the meeting and regular follow up with our local Jalprahari and others, we understand
that water supply is still continued from Varaldevi lake source, as on today as well.

We have also come to know that you visited the site recently.

We would like to know 1- why the water supply is still being given from varaldevi lake despite of ngt order to stop the supply from this
source, during the 9th Feb ngt hearing

2- Mr Patnawar mentioned in news media Dainik Bhaskar that 5 tankers are being used for the supply. Can you please provide proof of
supply and how 5 tankers can be enough to compensate for 5 mid water supply in the region.

3- regarding bioremediation of lake we are eager to help in the matter and waiting for your response

4-As the stepping garden STP design and landscape in which stp established is flawed and impacting pumping with gravitational
hydraulic flow, thus the trail run of stp has failed twice and sewage continues to flow in the lake. Also a sewage line open channel in
front of Commissioner Bunglow is going in the lake and is not intercepted to tap it.

In such a situation as SBT was proposed from day one, as well as suggested in the ngt order, we are eager to resolve the issue of
varaldevi lake by scientific and authentic technology intervention.

Kindly revert back and give clarity about the Varaldevi water supply and action plans.

@SRO MPCB kindly provide your observations and follow up in the matter. As yours is a crucial role. We cannot wait for people to die
like in Indore and other cases. Regular quality analysis reports be provided, As sewage is continuously flowing in the lake from point
source as well as non point sources shown to you.

@ Mr Faisal Tatli, HOD health dept. Has not responded Despite of our several requests nor taken any action. Also public health
assessment report of 5 years is not shared. Your office staff was shown all unhygienic sewage channels flowing in the lake, public
taking bath and open defecation spots.

Therefore, All are requested to provide details of action taken and requested to respond at earliest.

Looking forward to support for the safety of human and aquatic life.

Jalnayak Dr Snehal Donde

Sent from my iPhone
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Subiject:
Date:
To:
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Dr Snehal donde drsnehaldonde @gmail.com

Re: Ref: ngt order 39/2025 dated 9th Feb

26 February 2026 at 1:25PM

BNCMC bncmc.cd@gmail.com, Bhiwandi SRO srobhiwandi@mpcb.gov.in, Kalyan RO rokalyan@mpcb.gov.in,

Ronita Bhattacharya ronita.b6@gmail.com, Siddhesh R. Kadam chairman@mpcb.gov.in, collector.thane@maharashtra.gov.in

Sasane Madam, this is Humble reminder to kindly give clarity.
As spoken today with Mrs Soujana Patil, SRO MPCB, looking forward to authentic information from Field officer about water supply
and analysis reports of Kamvari river and all the important lakes, as well. Also list of point and non-point sources is expected.

Dr Snehal

Sent from my iPhone

On 24 Feb 2026, at 12:48 PM, Dr Snehal donde <drsnehaldonde @gmail.com> wrote:

Dear Sasane Madam,

Additional Commissioner Water supply

In continuation with my meeting with you on 12th Feb to appraise about the Varaldevi lake conditions and the ngt Order to stop
supply of water till next date of hearing i.e. 27th March 2026, you had informed that water supply is discontinued from the taps.
However, as | physically visited few places after the meeting and regular follow up with our local Jalprahari and others, we
understand that water supply is still continued from Varaldevi lake source, as on today as well.

We have also come to know that you visited the site recently.

We would like to know 1- why the water supply is still being given from varaldevi lake despite of ngt order to stop the supply from this
source, during the 9th Feb ngt hearing

2- Mr Patnawar mentioned in news media Dainik Bhaskar that 5 tankers are being used for the supply. Can you please provide proof
of supply and how 5 tankers can be enough to compensate for 5 mld water supply in the region.

3- regarding bioremediation of lake we are eager to help in the matter and waiting for your response

4-As the stepping garden STP design and landscape in which stp established is flawed and impacting pumping with gravitational
hydraulic flow, thus the trail run of stp has failed twice and sewage continues to flow in the lake. Also a sewage line open channel in
front of Commissioner Bunglow is going in the lake and is not intercepted to tap it.

In such a situation as SBT was proposed from day one, as well as suggested in the ngt order, we are eager to resolve the issue of
varaldevi lake by scientific and authentic technology intervention.

Kindly revert back and give clarity about the Varaldevi water supply and action plans.

@SRO MPCB kindly provide your observations and follow up in the matter. As yours is a crucial role. We cannot wait for people to
die like in Indore and other cases. Regular quality analysis reports be provided, As sewage is continuously flowing in the lake from
point source as well as non point sources shown to you.

@ Mr Faisal Tatli, HOD health dept. Has not responded Despite of our several requests nor taken any action. Also public health
assessment report of 5 years is not shared. Your office staff was shown all unhygienic sewage channels flowing in the lake, public
taking bath and open defecation spots.

Therefore, All are requested to provide details of action taken and requested to respond at earliest.

Looking forward to support for the safety of human and aquatic life.

Jalnayak Dr Snehal Donde

Sent from my iPhone



From:
Subiject:
Date:
To:

Dr. Snehal Donde drsnehaldonde @gmail.com

Re: Ref: ngt order 39/2025 dated 9th Feb

4 March 2026 at 11:53 AM

BNCMC bncmc.cd@gmail.com, Bhiwandi SRO srobhiwandi@mpcb.gov.in, Kalyan RO rokalyan@mpcb.gov.in,

Ronita Bhattacharya ronita.b6@gmail.com, Siddhesh R. Kadam chairman@mpcb.gov.in, collector.thane@maharashtra.gov.in

Dear Soujana Patil Madam,

As per our discussions on 25th and 26th Feb regarding verifying and clarity on the water supply from Varaldevi lake, as our Jalprahari
informed us that the water supply is as it is from the Varaldevi lake, in violation of the ngt orders.

You had assured to send Field officer Deepali Chaudhary to find out about the status and for sample collection as per the mandate of
mpcb. Today also Jalprahari who is also co applicant informed that the water supply is as it is from the Varaldevi lake.

I have tried calling Additional Commissioner Sahane Madam, Mr Patnawar EE Water Supply and have sent messages, but
unfortunately there is no response. Even i tried to meet them for SBT and Lake bioremediation purposes, but there was no response.
As the BNCMC Advocate said he will convey all and cooperate, we were expecting to get a positive response.

Kindly provide the actual status of water supply, as the major concern is about the life of the public in the vicinity, who continue to drink
water, bath and eat fish from the Varaldevi lake.

Its urgent

Dr Snehal

On Thu, Feb 26, 2026 at 1:25 PM Dr Snehal donde <drsnehaldonde @gmail.com> wrote:
Sasane Madam, this is Humble reminder to kindly give clarity.
As spoken today with Mrs Soujana Patil, SRO MPCB, looking forward to authentic information from Field officer about water supply
and analysis reports of Kamvari river and all the important lakes, as well. Also list of point and non-point sources is expected.
Dr Snehal
Sent from my iPhone

> On 24 Feb 2026, at 12:48 PM, Dr Snehal donde <drsnehaldonde @gmail.com> wrote:

>

> Dear Sasane Madam,

> Additional Commissioner Water supply

> In continuation with my meeting with you on 12th Feb to appraise about the Varaldevi lake conditions and the ngt Order to stop
supply of water till next date of hearing i.e. 27th March 2026, you had informed that water supply is discontinued from the taps.

> However, as | physically visited few places after the meeting and regular follow up with our local Jalprahari and others, we
understand that water supply is still continued from Varaldevi lake source, as on today as well.

> We have also come to know that you visited the site recently.

> We would like to know 1- why the water supply is still being given from varaldevi lake despite of ngt order to stop the supply from
this source, during the 9th Feb ngt hearing

> 2- Mr Patnawar mentioned in news media Dainik Bhaskar that 5 tankers are being used for the supply. Can you please provide
proof of supply and how 5 tankers can be enough to compensate for 5 mid water supply in the region.

> 3- regarding bioremediation of lake we are eager to help in the matter and waiting for your response

> 4-As the stepping garden STP design and landscape in which stp established is flawed and impacting pumping with gravitational
hydraulic flow, thus the trail run of stp has failed twice and sewage continues to flow in the lake. Also a sewage line open channel in
front of Commissioner Bunglow is going in the lake and is not intercepted to tap it.

> In such a situation as SBT was proposed from day one, as well as suggested in the ngt order, we are eager to resolve the issue of
varaldevi lake by scientific and authentic technology intervention.

> Kindly revert back and give clarity about the Varaldevi water supply and action plans.

> @SRO MPCB kindly provide your observations and follow up in the matter. As yours is a crucial role. We cannot wait for people to
die like in Indore and other cases. Regular quality analysis reports be provided, As sewage is continuously flowing in the lake from
point source as well as non point sources shown to you.

> @ Mr Faisal Tatli, HOD health dept. Has not responded Despite of our several requests nor taken any action. Also public health
assessment report of 5 years is not shared. Your office staff was shown all unhygienic sewage channels flowing in the lake, public
taking bath and open defecation spots.

> Therefore, All are requested to provide details of action taken and requested to respond at earliest.

> Looking forward to support for the safety of human and aquatic life.

> Jalnayak Dr Snehal Donde

>
> Sent from my iPhone

"Vision where Passion meets Purpose of inspiring & transforming lives"

Sincerely

Dr (Mrs) Snehal Subhash Donde

MSc, PhD (Zoology) EMBA, PGDEM, MEM, PhD (MS),

Fulbright Scholar, Washington DC, Fulbright Foreign Scholarship Board & United States Bureau of Education & Cultural affairs,
Jalnayak Govt of Maharashtra (Thane & Mumbai), Member, World Water Council & Core Member Indian River Basin Council,
Chairperson, Clean & Healthy Rivers Committee, Microbiologist Society, India

Dean Administrative Affairs, BRC, GEV, Affiliated to University of Mumbai.

Mob. 9819088651, 9167698570

798



From:

799

Dr Snehal donde drsnehaldonde @gmail.com

Subject: Re: Ref: ngt order 39/2025 dated 9th Feb
Date: 6 March 2026 at 6:24 PM

To:

BNCMC bncmc.cd@gmail.com, Bhiwandi SRO srobhiwandi@mpcb.gov.in, Kalyan RO rokalyan@mpcb.gov.in,
Ronita Bhattacharya ronita.b6@gmail.com, Siddhesh R. Kadam chairman@mpcb.gov.in, collector.thane@maharashtra.gov.in

Mr Jayant Hazare, RO

Thanks for informing me telephonically today that you have served a letter to BNCMC to comply with the ngt directives regarding
portable water supply and to stop Varaldevi water supply.

Kindly share a copy of letter issued by you to BNCMC. And hope you will take necessary measures to ensure public health priorities.
Please provide sample analysis reports of Kamvari river and all lakes of bhiwandi in Bnemc jurisdiction. Please ensure to provide
reports of soil and samples for physicochemical, chemical and microbial tests. A detailed Pathogen testing be kindly conducted of all
samples.

Jalnayak Dr Snehal Donde

Sent from my iPhone

On 4 Mar 2026, at 11:52 AM, Dr. Snehal Donde <drsnehaldonde @gmail.com> wrote:

Dear Soujana Patil Madam,

As per our discussions on 25th and 26th Feb regarding verifying and clarity on the water supply from Varaldevi lake, as our
Jalprahari informed us that the water supply is as it is from the Varaldevi lake, in violation of the ngt orders.

You had assured to send Field officer Deepali Chaudhary to find out about the status and for sample collection as per the mandate
of mpcb. Today also Jalprahari who is also co applicant informed that the water supply is as it is from the Varaldevi lake.

| have tried calling Additional Commissioner Sahane Madam, Mr Patnawar EE Water Supply and have sent messages, but
unfortunately there is no response. Even i tried to meet them for SBT and Lake bioremediation purposes, but there was no
response. As the BNCMC Advocate said he will convey all and cooperate, we were expecting to get a positive response.

Kindly provide the actual status of water supply, as the major concern is about the life of the public in the vicinity, who continue to
drink water, bath and eat fish from the Varaldevi lake.

Its urgent

Dr Snehal

On Thu, Feb 26, 2026 at 1:25 PM Dr Snehal donde <drsnehaldonde @gmail.com> wrote:
Sasane Madam, this is Humble reminder to kindly give clarity.
As spoken today with Mrs Soujana Patil, SRO MPCB, looking forward to authentic information from Field officer about water
supply and analysis reports of Kamvari river and all the important lakes, as well. Also list of point and non-point sources is
expected.
Dr Snehal
Sent from my iPhone

> On 24 Feb 2026, at 12:48 PM, Dr Snehal donde <drsnehaldonde @gmail.com> wrote:

>

> Dear Sasane Madam,

> Additional Commissioner Water supply

> In continuation with my meeting with you on 12th Feb to appraise about the Varaldevi lake conditions and the ngt Order to stop
supply of water till next date of hearing i.e. 27th March 2026, you had informed that water supply is discontinued from the taps.

> However, as | physically visited few places after the meeting and regular follow up with our local Jalprahari and others, we
understand that water supply is still continued from Varaldevi lake source, as on today as well.

> We have also come to know that you visited the site recently.

> We would like to know 1- why the water supply is still being given from varaldevi lake despite of ngt order to stop the supply from
this source, during the 9th Feb ngt hearing

> 2- Mr Patnawar mentioned in news media Dainik Bhaskar that 5 tankers are being used for the supply. Can you please provide
proof of supply and how 5 tankers can be enough to compensate for 5 mld water supply in the region.

> 3- regarding bioremediation of lake we are eager to help in the matter and waiting for your response

> 4-As the stepping garden STP design and landscape in which stp established is flawed and impacting pumping with gravitational
hydraulic flow, thus the trail run of stp has failed twice and sewage continues to flow in the lake. Also a sewage line open channel
in front of Commissioner Bunglow is going in the lake and is not intercepted to tap it.

> In such a situation as SBT was proposed from day one, as well as suggested in the ngt order, we are eager to resolve the issue
of varaldevi lake by scientific and authentic technology intervention.

> Kindly revert back and give clarity about the Varaldevi water supply and action plans.

> @SRO MPCB kindly provide your observations and follow up in the matter. As yours is a crucial role. We cannot wait for people
to die like in Indore and other cases. Regular quality analysis reports be provided, As sewage is continuously flowing in the lake
from point source as well as non point sources shown to you.

> @ Mr Faisal Tatli, HOD health dept. Has not responded Despite of our several requests nor taken any action. Also public health
assessment report of 5 years is not shared. Your office staff was shown all unhygienic sewage channels flowing in the lake, public
taking bath and open defecation spots.

> Therefore, All are requested to provide details of action taken and requested to respond at earliest.

> Looking forward to support for the safety of human and aquatic life.

> Jalnayak Dr Snehal Donde

>

> Sent from my iPhone

"Vision where Passion meets Purpose of inspiring & transforming lives"

Sincerely

Dr (Mrs) Snehal Subhash Donde

MSc, PhD (Zoology) EMBA, PGDEM, MEM, PhD (MS),

Fulbright Scholar, Washington DC, Fulbright Foreign Scholarship Board & United States Bureau of Education & Cultural affairs,
Jalnayak Govt of Maharashtra (Thane & Mumbai), Member, World Water Council & Core Member Indian River Basin Council,
Chairperson, Clean & Healthy Rivers Committee, Microbiologist Society, India

Dean Administrative Affairs, BRC, GEV, Affiliated to University of Mumbai.

Mob. 9819088651, 9167698570
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ANNEXURE A-2 801

MANISH S. KELKAR

B.E., LL.B
ADVOCATE HIGH COURT

212A-213A, Commerce House, 140, Nagindas Master Road, Fort, Mumbai- 400001
M: +91 95450 36036; E-mail: adv.manishkelkar@gmail.com

Date:18 March 2026

To,

Adv. Ronita Bhattacharya Bector,
Add: 17, 1st Floor, Rohit Chambers,
Janmabhoomi Marg, Fort,

Mumbai - 400023.

Subject: Reply to your notice dated 7 March 2026 alleging violation of Order
dated 9 February 2026 passed by the Hon’ble National Green Tribunal in O.A.
No.39 of 2025 by the Respondent No.l i.e. Bhiwandi Nizampur Municipal

Corporation.

Madam,

1. Based on the instructions and information received from my client i.e. Bhiwandi
Nizampur Municipal Corporation (Respondent No.l) in O.A. No.39 of 2025
pending on the files of the Hon’ble N.G.T, Pune I state as under:

2. That your notice dated 7 March 2026 is ill-found, misleading & mischievous and

its contents are denied in totality.

3. The Bhiwandi Nizampur Municipal Corporation, in utmost regard to the Order
dated 9 February 2026 passed by the Hon’ble N.G.T, Pune has complied with the

directions mentioned therein with absolute diligence and sincerity.
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MANISH S. KELKAR

B.E., LL.B
ADVOCATE HIGH COURT

212A-213A, Commerce House, 140, Nagindas Master Road, Fort, Mumbai- 400001
M: +91 95450 36036; E-mail: adv.manishkelkar@gmail.com

. The Bhiwandi Nizampur Municipal Corporation, in compliance of Order dated 9
February 2026 passed by the Hon’ble N.G.T, Pune has stopped the supply of
drinking water from the Varal Devi lake to the corporation limits from 11 February
2026 and accordingly a letter dated 10 March 2026 has been addressed by the
Corporation to the Maharashtra Pollution Control Board. The said letter elucidates
the compliance of the Order dated 9 February 2026 and supply of water through
tankers to the residents of the corporation limits. Hereto annexed and marked as

Exhibit “A” is a copy of the letter dated 10 March 2026.

. The Bhiwandi Nizampur Municipal Corporation, as has been directed by the
Hon’ble N.G.T, Pune has started the water supply to the residents through tankers
on 11/02/2026. Hereto annexed and marked as Exhibit “B” is a copy of the log
book of the tankers supplying water.

. The Bhiwandi Nizampur Municipal Corporation, vide work order dated 6 March
2026 has engaged a private agency to provide water through tankers for a period of
60 days. Hereto annexed and marked as Exhibit “C” is a copy of the work order

dated 6 March 2026.

. The Bhiwandi Nizampur Municipal Corporation, has made provision not only
through tankers but also through other sources to meet the demands of the residents

and to monitor equitable water supply through out the corporation limits.

. That, it is thus only reasonable for your clients to verify their source of information
and to examine the existing reality before casting serious aspersions on the

functioning of the Bhiwandi Nizampur Municipal Corporation which 1is
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MANISH S. KELKAR

B.E., LL.B
ADVOCATE HIGH COURT

212A-213A, Commerce House, 140, Nagindas Master Road, Fort, Mumbai- 400001
M: +91 95450 36036; E-mail: adv.manishkelkar@gmail.com

meticulously acting on the directions issued by the Hon’ble N.G.T, Pune and desist

from making unsubstantiated claims.

Manish S. Kelkar

Advocate

Enc:

1. Exhibit - A being copy of the letter dated 10/03/2026 informing the M.P.C.B. about
the Order dated 09/02/2026 passed by the Honourable N.G.T, Pune.

2. Exhibit - B being copy of the log book of the tankers supplying water to the

residents of the corporation.

3. Exhibit - C being copy of the work order dated 06/03/2026 directing water supply
for a period of 60 days.
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Bhiwandi, Maharashtra, India

73M5+V59, Padma Nagar, Bhiwandi,
Bhiwandi Nizampur, Maharashtra

. 421305, India

Lat 19.284791° Long 73.057908°
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ﬁhiwandi, Maharashtra, India

73M5+V59, Padma Nagar, Bhiwandi,
Bhiwandi Nizampur, Maharashtra
421305, India

Lat 19.284801° Long 73.057917°
25/03/26 03:10:50 PM




ANNEXURE A-4 Q
NABL Accreditation:- ISO/IEC 17025:2017, TC-16904 Issue Date: 10/10/2025 e
' 2017, Validity: 09/10/2029

Issue Date: 20/02/2024

Certification Standards:- ISO 45001: 2018, OHS-5241 Validity: 25/02/2027

Issue Date: 17/05/2021

MOoEF Recognition: Legal 42(3)/87 Validity: 16/05/2026

Test Report No.: MPCB/CLab/Environment/25-26/01/68-A Date: 18/01/2026 09:41 AM

ULR No.: TC-1690426000000257F

Test Report-Water (Environment)

Field Sample ID BR-0106020
Sample collected by (Officer FO-Bhivandi(Mrs. Dipali Location of sample i
Name) Tambe) (SRO-Bhivandi) collection
Seal No.: 208 Method of sample Grab
collection
Date 05/01/2026 Total No. of Containers 1
Sample —
Collection Time 03:30 PM Nature/Description of Lake
Sample
MPCB/CLab/ENV/25- ..
Lab ID 26/640 Sample condition -
Date 06/01/2026 Analysis Started On | 06/01/2026 06:43 PM
Received by lab ;
Time 02:50 PM ggalys‘s Completed | 1¢/01/2026 09:40 AM
Sample recived by (Name & Dr P D Khadkikar (Senior
Designation) Scientific Officer)
Sr.No Parameter Results Unit Test Method
APHA 24th Edition 4500-H+B, Pg. No.
1 pH@25 degree C 7.6 473-478: 2023
. microsiemens/cm | APHA?24 thEdition 2510-B, Page No. 134-
2 Conductivity 157.5 (us/em) 135 2023
3 Suspended Solids (SS) @105 degree C 18.0 mg/l APHA 24th Edition 2540-D, Pg. No. 146-
147: 2023
L APHA 24th Edition 2130-B, Pg. No. 89-
4 Turbidity 0.61 NTU 91: 2023
5 Biochemical Oxygen Demand (BOD) 3 days 46 mg/l IS 3025 (Part 44):2023
at 27 degree C
. APHA 24th Edition 4500-CI- B, Pg. No.
6 Chloride 14.00 mg/1 340-341: 2023
7 Chemical Oxygen Demand (COD) 320 mg/l APHA 24th Edition 5220B Page No.544,
545:2023
. IS 3025 (Part38) :1989 Reaffirmed 2014
8 Dissolved Oxygen 5.8 mg/1 Reaffirmed 2019

Page 1 of 4




(@]
Test Method v O O

Sr.No Parameter Results Unit
9 Hardness (calcium) 32,00 gl APHA 24th Editi;);S?SZ(())(;CaB, Pg. No.254-
10 Hardness (total) 48.00 mg/l APHA 24th Edi';i;)g: 22%42()3-& Pg. No. 124-
11 Hardness (Magnesium) 16.00 mg/l APHA 24&11\11(5)‘.12“;22112%52030'1\4%3, Pg.

Remarks: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended
to submit the samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.

Approved & Reviewed By

Dr P D Khadkikar

Senior Scientific Officer,

I/c Central Laboratory,

MPCB, Navi Mumbai. (Authorized
Signatory)

Note :

1. The results refer to the samples and parameters requested for analysis.
2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

Copyright © 2020 LIMS. All rights reserved.

Page 2 of 4



-
"Your Service is our Duty"

Mumbai- 400 710 ‘

10/{‘\1 /’)l’\"\ﬂ nn 41 ANA

Fpot Omward No - lVlt’k,D/LLaD/El’lVlrUIlIIéﬁEﬂaﬁﬁiHé‘P§nlacatlon Name & Address

DJL\/ TO7TUT7 L ZXIvE

Tap Water at Varhaladevi Lake

Analysis Report-Water (Environment)

Sample Details

Field Sample ID :

BR-0106020

Laboratory Sample Code :

MPCB/CLab/ENV/25-26/640

Sample Details (Water/Air/HW) :

Water

Sampling Method(s) :

Grab

Sample Volume Received :

1

Sample Collected By :

FO-Bhivandi(Mrs. Dipali Tambe) (SRO-Bhivandi)

Seal No. :

208

Type of Industry / Location details :

Sample Collected On :

Jan 5 2026 03:30:00:000PM

Sr.No Parameter Result Unit Method of analysis
Total Dissolved APHA?24 thEditi 540-C,
1 g(?lllgl(slsﬁél)e 136.0 mg/l Page No. 1 141 % %) %
2 Total Alkalinity 60.0 mg/1
3 Ammonical Nitrogen 0.14 mg/1
4 Nitrate Nitrogen 0.18 mg/1
5 Phosphate (total) BDL mg/1
APHA 24th Edition 4500-SO4
6 Sulphate 7417 mg/l E (Turbﬂéljranelt%?cn Methog
APHA 24th Edition 9221 E
7 Faecal C IIE(()I{JHS(MPN 170.0 MPN/100 ml (Std, The motigleran ( Fecal)
Coliform Procedure)
APHA 24th Edition 3111B
8 Total Lo 11{%1}% (MPN 1600.0 MPN/100ml (Direct Ai%ﬁ%é%ene Flame
9 Nitrite Nitrogen BDL mg/1

Remark: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended to submit the

samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.

Report Type: final

Report generated on: 18/01/2026 09:41 AM

Complied by: Sharmila Bhirud

Approved by: Dr P D Khadkikar

Reviewed on Date: 18/01/2026 09:41 AM

Reviewed by: Dr P D Khadkikar

Copyright © 2020 LIMS. All rights reserved.

Dr P D Khadkikar
Senior Scientific Officer,
I/c Central Laboratory,
MPCB, Navi Mumbai.
(Authorized Signatory)

Page 3 of 4
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* Electronic report does not require signature

Note :

1. The results refer to the samples and parameters requested for analysis.

2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

**% End of the Report ***

Copyright © 2020 LIMS. All rights reserved.
Page 4 of 4



NABL Accreditation:- ISO/IEC 17025:2017, TC-16904

Issue Date: 10/10/2025
Validity: 09/10/2029

03

Certification Standards:- ISO 45001: 2018, OHS-5241

Issue Date: 20/02/2024
Validity: 25/02/2027

MOoEF Recognition: Legal 42(3)/87

Issue Date: 17/05/2021
Validity: 16/05/2026

Test Report No.: MPCB/CLab/Environment/25-26/01/66-A

Date: 18/01/2026 09:38 AM

ULR No.: TC-1690426000000256F

Test Report-Water (Environment)

Field Sample ID BR-0106019
Sample collected by (Officer FO-Bhivandi(Mrs. Dipali Location of sample i
Name) Tambe) (SRO-Bhivandi) collection
Seal No.: 208 Method of sample Grab
collection
Date 05/01/2026 Total No. of Containers 1
Sample —
Collection Time 03:00 PM Nature/Description of Lake
Sample
MPCB/CLab/ENV/25- ..
Lab ID 26/639 Sample condition -
Date 06/01/2026 Analysis Started On | 06/01/2026 06:43 PM
Received by lab ;
Time 02:49 PM ggalys‘s Completed 1 18/01/2026 09:37 AM
Sample recived by (Name & Dr P D Khadkikar (Senior
Designation) Scientific Officer)

Sr.No Parameter Results Unit Test Method
APHA 24th Edition 4500-H+B, Pg. No.
1 pH@25 degree C 85 473-478: 2023
. microsiemens/cm | APHA?24 thEdition 2510-B, Page No. 134-
2 Conductivity 288.5 (us/cm) 135: 2023
3 Suspended Solids (SS) @105 degree C 64.0 mg/l APHA 24th Edition 2540-D, Pg. No. 146-
147: 2023
L APHA 24th Edition 2130-B, Pg. No. §9-
4 Turbidity 8.96 NTU 91: 2023
5 Biochemical Oxygen Demand (BOD) 3 days 62.0 mg/l IS 3025 (Part 44):2023
at 27 degree C
. APHA 24th Edition 4500-Cl- B, Pg. No.
6 Chloride 33.49 mg/1 340-341 2023
7 Chemical Oxygen Demand (COD) 140.0 mg/l APHA 24th Edition 52208 Page No.544,
545: 2023
. IS 3025 (Part38) :1989 Reaffirmed 2014
8 Dissolved Oxygen NIL mg/1 Reaffirmed 2019
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Sr.No Parameter Results Unit Test Method
9 Hardness (calcium) 7200 mg/l APHA 24th Editi;);S?SZ(())g%CaB, Pg. No.254-
10 Hardness (total) 96.00 mg/l APHA 24th Edi';i;)g: 22%42()3-C, Pg. No. 124-
11 Hardness (Magnesium) 24.00 mg/l APHA 24&11\11(5)‘.12“;22112%52030'1\4%3, Pg.

Remarks: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended
to submit the samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.
Nature & pH of sample submitted by sampling authority through IMIS/LIMS doesn't matches with the
actual Nature & pH of sample when verified at the laboratory (Photograph of sample nature is available)

Approved & Reviewed By

Dr P D Khadkikar

Senior Scientific Officer,

I/c Central Laboratory,

MPCB, Navi Mumbai. (Authorized
Signatory)

Note :

1. The results refer to the samples and parameters requested for analysis.
2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

Copyright © 2020 LIMS. All rights reserved.
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Fpot Omward No - lVlt’k,D/LLaD/El’lVlrUIlIIéﬁEﬂmHé‘Pynlacatlon Name & Address

pte—sroH 7XIvVE

Near Pumping Station, Varhaladevi Lake

Analysis Report-Water (Environment)

Sample Details
Field Sample ID : BR-0106019
Laboratory Sample Code : MPCB/CLab/ENV/25-26/639
Sample Details (Water/Air/HW) : Water
Sampling Method(s) : Grab

Sample Volume Received :

1

Sample Collected By :

FO-Bhivandi(Mrs. Dipali Tambe) (SRO-Bhivandi)

Seal No. :

208

Type of Industry / Location details :

Sample Collected On :

Jan 5 2026 03:00:00:000PM

Sr.No Parameter Result Unit Method of analysis
Tatal Dissolved APHA?24 thEditi 540-C,
1 %glllgsl(slsgélf 2550 mg/l Page No. 1 141 n% %
2 Total Alkalinity 740 mg/1
3 Ammonical Nitrogen 0.18 mg/1
4 Nitrate Nitrogen 0.53 mg/1
5 Phosphate (total) 2.84 mg/1
APHA 24th Edition 4500-SO4
6 Sulphate 22.60 mg/l E (Turbﬂ(]ii]rzneltg)gl Methog
APHA 24th Edition 9221 E
7 Faecal C rﬁa{lng(MPN 1700 MPN/100 ml (Std, CI ]ile mot lerant ( Fecal)
oliform roce ure)
APHA 24th Edition 3111B
8 Total %8 lg?(ﬂ}é)(MPN 170.0 MPN/100ml (Direct Air—A%etglene Flame
Method)
9 Nitrite Nitrogen 0.01 mg/1

Remark: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended to submit the
samples in preserved conditions as per APHA Guidelines to maintain integrity of samples. Nature & pH of sample submitted by
sampling authority through IMIS/LIMS doesn't matches with the actual Nature & pH of sample when verified at the laboratory
(Photograph of sample nature is available)

Report Type: final

Report generated on: 18/01/2026 09:38 AM

Complied by: Sharmila Bhirud

Approved by: Dr P D Khadkikar

Reviewed on Date: 18/01/2026 09:38 AM

Reviewed by: Dr P D Khadkikar

Copyright © 2020 LIMS. All rights reserved.
Page 3 of 4



Dr P D Khadkikar 9 O 6

Senior Scientific Officer,
I/c Central Laboratory,
MPCB, Navi Mumbai.
(Authorized Signatory)

* Electronic report does not require signature

Note :

1. The results refer to the samples and parameters requested for analysis.

2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A .= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

% End of the Report ***

Copyright © 2020 LIMS. All rights reserved.
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NABL Accreditation:- ISO/IEC 17025:2017, TC-16904

Issue Date: 10/10/2025
Validity: 09/10/2029

07

Certification Standards:- ISO 45001: 2018, OHS-5241

Issue Date: 20/02/2024
Validity: 25/02/2027

MOoEF Recognition: Legal 42(3)/87

Issue Date: 17/05/2021
Validity: 16/05/2026

Test Report No.: MPCB/CLab/Environment/25-26/01/64-A

Date: 18/01/2026 09:35 AM

ULR No.: TC-1690426000000255F

Test Report-Water (Environment)

Field Sample ID BR-0106018
Sample collected by (Officer FO-Bhivandi(Mrs. Dipali Location of sample i
Name) Tambe) (SRO-Bhivandi) collection
Seal No.: 208 Method of sample Grab
collection
Date 05/01/2026 Total No. of Containers 1
Sample —
Collection Time 02:30 PM Nature/Description of Lake
Sample
MPCB/CLab/ENV/25- ..
Lab ID 26/638 Sample condition -
Date 06/01/2026 Analysis Started On | 06/01/2026 06:43 PM
Received by lab ;
Time 02:48 PM ggalys‘s Completed 1 18/01/2026 09:33 AM
Sample recived by (Name & Dr P D Khadkikar (Senior
Designation) Scientific Officer)

Sr.No Parameter Results Unit Test Method
APHA 24th Edition 4500-H+B, Pg. No.
1 pH@25 degree C 83 473-478: 2023
. microsiemens/cm | APHA?24 thEdition 2510-B, Page No. 134-
2 Conductivity 286.6 (us/cm) 135: 2023
3 Suspended Solids (SS) @105 degree C 76.0 mg/l APHA 24th Edition 2540-D, Pg. No. 146-
147: 2023
L APHA 24th Edition 2130-B, Pg. No. §9-
4 Turbidity 592 NTU 91: 2023
5 Biochemical Oxygen Demand (BOD) 3 days 560 mg/l IS 3025 (Part 44):2023
at 27 degree C
. APHA 24th Edition 4500-Cl- B, Pg. No.
6 Chloride 32.99 mg/1 340-341: 2023
7 Chemical Oxygen Demand (COD) 124.0 mg/l APHA 24th Edition 52208 Page No.544,
545: 2023
. IS 3025 (Part38) :1989 Reaffirmed 2014
8 Dissolved Oxygen NIL mg/1 Reaffirmed 2019
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Sr.No Parameter Results Unit Test Method
9 Hardness (calcium) 62.00 mg/l APHA 24th Editi;);S?SZ(())g%CaB, Pg. No.254-
10 Hardness (total) 98.00 mg/l APHA 24th Edi';i;)g: 22%42()3-C, Pg. No. 124-
11 Hardness (Magnesium) 36.00 mg/l APHA 24&11\11(5)‘.12“;22112%52030'1\4%3, Pg.

Remarks: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended
to submit the samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.
Nature & pH of sample submitted by sampling authority through IMIS/LIMS doesn't matches with the
actual Nature & pH of sample when verified at the laboratory (Photograph of sample nature is available)

Approved & Reviewed By

Dr P D Khadkikar

Senior Scientific Officer,

I/c Central Laboratory,

MPCB, Navi Mumbai. (Authorized
Signatory)

Note :

1. The results refer to the samples and parameters requested for analysis.
2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

Copyright © 2020 LIMS. All rights reserved.
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Fpot Omward No - lVlt’k,D/LLaD/El’lVlrUIlIIéﬁgﬂmHé‘Ps}nlacatlon Name & Address
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Varhaladevi Lake, Opp. Commissioner Bunglow

Analysis Report-Water (Environment)

Sample Details
Field Sample ID : BR-0106018
Laboratory Sample Code : MPCB/CLab/ENV/25-26/638
Sample Details (Water/Air/HW) : Water
Sampling Method(s) : Grab

Sample Volume Received :

1

Sample Collected By :

FO-Bhivandi(Mrs. Dipali Tambe) (SRO-Bhivandi)

Seal No. :

208

Type of Industry / Location details :

Sample Collected On :

Jan 5 2026 02:30:00:000PM

Sr.No Parameter Result Unit Method of analysis
Tatal Dissolved APHA?24 thEditi 540-C,
1 %glllgsl(slsgélf 2530 mg/l Page No. 1 141 n% %
2 Total Alkalinity 80.0 mg/1
3 Ammonical Nitrogen 0.31 mg/1
4 Nitrate Nitrogen 0.55 mg/1
5 Phosphate (total) 3.61 mg/1
APHA 24th Edition 4500-SO4
6 Sulphate 2206 mg/l E (Turbﬂ(]ii]rzneltg)gl Methog
APHA 24th Edition 9221 E
7 Faecal C ﬁﬁaﬁ“’g(MPN 330 MPN/100 ml (Std, CI ]ile mot lerant ( Fecal)
oliform roce ure)
APHA 24th Edition 3111B
8 Total %8 gﬁﬂ}é)(MPN 1100 MPN/100ml (Direct Air—A%etglene Flame
Method)
9 Nitrite Nitrogen 0.01 mg/1

Remark: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended to submit the
samples in preserved conditions as per APHA Guidelines to maintain integrity of samples. Nature & pH of sample submitted by
sampling authority through IMIS/LIMS doesn't matches with the actual Nature & pH of sample when verified at the laboratory
(Photograph of sample nature is available)

Report Type: final

Report generated on: 18/01/2026 09:35 AM

Complied by: Sharmila Bhirud

Approved by: Dr P D Khadkikar

Reviewed on Date: 18/01/2026 09:35 AM

Reviewed by: Dr P D Khadkikar

Copyright © 2020 LIMS. All rights reserved.
Page 3 of 4



Dr P D Khadkikar 9 1 O

Senior Scientific Officer,
I/c Central Laboratory,
MPCB, Navi Mumbai.
(Authorized Signatory)

* Electronic report does not require signature

Note :

1. The results refer to the samples and parameters requested for analysis.

2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A .= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

% End of the Report ***

Copyright © 2020 LIMS. All rights reserved.
Page 4 of 4



NABL Accreditation:- ISO/IEC 17025:2017, TC-16904

Issue Date: 10/10/2025
Validity: 09/10/2029

11

Certification Standards:- ISO 45001: 2018, OHS-5241

Issue Date: 20/02/2024
Validity: 25/02/2027

MOoEF Recognition: Legal 42(3)/87

Issue Date: 17/05/2021
Validity: 16/05/2026

Test Report No.: MPCB/CLab/Environment/25-26/01/62-A

Date: 18/01/2026 09:32 AM

ULR No.: TC-1690426000000254F

Test Report-Water (Environment)

Field Sample ID BR-0106017
Sample collected by (Officer FO-Bhivandi(Mrs. Dipali Location of sample i
Name) Tambe) (SRO-Bhivandi) collection
Seal No.: 208 Method of sample Grab
collection
Date 05/01/2026 Total No. of Containers 1
Sample —
Collection Time 02:00 PM Nature/Description of Lake
Sample
MPCB/CLab/ENV/25- ..
Lab ID 26/637 Sample condition -
Date 06/01/2026 Analysis Started On | 06/01/2026 06:43 PM
Received by lab ;
Time 02:46 PM ggalys‘s Completed | 18/01/2026 09:31 AM
Sample recived by (Name & Dr P D Khadkikar (Senior
Designation) Scientific Officer)

Sr.No Parameter Results Unit Test Method
APHA 24th Edition 4500-H+B, Pg. No.
1 pH@25 degree C 8.0 473-478: 2023
. microsiemens/cm | APHA?24 thEdition 2510-B, Page No. 134-
2 Conductivity 2710 (us/cm) 135: 2023
3 Suspended Solids (SS) @105 degree C 420 mg/l APHA 24th Edition 2540-D, Pg. No. 146-
147: 2023
L APHA 24th Edition 2130-B, Pg. No. §9-
4 Turbidity 591 NTU 91: 2023
5 Biochemical Oxygen Demand (BOD) 3 days 650 mg/l IS 3025 (Part 44):2023
at 27 degree C
. APHA 24th Edition 4500-Cl- B, Pg. No.
6 Chloride 26.49 mg/1 340-341 2023
7 Chemical Oxygen Demand (COD) 140.0 mg/l APHA 24th Edition 52208 Page No.544,
545: 2023
. IS 3025 (Part38) :1989 Reaffirmed 2014
8 Dissolved Oxygen NIL mg/1 Reaffirmed 2019

Page 1 of 4
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Sr.No Parameter Results Unit Test Method
9 Hardness (calcium) 5400 mg/l APHA 24th Editi;);S?SZ(())g%CaB, Pg. No.254-
10 Hardness (total) 94.00 mg/l APHA 24th Edi';i;)g: 22%42()3-C, Pg. No. 124-
11 Hardness (Magnesium) 40.00 mg/l APHA 24&11\11(5)‘.12“;22112?652030'1\4%3, Pg.

Remarks: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended
to submit the samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.

Approved & Reviewed By

Dr P D Khadkikar

Senior Scientific Officer,

I/c Central Laboratory,

MPCB, Navi Mumbai. (Authorized
Signatory)

Note :

1. The results refer to the samples and parameters requested for analysis.
2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

Copyright © 2020 LIMS. All rights reserved.

Page 2 of 4
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Varhaladevi Lake, Opp. Gayatri Classic Building

Analysis Report-Water (Environment)

Sample Details
Field Sample ID : BR-0106017
Laboratory Sample Code : MPCB/CLab/ENV/25-26/637
Sample Details (Water/Air/HW) : Water
Sampling Method(s) : Grab

Sample Volume Received :

1

Sample Collected By :

FO-Bhivandi(Mrs. Dipali Tambe) (SRO-Bhivandi)

Seal No. :

208

Type of Industry / Location details :

Sample Collected On :

Jan 5 2026 02:00:00:000PM

Sr.No Parameter Result Unit Method of analysis
Tatal Dissolved APHA?24 thEditi 540-C,
1 %glllgsl(slsgélf 2340 mg/l Page No. 1 141 n% %
2 Total Alkalinity 90.0 mg/1
3 Ammonical Nitrogen 0.16 mg/1
4 Nitrate Nitrogen 0.97 mg/1
5 Phosphate (total) 3.61 mg/1
APHA 24th Edition 4500-SO4
6 Sulphate 20.63 mg/l E (Turbﬂ(]ii]rzneltg)gl Methog
APHA 24th Edition 9221 E
7 Faecal C ﬁgaﬁng(MPN 390 MPN/100 ml (Std, CI ]ile mot lerant ( Fecal)
oliform roce ure)
APHA 24th Edition 3111B
8 Total %8 gﬁﬂ}é)(MPN 140.0 MPN/100ml (Direct Air—A%etglene Flame
Method)
9 Nitrite Nitrogen 0.01 mg/1

Remark: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended to submit the

samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.

Report Type: final

Report generated on: 18/01/2026 09:33 AM

Complied by: Sharmila Bhirud

Approved by: Dr P D Khadkikar

Reviewed on Date: 18/01/2026 09:32 AM

Reviewed by: Dr P D Khadkikar

Copyright © 2020 LIMS. All rights reserved.

Dr P D Khadkikar
Senior Scientific Officer,
I/c Central Laboratory,
MPCB, Navi Mumbai.
(Authorized Signatory)

Page 3 of 4
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* Electronic report does not require signature

Note :

1. The results refer to the samples and parameters requested for analysis.

2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

**% End of the Report ***

Copyright © 2020 LIMS. All rights reserved.
Page 4 of 4



NABL Accreditation:- ISO/IEC 17025:2017, TC-16904

Issue Date: 10/10/2025
Validity: 09/10/2029

15

Certification Standards:- ISO 45001: 2018, OHS-5241

Issue Date: 20/02/2024
Validity: 25/02/2027

MOoEF Recognition: Legal 42(3)/87

Issue Date: 17/05/2021
Validity: 16/05/2026

Test Report No.: MPCB/CLab/Environment/25-26/01/60-A

Date: 18/01/2026 09:30 AM

ULR No.: TC-1690426000000253F

Test Report-Water (Environment)

Field Sample ID BR-0106016
Sample collected by (Officer FO-Bhivandi(Mrs. Dipali Location of sample i
Name) Tambe) (SRO-Bhivandi) collection
Seal No.: 208 Method of sample Grab
collection
Date 05/01/2026 Total No. of Containers 1
Sample —
Collection Time 01:30 PM Nature/Description of Lake
Sample
MPCB/CLab/ENV/25- ..
Lab ID 26/636 Sample condition -
Date 06/01/2026 Analysis Started On | 06/01/2026 06:44 PM
Received by lab ;
Time 02:46 PM ggalys‘s Completed 1 18/01/2026 09:20 AM
Sample recived by (Name & Dr P D Khadkikar (Senior
Designation) Scientific Officer)

Sr.No Parameter Results Unit Test Method
APHA 24th Edition 4500-H+B, Pg. No.
1 pH@25 degree C 79 473-478: 2023
. microsiemens/cm | APHA?24 thEdition 2510-B, Page No. 134-
2 Conductivity 261.5 (us/em) 135: 2023
3 Suspended Solids (SS) @105 degree C 140.0 mg/l APHA 24th Edition 2540-D, Pg. No. 146-
147: 2023
L APHA 24th Edition 2130-B, Pg. No. §9-
4 Turbidity 6.86 NTU 91: 2023
5 Biochemical Oxygen Demand (BOD) 3 days 125.0 mg/l IS 3025 (Part 44):2023
at 27 degree C
. APHA 24th Edition 4500-Cl- B, Pg. No.
6 Chloride 29.99 mg/1 340-341: 2023
7 Chemical Oxygen Demand (COD) 288.0 mg/l APHA 24th Edition 52208 Page No.544,
545: 2023
. IS 3025 (Part38) :1989 Reaffirmed 2014
8 Dissolved Oxygen NIL mg/1 Reaffirmed 2019

Page 1 of 4



(@]
Test Method v 1 6

Sr.No Parameter Results Unit
9 Hardness (calcium) 50.00 mg/l APHA 24th Editi;);S?SZ(())g%CaB, Pg.No.254-
10 Hardness (total) 92.00 mg/l APHA 24th Edi';i;)g: 22%42()3-C, Pg. No. 124-
11 Hardness (Magnesium) 42 .00 mg/l APHA 24&11\11(5)‘.12“;22112%52030'1\4%3, Pg.

Remarks: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended
to submit the samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.

Approved & Reviewed By

Dr P D Khadkikar

Senior Scientific Officer,

I/c Central Laboratory,

MPCB, Navi Mumbai. (Authorized
Signatory)

Note :

1. The results refer to the samples and parameters requested for analysis.
2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

Copyright © 2020 LIMS. All rights reserved.

Page 2 of 4
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Fpot Omward No - qu”LD/LLaD/El’lVlrUIlIIéﬁEﬂaﬁﬁiHé‘Py]llacatlon Name & Address
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Varhaladevi Lake at Fenegaon

Analysis Report-Water (Environment)

Sample Details
Field Sample ID : BR-0106016
Laboratory Sample Code : MPCB/CLab/ENV/25-26/636
Sample Details (Water/Air/HW) : Water
Sampling Method(s) : Grab

Sample Volume Received :

1

Sample Collected By :

FO-Bhivandi(Mrs. Dipali Tambe) (SRO-Bhivandi)

Seal No. :

208

Type of Industry / Location details :

Sample Collected On :

Jan 5 2026 01:30:00:000PM

Sr.No Parameter Result Unit Method of analysis
Total Dissolved APHA?24 thEditi 540-C,
1 g(?lllgl(slsﬁél)e 2310 mg/l Page No. 1 141 % %) %
2 Total Alkalinity 96.0 mg/1
3 Ammonical Nitrogen 0.31 mg/1
4 Nitrate Nitrogen 0.51 mg/1
5 Phosphate (total) 2.63 mg/1
APHA 24th Edition 4500-SO4
6 Sulphate 20.63 mg/l E (Turbﬂéljranelt%?cn Methog
APHA 24th Edition 9221 E
7 Faecal C IIE(()I{JHB(MPN 220.0 MPN/100 ml (Std, The motigleran ( Fecal)
Coliform Procedure)
APHA 24th Edition 3111B
Total C fi MPN . .
8 ota 111?&11}%( 1600.0 MPN/100ml (Direct Ali}[ %ﬁ%ﬁ%ene Flame
9 Nitrite Nitrogen 0.01 mg/1

Remark: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended to submit the
samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.

Report Type: final

Report generated on: 18/01/2026 09:30 AM

Complied by: Sharmila Bhirud

Approved by: Dr P D Khadkikar

Reviewed on Date: 18/01/2026 09:30 AM

Reviewed by: Dr P D Khadkikar

Copyright © 2020 LIMS. All rights reserved.

Dr P D Khadkikar
Senior Scientific Officer,
I/c Central Laboratory,
MPCB, Navi Mumbai.
(Authorized Signatory)

Page 3 of 4
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* Electronic report does not require signature

Note :

1. The results refer to the samples and parameters requested for analysis.

2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

**% End of the Report ***

Copyright © 2020 LIMS. All rights reserved.
Page 4 of 4



NABL Accreditation:- ISO/IEC 17025:2017, TC-16904

Issue Date: 10/10/2025
Validity: 09/10/2029

19

Certification Standards:- ISO 45001: 2018, OHS-5241

Issue Date: 20/02/2024
Validity: 25/02/2027

MOoEF Recognition: Legal 42(3)/87

Issue Date: 17/05/2021
Validity: 16/05/2026

Test Report No.: MPCB/CLab/Environment/25-26/01/58-A

Date: 18/01/2026 09:28 AM

ULR No.: TC-1690426000000252F

Test Report-Water (Environment)

Field Sample ID BR-0106015
Sample collected by (Officer FO-Bhivandi(Mrs. Dipali Location of sample i
Name) Tambe) (SRO-Bhivandi) collection
Seal No.: 208 Method of sample Grab
collection
Date 05/01/2026 Total No. of Containers 1
Sample —
Collection Time 01:00 PM Nature/Description of Lake
Sample
MPCB/CLab/ENV/25- ..
Lab ID 26/635 Sample condition -
Date 06/01/2026 Analysis Started On | 06/01/2026 06:44 PM
Received by lab ;
Time 02:43 PM ggalys‘s Completed | 1¢/01/2026 09:27 AM
Sample recived by (Name & Dr P D Khadkikar (Senior
Designation) Scientific Officer)
Sr.No Parameter Results Unit Test Method
APHA 24th Edition 4500-H+B, Pg. No.
1 pH@25 degree C 8.2 473-478: 2023
. microsiemens/cm | APHA?24 thEdition 2510-B, Page No. 134-
2 Conductivity 252.0 (us/cm) 135: 2023
3 Suspended Solids (SS) @105 degree C 168.0 mg/l APHA 24th Edition 2540-D, Pg. No. 146-
147: 2023
L APHA 24th Edition 2130-B, Pg. No. 89-
4 Turbidity 10.89 NTU 91: 2023
5 Biochemical Oxygen Demand (BOD) 3 days 150.0 mg/l IS 3025 (Part 44):2023
at 27 degree C
. APHA 24th Edition 4500-CI- B, Pg. No.
6 Chloride 28.99 mg/1 340-341 2023
7 Chemical Oxygen Demand (COD) 364.0 mg/l APHA 24th Edition 52208 Page No.544,
545:2023
. IS 3025 (Part38) :1989 Reaffirmed 2014
8 Dissolved Oxygen NIL mg/1 Reaffirmed 2019

Page 1 of 4
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Sr.No Parameter Results Unit Test Method
9 Hardness (calcium) 42 00 mg/l APHA 24th Editi;);S?SZ(())g%CaB, Pg. No.254-
10 Hardness (total) 98.00 mg/l APHA 24th Edi';i;)g: 22%42()3-C, Pg. No. 124-
11 Hardness (Magnesium) 56.00 mg/l APHA 24&11\11(5)‘.12“;22112?652030'1\4%3, Pg.

Remarks: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended
to submit the samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.

Approved & Reviewed By

Dr P D Khadkikar

Senior Scientific Officer,

I/c Central Laboratory,

MPCB, Navi Mumbai. (Authorized
Signatory)

Note :

1. The results refer to the samples and parameters requested for analysis.
2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

Copyright © 2020 LIMS. All rights reserved.
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pte—sroH 7XIvVE

Varhaladevi Lake near Mangal Bhavan

Analysis Report-Water (Environment)

Sample Details
Field Sample ID : BR-0106015
Laboratory Sample Code : MPCB/CLab/ENV/25-26/635
Sample Details (Water/Air/HW) : Water
Sampling Method(s) : Grab

Sample Volume Received :

1

Sample Collected By :

FO-Bhivandi(Mrs. Dipali Tambe) (SRO-Bhivandi)

Seal No. :

208

Type of Industry / Location details :

Sample Collected On :

Jan 5 2026 01:00:00:000PM

Sr.No Parameter Result Unit Method of analysis
Tatal Dissolved APHA?24 thEditi 540-C,
1 %glllgsl(slsgélf 2170 mg/l Page No. 1 141 n% %
2 Total Alkalinity 80.0 mg/1
3 Ammonical Nitrogen 0.12 mg/1
4 Nitrate Nitrogen 0.62 mg/1
5 Phosphate (total) 1.79 mg/1
APHA 24th Edition 4500-SO4
6 Sulphate 2044 mg/l E (Turbﬂ(]ii]rzneltg)gl Methog
APHA 24th Edition 9221 E
7 Faecal C ﬁﬁgﬁ“’g(MPN 14.0 MPN/100 ml (Std, CI ]ile mot lerant ( Fecal)
oliform roce ure)
APHA 24th Edition 3111B
8 Total %8 lg?(ﬂ}é)(MPN 480 MPN/100ml (Direct Air—A%etglene Flame
Method)
9 Nitrite Nitrogen 0.01 mg/1

Remark: Sample Received to Central Laboratory in Non-Preserved condition, it is strongly recommended to submit the
samples in preserved conditions as per APHA Guidelines to maintain integrity of samples.

Report Type: final

Report generated on: 18/01/2026 09:28 AM

Complied by: Sharmila Bhirud

Approved by: Dr P D Khadkikar

Reviewed on Date: 18/01/2026 09:28 AM

Reviewed by: Dr P D Khadkikar

Dr P D Khadkikar
Senior Scientific Officer,
I/c Central Laboratory,
MPCB, Navi Mumbai.
(Authorized Signatory)

Copyright © 2020 LIMS. All rights reserved.
Page 3 of 4
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* Electronic report does not require signature

Note :

1. The results refer to the samples and parameters requested for analysis.

2. Abbreviations: - BDL=Below Detectable limit, N.D.=Not Detected, N.A.= Not Analyzed

3. The Contents of this Report shall not be reproduced in part or in full without written approval of laboratory.

**% End of the Report ***

Copyright © 2020 LIMS. All rights reserved.
Page 4 of 4



Varahdevi Lake Results
Joint sampling as per NGT along with Snehal donde and BNCMC representative

923

Sr. Parameters A =1l (Public water Unit 05.01.2026 05.01.2026 05.01.2026 05.01.2026 05.01.2026 05.01.2026 Average
No. supply with Varhaladevi | Varhaladevi | Varhaladevi | Varhaladevi |Near Pumping| Tap Water at
approved Lake near Lake at Lake, Opp. Lake, Opp. Station, Varhaladevi
treatment equal to Mangal Fenegaon |[Gayatri Classic [Commissioner| Varhaladevi Mandir
coagulation, Bhavan Building Bunglow Lake
sedimentation &
disinfection.)
1 [pH@25 degreeC 6.5t08.5 8.2 7.9 8 8.3 8.5 7.6 8.08
microsieme
2 |Conductivity ns/cm 252 261.5 271 286.6 288.5 157.5 252.85
(us/cm)
Suspended Solids (SS) mg/|
3 @105 degree C - 168 140 42 76 64 18 84.67
4 [Turbidity NTU 10.89 6.86 5.91 5.92 8.96 0.61 6.53
Biochemical Oxygen 5.0 mg/l mg/|
5 |Demand (BOD)3 days |(Monthly average of 150 125 65 56 62 4.6 77.10
at 27 degreeC atleast 10 samples)
6 |Chloride 600 mg/I mg/| 28.99 29.99 26.49 32.99 33.49 14 27.66
Chemical Oxygen mg/|
7 Demand (COD) - 364 288 140 124 140 32 181.33
8 |Dissolved Oxygen 4.0 mg/| mg/| NIL NIL NIL NIL NIL 5.8 5.80
9 |Hardness (calcium) mg/| 42 50 54 62 72 32 52.00
10 [Hardness (total) - mg/| 98 50 94 98 96 48 80.67
11 |Hardness (Magnesium) me/! 56 42 40 36 24 16 35.67
Total Dissolved mg/|
12 Solids(TDS) - 217 231 234 253 255 136 221.00
13 [Total Alkalinity mg/l 80 96 90 80 74 60 80.00
14 |Ammonical Nitrogen mg/| 0.12 0.31 0.16 0.31 0.18 0.14 0.20
15 |Nitrate Nitrogen 45 mg/| mg/| 0.62 0.51 0.97 0.55 0.53 0.18 0.56
16 [Phosphate (total) mg/I 1.79 2.63 3.61 3.61 2.84 BDL 2.90
17 |[Sulphate 400 mg/| mg/l 20.44 20.63 20.63 22.06 22.6 7.47 18.97
1g |Faecal Coliform (MPN MPN/100 14 220 39 33 170 170 107.67
technique) ml
19 |Total Coliform (MPN MPN/100m 48 1600 140 110 170 1600 611.33
technique) |
20 |Nitrite Nitrogen mg/| 0.01 0.01 0.01 0.01 0.01 BDL 0.01
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Abstract

Chlorination is the oldest and widely practiced method for disinfection of potable water across the globe but some micro-
organisms survive the chlorine treatment and become resistant. In this study, chlorine-resistant bacteria were isolated from
36 reservoirs of the Municipal Corporation of Greater Mumbai. Water was collected in winter, summer and rainy season.
The 8 isolates (out of 89) found to be resistant to 20 ppm of chlorine were identified and belong to the Acinetobacter and
Serratia sp. The antibiotic resistance profile showed that the isolates were resistant to a broad spectrum of antibiotics which
is of concern. Biofilm production was also observed in most of the isolates. Presence of chlorine-resistant bacteria in drink-
ing water is an alarming situation which needs further analysis especially to understand the further characteristics of these

isolates for their antibiotic resistance.

Keywords Chlorination - Chlorine-resistant bacteria - Antibiotic resistance - Biofilm production

Introduction

Drinking water is the second important necessity for liv-
ing after oxygen and hence the quality of drinking water
has a significant impact on human life (Zeng et al. 2020).
Disinfection of water with chlorine came into focus in the
twentieth century. Globally, chlorination is the most popular
mode of disinfecting public water systems due to its low cost
and relatively slower decay rate in distribution systems or
storage which ensures maintenance of water hygiene for a
long period of time (Wilson et al. 2018).

As reported by the World Health Organisation (WHO)
(Guidelines for Drinking-water Quality 2011; Report of the
International Conference on Primary Health Care 1978),
the recommended level of free chlorine in drinking water is
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< Renitta Jobby
renitta7 @gmail.com; rjobby @ mum.amity.edu

Amity Institute of Biotechnology, Amity University
Maharashtra, Pune Expressway, Bhatan, Panvel, Mumbai,
Mabharashtra 410206, India

2 Sunandan Divatia School of Science, SVKM’S NMIMS
University, Mumbai 400056, India

Published online: 08 August 2021

0.2-0.5 ppm minimum and 2-5 ppm maximum. The water
should be chlorinated enough to inactivate microorganisms
to prevent disease but over-chlorination should be avoided as
it leads to the formation of disinfection by products (DBPs).
Hence, it is of utmost importance to use chlorination in a
very controlled manner as recommended by WHO.

Hypochlorous acid (HOCI) used in chlorination is a pow-
erful oxidising agent with neutral charge and can easily pen-
etrate the outer membrane of bacteria containing negative
charge. It easily kills the bacteria by halting the metabolic
processes and rupturing the cell wall. However, the presence
of coliforms or other pathogenic organisms in water treated
with sufficient concentration HOCI indicates development
of chlorine resistance in these isolates. The exact mechanism
behind the increasing resistance of microorganisms to chlo-
rine disinfection is unknown. However, available literature
and research depict that the resistance may be due to the
association or attachment of microorganisms to various sur-
faces or through the production of extracellular polymeric
substance (EPS) which help in protecting the microorganism
from chlorine (LeChevallier et al. 1988).

Chlorination has been found to enhance antibiotic resist-
ance by horizontal gene transfer of plasmids bearing resist-
ance genes from killed antibiotic resistance bacteria (ARB)
into chlorine-injured bacteria. (Su et al. 2018). Apart from

@ Springer
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this, the formation of biofilm may also contribute to the
resistance of microbes from disinfection (Lin et al. 2017).
Biofilm formation reduces the sensitivity of bacterial cells
leading them to survive in extreme conditions and high chlo-
rine concentrations (Zhu et al. 2020).

The present work was carried out to recognize the organ-
isms showing chlorine resistance in chlorine-treated drink-
ing water. To achieve the desired goal, water samples were
collected from 36 reservoirs which come under Municipal
Corporation of Greater Mumbai (MCGM). Isolates were
characterized followed by chlorine resistance profiling for
antibiotic resistance and biofilm production.

Materials and methods
Collection of water samples

The drinking water samples were collected from 36 reser-
voirs (Supplement Table 1) which comes under Munici-
pal Corporation of Greater Mumbai (MCGM). The sam-
pling was carried out on a daily basis in all three seasons
(winter, summer, rainy) by trained MCGM personnel. The
water samples were collected into sterile, flint-glass bottles
containing 0.1 mL of 10% sodium thiosulfate to neutral-
ize any free chlorine residual. Samples were brought to the
laboratory on ice and were analysed within 6 h of collection
(Indian Standard:1622, Methods of Sampling and Microbio-
logical Examination of Water 1981).

Isolation of organisms by membrane filtration
technique

The water samples brought to the laboratory underwent vac-
uum filtration. 100 mL of water was filtered through 0.45 pm
mixed cellulose ester membrane filters. The filter paper was
placed on HiCrome" M-Lauryl Sulphate Chromogenic Agar
and the plate was incubated at 37 °C for 24 h (Indian Stand-
ard: 10, 500, Drinking Water-Specification 2012; Indian
Standard: 15, 185, Water Quality-Detection and Enumeration
of Escherichia coli and Coliform Bacteria-Membrane Fil-
teration Method for Water with Low Bacterial Background
Flora 2016). Growth of different coloured colonies indicate
different coliforms theoretically (Green colony- Escherichia
coli ATCC 25,922, yellow, mucoid- Klebsiella pneumoniae
ATCC 13,883, pink- Salmonella Enteritidis ATCC 13,076)
(HiMedia Laboratories 2020).

Isolation of microorganisms from chromogenic agar
The different coloured colonies grown on Chromogenic

Agar were individually picked and streaked onto MacCo-
nkey Agar plates and incubated at 37 °C for 24 h and were

@ Springer

distinguished as lactose fermenters (pink coloured colonies)
and non-fermenters (colourless colonies). Mixed cultures
were re-streaked onto the MacConkey Agar plates till pure
culture of the isolate was obtained. Pure culture colonies
were streaked on Nutrient Agar plates and incubated at
37 °C for 24 h (Godkar and Godkar 2003).

Preservation of isolates

The isolates were coded and were maintained on Nutrient
Agar slants at 4 °C. The sub-culturing was carried out on a
monthly basis. 80% sterile glycerol stocks (1:1) were used
for long-term preservation which were stored at — 20 and
— 80 °C (Jobby et al. 2020).

Biochemical identification for Gram-negative
organisms

IMViC test was carried out for biochemical identification of
pure isolates which helps in identifying probable microor-
ganisms. All the media and reagents required for performing
these tests were obtained from HiMedia. For the TSI test,
a loopful of the isolates were stabbed and streaked on TSI
agar slants and incubated at 37 °C for 24 h (Godkar and
Godkar 2003).

Screening of chlorine-resistant isolates

The chlorine resistance study was carried out to identify the
chlorine-resistant isolates. A loopful of the isolates were
inoculated in Nutrient Broth and incubated at 37 °C for
18 h to obtain the cultures in exponential phase. The cul-
ture broth was centrifuged (8000 rpm (4301 X g), 20 min,
4 °C) to obtain the cell pellet. The cell pellet was washed
and diluted with 0.85% saline till an optical density (OD)
of 0.5 was attained at 610 nm (Al-Berfkani et al. 2014).
Calcium Hypochlorite (Bleaching powder) (HiMedia) was
used as a chlorinating agent to prepare fresh stock of chlo-
rine (10 ppm). The assay was performed in a 96-well plate.
Sterile 0.05 M potassium phosphate buffer was used for dilu-
tions of chlorine stock. 6 uL of culture (0.5 OD) was used
as an inoculum. First, isolates were exposed to O, 1, 2, 3, 4
and 5 ppm concentration of chlorine for a period of 10, 20
and 30 min. After exposure, it was either streaked or spot
inoculated on Nutrient Agar plate and incubated at 37°C for
24 h. The isolates found to be resistant to 5 ppm (30 min)
exposure of chlorine were further exposed to 10, 20 and
30 ppm of chlorine (50 ppm chlorine stock) following the
same protocol as mentioned above. The isolates that were
resistant to the highest chlorine concentration checked in the
study were selected for further evaluation.
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Molecular identification

The isolates that showed highest chlorine resistance were
identified by 16 s rRNA sequencing. DNA isolation of all the
chlorine-resistant isolates was carried out using GeneiPure" "
Bacterial DNA Purification Kit followed by 16 s rRNA
amplification using the forward (AGA GTT TGA TCC
TGG CTC AGQG) and reverse (ACGG CTA CCT TGT TAC
GAC TT) primer (Jobby et al. 2020). An amplicon size of
1500 bp was obtained and sent for commercial sequenc-
ing to Eurofins Genomics India Pvt. Ltd., Bangalore. The
Sanger’s Dideoxy method of DNA Sequencing was carried
out and the sequences were identified by aligning them in
NCBI BLAST tool.

Phylogenetic analysis

The sequences were used to generate a phylogenetic tree
which was inferred using neighbor joining tree method. This
was analyzed using MEGA version 7 software. A bootstraps
of 1000 replicates was employed and consensus below 50%
were collapsed. The sequences were used to analyze the evo-
lutionary relationship (Hall 2013).

Characterization of the chlorine-resistant isolates
Antibiotic resistance profile

Disk diffusion assay was performed to carry out the antibi-
otic susceptibility test (Al-Berfkani et al. 2014). A loopful
of the isolates were inoculated in Nutrient Broth and incu-
bated at 37 °C for 18-24 h. The culture broth was centri-
fuged (8000 rpm (4301 X g), 20 min, 4°C) to obtain the cell
pellet. The cell pellet was washed and diluted with 0.85%
saline till an optical density (OD) of 0.18 was attained at
610 nm. Muller Hinton agar (HiMedia) plates were swabbed
with the culture using sterile cotton buds. After the plates
were dried, antibiotic discs (HiMedia) were placed on them
carefully and incubated at 37 °C for 16—-18 h. After incu-
bation, the diameter of the inhibition zone around the disc
was measured and compared with the standard chart. The
following antibiotic disks were used: Amikacin (AK-30
mcg), Ampicillin (AMP-10 mcg), Cefixime (CFM-5 mcg),
Chloramphenicol (C-30 mcg), Ciprofloxacin (CIP-5 mcg),
Gentamicin (GEN-10 mcg), Kanamycin (K-30 mcg), Levo-
floxacin (LE-5 mcg), Nalidixic Acid (NA-30 mcg), Ofloxa-
cin (OF-5 mcg) and Tetracycline (TE-30 mcg).

Biofilm production
Congo Red Agar (CRA) method was used for the detection

of biofilm production (Freeman et al. 1989). 37 g/L Brain
Heart Infusion Agar (HiMedia) and 50 g/L sucrose (SRL)

was supplemented with 0.8 g/L. Congo Red indicator to pre-
pare CRA medium and autoclaved at 121 °C for 15 min. The
isolates were streaked on CRA plates and incubated at 37 °C
for 24 h. After incubation, the plates were observed for black
colonies with a dry crystalline consistency which indicated
biofilm production.

Result and discussion
Collection and isolation

The present scenario of water sources in Mumbai and the
four water treatment plants are depicted in Supplementary
Fig. 1a and b respectively. There are 6 natural sources which
supply 3350 million liters of water per day. These are highly
secured from contamination from fecal matter. The 4 water
treatment plants are further distributed into 36 reservoirs
which are situated inside the city. The Bhandup complex
water treatment plant is Asia’s biggest water treatment plant
with ISO certification. From the water samples collected
in all 3 seasons among 89 isolates which formed colonies
on HiCrome" M-Lauryl Sulphate Chromogenic Agar were
selected. M-Lauryl Sulphate Agar is a selective medium
as it contains sodium lauryl sulphate that helps to inhibit
Gram-positive bacteria. The selected isolates were further
characterized on the basis of lactose fermentation among
which 14 isolates were found to be fermenters whereas 66
were non-fermenters and 9 did not show any growth on
MacConkey Agar Plate. The detailed season wise count is
depicted in Fig. 1. All the isolates were further maintained
as pure cultures. The study conducted on drinking water in
Lithuania by Staradumskyte and Paulauskas also showed the
presence of lactose non-fermenters like Acinetobacter and
Pseudomonas to be more prominent than lactose fermenters.
The non-fermenting bacteria are ubiquitous and hence eas-
ily found in the environment and thus in greater numbers in
the drinking water samples. The presence of them in water
samples is concerning as they are infectious and can cause
many diseases (Staradumskyte and Paulauskas 2014).

Biochemical identification

Biochemical tests are gold standards which have been used
since ages. Based on the IMViC test (Fig. 2) and TSI results,
some of the identified organisms were Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Shigella,
Citrobacter koseri, Serratia marcescens, Acinetobacter sp..
However, the probable identification of all organisms was
not possible through biochemical tests. As a result, the bio-
chemical tests were not conclusive enough for identifying
the organism and hence further identification by 16 s rRNA
sequencing methods was required.

@ Springer
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Winter

Rainy

2 Fermenters
53 Non-Fermenters
6 No growth

Total=61

mm 4 Fermenters
mm 3 Non-Fermenters

Total=7

Summer

mm 8 Fermenters
mm 10 Non-Fermenters
== 3 No growth

Total=21

All seasons

mm 14 Fermenters
mm 66 Non-Fermenters
mm 9 No growth

Total=89

Fig. 1 Total number of organisms isolated in all the seasons differentiated between lactose fermenters and non-fermenters

‘Winter

Rainy

2 E.coli

3 Shigella sp.

4 Klebsiella sp.

S5 Acinetobacter sp.

16 Serratia marcescens

5 Pseudomonas aeruginosa
6 Citrobacter sp.

1 Providencia stuartii

ter sp./Pseud aeruginosa
Total=64

22 Acinetob

1 Shigella sp.

1 Klebsiella sp.

3 Serratia marcescens

1 Pseudomonas aeruginosa

1 Acinetobacter sp./Pseudomonas aeruginosa

Total=7

Summer

2 Shigella sp.
7 Acinetobacter sp.
3 Serratia marcescens

6 Aci bacter sp./Pseud. aeruginosa
Total=18

All seasons

2 E.coli

6 Shigella sp.

5 Kiebsiella sp.

12 Acinetobacter sp.

22 Serratia marcescens

6 Pseudomonas aeruginosa
6 Citrobacter sp.

1 Providencia stuartii

29 Acinetobacter sp./Pseud. aeruginosa

Total=89

Fig.2 Probable organisms based on IMViC and TSI results isolated in all the seasons

Identification and screening of chlorine-resistant

isolates

Screening of chlorine-resistant isolates

@ Springer

Initially, the chlorine resistance studies were carried out for
all the organisms isolated from each season up to 5 ppm
concentration of chlorine (Table 1). From this study, total
28 cultures were found to be tolerant to chlorine treatment
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Table 1 Total number of isolates resistant to different concentrations
of chlorine in all seasons

Seasons  Total Isolates  Isolates  Isolates Isolates
isolates withno  resistant resistant resistant to

growth to5Sppm to 10 ppm 20 ppm

Winter 61 6 12 3

Summer 21 3 10 4

Rainy 7 0 6 1

All sea- 89 9 28 10 8

sons

of 5 ppm for 30 min. Among this, the majority of the iso-
lates i.e., 20 were non-fermenters which depicts that lactose
non-fermenting organisms show more resistance to chlorine.
The 28 cultures were further exposed to 10, 20 and 30 ppm
of chlorine treatment out of which 8 cultures were found to
be resistant to 20 ppm of chlorine treatment. All eight iso-
lates were non-fermenters. The eight cultures (KB1, DB4,
3929-1, NA4-2,1A2, 1750, NA3-2 and NA4-1) were further
amplified and sequencing was performed.

Molecular identification

The DNA isolation and 16 s rRNA PCR was carried out
for the chlorine-resistant isolates and the samples were out-
sourced for sequencing. According to (Prasad Karumathil
et al. 2014), Acinetobacter baumannii is a common hos-
pital-borne pathogen with significant mortality rates. Upto
4 ppm free chlorine is also not sufficient to kill them and so
they can easily survive the recommended levels of chlorine
present in the water. Additionally, they also reported that

Fig. 3 Evolutionary relationship
of the chlorine-resistant isolates
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exposure to chlorine may increase the expression of efflux
pumps in them due to which they become more resistant to
other antibiotics.

Phylogenetic analysis

The evolutionary distances were computed using the Maxi-
mum Composite Likelihood method (Fig. 3). Bacillus subti-
lis was considered as an outgroup. All the examined isolates
are divided into three groups, Group I consisted only of the
outgroup, while Group II and III had organisms belonging
to Yersiniaceae and Moraxellaceae families, respectively. A
clustered sister clade of Serratia marcescens (1750, DB4,
3929 and ATCC 13880 T) was observed in Group II, while
Acinetobacter pittii (NA4-2 and ATCC 19004 7), Acinetobac-
ter baumannii (KB1 and ATCC 19606 T) and Acinetobac-
ter junii (NA3-2 and NA4-1) formed sister clade in group
II1. Isolates IA2, KB1, NA3-2, NA4-1 and NA4-2 formed a
monophyletic group, thereby confirming that they originated
from a common ancestor and all the descendants are present
in that group.

Characterization of the chlorine-resistant isolates
Antibiotic resistance profile

All the isolates showed resistance to at least one broad spec-
trum antibiotic. Majority of the isolates showed resistance
to Cefixime and Nalidixic acid which has a role in inhib-
iting cell wall formation (Table 2). Among the 8 isolates,
DB4 (Serratia marcescens) showed resistance to 6 antibiot-
ics followed by 1750 (Serratia marcescens) which showed

Acinetobacter baumannii KB1 (MT994588)

93

Acinetobacter baumannii ATCC 19606 T (NR 117620.1)

Acinetobacter baumannii I42 (MT974422)

Acinetobacter junii NA3-2 (MT974430)

100

77

Acinetobacter junii NA4-1 (MT993631)

91 Acinetobacter junii ATCC 17908 T (NR117623.1)

Acinetobacter pittii NA4-2 (MT994257)

100 Acinetobacter pittii ATCC 19004 T (NR 117621.1)

100

Serratia marcescens ATCC 13880 T (NR 041980.1)

Serratia marcescens 1750 (MT974429)

53

Serratia marcescens DB4 (MW013141)

52 Serratia marcescens 3929-1 (MW149491)

Bacillus subtilis (NR 112116.2)

@ Springer
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Table 2 Antibiotic sensitivity of
chlorine-resistant isolates

Strain AK AMP CFM CIP C GEN K LE NA OF TE
Acinetobacter baumannii KBl S S R S S S S S 1 S S
Serratia marcescens DB4 S R R R 1 S S R R R S
Serratia marcescens 3929-1 S S S S S S S S S S S
Acinetobacter pitti NA4-2 S R R I S S S S R S S
Acinetobacter baumannii IA2 S I R S S S S S S S S
Serratia marcescens 1750 S I R 1 I S R S R R R
Acinetobacter junii NA3-2 S S R S S S S S S S S
Acinetobacter junii NA4-1 S S I S S S S S R S S

S sensitive, I intermediate, R resistant

resistance to 5 antibiotics. Whereas, NA 4-2 (Acinetobac-
ter pittii) showed resistance to 3 antibiotics each. Jin et al.
2020 observed that chlorination increases the speed of gene
exchange in or between bacterial genera by means of hori-
zontal transfer of released plasmid from killed antibiotic
resistance bacteria (ARB) into chlorine-injured bacteria.
This natural transformation during chlorination leads to the
transfer of chlorine-injured opportunistic pathogens from
non-ARB to ARB. This may lead the planktonic bacteria
to develop resistance (Dodd 2012). A group of scientists
in Taiwan conducted a nationwide surveillance of antimi-
crobial resistance in 2000. They observed that ciprofloxa-
cin was resisted by more than half (52%) of S. marcescens
(Liou et al. 2014). Serratia marcescens is usually resistant
to ampicillin and amoxicillin and harbours a chromosomal
ampC gene that can extend resistance to enormous p-lactam
antibiotics. Resistance of Acinetobacter spp. to ampicillin,
cephalothin, tetracycline, co-trimoxazole, ciprofloxacin and
cefoperazone was reported by Savov et al. 2002. The anti-
biotic resistance among Acinetobacter is either intrinsic or
acquired via transformation (Doughari et al. 2011). Further
studies are needed to check for the presence of antibiotic
resistance genes and also to understand their expression.

Biofilm production

The biofilm producing ability was checked by Congo Red
Agar (CRA) method. This method was chosen as it is fast,
reliable and colonies remain viable on this medium for fur-
ther analysis. In this test, black colour colonies indicated the
presence of biofilm producers. Whereas, red colour colo-
nies indicated non biofilm producers (Kaiser et al. 2013).
According to Freeman et al. (1989), congo red dye helps to
stain and show the presence of exopolysaccharides of aquatic
Gram-negative bacilli under light microscope.

Table 3 represents the biofilm production ability pre and
post chlorine exposure. It is seen that NA 3-2 was the only
isolate in which biofilm production was triggered after chlo-
rine exposure. As it is suggested by some studies that biofilm
formation is induced as an adaptive response against HOCI

@ Springer

Table 3 Biofilm production in
(20 ppm) samples

Control (0 ppm) and Post-exposure

Control
(0 ppm)

Strain Test (20 ppm)

Acinetobacter baumannii KB1
Serratia marcescens DB4
Serratia marcescens 39291
Acinetobacter pitti NA4-2
Acinetobacter baumannii IA2
Serratia marcescens 1750
Acinetobacter junii NA3-2

U > YT YO U
AR i i

Acinetobacter junii NA4-1

P present, A absent

stress (Nizer et al. 2020). HOCI is considered as a strong
oxidising agent and can easily penetrate the cell through
passive diffusion due to the neutral charge but sometimes
bacteria undergo adaptive response against HOCI stress as
a survival strategy. This leads to changes in the membrane
properties of bacterial cells leading to overproduction of
EPS matrix which in turn limits the penetration of disin-
fection agents helping in the survival of bacteria (Ifiiguez-
Moreno et al. 2018). However, further studies are required
to understand the mechanism of biofilm resistance to antimi-
crobial compounds which may include physical or chemical
barriers for penetration of disinfectant in the biofilm, pheno-
typic adaptation of biofilm to sublethal levels of disinfectant,
gene transfer and mutation or activation of stress response
(Bridier et al. 2011).

Conclusion

The present work focuses on identification of chlorine-resist-
ant bacteria post-chlorination treatment. The highest level of
chlorine resistance was found to be 20 ppm. These isolates
were found to belong to the Serratia and Acinetobacter sp
which are one of the highly pathogenic groups. Additionally,
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these isolates were also found to be resistant to broad spec-
trum antibiotics which is an alarming situation. Some also
had biofilm forming capacity which is an added advantage
for their survival in harsh conditions. Based on the results
obtained, it can be suggested that the coliform index which is
currently used as a health standard for water quality needs to
be modified to check for the presence of chlorine resistance
bacteria which can be generally opportunistic pathogens. It
is also important to further understand the mechanisms of
antibiotic resistance as presence of resistant genes in these
isolates can be a major concern. Additionally, the detection
of chlorine-resistant bacteria indicates need for newer strat-
egies to provide safe drinking water by using disinfection
methods other than chlorination.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00203-021-02503-3.
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Potable water

- Water suitable for human consumption (i.e., water
that can be used for drinking or cooking)

WHO standard (1978 & 2011) for free chlorine in
drinking water

=« Minimum: 0.2 - 0.5 ppm
- Maximum: 2 - 5 ppm

Chlorine as a disinfectant

- Used in the form of gas (Cl,) or as a powder or
solution of hypochlorite containing salt mostly
sodium hypocrite (NaOClI)

12/24/2025 Santosh Jathar_A70130717001
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Chlorination process

- When chlorine is dissolved in pure water, it undergoes
hydrolysis

Cl,+ H,0 — HOCI + H* + CI-

- HOCI (Hypochlorous acid) ionises or dissociates to
Hypochlorite ion (OCIl) and Hydrogen ion (H*)

HOCI — H* + OCI-

- The sum of the concentrations of solvated chlorine ,‘ -
gas (Cl,), HOCl and OClI-is fermed as free chlorine. .‘
]
L

12/24/2025 Santosh Jathar_A70130717001 N
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Mechanism of Chlorine as Disinfectant

O

-~ Membrane disruption

Plasma fulid leakage

Inhibition of ATP
Synthase

7@) Protein degradation

Cl, + H,O — HOCI + H" + CI

‘ Inhibition of enzyme production

O Plasmid DNA breakage
WM DNA damage

12/24/2025

Probable chlorine resistance mechanism's as

per literature studies
= Antibiotic resistance
= Production of biofilm

= Production of antioxidant enzymes under

chlorine stress
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INTRODUCTION

The water supply for Mumbai is sourced from 7
different lakes and is freated at 4-Water Treatment
Plants.

The water is distributed from 2-Master Balancing
Reservoir, 27- Service Reservoirs across the city of
Mumbai and through the maze of 6000 km long
distribution network spread all over the city.

Municipal Corporation of Greater Mumbai (MCGM)
uses under-ground water supply tunnels ranging from
diameter 2200mm to 5500mm totalling in length of
about 100 Km to convey raw / freated water.

Daily more than 1000 number of valves are operated
to regulate water supply in 250 water supply zones.
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INTRODUCTION

Water Supply System in Mumbai

Raw Water Treatment
Source Plant

Service
Reservoir

Modaksagar Upper Vaitarna Middle Vaitarna
Tulsi WTP Vihar WTP Bhandup Complex (MBR I) Panjrapur (MBR 1)
i 1] 1]
g : Mq:lsg:lil-llli:l& ) GB::;:((;:Z: i uetloepyl (]
Powa! HL Reservo!rs Palil & Il Veeravalil, Il &Il R‘C’;°'I' 'n'.;f"
Powai HL Reservoirs Powai LL HL Reservoir olanji
Malad 1 & II Powai HL PTGl
elteell e Fosbery

Borivalil &Il Reservoirs
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AIM & OBJECTIVES

Detection and Characterization of Chlorine Resistant Bacterial
isolates from Treatment Plants and Reservoirs of Mumbai Corporation

Isolation of chlorine- Assessing and Understanding of the
resistant bacteria from characterizing the chlorine mechanisms underlying

treatment plant and resistance profiles of the bacterial

reservoirs in Mumbai bacteria resistance to chlorine

12/24/2025



METHODOLOGY

Disinfection of drinking water with
Chlorine

=]

Screening of Chlorine Resistant Isolates

. &

= B AR
i) e

Chlorine Resistant

Collection of water sample & isolation of Chlorine
Resistant Bacteria

] =] 7
{ ay ~ . f
‘ T ‘

Morphological and Biochemical Identification

Bacteria

o

Molecular Identification and Phylogenetic Analysis \

Antibiotic Resistance

) @l

Production of
Antioxidant Enzymes

Biofilm Production

Probable Chlorine Resistance Mechanisms

Sampling - Indian Standard:1622, 1981

Isolation - Indian Standard: 10500, 2012; Indian
Standard:15185, 2016, HiMedia Laboratories, 2020

Morphological Identification - Godkar and Godkar, 2003
Biochemical Identification - Godkar and Godkar, 2003
Chlorine Resistance Profiling - Al-Berfkani et al., 2014
Molecular Identification - Jobby et al., 2020
Phylogenetic Analysis - Hall, 2013

Antibiotic Sensitivity Test - Al-Berfkani et al., 2014

Biofilm Production - Freeman et al., 1989

Catalase Activity - Aebi, 1974

Superoxide Dismutase Activity - Kono, 1978

Ascorbate Peroxidase Activity - Uarrota et al., 2016

Guaiacol Peroxidase Activity - Uarrota et al., 2016
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RESULTS

Isolation of chlorine-resistant
Objective | bacteria from freatment plant
and reservoirs in Mumbai



List of R

SRNO NAME OF RESERVOIR ABBREVIATION CODES
1 AZAD MAIDAN RESERVOIR AIMR AA
2 BHANDUP(COMP-1) BHANDUP (COMP-1) BA
3 BHANDUP(COMP-2) BHANDUP (COMP-2) B8
4 BHANDARWADA HILL RESERVOIR BHR cc
5 BORIVALI HILL RESERVOIR -|(COMP-1) BOHR- (COMP-1) DA
6 BORIVALI HILL RESERVOIR-I &1 (COMP-1) BOHR-II&I1l (COMP-1) DB
7 BORIVALI HILL RESERVOIR-I &1l (COMP-2) BOHR-II&I1l (COMP-2) DC
8 BUDP(COMP-1) BUDP (COMP-1) EA
9 BUDP(COMP-2) BUDP (COMP-2) EB
10 FOSSBERRY HILL RESERVOIR FSR FF
Il GOLLANJI HILL RESERVOIR GHR GG
12 GHATKOPAR HLR (COMP-1) GTHLR (COMP-1) HH
13 GHATKOPAR TLLR (COMP-1) GTLLR (COMP-1) 1A
14 GHATKOPAR TLLR (COMP-2) GTLLR (COMP-2) 1B
15 MALAD(COMP-1) MALAD (COMP-1) IA
16 MALAD(COMP-2) MALAD (COMP-2) B
17 MALABAR HILL RESERVOIR (COMP-1) MHR (COMP-1) KA
18 MALABAR HILL RESERVOIR (COMP-2) MHR (COMP-2) KB
19 MALABAR HILL RESERVOIR (COMP-3) MHR (COMP-3) KC
20 PALI HILL RESERVOIR(COMP-1) PHR (COMP-1) LA
21 PALI HILL RESERVOIR(COMP-2) PHR (COMP-1) 18
22 PALI HILL RESERVOIR(COMP-3) PHR (COMP-1) LC
23 PALI HILLRESERVOIR (RESERVOIR OUTLET) PHR (RES) LD
24 POWAI HIGH LEVEL RESERVOIR-I (COMP-1) PWHR- (COMP-1) MA
25 POWAI HIGH LEVEL RESERVOIR-I (COMP-2) PWHR- (COMP-2) MB
26 POWAI HIGH LEVEL RESERVOIR-I| (COMP-1) PWHR-II (COMP-1) NA
27 POWAI HIGH LEVEL RESERVOIR-I| (COMP-2) PWHR-II (COMP-2) NB
28 ROALI LOW LEVEL RESERVOIR RLLR 00
29 TROMBAY HIGH LEVEL RESERVOIR (COMP-1) THLR (COMP-1) PA
30 TROMBAY HIGH LEVEL RESERVOIR (COMP-2) THLR (COMP-2) PB
31 TROMBAY LOW LEVEL RESERVOIR(COMP-1) TLLR (COMP-1) QA
32 TROMBAY LOW LEVEL RESERVOIR(COMP-2) TLLR (COMP-2) QB
33 VERAVALI HILL RESERVOIR-I/Il(COMP-1) VHR-I/Il (COMP-1) RA
34 VERAVALI HILL RESERVOIR-I/II(COMP-2) VHR-I/Il (COMP-2) RB
35 VERAVALI LOW LEVEL RESERVOIR -1(COMP-1)  [VLLR-II (COMP-1) ss
36 WORLI HILL RESERVOIR WHR il

Table

1: Lis

of reservoirs with their code

eservoirs with their code

Figure 1: ISO certified Bhandup Treatment plant
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Bhandup Treatment Plant (ISO Certified)

Figure 1:1SO certified Bhandup Treatment plant
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ISOLATION PROCESS

Green: Escherichia coli

ik

R +— Pink: Salmonella typhi

ol
4

Flint glass bottle for collecting M-lauryl Sulphate
samples Chromogenic agar plate

Figure 2: Isolation of bacterial clones
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RESULTS

Assessing and characterizing the
objectvel  Chlorine resistance profiles of the
identified bacteria



MORPHOLOGICAL CHARACTERIZATION

_— Non-Fermenter

MacConkey Agar: Gram Staining:

Isolates distinguished as All isolates were found to be
Lactose Fermenters and Gram-Negative

Non-Fermenters

Figure 3: Morphological characterization of isolates
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MORPHOLOGICAL CHARACTERIZATION

Summer

= Fermenters = Fermenters

= Non-Fermenters A 3 » Non-Fermenters
No growth i By No growth

Total= 64 ) Total= 21

= Fermenters
= Non-Fermenters
No growth

Treatment Plants Total="7 All season

= Fermenters = Fermenters
Vi = Non-Fermenters
= Non-Fermenters N o
J No grow
No growth

Total =2 Total= 92

Figure 4: Number of organisms isolated in winter, summer and rainy seasons
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BIOCHEMICAL IDENTIFICATION

MR: Positive VP: Positive

Indole: Positive

Citrate: Positive

IMViC Test

Figure 5: Biochemical identification using IMVIC test
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BIOCHEMICAL IDENTIFICATION

TREATMENT PLANT SAMPLES WINTER SAMPLES
= Acinetobacter sp. (1)

i 1 Al3%yy = Citrobacter sp. (2)

Escherichia coli (1)
u Citrobacter sp. (3)
u Escherichia coli(2)
u Klebsiella pneumoniae (1) W
u Serratia sp. (2) ‘ u Pseudomonas/Acinetobacter (32)
® Shigella sp. (1)

s Klebsiella pneumoniae (1)

= Providencia sp.(1)

sp.

! SPerratia sp. (14)

= Shigella sp. (3)
Not grown (9)

Tatal =9 Total = 64

SUMMER RAINY SAMPLES

5% 14%, 14%

u Klebsiella/E.coli sp.(1)
B Pseudomonas/Acinetobacter sp.(17) B Psendomonas/Acinetobacter sp. (2)
u Serratia sp (3) i . \ wSerratia sp (3)
u Shigella(1) _‘: Shigella sp.(1)
Total = 21 Total =7

Figure 6: Number of probable organisms from treatment plant samples and
all seasons obtained from IMViC and TSI test
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CHLORINE RESISTANCE PROFILING

= All 71 isolates underwent chlorine resistance profiling up to 5 ppm concentration.

Calcium Hypochlorite
Potassium Phosphate Buffer
Culture

hlori
Chlorie: CEpoFure WESAY Growth of chlorine resistant isolates on NA

isolates found resistant to 5 ppm chlorine were further exposed to 10, 20 and 30 ppm chlorine

(fm) (‘) “\ ~ L
COQOONINBY
| U0 SN A

Chlorine exposure assay Growth of chlorine resistant
isolates on NA

Figure 7: Chlorine resistance profiling
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CHLORINE RESISTANCE PROFILING

Resistant fo 5§ ppm| Resistant to 10 Resistant to 20
Seqasons chlorine ppm chlorine ppm chlorine
(Low) (Moderate) (High)
Winter 13 8 3
Summer 10 S 4
Rainy 6 3 ]
All 29 16 8

Santosh Jathar_A70130717001

Table 3: Overview of Number of Bacterial strains showing Low, Moderate and High Resistance to Chlorine




MOLECULAR IDENTIFICATION

| — KBI
= m 2 _ DBA4
o 3 —3929-1
4 -NA4-2
5 1A2
61750
7 -NA3-2
8~ NA 4-1

DNA Isolation

Figure 8: 0.8% Agarose gel electrophoresis of isolated genomic DNA samples from isolates
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MOLECULAR IDENTIFICATION

L 1 2 3 -+ 5 6 7

1500bp - S S S Geae S

Santosh Jathar_A70130717001

L — 1kb Ladder
1 - KBI

2 —-DB4

3 —3929-1

4 —NA4-2
5-1A2
6—1750
7—-NA3-2

8 —NA4-1

16s rRNA
Amplification

Figure 9: 1.5% Agarose gel electrophoresis of 16S rRNA PCR product from isolates



MOLECULAR IDENTIFICATION

= The amplicon of all isolates were outsourced for idenftification to
Eurofins Genomics India Pvt. Ltd., Bangalore.

= The Sanger’'s Dideoxy method of DNA Sequencing was carried out
and the sequences were identified by aligning them in NCBI BLAST
tool and they were deposited in NCBI GenBank.

SR.NO| CODE ORGANISM IDENTIFIED NCBI ACCESSION
NUMBER
1 KB1 Acinetobacter baumannii MT994588
2 DB4 Serratia marcescens MWO013141
3 3929-1 Serratia marcescens MW149491
4 NA 4-2 Acinetobacter pitti MT994257
5 1A2 Acinetobacter baumannii MT974422
6 1750 Serratia marcescens MT974429
7 NA 3-2 Acinetobacter junii MT974430
8 NA 4-1 Acinetobacter junii MT993631

Table 4: CR bacterial isolates identified in this study IDENTIFICATION BY
DNA SEQUENCING
Santosh Jathar_A70130717001 23
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PHYLOGENETIC ANALYSIS

DB 4 Serratia marcescens

1750 Senatia marcescens

JA 2 Acinetobacter haumannii

NA 3 2 Acinetobacter junii

3929 1 Senatia marcescens

NA 4 2 Acinetobacter pitti

NA 41 Acinetobacter juniy

KB 1 Acinetobacter haumannii

Bacillus subtilis

Figure 10: Evolutionary relationship of the CR isolates

Santosh Jathar_A70130717001
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RESULTS

Understanding of the
Objective Il mechanisms underlying
bacterial resistance to chlorine
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ANTIBIOTIC SENSITIVITY TEST

Figure 11: Zone of inhibition as exhibited by isolated
organisms through antibiotic sensitivity test
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ANTIBIOTIC SENSITIVITY TEST

Lsolates| AK AMP [CFM  [cIP C GEN K LE NA OF TE
AK - Amikacin (30 mcg)
VA3 VA zs VA3 VA YA YA A Zs YA YA o
- - - AMP - Ampicillin (10 mcg)
RT |(mm)|R RT T RT RT RT RT RT RT
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) CFM - Cefixime (5 mcg)
390P (22 S [165 ]S |22 |S (30 |S 255 (S [21 [S [20 |s [22 |s |26 |S |285 |S |20 [s | CIP - Ciprofloxacin (5 mcg)
Nag-1 23 Is [23 [s e It [as s 123 [s [23 s [21 [s [is s s 18 |s [20 [s | CGEN-Genfamicin (10 mcg)
. . - - - - K - Kanamycin (30 mcg)
NA4.2 |23 IS 115 0 1651 |295 (s [215 (s [215]s [27 |s |o 24 |S [215 |8
LE - Levofloxacin (5 mcg)
1A2 20 s |14 |1 |7 25 IS [24 | [195|S |18 (8 [25 (S [185 [S [235 |S |275 |S | A - Nalidixic Acid (30 mcg)
NA3-2 [275 S 1235 |S |145 31 |8 |245 (s [27 [ [26 [S [31 S [23 |S 305 |S |27 [$ | OF- Ofloxacin (5 mcg)
KBt [21 |S |18 [S |13 26518 127 IS 20 [s [21 [s [25 s [17 |1 |27 |s |27 |s | TE-Tetracycline (30 mcg)
DB4 |25 |s |o 0 85 1651 [205]s [20 [s [s .o .5.5 .1\ S

S - Sensitive, | — Intermediate, R — Resistant

Table 5: Zone size and interpretation of isolates against Antibiotics
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BIOFILM PRODUCTION

Black colored colonies: Biofilm
present

Water pipeline -
\< Stages of Biofilm Formation

Planktonic
bacterial cells

Solid surface

—

Attachment Microcolony formation Maturation
Ty - . ‘ _ Biofilm layer helps
Antibiotics/Disinfectant * * & * in inhibiting
\ s penetration of
'S 4. antibiotics
+ + o

White/Red colored colonies: Biofilm
MATURE AND qbsenf

STABLE
BIOFILM

Figure 12: Biofilm production

“Created with BioRender.com.”




BIOFILM PRODUCTION

1750

e Control Test BIOFILM
(0 ppm) | (20 ppm)

DB 4 P A Lost
KB 1 A Lost
3929 P A A Retained
NA 4-1 P P Retained

NA 4-2 P A Lost
1A 2 P Retained

Gained

Retained
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Table 6: Biofilm Production in Control (0 ppm) and Test (20 P:Present
ppm) Samples A:Absent




ANTIOXIDANT ASSAYS

CL + H, O —» HOCI + H" + CI

@@as ~ Chlorine Resistant Bacteria

“Created with
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ANTIOXIDANT ASSAYS

Catalase Activity

ok ok
_0.061 —
=
<@ o
3 B Serratia marcescens DB4
= s
= i o R B3 Serratia marcescens 1750
ep V.UF5
E ns ns R B Serratia marcescens 3929-1
e} =" —
P T - Bl dcinetobacter baumannii TA2
E =0 ns \i‘i ns = . B
S 0.02- — N — Acinetobacter baumannii KB1
L] N
o § Acinetobacter junii NA3-2
G
g § B Acinetobacter junii NA4-1
) E i
1 B Acinetobacter pittii NA4-2

Isolates

Figure 13: Antioxidant activity of 8 chlorine-resistant isolates measured by Catalase assay (Symbols represent
statistical significance, *** p < 0.001, and “ns” stands for no significance between
the conftrol (0 ppm) and test (20 ppm) samples of each isolate

Among all the isolates studied, only NA 3-2 exhibited a notable increase (p < 0.001) in specific enzyme
activity when subjected to chlorine stress at a concentration of 20 ppm. The remaining isolates showed
no significant difference in specific enzyme activity between the control and test samples.
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ANTIOXIDANT ASSAYS

Superoxide Dismutase Activity

Acinetobacter baumannii KB1

%k %k %k
100~ la )
T B Serratia marcescens DB4

—_ . 2
= E B3 Serratia marcescens 1750
ré
s B Serratia marcescens 3929-1
=
= *okok ns W Acinetobacter baumannii 1A2
h— — -
:E X
=
c
=
=

Acinetobacter junii NA3-2
B3 Acinetobacter junii NA4-1

1 ] 1
N S S
R KX &
BT oRT ofp®
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% =
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B Acinetobacter pittii NA4-2
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O D O D .3
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Isolates

Figure 14: Antioxidant activity of 8 chlorine-resistant isolates measured by SOD assay (Symbols represent statistical
significance, *** p < 0.001, and "ns” stands for no significance between
the control (0 ppm) and test (20 ppm) samples of each isolate

Among all the isolated strains, only NA 3-2 exhibited a noteworthy increase (p < 0.001) in the
percentage of NBT inhibition within the test sample. In contrast, the test sample of NA 4-1 displayed a
substantial decline (p < 0.001) in the percentage of NBT inhibition. The remaining isolates demonstrated
no significant variations in antioxidant activity between the control and test samples.
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ANTIOXIDANT ASSAYS

Guaiacol Peroxidase Activity

5 0.059 ns '
‘é’ %—4 B Serratia marcescens DB4
;.;' 0-04 e B Serratia marcescens 1750
b § ‘ -
%‘0 0.034 B Serratia marcescens 3929-1
=2 0.02 - B Acinetobacter baumannii 1A2
3'. 1S
= . Acinetobacter baumannii KB1
s 0.014 = 'ﬂ ns ns
o i | m'_' EH Acinetobacter junii NA3-2
{'—_’ 0.004 = ) o
S B Acinetobacter junii NA4-1
g :
= -0.01 : s
© X . . B Acinetobacter pittii NA4-2

Isolates

Figure 16: Antioxidant activity of 8 chlorine-resistant isolates measured by Guaiacol Peroxidase assay (Symbols
represent statistical significance, ** p <0.001 and “ns” stands for no significance between
the confrol (0 ppm) and test (20 ppm) samples of each isolate

Isolate 3929-1 exhibited an increase in the activity (p < 0.001) of the test sample under chlorine-induced
stress, while DB4 displayed the highest specific activity, there was no significant difference between the
control and test samples, suggesting that GPX activity remained stable. In the case of other isolates, minimal
specific activity was observed, indicating that GPX enzymes may not have been activated by the bacteria.
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ANTIOXIDANT ASSAYS

Ascorbate Peroxidase Activity
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Acinetobacter junii NA4-1

Acinetobacter pittii NA4-2

Figure 15: Antioxidant activity of 8 chlorine-resistant isolates measured by Ascorbate Peroxidase assay (Symbols

represent statistical significance, ** p < 0.001,

*p <0.05 and “ns” stands for no significance between

the confrol (0 ppm) and test (20 ppm) samples of each isolate
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Among the various isolates assessed, only NA 3-2 displayed a substantial increase (p < 0.033) in
specific activity when subjected to 20 ppm chlorine-induced stress. Conversely, isolate 1750
exhibited a highly significant decrease (p < 0.001) in specific activity in the test sample compared
to the control. The remaining isolates demonstrated no variations in specific activity.
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SR. ANTIBIOTIC BIOFILM PROBABLE RESISTANCE
NO CODE ORGANISM IDENTIFIED SEASON RESISTANCE PRODUCTION CAT SOD GPX APX MECHANISM
1 KB1 Acinefobacter Winter 1 Lost NC | N | Nc | NC Unknown
baumannii
2 DB4 Serratia marcescens Rainy 6 Lost NC NC NC NC Antibiotic Resistance
3 3929-1 Serratia marcescens Winter 0 None NC NC I NC GPX Enzyme
. - Antibiotic
4 NA 4-2 Acinetobacter pitti Summer 3 Lost NC NC NC NC .
Resistance
Acinetobacter . .
5 1A2 " Summer 1 Retained NC NC NC NC Biofilm
baumannii
6 1750 Serratia marcescens Winter 5 Retained NC NC ﬂ NC Antibiotic Resistance
7 NA 3-2 Acinetobacter junii Summer 1 Gained ' I ND I . B'?mms CIe
Antioxidant Enzymes
8 NA 4-1 Acinetobacter junii Summer 1 Retained NC ﬂ NC NC Biofilm
) X Symbols used in the
Table 7 : Summary of assays carried out to understand the mechanisms table represents:
underlying bacterial resistance to chlorine NC- No change

ND- Not Detected
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CONCLUSION

1. The chlorine resistant organisms were isolated from drinking water supplies.

2. The highest chlorine resistance was found to be 20ppm.

3. The high tolerant group of chlorine resistance was found to be belong to the Serratia and Acinetobacter sp
which are a family of highly pathogenic groups.

4. The tolerance mechanism varies from organism which can be molecular (antibiotic resistance) or physiological
(biofilm) or stress induced (antioxidants).

5. Chlorination is considered as a basic treatment strategy worldwide for drinking water supplies.

6. The emergence of chlorine resistant bacteria from water distribution systems possess a major concern towards
public health.

7. This demands formulation of correct strategy in the upcoming revised standard operating procedures for safe

drinking water which must be adopted by water systems, most vulnerable to chlorine treatment.
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FUTURE STUDIES

**Expanding the indicator organisms list
**Regular checks for presence of biofim and antibiotic resistant organism
**Designing new methods for disinfection of water — Ozonation

** Whole genome sequencing to correlate between antibiotic & chlorine resistance

R L :
S : '[’/B:«ll‘lt‘l'i:-é \)
Ak g Viruses i
Raw Ozone Removes
water d Sl
Advanced - .
purified water
Coagulation & Ozone Activated Sand

sedimentation basin contact basin carbon basin filtration basin
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