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PART-A

1. BRIEF BACKGROUND

The Hon'dle National Green Tribunal has taken suo moto cognizance in the case
in light News item Published in India today dated 30.4.2023 titled “3 minors
among 11 dead in Ludhiana Gas leak”, Punjab Govt. announces 2 Lakh Ex-Gratia
Ludhiana®. The case was registered as Original Application No. 327 of 2023.

2. ORDERPASSED BY THE HON'BLE NATIONAL GREEN TRIBUNAL

After consideration of the matter, the Hon'ble National Green Tribunal vide
order dated 2.5.2023 has constituted an eight-member Fact-Finding Joint
Committee to be headed by Chairman, Punjab 5tate PCB. Other members of the
Committee will be Regional Director (North), CPCB, Industrial Toxicology
Research Centre (ITRC) Lucknow, nominee of Director, PGl Chandigarh, nominee
of NDRF, State PCB, District Magistrate, Ludhiana and Commissioner, Municipal
Corporation, Ludhiana to ascertain the cause of the incident and remedial action
taken and required, including measures to prevent such incidents in future and
to compensate the victims by way of adequate compensation.

3. FUNCTIONING OF THE COMMITTEE

the Hon'ble Tribunal, vide the said order dated 2.5.2023 had issued directions
that the Committee will be free to function online or offline as the situation may
warrant. The Committee will be free to interact with any other department,
institution or individual and undertaking visit to the concerned sites. The
Committee may give its report to this Tribunal on or before 30.06.2023 by e-mail
at judicial-ngt@gov.in preferably in the form of searchable PDF/OCR Support
PDF and not in the form of Image PDF. If any violators are identified, they may
also be given a copy of the report for their response, if any, before the next date
e 13.7.2023.

4.  DIRECTIONS FOR COMPENSATION TO THE VICTIMS

The Hon'ble National Green Tribunal vide order dated 2.5.2023 has issued
further directions that in the meanwhile, the District Magistrate, Ludhiana may
ensure payment of compensation @ Rs. 20 lakhs each to the heirs of 11 persons
who have died, deducting the amounts, if any, already paid within one month,
The Committee was directed to mention the details of persons who have died
and persons Injured with extent of injuries suffered by them. It may also
recommend measures to be taken in future to prevent such incidents.
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5. SCOPE AND MANDATE OF THE COMMITTEE

The Fact-Finding loint Committee (here in after referred to as FFIC) has been
assigned with the following mandate as per orders dated 2.5.2023 of the
Hon'ble National Green Tribunal passed in O.A No. 327 of 2023:

To ascertain the cause of the incident

Remedial action taken and required

Measures to prevent such incidents in future

Payment of Compensation to the victims (Details of persons who have died and
persons who have died and persons injured with extent of Injuries suffered by
them.

an oo

b. OTICE ISSUEDTO THE MEMB

In compliance to the order dated 2.5.2023, a notice of the meeting on behalf of
Prof. (Dr.) Adarsh Pal Vig, Chairman, Punjab Pollution Control Board-cum-Fact
Finding Joint Committee was issued to all the other members of the FFIC vide
letter no.10313-20 dated 3.5.2023 whereby the physical meeting of FFIC was
scheduled to be held on 8.5.2023 (Monday) at Ludhiana. The Director, Industrial
Toxicology Research Centre, Lucknow, The Director, PGIMER, Chandigarh, The
Director General, NDRF, NewDelhi were requested to nominate their members
at the earliest and to provideinformation by return email and te inform the
members about the physical meeting to be held at Ludhiana on 8.5.2023.

1. FIRST MEETING ON 8.5.2023: SITE VISITS, DELIBERATIONS AND DECISIONS

A.  THE MEETING - In compliance to the order dated 2.5.2023 of the Hon'ble
Mational GreenTribunal, the 1¥ meeting of the FFIC was held on 8.5.2023
at SPS Apollo Hospitals, Ludhiana, wherein the following members /
naminated members participated in person:

i} Prof. (Dr.) Adarsh Pal Vig Chairman, Punjab Pollution Cantral Board
[Chairman of the Committee)

i} Mrs. Surabhi Malik, 1AS, District Magistrate Ludhiana.
i) Dr. Shena Aggarwal, IAS, Commissioner Municipal Corporation, Ludhiana,
iv) Dr. Gurnam Singh, Regional Director, CPCB, Chandigarh.

v) Dr. Sheelendra Partap Singh, Scientist, CSIR-Indian Institute of
Toxicology Research, Lucknow.

vi} Dr. PV Lakshmi, Post Graduate Institute of Medical Education and Research
(PGIMER), Chandigarh.
vii)5Sh. Uttam Chand, Commandant, National Disaster Response Force (NDRF)

wiii) Er. G5 Majithia, Member Secretary, PFCB .
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Besides, the representatives from the member departments, senior
officers from other concerned departments including District
Administration, Police Department, Health Department, Department of
Factories and SDM West Ludhiana {to whom magisterial enguiry was
assigned) were also present in the meeting to assist the FFIC.

SITE VISIT:- At the very outset of the meeting, A two-minute silence was
observed by FFIC in the memory of the victims of Ludhiana gas leak
incident on 30.04.2023. The representatives of District Administration,
MunicipalCorporation, Ludhiana (MCL), National Disaster Response Force
(MDRF) and Punjab Pollution Contral Board (PPCB) briefed the Committee
regarding the sequence of events of gas leak and action taken by the
respective departmentsat site on the day of incidence.

Thereafter, the committee members along with officers of the
concerned departments visited the site and also Interacted with the
affected persons, their relatives and eye witnesses of the area introduced
by the officers/officials of the District Administration present at site. The
Chairman of the FFJC appealed to the publicin general to provided only
the inputs which could be helpful to find out the reasons of incident. Most
of the people informed the FFIC that on the previousevening of the
incident there was rain and light smell of the sewer gas in the
atmosphere. On the day of incident, the owner of Aarti Clinic who was
practicing as a doctor came out of his house to check some persons, but
fell unconscious on return to his house-cum clinic. The smell was sour and
like rotten eggs. The statements of the people were recorded by the FFIC
during site visit, It is relevant to mention here that the District Forensic
Officer, Ludhiana who has accompanied the FFIC to the site had also
recorded his statement most to the effect that symptoms observed in the
dead bodies were maost likely of H;S and to some extent of methane gas.

DELIBERATIONS:- After wvisit at site, the Joint Committee members

reassembled at the meeting venue and discussed the possible reasons of

generation/release of H:5 gas and its fatal impact in that very short

particular stretch in front of three premises, where casualties had

occurred. The deliberations of FFIC are summarized herein below

I It was noticed from the video clips available at site that at the time
of incident there was considerable movement of traffic on the road
and it was busy morning time. No casualty occurred to the passer
byes and the public on the other side of the road. Why the gas
affected the public more on one side of the road (video clip
attached).

ii. It was informed by the NDRF, MCL and PPCB that samples from the
manholes near the affected area were collected on 30.04.2023 |.e.
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the date of the incident. PPCB hasalso collected samples from
adjoining branch lines of sewer on 01.05.2023 as reference points,
The analysis results of the samples collected by PPCB were brought
to the notice of the FFIC. MCL informed that the samples were
collected by them sent to PBTI and results are awaited. Police
authorities informed that sample of un-knowncontainers found at
the table of Aarti Clinic and from a vacant plot and sent to State
Forensic Lab but were not accepted for analysis.

iii. The Deputy Commissioner, Ludhiana informed that the civil and
the police authorities are also enguiring into the cause of incidence
and Magisterial Enquiry is being conducted by SDM (West),
Ludhiana. The police authorities have also constituted a SIT for
investigation of the incident.She opined that the Facts-Finding
loint Committee(FFIC) constituted by the Hon'ble NGT has larger
scientific perspective as compared to District and Police
investigation and they will furnish reports 1o the Committee as
early as possible.

iv. The requirement of extending the sampling of manholes of main
sewer line on Sua Road (1 KM upstream ofincident point) were
considered. However, police authorities apprised that CCTV
cameras were scanned near the affected area upto Eastman Chowk
but no suspicious activity showing any discharge into sewer line
through tankers etc. was observed.

v, Dr, Sheelendra Pratap Singh, Principal Scientist, CSIR-IITR, brought
out that the animal waste is a major source of H:5 generation so
the staughter houses/meat shops in the area are required to be
identified and investigated.

vi.  Dr. Charan Kamal, District Forensic officer from the office of Civil
Surgeon, Ludhiana apprised that as per their investigation, the
casualties are due to exposure of victims to high concentration of
H:5 and written report in this regard has been given to the District
Administration.

DECISIONS TAKEN : In order to identify the cause of gas leak and to
ascertain the organic and chemical load on the sewerage system of the
area, the FFIC after detailed deliberations has taken the following
decisions:-

i, National Disaster Response Force (NDRF), Civil and Police
Administration, Municipal Corporation, Ludhiana and Punjab
Pollution Control Board {Member Secretary, PPCB) shall submit
their inputs and findings till date to identify the causes of gas leak
to the Fact-Finding Committee appointed by Hon'ble NGT.
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The District Administration shall alse share the status reports of
Civil 5urgeon, Postmortems reports, Director of Factories, Police
Department and other authorities available with them the reports
be forwarded at ngtgasleakffic@gmail.com.

The MCL shall submit the engineering drawings of the sewerage
system of the area with flow rates and designed hydraulic loading.
The MCL shall also identify the establishments in the area like
slaughter houses/meat shops, fruit ripening shops/ stores, dhabas,
jewelers and industries etc, which have been allowed sewer
connectivity along with the purpose for which it was allowed sewer
connection that may have contributed to the organic loading of
sewer or chemical load on the sewerage system,

A copy of the Proceedings of first meeting of FFIC alongwith

statement of victims, their relatives and other witnesses is attached herewith as
Annexure-A.

SECOND MEETING OF FFIC (23,6.2023)

THE MEETING AND DELIBERATIONS: The 2™ meeting of the FFIC was
held on 23.6.2023 at Ludhiana, wherein the reports submitted by various
departments (CPCB, NDRF, and PPCB-2 reporis) were deliberated. The
deliberations are summarized as below:

8.

A

Regional Director, CPCB informed the committee that the earlier
report submitted by the visiting team of CPCB is not a conclusive
report. He categorically mentioned that the brief report is based on
the pH aspect only. He further informed that the above report was
immediate report submitted without considering the major
factors. He apprised the committee that he was not the member of
the visiting team, which has visited the incident site and has sent
the report as received. He said that the possibility of legal/ illegal
discharge by the industries cannot be ruled out but this incident Is
not due to discharge of industrial effluent. He told that as per
report of NDRF, the incident happened due to exposure of H:5 gas,
which is generated/ produced in the sewer due to the anaerobic
digestion of organic matter. High concentration of H:S gas is
formed due to stagnation/ chocking/ slow velocities in the sewer.
Further, no sewer vents have been provided there in the stretch
and no ventilation was abserved in the victim houses.

Dr. Sheelandra Partap Singh, Principal Scientist, CSIR-IITR apprised
the FFIC that H5 gas in the sewer is formed due to the decay of
arganic matter. Higher the organic matter, the higher is the H.5 gas
formation. He further, told that Hz5 gas may have got accumulated
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in the sewerage system and have built up the pressure in the
systern. As the concentration of Hz5 gas kept on increasing in that
particular stretch, the pressure kept on building up and when the
pressure became too high, H:S gas was released from the nearby
openings from where it got easy exit.

iii. Prof. Ravindra Khalwal, Department of Community medicine and
School of Public Health, PGIMER, Chandigarh endorsed the
statement of Principal Scientist, CSIR-IITR. He also requested the
committee members that in the report to be finalized shall also
include preparedness for dealing any such kind of situation, in
future, if any,

iv.  Sh. Santosh Kumar, Commandant NDRF appraised that when the
concentration of H:5 gas become around 1000 ppm, it effects
immediately. The concentration of H:5 gas was not uniform.
Further, Hz5 gas has not got released uniformly from the sewer.

v. Police authorities informed that the samples collected by the
department have been submitted to the PETI but have not been
analyzed yet. PBT| has asked them to inform the parameters for
which sample is to be analyzed.

vi. Senior Environmental Engineer, PPCB apprised the committee that
Board has submitted its Znd report to the FFIC based on the
literature, international journals and advices of the experts. The
formation of Ha5 was due to the degradation of organic matter in
anaerobic conditions and heavy metals do not contribute to the
formation of H;5 gas. Rather, after reaction with Hz5 gas, the heavy
metals form the metal sulphides. He informed that as per the
analysis results of sewer samples collected, it was observed that a
particular small stretch in front of the point of incidence did not
behave in unison. Various parameters of the samples were high in
that stretch. These facts have been included in the reports of PPCB.

vil. Superintending Engineer, Municipal Corporation, Ludhiana
apprised the committee that sewer data has been collected from
the department of Water Supply and Sewerage Board. He said that
the sewerage system is more than 20 years old. He appraised that
chocking/ de-chocking of sewerage in the city is the routine matter.
However, no chocking of sewer was observed there at the time of
incidence, He further appraised that their department has got
analyzed the sludge sample from the inspection chambers near site
of incidence, from the PBTI. As per the analysis report; heavy
metals are reported in the private inspection chambers in front of
Goyal Karyana Store. He further apprised the committee that the
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water closet seal (trap) was not provided in the houses of the
deceased. He was of the opinion that if the water closet seals
(traps) were provided then such incident might not have occurred.

B. DECISIONS TAKEN IN THE SECOND MEETING OF FFIC

After deliberations, it was decided by the FFIC as under:
i. The Departments/ members whose reports are pending, shall

submit their reports to the committee by 26.06.2023.

ii. The District Administration shall also include the reports of Civil
surgeon, Director of Factories, Police Department and from other
concerned authorities.

iii. Police authority shall request the PBTI to analyze all the parameters
listed by the CPCB in the Can containing unknown material
recovered from M/s Aarti Clinic (tragedy site).

iv.  Allthe concerned depariments shall share the remedial steps taken
by them after the incidence on 30.4.2023. They shall also share
their suggestions/ plans with regard to the further steps to be
taken, so that no such incidence take place in future,

A copy of the proceedings of the second meeting of FFICis enclosed
herewith as Annexure-B

9. THIRD MEETING OF FFIC: 30.06.2023

A.  THE MEETING: 3"'meeting of the FFJC was held on 30.6.2023 at Ludhiana
wherein the reports received from the concerned departments namely
MCL, NDRF, CSIR, CPCB, District Administration, Ludhiana and PPCB were
deliberated.

B. Deputy Commissioner, Ludhiana informed the FFIC that a multi-level
magisterial enguiry under the Chairmanship of S5ub Divisional Magistrate,
Ludhiana (West) was instituted on 30.4.2023. SDM Ludhiana (West)
submitted the enqulry report to the Deputy Commissioner, Ludhiana vide
memo no. 2886 dated 29.6.2023. As the enquiry was conducted in detail,
hence, a copy of this enguiry report has been submitted to the FFJC vide
letter no. 8952/M_A dated 29.6.2023 (Annexure-C).

During the meeting on 30.6.2023, the Chairman of the FFIC requested the
committee members to submit their additional inputs, if any in regard to the
mandate given by Hon'ble NGT including cause ofthe incident and remedial
action taken and required, including measures to prevent such incidents In

future. _
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10. CHRONOLOGY OF THE EVENTS OF THE DATE OF THE INCIDENT: 30.4.2023
(SUNDAY]

The Deputy Commissioner Ludhiana informed the FFIC that the magisterial
enguiry submitted by the Sub-Divisional Magistrate Ludhiana (West) vide letter
no. 2886 dated 29.06.2023 has been accepted and the report has been
forwarded to the FFIC. The report of the Magisterial enquiry in Giaspura Gas
incldent on 30.4.2023 covers the chronology of the incident. The events that
have been reported are summarized as below:

i} Analleged gas leak incident was reported by a PCR of Sahnewal, Ludhiana
Police Commissionerate in Sua Road, Giaspura in the eastern part of
Ludhiana City at approx. 7:30 AM on 30/04/2023 (Sunday)

ii| Following this, police team along with Ambulance reached the site and
found two people lying unconscious by the roadside at 5ua Road,
Giaspura, who were immediately sent to the Civil Hospital, Ludhiana. The
police team further found that the residents of houses at a distance of
around 30-40 yards from a sewerage manhole had collapsed.

ili) The District Administration alongwith All the concerned departments
rushed to the spot. The 7th Battalion of NDRF, which is stationed at
Bathinda, joined the rescue & relief efforts at 11:15 AM.

iv) The affected areas were evacuated and cordoned off. It took some time
for the NDRF teams to identify the area of leakage. NDRF teams, with the
help of specialized eguipment/kits, collected samples from affected
sewerage manholes and handed over to the teams of PPCB for lab testing

& further investigation.

v] With the help of hand-held gas detection kits, the NORF teams detected
unsafe levels of Hydrogen Sulphide (H:5) in the general area.

vi) Mitigation & response measures were undertaken by all concerned
agencies as suggested by the experts and subsequently, H:S levels
significantly declined in the area.

vii)The NORF teams monitored Ha5 levels across the stretch at subseguent
time intervals and after considerable improvement in situation on the
ground, the police cordon, which was imposed on 30.04.20232 just after
the incidence at 250 meter radius around the affected area was
subseguently reduced to 25 meter from the affected area on 01.05,2023
as per the report of three members technical committee formed on
30.04.2023,
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11. REPORTS SENT BY DEPUTY COMMISSIONER TO THE STATE GOVT.

The Magisterial enguiry repert has further disclosed the fact that the Deputy
Commissioner, Ludhiana submitted three reports on Gas Leak incident at
Giaspura, Ludhiana to the Government of Punjab, Department of Revenue,
Rehabilitation & Disaster Management, as under:

= First report sent vide letter No. 5331/MA dated 30.04.2023

= Second report sent vide letter No, 5357/MA dated 01.05.2023

= MO Third report sent vide letter No. 5372/MA dated 02.05,2023
In these reports, Deputy Commissioner, Ludhiana reported about immediate
steps taken after the gas leak incidence at around 7.30 am on 03.04.2023. In
second report, the formation of 2 member technical committes and six
members Multi Sector & Inguiry Committee was reported. Detailed report of
deceased and injured persans was provided in the third report. All these reports
have been incorporated with the magisterial inquiry report.

12. REPORTS OF VARIOUS DEPARTMENTS SUBMITTED TO FEIC

Various departments namely NDRF, CPCB, PPCB, CSIR, Deputy Commissioner,
Ludhiana, MCL have submitted their reports with regard to the gas leak incident
(30.4.2023) to FFIC during the ongoing proceedings. The reports of the various
departments as supplied to FFIC were taken on record and are being enclosed
with report of FFIC as Annexures. The details of the reports furnished by various
departments are summarized as below

i. Report submitted by Deputy Commissioner, Ludhiana (Magisterial Inquiry)
is attached as Annexure-C,

ii. Report submitted by National Disaster Besponse Force (NDRF) 15 attached
a5 Annexure-D

iil. Report submitted by Municipal Corporation, Ludhiana is attached as
Annexure-E.

iv. Reports submitted by Central Pollution Control Board are attached as
Annexure-F & G

v. Reports submitted by Punjab Pollution Control Board are attached as
Annexure-H & |

vi. Reports submitted Central Scientific  Institute  of Research
(Indian Institute of Toxicology Research are attached as Annexure-J)

vii. Expert Opinion given by Dr. Anoop Verma, Professor and Head, School of
Energy and Environment, Thapar Institute of Engineering and Technology
(TIET], Patiala is attached Annexure-K

vili. Expert Opinion of the Committee comprising of Professor Sushil Mittal

Ll
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(Member, Royal Society of Chemistry, United Kingdom), Vice Chancellor,
Sardar Beant Singh State University, Gurdaspur (Now Vice Chancellor,
Punjab Technical University) and Professor Raj Kumar Gupta, 5r. Professor
Department of Chemical Engineering Thapar Institute of Engineering and
Technology (TIET), Patiala, is attached as Annexure-L.
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FINDINGS DRAWN BY THE FACT-FINDING JOINT COMMITTEE
A. ASCERTAINING THE CAUSE OF THE INCIDENT
i) GAS LEAK INCIDENT

The Fact-Finding loint Committee has deliberated all possible aspects
which could be the probable cause of the incident that have triggered the
sewer gas generation, its accumulation and release that has resulted in
tragic and instant death of eleven persons. Inputs of various stakeholder
departments were considered and scientific as well as technical aspects
were minutely analyzed. The committee has also gone through the
remedial actions taken by the District Administration and other
departments immediately after the incident on 30.4.2023 including the
rescue operations, preventive measure andinvestigations taken up by the
NDRF, Police and District Administration to ascertain the cause of
incident.

The alleged gas leak happened on 30.4.2023 at Giaspura,
Ludhiana. It was confirmed that leakage/emission of sewer gas has
resulted in the incident. The gases which are produced in the sewars
include CO, Methane, Hydrogen Sulphide [H25) etc. As per the reports
received from MNDRF, high levels of Hydrogen Sulphide (H.S] were
detected. Hz5 poisoning was also corroborated by medical and forensics
evidence and by gas detectors that the incident has maost likely occurred
due toinhalation of HaS gas.

i) ABOUT HYDROGEN SULPHIDE (Hz5)

a] Hydrogen sulfide (H:5) is a dangerous and colorless gas that can be
produced when arganic matter decomposes, such as in rotting
vegetation or wastewater in a sewer system. the main process
responsible for the formation of hydrogen sulfide is the microbial
reduction of sulfate lons.

b} When there is a lack of dissolved oxygen and the presence of soluble
Biological Oxygen Demand (BOD), bacteria like
Desulfovibriodesulfuricans (SRB) and other sulfate-reducing bacteria
(SRBs} convert sulfate ions into sulfide, This occurs in the absence of
oxygen and the presence of organic matter, such as sludges.
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c) Hydrogen sulfide (H:5) is produced when the sulfate radical (S0.) is
reduced to H:5 and H20 (water). This reaction can take place only
when there is lack of oxygen or other oxidants in the microbial
environment {Anaerobic conditions) through microbial biochemical
degradation of organic matter including human excreta, kitchen
refuse, detergents, animal waste, Oil & Grease, etc. which are usually
present in the waste streams. Hydrogen Sulphide is generated in
relatively stagnant waste water systems or at low velocities of sewer
streams. Higher Organic loadleads to more generation of Hz5 gas in
sewer lines.

d) Studies have shown that hydrogen sulfide has a depressant effect on
thecentral nervous system in concentrations above 150 ppm. HiS has
been known to cause immediate |loss of conscicusness at fairly low
levels: estimates are as low as 250 ppm. Over 400 ppm can result in
deaths in just a few seconds of inhalation

2] The slime layer that coats the sewer pipe below the water line is the
richest source of Hydrogen Sulphides. The three-quarters of the layer
closest to the sewer pipe is so oxygen-poor that H:5 i5s commanly
formed here in Huge Quantities.

i) REASONS AND CAUSES OF THE INCIDENT

The FFIC has examined the area around the tragedy site and has
considered various factors such as presence of a dense population,
congested locality, various commercial establishments, industries,
vehras, meat shops etc. which could contribute to organic or inorganic
loading in the sewer around the tragedy site, conditions of the
houses/establishments in which the incident occurred. The FFIC has also
examined the design, maintenance and ventilation of the sewer system and
the condition of the affected houses/buildings. The reasons and causes of
the incident are summarized herein below:

a) Sudden discharge of any chemical by any tanker or other means has
been ruled out by police at the tragedy site upto 1 Km of the incident
site.

b} As per Joint Survey of MCL and PPCB, no acid consuming industry is
located within 100 meters radius of the tragedy site. No illegal
discharge was observed from any unit during jeint visit of MCL and
PPCB upto 500 meters upstream and 200 meters downstream of the

tragedy point. !
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¢ The incident has occurred in a very short stretch area in about 3 houses,
No one at the upstream, downstream or any other point was affected.

d}From the perusal of analysis results of the samples collected on the day
of incident Le. 30.4.2023 from the main sewer line by Punjab
Biotechnology Incubator (PBTI), Mohali, Punjab and Punjab Pollution
ControlBoard and on 1.5.2023 from the branch sewer lines, it was
observed thatthe pocket in the affected stretch is not behaving in
unison with the rest of the sewer line of the area. High accumulation of
various parameters was observed in this pocket indicating some
abnormality in the flow of sewer or some obstruction in that particular
stretch only.

e} The incident occurred on Sunday and no industry in the vicinity was in
operation. Further, when the sampling of the main sewer line was
carried out on the day of the incident, Gas leak tragedy and power cut
were in force. As such, high concentrations of other parametersin front
of tragedy sites is due to some localized reason
(Accumulation/sedimentation/sludge depositions/blockage).

f) The buildings / houses where the incident happened were highly
congested and cross-ventilation was negligible. None of the buildings
have approved Building plans as reflected from the report of District
Administration, Meither praper ventilation nor proper p-traps / water
seal closets were provided by these affected househoids.

g) There were no ventilation shafts in place along the sewer line for
dissipation of sewer gases. As such, there are ideal conditions for
accumulation of sewer gases at this point due to no provisions for
escape of these gases. 5o the sewer gas generated, may be due to
unknown blockage of sewer pipe line passing along the road got
accumulated particularly at this stretch.

k) The incident occurred most probably as the H;5 sewer gas try to escape
from the washrooms [ toilets or houdis of nearby houses thus attacking
the persans living on the ground floor or persons coming to ground
floor to help other relatives. Supportive evidence is that a pet dog which
was tied with chain on roof was alive as found by the NDRF team and
then handed over to civil authority. A second team of NDRF also while
searching found alive and rescued one male, one female and there are
5 children (aged 7-17 years) from a room at first floor of affected
buildings. All were hiding out of fear in that room at first floor and did
not come to ground floor thus not affected by the escaping sewer gas
from the various openings at the ground level.

Gas detectors also detected high level of HaS i.e. 190 to 200 ppm at
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around 1.30 PM(afternoon), Thereafter, after flushing the sewer line
with caustic soda, the levels were dropped to 2-15 ppm at around 10.00
PM (night time).

i} Itis aduly endorsed fact that had the sewer line is in running condition
with free flow, the accumulation of H:S is not possible as in natural sewer
conditions with free-flowing water there should not have been any
aberration. The accumulation of H;5 can only result it there Is
permanent, temporary blockage, structural in-congruency leading to
stagnation, veryslow velocities of sewer stream alongwith sludge, slime
deposition at thebottom thereby facilitating anaerobic conditions in
SeWer.

i} Sludge was indeed found deposited at the bottom of the sewer line due
to sedimentation of matter. As the last reported major sewer cleaning
was carried out in 2019, the conditions are completely and highly
favorable for prolonged sludge deposition at this paint.

k) As per the contents of Municipal Corporation, Ludhiana report, the
sewer system is not overloaded and the capacity is more than waste
water.

However, there is a strong possibility that the sewer line may be blocked
in that particular stretch which resulted in accumulation of sewer gases in
the headspace and the gases tried to escape from the personal
houdis/openings of the affected houses only due to reverse / back venting
in the absence of the provision of vent shafts along the main sewer line.
Further, there are many sources of High organic load in nearby vicinity i.e.
densely populated area, cluster of meat shops, commerclal
establishments etc. Considering the population growth, the important
question which can be borne in mind is to whether a 20 year old sewer is
sufficient to carry the present organic loads from the vicinity and why to
ignore the organic meat discharges from a cluster of meat shops located
just upstream to the affected stretch and discharges from nearby
dhabhas when the MCL report itself claims that after the incident, the
MCL issued a total of 21 Challans to the meat shops and seized / destroyed
70 kgs of meat. These organic loads might have accumulated over a long
period of time in that that particular stretch as the last major sewer
cleaning was carried out in 2019,

I} The reports received from all the departments (CSIR, CPCB, PPCE and
District Administration}, evidently shows that the conditions were quite
favorable for generation of Ha5 through anaerobic conditions and Bio-
chemical degradation of organic matter in that particular stretch of the
sewer line. "
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i) DISTINCTIVENESS OF THE INCIDENT

Probably and surprisingly, this is the first of its kind incident where the
humans were affected due to inhalation of sewer (Hz5) gas coming out
of the unexpected domestic openings instead of individuals who enters
the sewer chamber for cleaning i.e. manual scavenging or to clear the
blockage inside the sewer chamber. Would there have been proper
traditional vertical ventilation system existed along the sewer systems,
the incident could have been averted even if any blockage or
unexpected surge/generation of sewer gases had occurred.

v) EXPERT OPINIONS

In order to arrive at some definite conclusion, information has been
gathered from various experts in the field and their opinion about the
incident so obtained in the case are reproduced as under:-

. Dr. Anoop Verma, Professor and Head, 5choocl of Energy and
Environment, Thapar Institute of Engineering and Technology (TIET),
Patiala

Dr. Ancop Verma has opined that if it could have been the industrial
untreated discharge, the long stretch of houses would have been
affected. However, the diameter of the affected area was limited to 3-4
houses, so hypothesis of industrial discharge could be neglected. There
were no ventilation pipes provided with sewer lines along the affected
stretch and it Is a densely populated area without any proper
arrangement of sewer flow. The incident is a case of sewer blockage
where anaerobic digestion of organic matter has lead to the formation of
HiS. Dr. Anoop Verma has concluded his opinion with some
recommendations which have been considered as the remedial

medsures,
A copy of the Expert Opinion is attached as Annexure-K.

. Expert Committee comprising of Professor Sushil Mittal (Member, Royal
society of Chemistry, United Kingdom), Vice Chancellor, 5ardar Beant
Singh State University, Gurdaspur (Now Vice Chancellor, Punjab
Technical University) and Professor Raj Kumar Gupta, 5r. Professor
Department of Chemical Engineering, Thapar Institute of Engineering
and Technology (TIET), Deemed University, Patiala.

h{-}@nﬁh ilri "h&



258

In the report, it is opined that that low pH in the range of 2.5 reported in
the sewerage samples collected from manholes near the affected site
indicated anaerobic conditions in the said sewer line portion, pH
conditions are reported to be in the range 4.4 to 5.7 in the upstream and
downstream stretches of the sewer line, which indicates building up of
anaerobic condition only in the accident area and sustaining in adjoining
pockets. The presence of metals especizally Iron, Zinc, Nickel, Chrome or
any other heavy metal in the sewerage sample cannot lead to generation
of H:5. In case of waste water stream in running condition with proper
ventilation of sewerage network, the generation of Hi5 at such high
concentrations is not possible, as there would be no anaerobicconditions
developed in the sewer line. High concentration of sulphides in the range
of 56-60mg/l in the affected stretch as compared to 6-8.8 mg/l in the
upstream and downstream have come from anaerobic biodegradation of
organic matter and conversion of sulphates to sulphides especially in the
focused stretch of the underground sewer line accompanied with
inadequate slime stripping, long detention and insufficient design
planning of the sewer line.

A copy of the Committee Report is attached as Annexure-L.
. Central Pollution Control Board.

Dr, Gurnam Singh, Regional Director, Central Pollution Control Board and
a member of the FFIC has given report of the Central Pollution Control
Board in writing to the Fact-Finding Committee, It is mentioned in the
report that as per the information circulated by Municipal Corporation
Ludhiana the sewer line was cleaned in 2019 and claimed that sewer line
was not choked whereas sewer line was cleaned on the night of accident
ogccurred with the help of machines and fire tender. There may be a
possibility of sludge deposition in sewer line near’Arti dlinic’ where
incident occurred. Due to prolonged deposition of sludge in sewer line
near Arti clinic, anaerobic conditions might have been developed and
high concentration of H:5 gas find its way in thetwo houses through
their connection to sewer line, These houses do not have proper water
sealing between houses to sewer line to prevent entry of such gases.
Adeqguate vent to let out sewer gases from seweragesystem was also not
seen during inspection of the joint commitiee,
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d. Central Scientific Institute of Research-ITRC.

Hydrogen sulfide [Ha5) is produced when organic matter decomposes,
such as in rotting vegetation or wastewater in a sewer system. The main
process responsible for the formation of hydrogen sulfide is the microbial
reduction of sulfate ions. This occurs in the absence of oxygen and the
presence of organic matter, such as sludges. Hydrogen sulfide tends to
accumulate in confined and poorly ventilated areas where thereare
sewage holding tanks or other parts of sewage systems. If the systemis
damaged, malfunctioning, or there are loose connections, gas canescape.
This can happen when organic matter or sludges are disturbed. Blockages
in ventilation components increase the risk of hydrogen sulfide back-
venting, allowing the gas to escape into toilet and other confined spaces
through the sewerage pipe network. When the water is disturbed, such
as when pumps are activated, this dissolved gas can rapidly turn into toxic
gas clouds due to the "soda-=can effect.” This effect occurs when the
disturbed water releases the dissolved gas, resulting in sudden and
dangerous concentrations of hydrogen sulfide. During heawy rainfall,
organic matter such as decaying vegetation, animal waste, and other
debris can be washed into the sewer system. Heavy rainfall can cause
turbulent flow in sewer systems, leading to the disturbance of settled
sediments. Sewer sediments often containaccumulated organic matter
and sludges that serve as a nutrient source for SRBs. When these
sediments are stirred up, it can promote increased HaS production. Meat
shops often generate a significant amount of organic waste, including
trimmings, blood, and other byproducts. The combined effect of heavy
rainfall and the presence of a nearby meatshop can lead to an elevated
risk of Hz5 formation in the sewer system.

A copy of the Committee Report is attached as Annexure-J.
e. Post Graduate Institute of Medical Education and Research.

Cr. Ravinder Khaiwal, PGIMER endorsed the opinion and the statement

of Principal Scientist, CSIR-ITRC.

vi] ESCAPE OF SEWER GAS

a) The sewer gas, no matter in what amounts it is generated in the sewer
lines cannot escape into the homes had properly designed water seal
closets (P-traps) are provided. The only way sewer gas ¢can getinto a home
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is if there is something wrong with the plumbing systems.

b) Due to the above technical reasons, the fluids {liquid as well as gases)
were trapped and accumulated at that particular stretch. After
accumulation and formation of a propounded gas cloud (due to anaerobic
conditions, sludge deposition and non-availability of vents) in the sewer
line, H:S gas might have escaped after built up pressure release from
nearest easy exit points like inspection chambers, non-technical sewer
connections (without proper p-traps) by the affected households.

£) Inthe residential building of Arti Clinic, there was a dry drainage vent (no
P-trap/ water closet) which could have been the most likely source of
reverse entrance of sewer gas into the houses, where five members of the
family had been found deceased.

d) The buildings where the incident happened were highly congested and
cross-ventilation was negligible. None of the buildings have approved
Building plans as reflected from the report of District Administration.
Neither proper ventilation nor proper p-traps were provided by thess
affected households/buildings.

vii) FINDINGS

al It is evident from the facts furnished by various departments (District
Administration, CPCB, CSIR, MC, PPCB) that the particular stretch of the
sewer in the front of tragedy sites was behaving quite unnaturally as
compared to upstream and downstream points as well as the rest of the
sewer lines, Such behavior could be attributed to a variety of factors:

i) Structural incongruences and irregularities of the sewer/damaged
sewer Infrastructure being a 20-year-old sewer design.

ii} Sludge deposition/sedimentation at the bottom due to ineffective
sewer clean up and heavy sewer loads.

i) Temporary Blockage might be due to some solid material brought
aleng with heavy rainfall on the preceding day leading to
stagnation/very slow sewer stream velocities.

iv} A combination of all of the above factors

bl The sludge/slime deposition due to accumulation and built
up/sedimentation of matter/particles over a long period of time in front
of the tragedy sites in the presence of anaerobic conditions might have
lead to the generation of H:5. Sudden turbulence and disturbance of
lower sediments/slime layer due fo heavy rain on the proceeding day
leading to generation of undetected Hydrogen Sulphide and its release
might also be one of the exacerbating factor. This accompanied with other

.
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conditions such as non-availability of vertical vent shafts in the main
sewer might have lead to accurmulation of Ha5 forming a propounded gas
blanket inside the sewer line at that particular point followed by
dissipation from easy exit points due to pressure release.

¢} The actual facts of this happening are however very difficult to establish
at this stage since the exact similar conditions which would have prevailed
at the time of incident could not be recreated.

d) The non-provision of water closet seals in flushes, partially opened small
houdies connecting main sewer with less slope just in the front of the
houses and negligible cross ventilation in the affected households is the
key reason which led to the sewer gases dissipate in the affected houses
and leading to this incident. The persons coming near and exposing to
these domestic openings were forced to inhale the sewer gases thus
causing breathlessness/unconsciousness and eventually death. The
impact of the incident would have been much less in case proper water
seal traps and vertical or above ground ventilation arrangements were
provided by affected households inside their premises.

B. REMEDIAL ACTION TAKEN AND REQUIRED

i Remedial Action Taken:- The remedial action undertaken by the NDRF
authorities, Police Authorities, Punjab Pollution Control Board and
Municipal Corporation, Ludhiana as mentioned as below:

District Administration

e District Administration Coordinated the cordoning and evacuation
exercise,

» Immediately after the incident, Deputy Commissioner, Ludhiana Deputy
Commissioner, Ludhiana vide letter no. 5318-5321 dated 30.04.2023
constituted a committee for conducting Multi-Sectoral  Inquiry
(Magisterial) into the incident of gas leakage.

e Further, Deputy Commissioner vide letter no. 5362-5366/M.A. dated
1.5.2023 constituted a technical committee comprising of XEN, Water
supply &Sanitation, XEN PWSSB & XEM (O&M Cell}, M.C. Ludhiana. The
committee was entrusted with the task of physically checking the area
within 25 meter radius from the affected and 10 give immediate
suggestions for ensuring the safety of public and submit its report thereof

to ADC Khanna by 1.5.2023. .
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Pursuant to above order, the committee officials visited the affected area
and inspected three buildings where the Incident had happened on
30.4.2023. The committee in its report dated 1.5.2023 observed that
these buildings have veryless or no provisions of cross-ventilation. The
washroom neither had vent pipes nor exhaust fans. One drainage vent
was found inside the residential room of the building of Aarti Clinic, which
should not have been there. Furthermore, these buildings are very
congested. In view of the above observations, the committee made
following recommendations to prevent occurrence of such incidents in
future:

1. The buildings should heve provisions for proper cross ventilation so there
is no possibility of any suffocation.

2. Washrooms should have exhaust fans and vent pipes so that the gases may
be discharged.

3. With regards to the main sewer, the Committee suggested that all the
manholes in the affected area should be provided with road gulleys or vent
shafts so that sewer gases, which are formed inside sewer pipes, are
discharged via these rood gullies.

The findings of the committee are attached along with the report of
District Administration

NDRF Authorities: -The entire area was immediately cordoned off completely
by the NDRF teams after the tragic incident. After evacuation and
decontamination exercise, the cordon was gradually reduced after due diligence
and was completely removed after 2 days.

Police Authorities: - The police authorities scanned the area and no suspicious
activity was observed near the incident area upstream upto about 1 KM
(Eastman Chowk) discharging any unethical effluent/ chemical etc. directly into
sewer by any unsocial element.

Puniab Pollution Control Board: - On 01.05.2023 and further upto 4.5.2023, the

joint teams of Punjab Pollution Control Board and M.C. Ludhiana scanned the
nearby areas on the upstream and downstream of point of incident to inspect
the polluting industries. Joint teams scanned 500m on upstream and up to 200m
on downstream.

Municipal Corporation Ludhiana:- The sewer line was stabilized by using diluted

caustic soda in the evening of the incident on the advice of Dr. Anjan Ray (lIP).
Sewer line was cleaned at night using machines and fire tender. Road gullies
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Construction of Road gullies and Providing Road Jallies as remedial
mMeasures
were constructed near the manholes to pn:'n.:'i'de road Jalis for effective
dissipation of sewer gases (If any) generated from the sewer lines after the
incident.

il REMEDIAL ACTION REQUIRED

a) Identification of source of sewer gas smell/leakage intensity was required.

b} Immediate issuance of warning by the concerned authorities.

¢) Provision of immediate first aid and medical facility to the victims

d) Cordoning off of the public movement in the affected area.

e) Enforcement of Disaster management and relief plan.

fl Evacuation and decontamination exercise.

g) Monitoring of Sewer gas (H:S) levels at regular intervals in the affected area.

h) Cleaning of Sewer lines and removal of sludge.

i) Construction of provisions for ventilation of sewer gases.

jl Inspection of nearby industries to rule eut discharge of any unknown
chemical.

k) Inspection of commercial establishments and meat shops and other organic
load contributing establishments. El.,—."um‘-n 'R l,]-.,'_i
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C. _MEASURES TO PREVENT SUCH INCIDENTS IN FUTURE
i.  Brief on Sewer gases generation

1. In a highly reactive sewer environment, biogeochemical processes
produce toxic gases like CO, CO2, H;S, NH3, CH4, N20, PH3 etc, Sewer
is a bio-georeactor with active redox reactions of all main bio-geo
chemical cycles viz C,O.N,P.5, Fe and Mn. Organic and mineral
compounds act as primary electron donors in it. Sewer gas is a
noxious mixture of chemicals that are bi-product of decaying waste,
that's why it smells like rotten eggs.

2. Sewer gas is a common by-product of our modern septic systems.
Leaks, cracks or blockages in plumbing can cause sewer gas to leak
into your home.

3. Moreover, the situation is becoming worse under the pressure of
global change. Indeed, population, densification, urbanization and
hyper consumption increase the release of organic matter into
sewers, changes in rainfall patterns lead to decreased water flow in
sewers and increased deposition of gas producing sediments and
global warming is stimulating sewer gas-biogeochemical processes.
Also, the current out of control sewage gas producing processes
require urgent mitigation measures.

4. The most problematic sewer gas is H:5 having foul odour with 420-
700 mg/m3 concentration sufficient to cause lethal poisoning in
humans. Its density w.r.t. air is 1.19 with less water solubility of 4.1.
mg/l. Ha5 diffuses into the sewer headspace which is very close to our
atmosphere.

5. Almost 99 % of bio-corrosion of concrete in sewer is attributed to HiS
a toxic and corrosive gas with foul odour. This result in blockage from
falling material or wvault collapses. Bio-corrosion causes loss of
structural integrity especially in old sewers.

6. Gas emission into sewer headspace occurs mainly due to turbulence
in equipments. This lead to massive degassing, often far away from
production points. Hence, H:5 production zones and emission
flumes/hotspots in sewers are different.

t‘-'\—:.\mu‘h ?"L ‘lta
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Measures to Prevent such incidents in Future

Adequate traditional vertical ventilation shafts and proper escape
provisions are crucial in areas where H:5 may accumulate, such as
confined spaces, sewer systems, or wastewater treatment plants.
Properly designed and functioning ventilation systems should be
installed to ensure the continuous exchange of air, preventing the
buildup of HiS gas.

Ventilation pipes/shafts must be provided at the suitable distances
and heights as per prescribed design standards along the sewer line
to allow dissipationof sewer gases in a scientific and adequate manner
and to prevent accumulation of sewer gases at a certain location. As
per design standards, these ventilation shafts needs to be 9 to 18
metres tall and from 150 mm to 300 mm in diameter and are required
to be placed along the sewer lines. The ventilating shaft is provided
along the sewer line at an interval of 150 m to 300 m along the main
sewer line. They are also required to be provided at the upper end of
every branch sewer and at every points where sewer diameter
changes as per CPEEHO guidelines. (Pictures attached)

Ventilation Columns Ventilation shaft designs

The manhole covers are sometimes provided with perforations,
through which the sewer gets exposed to the atmosphere. This will
help in achieving some ventilation, but will cause more nuisances

(Pictures attached).
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Gases escaping from porous Porous Manhole Cover
manhole covers Design

4. Theslope of a sewer line should be maintained as per design and such
that the flow never reaches a low flow wvelocity leading to
accumulation of debris, organic, inorganic matter, Neither, it should
cross the critical velocity causing turbulent flow.

5. Regular maintenance and inspection of sewer systems, wastewater
treatment facilities, and associated equipment are critical to identify
and address potential sources of HaS leakage. This includes checking
for damage, loose connections, or blockages that can contribute to
gas escape.

6. Regular cleaning of sewer lines where there is a poor drainage
systems should be carried out.

7. The splashing and turbulence from falling water and outfalls in the
collection systams causes H:S gas to be stripped out of water, where
it can cause damage and also oxidized to formation of sulphuric acid.
Reducing turbulence at drop manholes, parshall flumes, and other
hydraulic outfalls particularly in the areas with low sewer stream
velocity, long detention times can reduce sudden Ha5 generation.

8. The haphazard and unplanned growth of residential, commercial,
industrial establishments should be strictly dealt with by the
concerned authorities to prevent high organic, inorganic loads in
sewer lines

9. Effective waste water discharge management practices can help
minimize H:S formation. This includes preventing the buildup of
organic matter, controlling BOD and COD levels, and implementing
strategies to reduce the entry of organic waste into sewer systems

16.. The unauthorized and unscientific disposal of organic matter by meat
shops and slaughter houses into sewer cause shock loading of organic
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matter in the sewer lines. Unauthorized meat shops and slaughter
houses should not be allowed as per the orders of the Supreme court
which provides that "the meat shops/slaughtering houses who have
failed to comply with licensing and regulatory norms, food and safety
measures, adeguote wastewoter ond solld waste disposal
arrangements and any other such legal considerations including non-
observance of hygiene imperatives should not be permitted until they
become fully complignt of such norms and regulations. A centralized
slaughter house having fullfledged complionce arrangements should
be provided".

Sulphate reducing bacteria particularly lives in a slime layer that
covers all surfaces below the waterline as well as in settled debris at
the bottom of sewers. As a result sulphate conversion and dissolved
sulphide production also increases. Regular cleaning to remove the
slime will effectively control accumulation of H:S concentrations at a
particular level.

It must be ensured that the food waste, organic loads from dhabas
and Cattle Dung are not allowed to enter the sewer lines thereby
causing choking/blockages and sludge deposition.

General Responsibilities of the Departments
Urban Local Bodies (Municipal Corporations)

Municipal Autharities must check the proper ventilation of sewerage
system to let out the gases and proper ventilation be ensured in the
city. Vent shafts are required to be provided at prescribed distances
and helghts. If ventilation in the sewer system is available then its
cleaning at regular intervals must be ensured.

Legal action to be taken in case any resident remove or close [cover
road jallies or vents, gallies etc as it some times come infront of their
house or entrance.

In case the ventilation shafts{vertical) are not provided, The design of
road jallies should be inclined with floor and not flat i.e. half flat and
half inclined as provided by Chandigarh Administration{Pictures

attached) .
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Vertical Road Jallies Inclined Road Jallies

Pre-monsoon and post monsoon cleaning of sewer lines is to be made
mandatory.

Municipal Authorities to ensure usage of super suction machines at
frequent intervals to clean the debris /silt [ sludge deposited In the
sewer lines.

sewer systems for carrying sewage and storm water drains should be
separate from each other.

The sewer gas audit at various locations across the city should be
carrled out by Municipal Authorities using Hi-tech sensors for
detection of sewer gases such as Hz5, Methane, CO etc.

The MCL may constitute a special team to monitor the concentration
of H:5 and methane gases in sewer at regular intervals to prevent the
formation of anaerobic conditions in sewer, The inspection report
may be reviewed at the level of Municipal Commissioner.

Regular mock drills should be carried out by local authorities toensure
prevention of disposal of any kind of solid substances, debris,
unauthorized materials into the sewerage systems.

_ While designing sewer lines, the contribution of rainwater runoff
should also be accounted for. Either storm water sewers are to be
designed and installed separately or the existing sewers must be
redesigned in accordance with increased population and while duly
accounting for rain waters and surface run offs.

. Strict vigil on the large number of migrant population living in the
vehras/Dormitories/aangan/lobbies  (small  Dormitories  with
congested rooms with large population residing) and ensure that
proper ventilation arrangements are provided with each of residential
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astablishment particularly the vehras which are occupied by the
migrant population who work in industries.

The authorities concerned must check the carrying capacity of
sewerage lines before allowing new, enhancements of sewerage
connections to any new residential, commercial, industrial
establishments.

The carrying capacity of the sewerage system must be reviewed after
every 02 years and suitable infrastructural enhancements are to be
made from time to time considering the ever-growing sewerage load

The sewers should be designed based on the actual consumption of
water according to the life style of the residents of the area and
keeping in mind the projection of rate of growth of the population
and type of development of the area.

Unauthorized and illegal sewer connections must be immadiately
snapped to allow proper and adequate flow in sewers as per the
design standards and prevent blockage/deposition of any kind of
matter in the sewer lines

A round of the combined group of operation and maintenance wing
of the Municipal Authorities shall be taken up on day to day basis to
check any abnormality of flow in the sewer lines.

Training and capacity building of workers should be carried out
periodically,

Checking of the proper plumbing system by the Local authorities in
households/buildings where industrial and domestic waste is
discharged into sewer. There should be proper water seal traps
between sewer line and households to prevent entrance of sewer
gases in the households

The MC, Ludhiana shall not grant any new connection or
enhancement of existing connection to municipal sewer for
discharging industrial effluents.

While approving building plans of any establishment, it must be
strictly checked as to whether proper ventilation arrangements are
provided by the establishments, No building plan should be approved
without verification of the ventilation arrangements provided.

Only those commercial/residential/industrial establishments shall be
allowed to operate in the area which are having approved building
plans from the concerned authorities
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Industries

The industries shall primarily ensure strict self-compliance or face
action by State Pollution Control Boards.

It shall be the primary responsibility of the industries to ensure
compliance.

Industries shall ensure 1o manage their liquid effluents/solid waste
properly and efficiently in a scientific manner in strict compliance to
environmental laws.

All the water polluting industries shall comply with the provisions of
Water (Prevention and Control of Pollution] Act, 1974 and in no case
shall bye-pass the treatment facilities and discharge untreated
effluents (Trade/domestic/Spent wash] into Drains/ Sewerage
systems/Stagnation.

Mo unauthorized mode of disposal like Mobile tankers/pumping
systems with flexible pipes shall be made functional/operational by
the industries during day as well as night time.

The regulatory authorities can not involve in checking of day to day
activities of the industries. Self-monitoring and Self regulations shall
be strictly enforced by all the industries regarding management of
their effluent.

State Pollution Control Board

The Regulatory  Authorities shall carry out  periodic
checks/surveillance during odd hours and review of the industries as
per mandates and prescribed protocols and take action against the
violating industries in accordance with Law, if non-compliances are
noticed.

SPCBs and Local bodies should jointly conduct the audit of all
industries w.r.t water consumption and treatment of waste water and
its disposal in seweror by any other mode

The SPCB and Local Bodies may jointly develop a dedicated maobile
apprelated to waste water disposal in sewer, Any person may upload
thephoto of illegal discharge of industrial waste into sewer on this
app. Action must be taken on such complaints by the joint team of
Municipal Authorities and SPCB. The identity of complainant must be
kept secret and not to be disclosed to anyone.

Penalties in the form of closure orders and Environmental
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Compensation should be imposed on the units violating the norms.
Punjab State Power Corporation Limited

1. 5tate Electricity Board shall not allow any new electric connection to
any red category industry without obtaining requisite
permissions/NOC from 5tate PCB particularly in the mixed land use
Z0ONEs.

2. The mandate regarding release of electric connection without
permission of PPCB is required to be re-considered by the State Govt
in the mixed land use zones to check illegal running of such small
units.

3, Punjab 5tate Power Corporation Ltd must ensure coordination with
Municipal Authorities before Issuing domestic fcommercial
connections particularly in the area of dense population.

District Administration

1. The dangers associated with dry P-traps must be communicated to
residents. A detailed advisory in this regard should be issued by the
authorities concerned.

2. Disaster management plans should be made compulsory at all levels,

3. An advisory must be issued to the residents that proper designed
plumbing systems should be adopted in households/buildings, i.e.,
proper sewer connections should be taken with proper water seal
traps instead of involving local mistries for this job. The water inside
the trap serves as a liquid seal that helps keep sewer gas from getting
out of the drains. The depth of the water seal inside a trap should be
as per design parameters to keep sewer gas away while not
obstructing drainage from the system.

4. Adetailed advisory regarding scientific connectivity to be made by any
residential household/commercial establishment with the main
sewer shall be issued by the Authorities concerned. Strict action
snould be taken including imposition of heavy penalties for providing
unauthorized sewer connections without the approval of the
Campetent Authority.

5. First responders training for handling gas leak disasters should be
done, provision of adequate supporting equipment like gas masks,
oxyeen cylinders, kits for gas detection must be ensured.

6. A public advisory on understanding/detecting the symptoms of
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presence of bodily toxins and adequate emergency response training
must be taken up.

. A detailed disaster preparedness plan for dealing with such gas leaks
shall be made and circulated to the residents of the cities and
authorities concerned along with a detailed advisory on the
immediate course of action to be taken in such a situation.

Disasters and Hazards identification and evaluation in a local
community, preparing of guiding principles for accidental disaster
management and prevention is a must in such gas leak disasters.

. Create general public awareness/preparedness to handle sewer gases
leakapge issue.

Responsibilities of Planning authorities{Town planning department,
PWD, PSIEC eic.)

Resldential and industrial zones should be clearly separated.

. There should not be any mixed zones in the master plan of any urban
settlement.

. Town planning should also take into account the population growth
which would certainly affect the demographics of the area.

Respansibilities of Residents

. All the domestic households / commercial establishments shall ensure
that proper sewer connections as per the prescribed design are
provided by them.

. The residents shall ensure to provide proper cross ventilation system
in their houses through windows, additional entries/doors, exhaust
fans /Ventilation ducts etc.

. The residents shall ensure that no sewer connection with the city
sewer is made without proper p-trap / water seal traps and avoid the
construction of unscientifically designed houdis/tanks.

. The owners of commercial establishments have to ensure that
buildings plans are approved from the Municipal Authorities and
praoper cross ventilation is provided by them as per the approved
building plans.

. The residents shall avoid the use of harmful flush/floor cleaners
(ehemical based), strong detergent and harsh chemicals, dish washers

for domestic activities.
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D. PAYMENT OF COMPENSATION TO THE VICTIMS

The Hon'ble National Green Tribunal vide order dated 02.05.2023 has
issued directions to the effect that in the meanwhile, District
Magistrate, Ludhiana may ensure payment of compensation @ Rs. 20
Lakh each to the heirs of 11 persons who have died, deducting the
amounts. If any already paid.

The Committee was directed to mention the details of the persons
who have died and persons injured who have died and persons Injured
with extent of injuries suffered by them.

In compliance to the orders and directions of the Hon'ble Natienal
Green Tribunal, the FFIC the case regarding compensation to the
victims is being separately dealt by the District Administration. The
Deputy Commissioner, Ludhiana has filed the report in this regard
before Hon'ble Tribunal. The enguiry report (magisterial enguiry)
made available to the FFIC by Deputy Commissioner, Ludhiana vide
letter no. 14850 dated 25.08.2023 contains names of the victims,
injured and that of those who were rescued and handed over to the
District Administration. The detail of the victims, injured and those of
rescued piven herein below :-

A. Detail of deceased victims

As per Civil Surgeon office report letter no. Special/23/01 dated

24.06.2023
' 5r No. | Name of the deceased | Age l Gender
. 18 Sourav Goyal 5/o Ashok Goyal Rjo Lal Chakki, | 35 Male
| Sua Road, Giaspura, Ludhiana
2, Preety W/o Sourav Goyal R/o Lal Chakki, Sua 31 | Female
Road, Giaspura, Ludhiana
3. Kamlesh Goyal W/o Ashok Goyal R/o Lal 60 Female
Chakki, Sua Road, Giaspura, Ludhiana
4, Kavilash S/o Chalak Dev Yadav Efn_ﬁuaﬁnad| 40 Male
Glaspura, Ludhiana I
5. Varsha W/o Kavilash R/o Sua Road, Giaspura, 35 Female
Ludhiana
6. Kalpna D/o Kavilash R/o Sua Road, Giaspura, 16 Female
. Ludhiana .

33 Mnﬁ-ﬁh kA ‘hjt
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Abhay Narayan Sfo Kavilash R/e Sua Road,
Giaspura, Ludhiana

13

Male |

Aryan Narayan 5/o Kavilash R/o Sus Road,
Eiaspura,_Ludhiana

10

Male

Amit Gupta S5/o Hariom Rfo Giaspura,
Ludhiana

25

Male

10. | Navneet Kumar 5/o Kumod Kumar Singh Rfo

458/4/247, Ward No. 72, Mear Masjid,
‘Samrat Colony, Giaspura, Ludhiana

39

I"ufl_ale-

11

Neetu Devi W/o Navneet Kumar R/o

458/4/247, Ward No. 72, Near Masjid,
Samrat Colony, Giaspura, Ludhiana

39

Female

B Detail of injured persons:

There was no physical injury but history of inhalation of unknown
gaseous substance as per Civil Surgeon office report letter no.
Special/23/01 dated 24.06.2023,

5r No. | Name Age | Gender
- Nitin 5/o0 Kumod Kumar R/o 458/4/247, Ward 40 Male
No. 72, Near Masjid, Samrat Colony,
Giaspura, Ludhiana
v Eh Gourav 5fo UrgEnuwn Rfo Giaspura, Ludhiana 50 Male
3. | Rajesh Kumar S/o Sagar Jaiswal R/o No. 01,| 28 | Male |
MNear Sitara Cinema, Sua Road, Giaspura,
Ludhiana
4, Rubi Devi W/e Hari Chander Shah R/o 29 Female
Kundan Lal Property Dealer Makkar Colony,
i Sua Road, Giaspura, Ludhiana

R “‘i
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Submission of Report

In compliance to order dated 2.5.2023, the report of the Fact
Finding Joint Committee is hereby submitted for kind consideration and
appropriate orders of the Hon'ble National Green Tribunal.

Mo

Bdaah A d volze Tl
Prof. (Dr) Adarsh Pal Vi

Chairman, Fact-Finding Joint Committee

-\ Adarsh Pal Vig
Prof. (Dr.) Ad B

Cantrol Board,
Punjab Pofution
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278 Annexure -A

Minutes of the 1°* meeting of Facts-Finding Joint Committee constituted in OA
No.327 of 2023 in re: News item published in India Today dated 30.04.2023
titled “3 minors among 11 dead in Ludhiana gas leak, Punjab Govt. announce
Rs. 2 lakh ex-gratia” held on 8.05.2023 at Ludhiana

This list of participants is attached as Annexure-1.

At the outset, the Member Secretary of the Board welcomed all the members
and the participants. He appraised the members that the Hon’ble National
Green Tribunal (NGT) initiated suo motu proceedings in the light of media
reports of death of 11 persons, including three minors, at Ludhiana on account
of gas leak in Giaspura area of the city on April 30, 2023. The Hon’ble NGT in
Original Application No. 327/2023 passed orders dated 02.05.2023. The
operative part of which is as under:

“4. In view of above, we constitute an eight member fact-
finding joint Committee to be headed by Chairman, Punjab
State PCB. Other members of the Committee will be Regional
Director (North), CPCB, Industrial Toxicology Research Centre
(ITRC), Lucknow, nominee of Director, PGI Chandigarh,
nominee of NDRF, State PCB, District Magistrate, Ludhiana
and Commissioner, Municipal Corporation, Ludhiana. State
PCB will act as nodal agency for coordination and compliance.
The Committee may meet within one week from today and
complete its task preferably within one month. It will be free
to interact with any other department, institution or individual
and undertaking visit to concerned sites. The Committee will
be free to function online or offline as the situation may
warrant. The Committee may give its report to this Tribunal on
or before 30.06.2023 by e-mail at judicial-ngt@gov.in
preferably in the form of searchable PDF/OCR Support PDF and
not in the form of Image PDF. If any violators are identified,
they may also be given a copy of the report for their response,
if any, before the next date.

5. In the meanwhile, the District Magistrate, Ludhiana may
ensure payment of compensation @ Rs. 20 lakhs each to the



279

heirs of 11 persons who have died, deducting the amounts, if
any, already paid within one month. The Committee may
mention the details of persons who have died and persons
injured with extent of injuries suffered by them. It may also
recommend measures to be taken in future to prevent such
incidents”.
A two-minute silence was observed in the memory of the victims of
Ludhiana gas leak incident on 30.04.2023. The meeting proceeded
further as per the agenda already circulated to the members.
Firstly, the representatives of District Administration, Municipal
Corporation, Ludhiana (MCL), National Disaster Response Force
(NDRF) and Punjab Pollution Control Board (PPCB) briefed the
Committee regarding the sequence of events of gas leak and action
taken by the respective departments at site on the day of incidence. It
was informed by District Administration that the area which is thickly
populated residential area combined with commercial and industrial
activity was cordoned off. A copy of the google map with demarcations
of the site of incident, nearby water polluting industries and nearby
manholes of the sewer line of the area was provided to the members.
The affected persons were rescued & shifted to hospitals. Later in the
day, NDRF identified that H,S gas was generated and leaked which
caused to the casualties. The members of the “Fact Finding Joint
Committee” deliberated the possible causes of the incident and
decided to visit the site of incident.
The members of the Committee alongwith the Officers of all the
concerned departments visited the site of incident. The residential
premises where casualties happened were visited. Municipal sewer
line and manholes alongwith the inspection chambers (haudies) and

connecting sewer lines from the affected houses were inspected. The
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Committee took a thorough view of provisions of vents and Jallies with
sewerage system and ventilation of the affected houses. A survey of
the residential, commercial, meat shops, dhabas, industrial and other
establishments in the area was undertaken. The Joint Committee
members also interacted with the affected persons, their relatives and
the eye witnesses of the area as introduced by the District
Administration. Some videos related to the incident were also shared
by the locals. The details are as per Annexure-2. The Chairman of the
Committee appealed to the public in general to provide only that
inputs which could be helpful to find out the reasons of incident. He
also briefed the press at site.

After visit at site, the Joint Committee members reassembled and
discussed the possible reasons of generation/release of H,S gas and its
fetal impact in that very short particular stretch in front of three
premises, where casualties occurred. It was also deliberated why the
gas affected the public more on one side of the road. It was noticed
from the video clips available at site that at the time of incident there
was considerable movement of traffic on road and it was busy morning
time. No casualty occurred to the passer byes and the public on the
other side of the road.

It was informed by the NDRF, MCL and PPCB that samples from the
manholes near the affected area were collected on 30.04.2023. PPCB
has also collected samples from adjoining branch lines of sewer on
01.05.2023 as reference points. The analysis results of the samples
collected by PPCB were brought in the notice of the Committee. MCL
informed that the samples were collected by them sent to PBTI and

results are awaited. Police authorities informed that sample of un-
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known containers found at the table of Aarti Clinic and from a vacant
plot and sent to State Forensic Lab but were not accepted for analysis.
The Deputy Commissioner informed that the civil and the police
authorities are also enquiring the cause of incidence. A Magisterial
Enquiry is being conducted by SDM (West), Ludhiana. The police
authorities has also constituted a SIT for investigation of the incident.
She opined that the Facts-Finding Joint Committee constituted by the
Hon’ble NGT has larger scientific perspective as compared to District
and Police investigation and they will submit their reports to this
Committee as early as possible.

Committee members deliberated the requirement of extending the
sampling of manholes of main sewer line on Sua Road (1 KM upstream
of incident point). However, it was informed by the police authorities
that CCTV cameras were scanned near the affected area upto Eastman
Chowk but no suspicious activity showing any discharge into sewer line
through tankers etc. was observed.

Dr. Sheerlendra Pratap Singh, Principal Scientist, CSIR-IITR, has brought
out that the animal waste is a major source of H,S generation so the
slaughter houses/meat shops in the area are required to be identified.
Dr. Charan Kamal, District Forensic officer from Civil Surgeon, Ludhiana
informed that as per their investigation, the casualties are due to
exposure of victims to high concentration of H,S and written report

has been submitted to the District Administration.

After detailed discussions, it was decided as under:

National Disaster Response Force (NDRF), Civil and Police
Administration, Municipal Corporation, Ludhiana and Punjab Pollution

Control Board shall submit their inputs and findings till date to identify
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the causes of gas leak to the Fact Finding Committee (Member
Secretary, PPCB) appointed by Hon’ble NGT. The District
Administration shall also share the status reports of Civil Surgeon,
Postmortems reports, Director of Factories, Police Department and
from other authorities available with them.

The MCL shall submit the engineering drawings of the sewerage
system of the area with flow rates and designed hydraulic loading. The
MCL shall also identify the establishments in the area like slaughter
houses/meat shops, fruit ripening shops/ stores, dhabas, jewelers and
industries etc, which have been allowed sewer connectivity alongwith
the purpose for which it was allowed sewer connection that may have
contributed to the organic loading of sewer or chemical load on the
sewerage system.

The Committee will meet in the next week and the respective
departments shall be called by Committee to submit/ present updated

details of the various activities carried out by them after the incident.

The meeting ended with a vote of thanks.
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Annexure-1

Minutes of the 1% meeting of Facts-Finding Joint Committee in OA No.327 of 2023 in re:
New item published in India Today dated 30.04.2023 titled “3 minors among 11 dead in

Ludhiana gas leak, Punjab Govt. announce Rs. 2 lakh ex-gratia on 8.05.2023 at Ludhiana

The list of participants:

Sr No | Committee Member Concerned officers
1. Mrs. Surabhi Malik, 1AS e Sh. Amarjit Bains, PCS
District Magistrate Ludhiana. ADC-Khanna, Ludhiana.
(Member) e Mrs. Swati Tiwana, PCS
SDM (West), Ludhiana
e Sh. Jaskiranjit Singh, PPS
Joint Commissioner of Police, Rural
Ludhiana
e Sh. Vebhav Sehgal, PPS,
ADCP, Ludhiana
e Sh. Harmeet Singh Hundal, PPS
e Sh. Suhail Mir, IPS
2. Dr. Shena Aggarwal, IAS e Sh. Aaditya Dachalwal, IAS
Commissioner MC Ludhiana. Additional Commissioner Municipal
Corporation, Ludhiana
e Er. Ravinder Garg,
Superintending Engineer, Municipal
Corporation, Ludhiana
3. Sh. Gurnam Singh, -
Regional Director, CPCB,
Chandigarh
4. Er. G.S Majithia, e Er.Sandeep Bahl,
Member Secretary, Punjab Chief Environmental Engineer, PPCB,
Pollution Control Board, Ludhiana
Patiala e Er. Paramjeet Singh,
Senior Environmental Engineer, PPCB,
Zonal Office-1, Ludhiana
e Er.R.K. Ratra,
Senior Environmental Engineer, PPCB,
Zonal Office-2, Ludhiana
5. Sh. Uttam Chand, e ShD.LJakhar,
Commandant, 13 Bn NDRF, Asstt. Commandant, 7" NDRF and others
Punjab
6. Dr. Lakshmi, -
PGIMER, Chandigarh
7. Dr. Shealandra Partap Singh, -
CSIR-Indian Institute of
Toxicology Research,
Lucknow
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Annexure-2

Statements of the victims/ their relatives/ other witnesses of the incident

given before the members of Fact Finding Joint Committee on 08.05.2023.

Before recording the statements the witness were briefed about the orders of

Hon’ble NGT and were introduced to the Committee members.

1. Sh Gaurav Goyal (Mob 98738-84007) owner of Goyal Karyana Store

He and his brother are running the karyana store. At the morning
time of incident, he was inside the shop at ground floor and rest of
the family members were upstairs in house.

He smelled a gas in the morning at 5 AM and after 7 AM it
increased.

He observed breathing problem in the shop.

There was a light traffic on the road.

He tried to came out of the shop and fell unconscious at the
entrance of the shop. After that he know nothing.

His brother, Bhabhi and mother came down the stairs from their
house and died outside the shop having haudies on both ends of
the shop.

In the previous evening on 29.04.2023 there was rain and smell was
also observed at that time but it was less.

Sewer blockage is not observed in the past.

2. Sh. Sushil Verma, owner of Kundan Property Dealer adjacent to the

Goyal Karyana Store.

On the previous evening of the incident, there was rain and light
smell of the gas was there. The smell was similar to sewer. Due to
less smell they did not bothered.

Relatives of Goyal Karyana Store died and a woman came from
opposite side of the Road and rescued an 8 months old child of the
owner of Goyal Karyana Store. After half an hour that woman fell
unconscious.

Immediate neighbors of Goyal Karyana Store tried to sprinkle water
on the unconscious persons, but they also fell down and died.
Someone knocked the door of Doctor (owner of Aarti Clinic) for
help. The Doctor came out to check the persons and felt some
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smell. He returned to his house and fell unconscious in front of his
house cum clinic.

. Sh Harish Chander (Amit), dhaba owner Husband of Mrs. Rubi Devi

He lives on 1% floor of Kundan Property Dealer.

He runs a dhabha on the other side of the Road opposite to the
point of incident.

At the time of incident he was working in his dhaba and felt smell
at 6:00 AM.

A lady came to Goyal Karyana Store for taking milk and started
shouting that Gaurav has fell down.

To help Gaurav, he went to the Goyal Karyana Store and raised an
alarm to Gaurav’s mother to come down as Gaurav has fell down.
Gaurav’s mother, brother and Bhabhi along (with a little child)
came down running from their house at first floor of Karyana Store.
Gaurav fell inside the shop near kenchi gate and his relatives fell
down immediately near the entrance of the shop.

When these 04 fell down, he tried to help them. During rescue, he
got a back stroke and rolled down to his dhaba. He sprinkled water
on mouth and got some relief.

He again went to the shop to help. He picked up Rajesh who was
unconscious, took him to Cancer Hospital by an auto.

His wife rescued the little baby of Goyal Karyana Store. When he
came back from hospital, he found his wife unconscious.

The neighbors of Goyal Karyana Store also came for help, sprinkled
water on the unconscious persons but they also fell down and died.
The smell was khatti (sour) and like rotten eggs.

Now his wife is fine.

On the previous evening there was rain and some smell was
observed.

For his dhaba activities he brings water from some nearby place and
the wastewater is thrown along the Road.

No burning activity of any waste is observed in the area.

Such smell was not noticed earlier even in previous rainy seasons.
He remains in the shop from 6 AM to 9 PM. He never observed any
discharge into sewer by any tanker etc. He also did not observe any
disposal of solid waste in the sewer.

8
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He is living in the area for the last eight years and he has not noticed
such smell or overflowing of sewer.

. Sh Rajesh Kumar, owner of dhaba, opposite the point of incidents

Husband of Mrs. Kavita Devi

He is living in the area for the last ten years.

He opened the dhaba at 6 AM and was working with his wife and
children.

The incident happened at around 6:30 AM or 7:00 AM.

A lady came to Goyal Karyana Store for taking milk and started
shouting that Gaurav has been fell down.

He went to rescue Gaurav but could not lift him up. He raised an
alarm.

Gaurav’s mother came down first, brother (Sourav) and then his
Bhabhi (with a little child) came down running from their house at
first floor of Karyana Store. All fell down near the entrance of the
shop.

He felt light smell but no problem was to him. He picked up the
child and gave to his wife. He continues to help the victims and he
fell down unconscious near gutter, immediately. He got conscious
in the Cancer Hospital after 8 hours.

On his dhaba side, he did not feel any smell.

Waste water of dhaba is thrown along the road sides.

Earlier he never noticed such smell.

He never observed any tanker etc discharging effluent into sewer.
In this area, sewer cleaning was done about 7-8 months back only.
4-5 vehicles came for cleaning of the sewer.

. Sh Davinder Yadav

He lives in the area from last 28-30 years.

He is friend of doctor (Aarti Clinic). By habit he drinks alcohol.

He made a telephone call to doctor at around 7:20 AM. But he did
not pick the call up.

Then he went to the clinic and observed that the doctor with his
family members (total 5 members) fell down on the floor.

He informed that he saw in the video that doctor first came to
Goyal Karyana Store then came back in his clinic.

9
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During rescuing with mouth cover, he started facing weakness and
shivering and came back after two hours.

He observed small air bubble (Jhag) in the mouth of small child.

He also observed some blood in nose of the child.

. Sh Jatinder Rai

He sells pan, bidi etc.
When the incident happened, he was in bathroom.
He has not seen the incident.

. Sh Shambu Narain, Uncle of owner of the Aarti Clinic

He lives in Jamalpur.

He received a phone call at 7:30 AM from nearby residents about
the incident.

He reached the site and observed that all the five family members
were lying on floor inside the clinic at around 8:00 AM.

One milkman known to doctor tried to pull the doctor outside the
clinic but he felt smell / unconscious and ran away from the site.
When he reached the site Ambulance was available on site. They
were helping the victims.

Being family members, his mind was not working at that time.

He also felt headache.

When he went inside the house. He also felt smell. No water was in
latrin/haudies of the house.

His nephew (Doctor) sleep in clinic and rest of the family sleeps
upstairs.

Up stair residence is open. If family members did not come down
stair then nothing would happen to them.

. Dr. Charan Kamal, District Forensic Officer, Ludhiana

He is a Forensic Medicine Expert and posted at Civil Hospital,
Ludhiana.

He reached the site at 8:30 AM with four teams.

Dead bodies were sent to Civil Hospital Ludhiana for postmortem
and 02 bodies were sent to Satgur Partap Singh Hospital, Sherpur.
H,S causes smell, irritation in eyes and headache.

He performed the postmortem.

10
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The symptoms in all the dead bodies were same (greenish and
violet colour lungs).

Some symptoms of Methane gas were also observed in the bodies.
No symptoms of CO gas was observed in the dead bodies.

If the concentration of H,S more than 500 PPM then the casualty
may be caused with 2-3 breaths only.

Smell of rotten eggs is observed from H,S when its concentration is
less than 500 PPM. When the concentration is more than 500 PPM
then H,S is having sweeten smell.

In the past he has experienced 6-7 incidents from H,S gas and all
these incidents were happened due to sewer gases.

Chemical analysis awaited.

11
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Minutes of the 2" meeting of Facts-Finding Joint Committee (FFJC) constituted
in OA No. 327 of 2023 in re: News item published in India Today dated
30.04.2023 titled “3 minors among 11 dead in Ludhiana gas leak, Punjab Govt.
announce Rs. 2 lakh ex-gratia” held on 23.06.2023 at Ludhiana

The list of participants is attached as Annexure-1.

At the outset, the Chairman of the Committee welcomed all the members of
Facts-Finding Joint Committee (FFJC) and the participants. He thanked all the
departments for their efforts being made in the matter for which purpose the
committee has been constituted. He informed that in compliance to the
decision of 1t meeting, reports of National Disaster Response Force (NDRF),
Central Pollution Control Board (CPCB) and Punjab Pollution Control Board
(PPCB) (two reports) have been received and have been shared with the
members of the FFJC through email.

Member Secretary of the PPCB apprised the members regarding orders of
Hon’ble National Green Tribunal (NGT) and the ambit & purpose of FFJC. The
FFJC has been directed to submit its report to the Hon’ble NGT by 30.6.2023 and
the next date of the hearing is 13.7.2023.

Deputy Commissioner, Ludhiana apprised the committee that the draft report
has been prepared by them and the final report after incorporating the reports
of all the departments will be submitted by 26.6.2023.

Regional Director, CPCB informed the committee that the earlier report
submitted by the visiting team of CPCB is not a conclusive report. He
categorically mentioned that the brief report is based on the pH aspect only. He
further informed that the above report was immediate report submitted
without considering the major factors. He apprised the committee that he was
not the member of the visiting team, which has visited the incident site and has
sent the report as received. He said that the possibility of legal/ illegal
discharged by the industries cannot be ruled out but this incident is not due to

discharge of industrial effluent. He told that as per report of NDRF, the incident
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happened due to exposure of H,S gas, which is generated/ produced in the
sewer due to the anaerobic digestion of organic matter. High concentration of
H,S gas is formed due to stagnation/ chocking/ slow velocities in the sewer.
Further, no sewer vents have been provided there in the stretch and no
ventilation was observed in the victim houses.

Dr. Sheelandra Partap Singh, Principal Scientist, CSIR-IITR apprised the
committee that H,S gas in the sewer is formed due to the decay of organic
matter. Higher the organic matter, the higher is the H,S gas formation. He
further, told that H,S gas may have got accumulated in the sewerage system and
have built up the pressure in the system. As the concentration of H,S gas kept
on increasing in that particular stretch, the pressure kept on building up. And
when the pressure became too high, H,S gas was released from the nearby
openings from where it got easy exit.

Sh Ravinder Khaiwal from PGI, Chandigarh endorsed the statement of Principal
Scientist, CSIR-IITR. He also requested the committee members that in the
report to be finalized shall also include preparedness for dealing any such kind
of situation, in future, if any.

Sh. Santosh Kumar, Commandant NDRF appraised that when the concentration
of H,S gas become around 1000 ppm, it effects immediately. The concentration
of H,S gas was not uniform. Further, H,S gas has not got released uniformly from
the sewer.

Police authorities informed that the samples collected by the department have
been submitted to the PBTI but have not been analyzed yet. PBTI has asked them
to inform the parameters for which sample is to be analyzed.

Senior Environmental Engineer, PPCB apprised the committee that Board has
submitted its 2" report to the FFIC based on the literature, international
journals and advices of the experts. The formation of H2S was due to the

degradation of organic matter in anaerobic conditions and heavy metals do not
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contribute to the formation of H2S gas. Rather, after reaction with H2S gas, the
heavy metals form the metal sulphides. He informed that as per the analysis
results of sewer samples collected, it was observed that a particular small
stretch in front of the point of incidence did not behave in unison. Various
parameters of the samples were high in that stretch. These facts have been
included in the reports of PPCB.

Superintending Engineer, Municipal Corporation, Ludhiana apprised the
committee that sewer data has been collected from the department of Water
Supply and Sewerage Board. He said that the sewerage system is more than 20
years old. He appraised that chocking/ de-chocking of sewerage in the city is the
routine matter. However, no chocking of sewer was observed there at the time
of incidence. He further appraised that their department has got analyzed the
sludge sample from the inspection chambers near site of incidence, from the
PBTI. As per the analysis report; heavy metals are reported in the private
inspection chambers in front of Goyal Karyana Store. He further apprised the
committee that the water closet seal (trap) was not provided in the houses of
the deceased. He was of the opinion that if the water closet seals (traps) were
provided then such incident might not have occurred.

After detailed discussions, it was decided as under:

1. The departments/ members whose reports are pending, shall submit their
reports to the committee by 26.06.2023.

2. The District Administration shall also include the reports of Civil Surgeon,
Director of Factories, Police Department and from other concerned
authorities.

3. Police authority shall request the PBTI to analyze all the parameters listed by
the CPCB in the Can containing unknown material recovered from M/s Aarti

Clinic (tragedy site).
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4. All the concerned departments shall share the remedial steps taken by them
after the incidence on 30.4.2023. They shall also share their suggestions/
plans in regard to the further steps to be taken, so that no such incidence
take place in future.

5. For any clarification/ assistance, Er Pardeep Gupta, Chief Environmental
Engineer, Punjab Pollution Control Board, Ludhiana (987950507) may be
contacted.

6. Next meeting of the Committee will be held on 30.06.2023 at 2:30 pm.

The meeting ended with a vote of thanks.
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== OFFICE OF THE DEPUTY COMMISSIONER - CUM -
e DISTRICT MAGISTRATE, LUDHIANA

To

The Chairman,

Fact Finding Joint Committea (FFIC)
Chandigarh,

Mo 8952/M.4 Dated:- 29.06.2023

subject-  Inquiry report regarding Original Application No 327 of 2023 in the

news item published in India today on 30.04.2023 titled " 3 minors
among 11 dead in Ludhiana gas leak

in reference of Original Application No 327 of 2023 in the news item
published in India today on 30.04.2023 titled "3 minors among 11 dead in
Ludhiana gas leak" a Fact Finding Joint Committee (FFIC] was constituted vide
NGT directions/orders. In reference to above-mentioned incident a multi-lavel
Magisterial inguiry was instituted by undersigned vide letter No 5318-5321/M.4
Dated:- 30042023, under the Chairmanship of 5DM, Ludhiana {West].

Sub Divisional Magistrate, Ludhiana (West] vide letter no:- 2235
dated:- 29.06.2023 submitted the magisterial inquiry report for above-mentianed
case. This office accepts above mentioned magisterial inquiry report and forward
the same to Fact Finding Joint Committee for consideration and necessary action

please.
M
Deputy Comimissioner,
Ludhiana
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From
Sub Divisional Magistrate,
Ludhiana (West).
To
The Deputy Commissioner,
Ludhiana.
Memo No :- %EE § Dated :- 29/06/2023
Sub.:- Magisterial enquiry report of in Ciaspura gas leak incident on
30.4.2023 at Giaspura, Ludhiana.
Ref .:- Your office letter (Endst.) No. 5318-5321 dated 30/4/2023, on the

subject cited above.

Vide letter under reference, the undersigned was entrusted the
magisterial enguiry into the gas leak incidemt, which occurred in Giaspura,
Ludhiana on 30/04/2023. The enguiry has been completed on the basis of the
reports of various concerned departments. The detailed enguiry report is attached
alongwith for your kind perusal and further necessary action.

™.

Sub Divisional Magistrate,
Ludhiana { West).
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Report of Magisterial Enquiry in Glaspura gas leak incident on
30.4.2023 at Glaspura, Ludhiana

An alleged gas leak incident was reported by a PCR of PS Sahnewal, Ludhiana
Police Commissionerate In Sua Road, Giaspura in the eastern part of Ludhiana City
at approx. 7:30 AM today l.e. on 30/04/2023 (Sunday) to the SHO, PS Sahnewal.

Following this, police team along with Ambulance reached the site and found two
people lying unconscious by the roadside at Sua Road, Giaspura, who were
immediately sent to the Civil Hospital, Ludhiana, The police team further found
that the residents of a house at a distance of around 30-40 yards from a sewerage
manhole had collapsed, Further, three (03) persons were found lying unconscious
outside one local clinic namely Aarti Clinic and two (02) persons were found lying
unconscious outside a local karyana shop viz. Goel Confectionery. The Sahnewal
Police informed the District Administration, Municipal Corporation (MC),
Ludhiana, medical teams and forensic experts, as well as the 13th NDRF battalion
stationed at Ladhowal, Ludhiana, all of who rushed to the spot.

ADC, Khanna, SDM, Ludhiana (West), Joint Commissioner, MC, Ludhiana, and
senior police officials also rushed to the spot, followed by District Magistrate and
Commissioner of Police, Ludhiana and Commissioner, Municipal Corporation
(MC), Ludhiana, for organizing immediate rescue and relief operations, and for
cordoning off the affected area. The 7th Battalion of NDRF, which is stationed at
Bathinda, joined the rescue & relief efforts at 11:15 AM,

The affected areas was evacuated and cordoned off. It took some time for the
NDRF teams to identify the area of leakage. NDRF teams, with the help of
specialized equipment/kits, collected samples from affected sewerage manholes
and handed over to the teams of PPCB for lab testing & further investigation. With
the help of hand-held gas detection kits, the NDRF teams detected unsafe levels
of Hydrogen Sulphide (H,5) in the general area. Coordination was also established
with the Advisor (Operations)-cum-Joint Secretary {Mitigation), MHA, Gol and
Joint Secretary (DM), MHA, Gol, for effective mitigation and response. Dr. Anjan
Roy, Former Director, indian Institute of Petroleum (IIP), Dehradun and an expert
through video conference, suggested the next course of action for
decontamination with diluted caustic soda which was started in the evening of
30.04.2023. Detection was done regularly at various points in the suspected/
affected area to check the levels of contamination at different hours from 4.00 am
to 4.00 pm on 01.05.2023. Furthermore, a 5r. Scientist of CSIOD, Chandigarh
reached the spot in the evening with more gas detection sensors to detect the
levels of Hydrogen Sulphide (H,S) in this incident. Mitigation & response measures
have been undertaken by all concerned agencies as suggested by the expert and
subsequently, H,S levels significantly declined in the area. Also, in coordination
with JS (Mitigation), MHA, Gol, two (02) Army teams viz. the Engineers Brigade
from Zirakpur and a team from 11 Corps, Jalandhar also arrived and, The Army

teams were stationed at 48 Armoured Regiment, Dholewal, Ludhiana.
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The NDRF teams monitor H,5 level across the stretch at subsequent time intervals
and after considerable improvement in situation on the ground, the police cordon,
which was imposed on 30.04.2023 just after the incidence at 250 metre radius
around the affected area was subsequently reduced to 25 metre from the affected
area on 01.05.2023 as per the report of three members technical committes
homed on 30.04.2023 (according to letter Endst. No. 5373/MA dated
01.05.2023). The cordon was subseguently called off after two days.

1. The details of the deceased and injured persons is as below:- (Memo No.
435/SA/ACP South dated 22.06.2023, Annexure-'C' and Civil Surgeon
Office Report Letter No. ipechlmml dated 24.06.2023) Annexure-'C’

SrNo.  Name of the deceased | Age | Gender
1 ' Sourav Goyal 5/o Ashok Goyal R/o Lal Chakki, Sua| 35 | Male
| Road, Giaspura, Ludhiana — |
2. | Preety W/o Sourav Goyal R/o Lal Chakki, Sua Road, | 31 | Female
| Giaspura, Ludhiana |
| 3. Kamiesh Goyal W/o Ashok Goyal R/o Lal Chakki, Sua ' 60 | Female
| Road, Giaspura, Ludhiana
‘4. | Kavilash S/o Chalak Dev Yadav Rfo Sua Road,| 40 Male
| Glaspura, Ludhiana
5. Varsha W/o Kavilssh Rfo Sua Road, Gisspura,| 35 | Female
' Ludhiana
6. Kalpna Dfo Kavilash Rfo Sua Road, Giaspurs,| 16 | Female
| Ludhiana
7. Abhay Marayan Sfo Kavilssh Rfo Sus Road,| 13 | Male
 Giaspura, Ludhiana . _
8. Aryan Narayan Sfo Kavilash Rjo Sua Road, Giaspura, . 10 | Male
Ludhiana | .
9. Amit Gupta 5/o0 Hariom R/o Giaspura, Ludhiana 25 Male
10.  Nawneet Kumar S/o Kumod Kumar Singh Rfo| 33 = Male

458/4/247, Ward No. 72, Near Masjid, Samrat |
Colony, Giaspura, Lur.lhiana o
11 Neetu Devi W/o Navneet Kumar Rfo 458/4/2a7, 39 | Female
Ward No. 72, Near Masjid, Samrat Colony, Giaspura, |
Ludhiana '

List of injured persons:

There was no physical injury but history of inhalation of unknown gaseous
substance as per report of CMO Office, Ludhiana

(Letter No. Special/23/01 dated 24.06.2023) Annexure-C
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st No. }H:nw _ = - _-|_ .II_*EHIHII*
1. Nitin S/o Kumod Kumar Rfo 458/4/247, Ward No. | 40 Male |
| |72, Near Maijld Samrat Colony, Giaspura, luclhflana L |
: 2. Gourav 54"D Unknuwn Ft,l"u Guaspu_,_a" E&h.a na 50 ‘[ _ﬂ_'lah‘.'_|
3. Rajesh Kumar S/o Sagar Jaiswal Rfo No. 01, Near | 28 Male |
A | Sitara Cinema, Sua Road, Giaspura, Ludhiana | |
|4. Rubi Devi W/o Hari Chander SI'EI;-RTI; I:undin Lal | 2‘9 ! Female

| Property Dealer Makkar Colony, Sua Road, |
. G Iﬂs_pﬂ ra, Ludhiana | I

2. On the spot, statements of Sh. Davinder Yadav s/o Jamun Yadav, 5h. Rajesh
Kumar s/o Sagar Prasad, Sh. Hari Chander Shah s/o Ram Parkash Shah, Smt.
Rubi Devi w/fo Hari Chander Shah, Sh. Jatinder s/o Kishan Rai, Sh. Sushil s/o
Ram Parvesh were recorded, which are attached as Annexure-A1l

A St after the in

MDRF Authorities:- (Letter No. 11011/11/0ps/NDRF/2023/1563 dated 20 May,
2023), Annexure-B : The team reached at incidence site at 0940 hrs. The entire
area was immediately cordoned off completely by the NDRF teams after the tragic
incident. After evacuation and decontamination exercise, the cordon was
gradually reduced after due diligence and was completely removed after 2 days.

Police Authorities:- (Memo No. 435/5AJACP South dated 22.06.2023),
Annexure-C : It was informed by the police authorities that the CCTV cameras of
the area were scanned and no suspicious activity was observed near the incident
area upstream upto about 1 KM (Eastman Chowk) discharging any unethical
effluent/ chemical etc. directly into sewer by any unsocial element

Punjab Pollution Control Board:- (Letter No. 1849 dated 04.05.2023)
Annexure-H1 : On 01.05.2023 and further upto 4.5.2023, the joint teams of

Punjab Pollution Control Board and M.C. Ludhiana were constituted to scan the
nearby area on the upstream and downstream of point of incident. Joint teams
scanned 500m on upstream and up to 200m on downstream.

Municipal Corporation Ludhiana :- (Report Letter No. 166/PS/D Dated

23.06.2023) Annexure-G : The sewer line was stabilized by using diluted caustic
soda in the evening of the incident on the advise of Dr. Anjan Ray (CSIR-1IP). Road
gullies were constructed near the manholes to provide road lalis for effective
dissipation of sewer gases (If any) generated from the sewer lines after the

incident.
B. | Co ee Constit An

Deputy Commissioner, Ludhiana vide Letter No. 5362-5366/M.A. dated 1/5/2023
constituted a technical committee comprising of XEN, Water supply & Sanitation,
XEN PWSSB & XEN (OBM Cell), M.C. Ludhiana. The committee was entrusted with
the task of physically checking the area within 25 meter radius from the Iﬁm:tld
and to give immediate suggestions for ensuring the safety of public and submit its
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report thereof to ADC Khanna by 1/5/2023and measures to be taken to lift the
cordon imposed immediately after the incident.

Pursuant to above order, the committee officials visited the affected area and
inspected three buildings where the incident had happened on 30/4/2023. The
committee in its report dated 1/5/2023 observed that these buildings have very
less or no provisions of cross-ventilation. The washroom neither had vent pipes
nor exhaust fans. One drainage vent was found inside the residential room of the
building of Aarti Clinic, which should not have been there. Furthermore, these
buildings are very congested. In view of the above observations, the committee
made following recommendations to prevent occurrence of such incidents in
future:-

1. The Buildings should have provisions for proper cross ventilation so there is
no possibility of any suffocation.

2. Washrooms should have exhaust fans and vent pipes so that the gases may
be discharged.

3. With regards to the main sewer, the Committee suggested that all the
manholes in the affected area should be provided with road gulleys or vent
shafts so that sewer gases, which are formed inside sewer pipes, are
discharged via these road gullies.

The findings of the committee are attached as Annexure-A3

C. M Enquiry Ordered (Annexure-A4

Deputy Commissioner, Ludhiana vide Letter No. 5318-5321 dated 30.04.2023
constituted a committee for conducting Magisterial Inguiry into the incident of
gas leakage with following members:

* SDM (West), Ludhiana

» PCS, Joint Commissioner, MC, Ludhiana.

= ACP, Ludhiana

= SEE, PPCB, Zonal Office-2, Ludhiana

= SEE, PPCB, Zonal Office-1, Ludhiana

* Deputy Director of Factories, Ludhiana

Deputy Commissioner during this time submitted three reports on Gas Leak
incident at Giaspura, Ludhiana to ALS-cum-FCR, Deptt. of Revenue, Rehabilitation
& Disaster Management, Govt. of Punjab, Chandigarh with reference no. as
follows:- (Annexure-A5)

(I}  First report sent vide No. 5331/MA dated 30.04.2023
(i)  Second report sent vide No. 5357/MA dated 01.05.2023
(i)  Third report sent vide No. 5372/MA dated 02.05.2023

In these reports Deputy Commissioner reported about immediate steps taken
after the gas leak incidence at around 7.30 am on 03.04.2023. After that orders

&
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about constitution of three members Technical Committee and constitution of six
members Multi Sectoral Inquiry Committee. Finally in third report Deputy
Commissioner provided detailed report of deceased and injured persons to ACS-
cum-FCR (Revenue), Deptt. of Revenue, Rehabilitation & Disaster Management,
Govt. of Punjab, Chandigarh.

Flow chart of incidence response and action taken was is attached as Annexure-M

D. of Vari artm taken as directio
Commissioner, Ludhlana
dl isaster Fo MDRF) A -

(Reported as Letter No. 11011/11/0ps/NDRF/2023/1563 dated 20 May 2023

1.  On 30 Apr 2023 at D820 hours information received through 5h. Sameer
Verma, 5P Ludhiana (Punjab) by Sh. Uttam Chand, Commandant 13 Bn. NDRF
about Gas leakage incident which happened in Giaspura, Sua Road, Ludhiana
(Punjab) in which 04 persons found spot dead and 02 were seriously affected. SP
asked for NDRF assistance immediately and he also told that told of gas and
source of leakage is not known till now.

2. Accordingly, a team consisting of strength 03 50s and 28 Rescuers led by
Inspector Lal Singh Sukhwal (Mob- 7005890727) under the supervision of Sh. Dev
Raj, Deputy Commandant with 04 x vehicles and all available CBRN equipments
left from Bn HQ at 0.900 hours. The distance of incident site from Bn HQ is approx
30 Kms. Team reached at Incident site at 0.940 hours.

3. 5Sh. Dev Raj, Deputy Commandant met with DC Mrs. Surbhi Malik,
Commissioner 5h. Mandip Singh and took the stock of present situation and
assessed the situation. He advised the civil administration to vacate and seal 500
mtrs surrounding areas of the incident site immediately so that further damage
could be prevented. After assessing the situation NDRF team established the
operation base/ command post at a safer distance as per rescuers and also
advised Police, civil administration, public and media to maintain safe distance
from the incident site. Team planned to execute operational tasks in 03 phases as
under:-

{a) Phase-l. To search incident site to find out victim/unconscious
person.

(b) Phase-ll. Tofind out the source of gas leakage and plug it,

(c) Phase-ll. To search nearby houses and lastly to carry out
confirmatory search.

4. A sub team entered into the incident area under supervision of Sh. Dev Raj,
Deputy Commandant. Initially the sub team tried to find out live victims in the
area but no one was found at first sight. On further search the team observed that
the contaminated gas was passing through three manholes of sewage pipe line
passing along the road. They successfully plug two of them as the Iid of third

E
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manhole was broken NDRF team advised Municipal Committee employees to
replace the broken lid and which replaced by them. The leakage was reduced to
some extent. The sub team further searched the two bulldings in which D4 victims
were found dead and found a pet dog which was tied with chain on roof and was
still alive, team rescued it and handed aver to civil authority.

5. After half an hour, sub team was replaced by other sub team and team
started confirmatory search of first floor of affected buildings. The team found
that a door was latched from inside and it was also revealed that some people
was suspected to be Inside the room. Matter was informed to team commander
and they tried to open the door but even after continuous knocking no one
opened the door. The sub team made a lot of efforts to encourage and convinced
them and thereafter finally door was opened from inside. After entering the room
one male, one female and their 05 children aged approximately 07 years to 17
years were found hiding inside the room due to fear of incident.

All of them were rescued and evacuated safely from incident site and
handed over to civil administration. Another team under Insp (GD) Lal Singh
Sukhwal assisted civil administration in evacuating the persons of nearby houses
to safer areas. Detalls of rescued persons;-

| 5.No. Name of rescued | Age Sex |

| persons i Male _: Female

Ja]' Raushan Ali | 48 Male ' - |

[{5)] Imran Al_i 17 | Male B . !
(e} | Trannum Khatun 15 | . Female
ﬁ}_ Araju Khatun T 14 % Female
(e) | Shabnam Khatun 11 | I | Female

(f) | Sabana Khatun 10 - Female _|

(g) | Sabina Khatun 07 i - Female !

|

6. Commandant 13th Bn NDRF also reached at incident site at around 1200
hours and took the stock of situation. He discussed with Commissioner Sh.
Mandip Singh Commissioner Ludhiana, DC Mrs. Surbhi Malik, 15 and DC
Corporation Mrs. Shena Aggarwal, who were present at the incident site and
supervised the operation further.

1. Meanwhile as per directions of HQ DG NFRF, a team of 7th Bn NDRF
strength 01 GO, 04 50s and 25 Rescuers also reached incident site at 1330 hours
under supervision of Sh. Santosh Singh, Commandant 7th Bn NDRF alongwith Gas
Alert Micro - V detector. On testing through Gas Alert Micro - detector, it was
revealed that Hydrogen Sulphide gas (H;5) has contaminated the air and caused
the incident. Initially the level of air contamination was found 190-200 PPM. Then
the state medical authority used Caustic Soda in sewage and flushed out with
water to get the level of contamination down. Thereafter the air contamination
level came down between 02-15 PPM. Further civil administration called up
experts from CSIO (Central Scientific Instrument Organization) Chandigarh who

had taken the sample for further investigation.
i
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8.  Teams of 13 Bn NDRF and 7th Bn NDRF stayed at incident site for two days,
checked air contamination on next day. The situation was found normal by
evening on 1st May 2023. Operation was called off with consent of civil
authorities on 01 May 2023 at 2200 hours and teams left for their respective
locations,

9. Some photographs of operation are attached as Annexure-K.
d2  Health Department through Letter No. Special/23/01 dated 24.06.2023
Annexure-C

Day of incident, 30/04/2023, Emergency response team performance,
Department of Health, Ludhiana

On receiving the information about the disaster at Glaspura with the incidence of
alleged toxic gas leakage at 8:00 AM. Emergency disaster teams were activated
immediately. Civil surgeon Ludhiana personally monitored the teams and led the
way by ordering the Senior Medical Officer of the Civil Hospital, Ludhiana, to be
equipped to handle the emergency.

Emergency disaster response is divided into four zones.
1 The visit to the disaster scene:
Officers deputed were:-

1. Dr. Charan Kamal, Medical officer, Forensic medicine and toxicology expert,
Civil Hospital Ludhiana.

2. Dr. Vishal deep Chopra, Medical Officer, Emergency, Civil Hospital, Ludhiana.
3 Dr. Manju, Medical officer, Civil Surgeon, Office, Ludhiana.

Ambulances were equipped with necessary emergency treatment kits, three fixed
oxygen cylinders, two patients’ portability capacities, and three portable oxygen
cylinders.

All three teams consisted of one doctor, one class four, and one pilot.

108 Ambulances/ NGO/ private ambulances and even private vehicles transferred
the patients to the Civil/ District Hospital Ludhiana and nearby hospitals like 5ps
Apollo/ Oswal Hospital. There was no hassle reported in transferring the victims to
healthcare facilities.

Dr. Charan Kamal and his team stayed there till 12.30 PM to analyze the situation,
being a toxicology expert gave his input to evacuate the area, and assisted the
administration to take steps to limit further damage by advising the practical
inputs such as using the masks, a practical tour of the affected area helped to
analyze the site of leakage, a probable diagnosis of the type of the gas and it's
toxic nature. Kept a constant touch with the team no. 2, the team of muhi-
specialist doctors for the treatment of the victims established back at the base
that is District/Civil Hospital Ludhiana and gave valuable inputs to analyze the
r
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signs and symptoms of the victims and findings of the dead bodies. Our team

drew a hypothesis of Hydrogen sulfate poisoning and toxicity of methane, etc.,
by 9.30 AM only,

Dr. Vishal stayed along with the team up to 2.00 PM, Dr. Manju along with her
team stayed up tuntild PM.

Treatment for the Minor toxicity effects in the form of headache and confusion

were seen in the local population. Medicines and consultations were provided by
the teams.

Team No. 02. Emergency treatment team.
Officers deputed were

Dr. Harinder Singh Sood, MD, Medicine, Senior Medical Officer, ART, Civil Hospital
Ludhiana,

Dr. Sukhdeep Kaur, MD, Medicine, medical officer, Civil Hospital Ludhiana, Dr.
Amandeep Kaur, MD, Medicine, medical officer, CHC Dehlon and

Dr. Harleen Kaur, MD Ophthalmology,

Dr. Harpreet Singh, Medical Officer, emergency, Civil Hospital Ludhiana. They were
present at the district hospital in Ludhiana.

They recelved two victims and nine dead bodies during the emergency.

The signs and symptoms are suggestive are acute inhalation poisoning and acute
reversal was done successfully,

This team along with consultation with Dr. Charan Kamal is present at the site and
keeping in view the signs/ Symptoms of the victims decoded the probable cause
very guickly. The vast experience of our medical specialists and other paramedical
staff helped these patients/victims to come out of the toxic effects of toxicity of

gases.

Team No. 3. The Medicolegal team:

Under the direct supervision of:

Dr. Vivek Kataria, M5 General Surgery. Assistant Civil Surgeon, Ludhiana. Qur
Medicolegal team was constituted and put into action for the necessary
examination. As soon as police officials produced Inquest papers regarding the
deaths of the ten people for the postmortem examination. A board of doctors
consisting of Dr. Charan Kamal, MD Forensic Medicine, and Toxicology, Medical
Officer, civil hospital Ludhiana, Dr. Saurav Singla, M3. Orthopedics, medical officer
Civil Hospital Ludhiana, Dr Geetanjali Kalyan, an Emergency medical officer was
framed. This team observed that all the deceased have almost similar findings of
asphyxia due to inhalation poisoning. As they were having pale faces, congested
conjunctivae of the eyes, hemaorrhagic mucosal membranes, discolored brains,
discolored lungs of greenish purple color, and generalized cyanasis on the dead
B
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bodies. They also kept the Organs (viscera) preserved appropriately for the
chemical analysis at State Chemical Laboratory Kharar for the type of gas/ poison
for the Histopathology examination from the Government Medical College
Rajindra Hospital Patiala.

The rotten eggs smell at the locality, the constant Irritation to the eyes, mild
headache, and mind confusion in the people, who were present at the scene were
suggestive of hydrogen sulfide and the symptoms described by the patients/
victims at the hospital in the form of headache, Irritation in eyes, confusion,
irritation in the oral mucosa, falling saturation, breathlessness (and even
unconsciousness in one patient were also suggestive of hydrogen sulfide and
methane toxicity.

The performance of all team was beyond words. These teams were in constant
discussion with higher officials of the health department, the department of
medical education and research, the head of the departments of various specialist
departments of Government Medical colleges of Patiala/ Amritsar, etc.

The collective efforts of these three emergency teams of the health department
led to the saving of two precious lives and the completion of the emergency
disaster response. The response from the General administration, higher officials
of the health department, the Department of Police, and other paramedical staff
was helpful. This board did a detailed postmortem examination of the dead
bodies of ten bodies from 04:00 PM to 10,00 PM.

Team No. 4

Other treating physicians and other paramedic staff of Civil Hospital, Ludhiana did
a commendable job by taking care of patients for 24 hours.

In total 9 dead bodies were recelved at the civil hospital Ludhiana and 2 dead
bodies were brought by police from 5P5 Apolio hospital. A postmortem
examination on all 11 bodies was done at civil hospital Ludhiana and dead bodies
were handed over to the police with due respect.

And made reversion of toxicity of two victims successfully.

Past-mortem examination of 10 dead bodies was conducted an 30/04/2023, by
board of doctors and cause of death was declared “THE CAUSE OF DEATH, IN THIS
CASE, IS POISONING DUE TO TOXIC GAS INHALATION HOWEVER TYPE OF
POISONING WILL BE DECLARED AFTER RECEIVING.”

It is humbly submitted that only two reports amongst eleven have been received
till date from GMC, Patiala. (Reports already sent) via email. All eleven chemical
analysis reports are pending from Chemical Laboratory Kharar It is further
submitted that the cause of death was already given and viscera was kept for
ascertaining the type of intoxicant only. The histopathology examination recelved
in above said two cases are showing acute tubular necrosis and Intense
congestion of lungs which are again suggestive of inhalational poisoning.

9
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The report of chemical analysis is always dispatched to the concerned police
station and all eleven chemical analysis reports are pending from Chemical
Laboratory Kharar. (Report is attached as Annexyre-1).

d3  Police Authorities Report (Memo No. 435/3A/ACP South doted
22.06.2023) Reports are gttoched os Annexure-C

A Special investigation Team has been constituted to probe the incident. The CCTV
cameras within radius of 1 km of the place of occurrence were minutely examined
and certain enguiries were also conducted from nearby residents. It was informed
by the police authorities that samples of 3 cans of suspicious material were taken
at around 500 metres downstream from the point of incident at a vacant plot and
also one can of unknown chemical was recovered from the premises of M/s Aarti
Clinic {one of the houses in which the tragic incident has happened). The sample
obtained from M/s Aarti Clinic have not been analyzed by either CFSL/FSL or PBTI
Labs, Mohali. it is further submitted that the post-mortem examinations of the all
the deceased persons were conducted by Board of Doctors and further various
visceras taken out from the dead bodies were sent to the chemical examiner
Kharar. Reports of which are still awaited. Further investigation is underway.

dd  Joint Commissioner, Municipal Corporation, Zone-C, Ludhiana Report

Report about

(i)  Record of water and sewerage connection of the person there as per Letter
No. 106/XEN-C/OM dated 19.05.2023

{ii} No record of building plan of Aarti Clinic, Goyal Confectionary/Goyal Cold
Drink in Municipal Corporation, Ludhiana. (Letter No. 119/75/R dated

18.05.2023)

» Building plans of Goyal Confectionery /Goyaol Cold Drink and Aarti Clinic
Situated ot Sua road Giaspura Ludhiana (Trogedy sites).

As per reports neither of the buildings i.e. M/s Goyal Cold Drinks and M/s Aarti
Clinic have got the building plans approved as per the records in the Municipal
Corporation Zone-C nor has any of the affected site has deposited regular fees of
building under regularization policy notified by Government has been deposited.

Report attached as Annexyre-E

s« Sewer connection of Goyal Confectionery/Goyal Cold Drink and Aarti Clinic
Situated at Suo road Gigspura Ludhiana.

As per Municipal Corporation records, Sewer connection of building Goyal
Confectionery/Goyal Cold Drink is in the name of Ashok Goyal and Aartl Clinic is
in the name of Sh. Kamlesh Kumar but there was no record connection of
adjoining house in which the incident occurred. Repart attached as Annexyre-F
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Munici n ia

[Letter No. 166/PS/D dated 23,06.2023)
The report submitted by MCL regarding its observations and findings Is as under:-

rren VEN

Mr. Swaran Chand, ADFO, stated that on 30-04-2023 at 8:15 am, the control room
of the Fire Brigade, Municipal Corporation Ludhiana received information about a
gas leak on Giaspura Sua Road. After receiving the information, the fire brigade
perscnnel reached the spot around 08:40 hrs and found some individuals lying
unconscious in front of the Amul Milk shop. The individuals were immediately
taken to the hospital by ambulance (Annexure-'A' attached with photo).

Subsequently, the higher officials of the Municipal Corporation were informed
about the incident.

The Hon'ble Deputy Commissioner and Commissioner of Municipal Corporation
arrived at the site, and other officers from the Municipal Corporation O&M
Department, District Government officials, NDRF team, Punjab Pollution Control
Board team, etc. joined them. The Deputy Commissioner, Commissioner of
Municipal Corporation, and all the teams jointly inspected the site and found that
it had a strong smell of rotten eggs. When the teams approached the site, the
smell of gas became stronger. All the maintenance holes/haudis in the area were
mapped (Annexure-B), It was seen that some dead bodies found next to the
personal haudi of Goyal Cold drink. Also a maintenance hole near transformer was
covered with a broken cover, which appeared to have been recently broken, and
the malba (debris) of that cover was lying nearby on the site [attached at
Annexure-'C'). The visible steal reinforcement of the broken maintenance holes
cover was not rusted. Additionally, the team observed that the private haudi of
Amul Milk/Goyal Cold Drink shop was blue in color from the inside, whereas the
haudi of nearby houses did not have this blue shade. The team also noted that
there was no bad smell beyond the broken maintenance hole cover,

Meanwhile, the NDRF team, along with the Municipal Corporation team and PPCB
team, wearing safety kits, took samples of water from maintenance hole
chambers and sent for testing as per the details below:

Maintenance hole opp. Sitara Cinema (E} (54), Ii) Maintenance hole of main sua
road opp. st. no. 4 near transformer (B) (51), lii) Maintenance hole of main sua
road opp. st. no. 5 near Jasbir Building material (A) (53), iv) Maintenance hole of
st. no. 4 (Sample) gali (B1) (A1), v} Gaar of personal haudi of Goyal Cold Drink (D1)
& also a sample was taken from sewer Maintenance hole in Giaspura park (in the
different area, to act as a control sample). The samples have later been sent to
PBTI lab for testing. The Indicating map of the site is attached for reference
(Annexure-B81).

After consultation with Director CSIR, the NDRF team started checking of gas
limits in the area using gas detection kits, from around 1.30 PM onwards. The
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concentration of gases was measured inside the maintenance hole and in the
surrounding air. Later in the evening, the NDRF team was joined by Dr. Surjeet, a
representative of the CSIR Department, Chandigarh, for the same, and this
continued throughout the night. A copy of the readings showed that the
concentration of Hydrogen Sulphide (H,5) and Carbon monoxide (CO) gases was
very high inside these maintenance holes as detailed below.

Thus it was observed that concentration of H,5 was quite high (in the range of 174
to 195) in maintenance holes A, B, C, D & Haudi D1, D2. In the others, the H,5
concentration was in the range of 10-15 (E/B1), Also, the concentration of CO was
high in B1, D1, D2. These were discussed telephonically with Dr. Anjan Ray,
Director CSIR, who verbally suggested defusing/neutralizing the acidic gases
with the help of a diluted caustic soda solution to prevent the further spread of
polsonous gases through the sewer line. As per the verbal instructions from
Director CSIR, the teams of the Municipal Corporation prepared caustic soda
solutions and started pouring the solution Into the maintenance hole chambers at
around 6:30 pm. The exercise continued throughout the night & the readings of
gas concentration were repeated every 2 hours jointly by NDRF & ML teams.
Wherever the gas concentration was high, caustic soda solution was then used to
dilute it. The Municipal Corporation team added Caustic soda solution to the
maintenance hole chambers as per requirement even during the night hours with
the help of sewer jetting-cum-suction machine and washed the effected chambers
with the help of fire tender. It was seen that the gas levels were steadily declining
after 10 PM B came within permissible levels after that. These were continued to
be measured till around 11.00 AM the next day, when the levels were found to be
within permissible limits. The remedial action is to make more road gullies and
disconnect illegal sewer connections (Details at Annexure-'D')

The sewer near the incident site was laid 20 years ago by Punjab Water Supply
and Sewerage Board. The design statement showing gradient, slope, discharge
etc. was received from the record of PW55B along with map is attached at
Annexure-'E’. As per the record, the total length of the sewer line from Eastman
chowk to Giaspura chowk is 1800 mtr. approx.

s The sewer in the area is 30" id Is designed to take discharge of 3.56 cusec
and designed discharge of this sewer is 7.02 cusec from Node no. N/10/1 to
N/1.

® It is submitted that one no. of tube well exist in this area, upstream of this
site, which is having approximately 0.208 cusec water generation per day.

¢ No. of water supply and sewer connections Domestic in the area are
approximately 400 nos. and having 0.104 cusec waste water generation. 66
nos. of disposal connections having approximately 0.197 cusec say 0.2
cusec.

From the abowve it is evident that the total waste water discharge in the area
(Tube well and Disposal) is 0.405 cusec. 50 It is clear that the capacity of main
mhmuﬁmrhmﬂumwmﬂmulnthm]rmhm,uﬁﬂ

sewer system Is not over loaded. }
1
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The direction of sewer is from Ashirwad Kanda towards Giaspura Chowk and this
sewer is flowing by the gravity as shown in the design statement that the gradient
of the sewer is 1/2500,

The level of the chambers near incident site is mentioned in designed statement
annexed at Annexure-"F'

It is also submitted that cleaning and desiiting of sewer lines is done through
mechanised means regularly in the entire city. Almost all the major sewer lines are
cleaned once every 3-5 years as per the norms. It is further submitted that this
main sewer line was cleaned with super suction machines in March 2019, the
photographs for the same have been attached for reference at Annexure-'G’,

Further, in case of any problem or blockage in any particular sewer line, the
cleaning of that line is taken as per the requirement. It was informed by the 5D0-
O&M, MCL of the area that cleaning of sewer lines on the downstream side of the
affected area had been done recently in the month of April, 2023.

This was also evident from the fact that the levels of sewerage flow in sewer
maintenance hole was much below the sewer capacity & no overflowing or
blockage was visible.

Also, the residents of the area had mentioned that there was no issue of blockage
or problem in the sewer flow. [Annexure-'H').

The sewer length in the area was examined and it was seen that 06 nos. of road
gullies exist along with the maintenance hole chambers in that stretch having 150
mir. from Jasbir Building material store to 5itara Cinema. And 19 nos. of road
gullies already exists in the street opposite transformer in Street no. 04, Makkar
colony. It Is also mentioned that two additional road gully chambers were
constructed from Jasbir Building material store to Sitara Cinema as remedial
measure after the recommendation of the joint committee of MCL, PWSSE &
Water and Sanitation Department constituted by Deputy Commissioner Ludhiana
{Annexure- 1). Issues discussed in the meeting of the joint committee constituted
by NGT.

i. A fact-finding committee has also been constituted in this regarding of NGT, A
meeting of this committee was held on 08-05-2023. Various issues as detailed
below were discussed there: i. Sh. Sheelendra Pratap Singh from Indian Institute
of Toxicology research, Lucknow gave his observation that H2S Is natural
occurring gas In sewer but such high amount of concentration Is not usually
heard of & could be due to anaerobic digestion of sewer waste along with high
amount of acid/ metal.

il. It was pointed out by Dr. Lakshmi, Epidemiologist from PGI Chan digarh that no
such report of H;S death in open space have been reported anywhere in the
world,

iil. SE, PPCA informed that industries were checked within 50 mtr, 100 mtr & 500

mtr of the site & it was found that out of total 113 industries checked, 17 were
(L]
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found to be water polluting. Out of these 17 industries, 4 Industries were at the
downstream of the Incident out of which 3 were acid consuming and 13
industries were found at the upstream out of which 11 was acid consuming.

iv. SE, PPCB also informed that they had checked unauthorised industrial units
running from houses/ residential units in the area. On checking, it was found that
23 industries were running from 64 residential premises checked. Out of these 4
industries were water polluting & pickling/ electroplating units, which were acid &
metal consuming (3 upstream & 1 downstream).

v. SE PPCB also presented samples reports of waste water collected from the
maintenance hole chambers as attached at Annexure-')'. From these reports, it
was observed that the pH value of sewer water content of three maintenance
holes mentioned at sr. no. B, C & D is between 2 to 3.

NGT committee then visited the area along with the team from MCL and
interviewed survivors and victims' family members. The interview transcripts are
attached at Annexure-'H'. The people interviewed informed cohesively that there
was no report of sewer block in fast few days or months. Further, all the members
told committee that this is a peculiar smell which they had never smelled in past.
Further, it was pointed out that there are large no. of electroplating and chemical
industries running in this area and they are discharging their liguid in the sewer.

The issue of discharge of electroplating industry in the city was also discussed. It
was informed that a common CETP, operated by JBR technologies is responsible
for collecting the wastewater from more than 1000 electroplating industry in the
region, treating it and then ensuring discharge as per the norms. It was also
suggested by member CPCB that audit of various electroplating industries and JBR
technologies should be conducted by Punjab Pollution Control Board to check the
generation of water by the industry, the treatment of the wastewater and the
mode of disposal of waste water generated after treatment.

Checking of organic discharge from meat shops into the sewer in the area. It is
submitted that the special drives were conducted by the teams of OEM cell and
Health branch of MCL on 5ua Road, near Goyal Cold Drinks, Giaspura, on 8th June,
2023, and 22nd June, 2023, It was found that there are 06 nos. of meat shops in
the vicinity of the area up stream of this site in approx. 150 mtr. stretch. Only one
of the shops had a sewer connection with the possibility of its discharge into the
sewer system. The approx. discharge from this shop is assessed to be approx 200
litres per day. It is submitted that though this discharge is negligible and itself
could not lead to such high concentrations of H,5 in the sewer in the area. 16. 1t s
further stated that on 8th June, 2023, the Health branch issued B challans 1o meat
shops, and 20 kgs of meat recovered during the drive was destroyed. Continuing
this effort, another special drive was conducted on 22nd June, 2023, by the teams
of MCL. During this drive, 13 challans were issued to meat shops, and 50 kgs of
meat were destroyed by the Health branch. Only one of those meat shops had 2
sewer connection, which could had caused discharge into sewer system. This

14
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sewer connection has now been disconnected by O&M cell MCL. Pictures of this
special drive and the copies of the challans have been attached at Annexu re-K.

The sample reports of water collected from various maintenance hole chambers &
sent for testing by MCL has also been received and annexed at Annexu re-'L'.

Expert opinions/ reports

It is further submitted that the officials from CPCB visited site of accident
Giaspura, Ludhiana on 03.05.2023, namely Mr. G. Rambabu, Scientist D, Dr.
Narender Sharma, Scientist E, Mr. Kamlesh Singh, Scientist E and Mr. Nazimuddin,
Scientist F and have submitted their repart in the matter. Some of the key points
are reproduced as below: (Annexure- M) “Presence of sulphide in sewer water as
H25 is due to biochemical reduction of the sulphate present in water. The ratio of
Sulphur (5). Hydrosulphide (H2S) and H2S in sewer water at any point of time
depends on the pH of sewer water at that time. Intermittent discharge of acidic
effluents from industries in mixed sewers acts as an agent for shifting the
equilibrium. Acidic effluents are also a source of sulphate (due to sulphuric acid),
which ultimately forms sulphide.

Further, if industrial effluents containing metals and heavy metals are discharged
in the sewers, the metals are precipitated as metal sulphides in the sewer lines.
These metal sulphides, in the presence of acids/acid effluents containing H2504
and/for HCl, end up generating hydrogen sulphide (H25) gas.

Therefore, it can be concluded that intermittent discharge of acidic and metallic
industrial effluent/waste into mixed sewers can be a source of sudden release of
H5 gas in very high concentration from such sewers,

It is relevant to mention that H25 is a diprotic weak acid and even a saturated
solution of H,5 is not expected to have a pH less than 4.0. Therefore, it may be
concluded that pH level of 2.5-2.6 as reported in main sewer water near the
houses where deaths occurred is a result of acidic industrial effluent discharge.

The above focts strongly point towards the discharge of industrial effluent as the
couse of highly acidic water in the main sewer in the area and the also the couse
of release of H.5 in the sewer line in high concentration, leoding to immediate
collapse and death of eleven persons.

As per recent media reports and the discussion held with Chief Environmental
Engineer, PPCB, the industries in Ludhiana use both Hydrochloric acid and
Sulphuric acid. It was also reported that few industries in Giaspura area have acid
pickling step in their manufacturing process. The chloride content in the main
sewer water near the accident was found higher in comparison to distant points
(both upstream and downstream] which may be due to use of hydrochlaric acid in
the area, These facts also indicate that industrial discharge |s a key factor in
releasing of H25 in high concentrations.”

15
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A report has also been received from Dr. Anjan Ray, Director CSIR through his
email dt 1.5.2023, which is as follows: [ANNEXURE- N)

“In continuation of our discussions throughout the day today in the aftermath of
the Ludhiana Gas Leak, | have summarized my Initial hypotheses and
recommendations for the consideration of the local administration and of NDMA
as follows:

|, Evidence from the medical examiner and his preliminary forensic assessment
suggests that the gas released contained hydrogen sulphide (H25) as the primary
causal agent. This correlates with the foul smell noted by some affected residents
and the symptoms outlined by the medical specialist.

li. We cannat rule out carbon monoxide as a secondary causal agent. CO Is
colorless and is often found in sewer gas compositions, An authoritative recent
review of sewer gas  compositions can be found at
hittps://www.sciencedirect.com/science/article/pii/5277241662 2000808,

ili, Based on the hypothesis that H25 is the primary causal agent, a frontline
response of neutralizing the H25 with appropriately diluted caustic soda has been
advised. This appears to be working based on feedback from the team on the
ground, as ambient H25 levels have fallen sharply after the caustic treatment.

iv. It may be noted that sudden acidification of sewer contents (for instance,
through the shock discharge of acidic effluent from any electroplating unit in the
area) could cause a surge in H25 levels. To determine if this might have been the
cause, ICP analysis of trace elements and metals in the sewage samples may be
carried out.

v. Unlike H25, there is no way as such of neutralizing CO, However, its vapour
density (~14) is close to that of air (~14.7) and it should disperse naturally at a rate
guicker than H25 (V.D ~ 17}, which is heavier than air.

wi. H25 readings will, therefore, vary across a vertical axis at ground level, 1.5 feet
above ground (typical level of a person lying on a bed), and at 4.5 feet above
ground (typical nostril level of a standing person), with the maximum
concentration of the toxic gas being at the ground level. While CO will not show
much variation. | remain at your service for additional questions, if any."

Further, a study of the literature and scientific data points out that the role of
these metals in formation and acidification is as follows: (ANNEXURE- Q) @ Nicke!
(Ni): Nickel can act as a catalyst in certain chemical reactions that lead to the
formation of H25. It can enhance the conversion of sulphur-containing compounds
into H2S. Additionally, nickel compounds may contribute to the acidification of
certain environments.

» Zinc (Zn): Zinc play a role in acidification processes, particularly in the
presence of acidic substances. It can react with acids, forming zinc salts and
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releasing hydrogen gas, thereby contributing to the overall acidification of a
system.

* Chromium (Cr): Chromium compounds can contribute to acidification when
they dissolve in water, forming acidic solutions.

* Iron (Fe): Iron is an essential component in various chemical reactions that
lead to the production of H2S. iron sulphide minerals, such as pyrite (Fes2),
can release H,5 when they come In contact with water and undergo
chemical weathering or microbial activity. Iron can also participate in
acidification processes, particularly through the fermation of acidic
solutions when iron compounds dissolve in water.

Conclusion

The sewer system hod sufficient copocity and os per the visible scenario, the
cleaning reports of O&M branch of MCL ond the feedback from the people
interviewed, there was no report of sewer block in fast few days or manths in the
area.

s Sufficient number of Road gullies were constructed with the main and
branch sewer line which act as vent for escaping of sewer gases. Hence the
possibility of accumulation of gases in large quantity is minimal,

& Though there were some meat shops in the area, but only one of them was
found to have a sewer connection. Though this could have led to some
discharge of the organic matter in the sewer, but this could have lead to
increase in the production of H;5 gas inside the sewer only. In the current
case, there is abnormally low pH, with the release of very high
concentration of H;5 gas from a particular outlet for a very short span of
time, which does not seem possible merely due to a little increase in the
organic load in the sewer.

* Reports of PPCB point out the existence of a number of industrial units in
the vicinity (both authorised and illegal), which have been discharging the
metals and acid into the sewer lines.

* An audit is also required into the treatment and discharge of wastewater of
the more than 1000 electroplating units in the city through the CETP
operated by JBR technologies. Without this information, it cannot be ruled
out that there has been no illegal discharge of untreated waste of the
electroplating Industry (containing heavy metals as well) into the sewer
limes of Ludhiana.

s Also, the interviews and discussion with the people of the locality show that
there are a lot of electroplating & other industrial units nearby, some of
which could have been dumping its waste illegally.

« It seems that the incident might have occurred due to some chemical
reaction of some acids/ metals with naturally occurring sewer gases (H,S)/
sewage, which could have led to @ sudden release of very high
concentration of H,S gas for a short period of time leading to the death of
the people instantaneously. This seems likely based on reports of high
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concentration of metals & very low pH (showing acidification of the
samplae).

o Further, It is observed that H,5 gas had been released into the air from a
limited ares in extremely high quantity for a very limited span of time, even
leading to breakage of manhole covers and blackening of the cover, which
does not seem possible as a part of natural sewer gas formation, and
Indicates occurrence of some sort of chemical reaction.

® Thus sfter taking to victims and local residents, visiting field and taking
comments from experts n subject matter, committee is of view that this
sudden release of very high concentration of H,5 Is due to releasing of
chemicals In sewer from various Industrial units, However, the exact source
Is not known & 1§ a matter of investigation.

ds  Punlab Pollution Control Board
Punjab Pollution Control Board has submitted 3 interim reports:

Letter No. 1849 dated 4.5.2023 (Annexure-H1) in which they submitted about the
joint survey conducted around the place of incidence to identify the cause under
which joint survey was conducted by officer of PPCB and MC, Ludhiana and they
mention that no acld consuming industry was found within 100 metre distance
from place of Incldence.

Letter No. 1898 dated 6.5.2023 (Annexure-HZ) in which PPCB has given its
findings an visit reports of 22 industries on 01.05.2023 and 04.05.2023. PPCB
reported that Board of monitoring and taking action against vialating industry, no
sewer vents were observed near the point of incident.

Letter No. 2216 dated 19.5.2023 (Annexure-H3) according to which on
01.05.2023 samples from the branch lines of the sewer in nearby vicinity collected
by the loint team of PPCB and Municipal Corporation, Ludhiana were collected
and sent to Central Lab to PPCB at Patlala. The reports submitted by the
department are attached as Annexure-A

The abstract of visits Is as under; (PPCB First Interim report No. 1849 dated
04.05.2023 (Annexuer-H1)

Total No. Distance from point of incldence

of Upstream & downstream | Upstream & downstream | Upstream up to 500m&
industries Upto 50m =0-100m downstream upto 200 m

visited | Total Pickling / Total Pickiing / Total Pickling /
water electroplating | water electroplating | water electroplating
polluting | etc. poliuting | etc. polluting | ete.
industries | industries industries | industries Industries | industries
faund faund found

113 0 0 2 0 15 14
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Out of the total 113 industries, 17 were found water polluting by the joint team.
Out of these 17 industries, 4 industries were ot the downstream of the incident.
out af which, 3 were acid consuming, 13 water polluting industries were found at
the upstream out af which 11 were acid consuming.

None of these 13 industries was cbserved to be discharging any acidic effluent
into sewer line by the joint team of PPCB / MCL at the time of visit. No acid
consuming industry was found within 100 mtr distance from the place of incident.

As per the decision of District Administration, joint teams of MCL and PPCB
continued door to door survey on 3.5.2023 and 4.5.2023 for checking the
residential buildings/premises and 66 establishments were visited,

Initial discussions with experts revealed that in case, waste water stream in a
sewer line remains in running condition with proper ventilation of sewage
network, the generation of H;5 at such a lethal concentration is not possible as
there would be no anaerobic conditions developed in sewer line, which is a pre-
requisite for generation of H,S gas. However, in case there is a built up of organic
matter due to blockage/stagnation in sewer /fslow velocities of sewage/ ill
designed sewer, there is possibility of sludge/slime formation, only then Bio-
chemical degradation of organic matter would lead to the generation of gases like
methane and H,5. Inadequate vents to the sewer lines accompanied by no or poor
ventilation in the residences of affected houses might have aggravated the
problem resulting in the accumulation of H,5 gas in the affected pocket.

No sewer vents have been observed near the point of incident. Non availability of
ventilation pipes in the affected stretch might have led to heavy accumulation of
sewer gases such as H,5, CO, etc. This gas is also a cause of sewer men deaths
across the country as tiny proportions are also considered lethal,

letting and super suction machine at the night of incidence were operated late
night. This incident occurred in a very short span of sewage network. The
manholes at non-uniform interval were observed near the incident site.

The sewer opening/ WC opening/ wash basin drains may have acted as a reverse
ventilation pipeline dissipation of H;5 in the affected premises as the sewer
connections have not been provided scientifically by the affected households.
Poor ventilation system may have affected the dissipation of H,S gas and have
aggravated the situation. H,5 gas is the inherent component of sewage network
and formed due to anaerobic digestion of organic matter. The vicinity in and
around the incident is densely populated and several commercial establishments
discharging heavy organic and acidic effluent such as dhabas, meat shops /
slaughter houses etc. are located in the area. It is required to be checked as to
whether the sewer connection of the affected premises have been approved by
the Municipal Corparation or have been connected by the owner of the premises
against the sewer designs in un-authorized manner,

Considering the poor ventilation of the houses, building plans are required to be
assessed.
19
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The Gevernment of Punjab, Department of Science, Technology and Environment
has issued directions vide memo no. 10/228/201 9/STE-5/594066/1 dated
10.10.2019 ufs 5 of Environment [Protection) Act, 1986 to various departments
and Municipal Corporation, Ludhiana, One of the direction is reproduced below:

No new connection or enhancement of existing connection by
MC, Ludhiana.

MC, Ludhiana shall not grant any new connection oOf
enhancement of existing connection to municipal sewer for
discharging industrial effluents.

Final report by Punjab Pollution Control Board
36 d 21.06.2 |

In continuation to the earlier reports submitted, the Punjab Pollution Control
Board has examined this incident through various scientific interventions and has
also taken Expert opinions. The Board has also examined the literature published
in various international Journals/papers for understanding the cause of the
incident. Following findings have been observed:-

1. Formation of Hydrogen Sulphide (H;5]) in Sewers

Hydrogen Sulphide is commonly known as sewer gas and is formed under
anaercbic conditions through microbial biochemical degradation of organic
matter including human excreta, kitchen refuse, detergents, animal waste, Oil &
Grease, etc. which are usually present in the waste streams. Hydrogen Sulphide is
generated in relatively stagnant waste water systems or at low velocities of sewer
streams. Higher Organic load leads to more generation of H25 gas in sewer lines.

Mechanisms for the creation and release of H25 gas also occur when sulphate or
oxygen is used/depleted to produce Sulphide. Sulphate reducing bacteria acts as a
major source for microbial biochemical degradation of organic matter and release
of H25 gas. Sulphates are present in great abundance in municipal wastewater
systems and primarily stems from household cleaning detergents. Once the
anaerobic conditions reduce Sulphates to Sulphides, it reacts with hydrogen to

produce Hydrogen Sulphide,
$042-+ organic matter + anaerobic Bacteria=» 52-+ H20 + CO2

§2-+ 2H+= H25.
2. Factors affecting the formation of H;5 gas in sewer

Formation of H2S gas in sewers depend on Flow (Velocity) of Sewage in pipes,
Slope of the pipe, Ratio of wetted perimeter of the pipe wall to surface width of
the stream, Temperature of the Sewage, Biochemical Oxygen Demand, Presence
of Sulphates, Available Oxygen and Retention Time in the System

b
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3. H;5 mulation in s

Blocked Air Vents, Clogged Drains, ill Designed Sewers, Blockage/Stagnation, Slow
Velocities of Sewage and Sludge/Slime Formation etc are the possible reasons for
accumulation of H2S gas in sewer lines.

4. i fEnan

Nearly 90 % of Sulphide will be present as H2S at pH 6 as depicted in graph
attached as Annexure-A (Source:- Journal Presented by Jason Kane at Queensiand
Water industry operation conference and exhibition, USA). This graph further
depict that even at pH 5, 100% of Sulphides get converted to H25. This implies
that majority of the Sulphides are converted to H25 at pH & and there is no special
requirement of very low pH for generating high concentration of H2S as all the
H25 exist at pH of 5

5. i nt of an bic conditi a eratio Sulphuric acid In
i nditions in rs throu io-chemical Oxidation as reflected fr

analysis results,

Hydrogen Sulphide is Biochemically oxidized in presence of moaisture to form
Biogenic Sulphuric Acid. Colenisation by aggressive acidophilic bacteria is capable
of generating enough sulphuric acid to reduce the surface pH to 1-2, whereas
Thiobacilli is capable of generating sufficient sulphuric acid to further reduce the
pH to 1. Higher concentration of H2S in sewer lines leads to increased bio-
chemical oxidation of Sulphides to Su Iphuric Acid,

Further, the Sulphuric acid is also generated in the Municipal Sewers through
Chemical Oxidation of H2S in presence in agueous medium. The rate of chemical
Sulphide oxidation increases ex ponentially with Hydrogen Sulphide concentrations
and chemical sulphide oxidation is resultant inte the formation of Sulphuric Acid.
Hence, with the increase in the concentration of H2S, there is increase in
Sulphuric Acid generation

As per analysis report, the low pH between 2.51-2.59 |s observed at manholes
close to incident site (Affected stretch) . Whereas, it is 4.41 at Upstream and 5.74
at Downstream of incident point. Had there been any acidic industrial discha
from upstream in the sewer line , the pH levels at upstream and downstream of
the incident point should have been equivalent to pH levels in the affected
stretch and all the parameters lhﬂu’ldhﬂlhmamﬂnmt"”hm
samples drawn from all the manholes.

Low pH in the affected stretch and relatively high pH at the upstream and
downstream of the incident site clearly shows the built up of anaerobic conditions
and after affects of H25 generation leading to biochemical formation of sulphurie
acid thereby lowering of pH in the affected stretch and sustaining in the adjoining

pockets

{Source:- Poper published by Jasan Kane in Queensiand Waoter industry operotions

conference, Paper published by Concrete pipe Association of Austrolasia, Poper
21
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published by Mr. Brecht Donckels, Research and Product Development Division,
Aquafin N.V. Belgium)

6. Effects of iron and other metals in H25 generation

There are number of units engaged in machining processes (non-water polluting)
operating In Ludhiana and particularly in this area. These units are covered under
White Category and exempted by the CPCB from consent management in the
notification for categorization of industries. Iran in particle form from such
industries may have entered into sewers and got accumulated due to sludge
settling and converted to dissolved solids due to low pH in the affected pocket.
iron concentration in the range of 300 mg/l on upstream and downstream
comparing to high concentration of iron (1000-1500 mg/l) in the affected pocket
substantiates the above hypothesis. Further, the results in the branch sewer
suggests relatively low iron content (Maximum 9 ppm), which suggest that

accumulation of iron content happens only in the affected pocket and not due to
discharge from any adjoining units.

The concentration of other metals Is not significant comparing to iron and the
general standards prescribed by the ministry for such discharges into the
Municipal Sewer. As far as presence of metals especially Iron, Zinc, Nickel, Chrome
or any other heavy metal in the sewerage sample is concerned, these cannot
lead to the generation of H25. On the contrary, iron and other metals in the
aqueous medium or iron salts would combine with sulphide ions (from H25
or any other source of sulphide) to immediately convert to highly stable
tron/metal sulphide through an irreversible reaction leading to the formation
of respective metal sulphides. Hence, due to above property of metals, iron,
nickel, rinc, chromium etc. would never be a source of H2S generation, rather
are used as H2S5 scavengers to remove sulphide from wvarious streams likely
to contain H25,

Further, Dosing of Ferrous or Ferric iron as either a chloride or a sulphate has been
a proven mechanism for hydrogen sulphide control applications. Iron salts bind
with Hydrogen sulphide leading to production of Iron sulphides in stable forms
through an irreversible reaction. Dosing of Ferrous or Ferric iron as either a
chiaride or a sulphate has been able to control Hydrogen Sulphide levels in Bio Eas
digesters. lron salts are used in Biogas digesters to suppress H2S generation, These
iron sulphides are very fine particles having very low sedimentation properties
and are generally carried along with the sewer stream.

7. Susceptibility of industrial discharge at incident site,

A detailed survey of the upstream and downstream of the point of incident was
jointly conducted by teams of PPCB and MCL from 01.05.2023 to 04.05.2023, The
joint teams have scanned the area physically upto 500 mtr on upstream & upto
200 mtr on downstream of point of incidence.

During the visits, 179 establishments including residential and commercial were

inspected. Out of these 179 establishments, 22 industries were found water
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polluting. These are tiny electroplating/pickling/barrelling units. The observation
and findings w.r.t the visits conducted Is as under:-

1.

There is no large or medium industry in the area surveyed. All the industries
are of tiny/small scale.

Out of 22 water polluting industries, 15 industries were located at the
upstream (13 acid consuming/electroplating and 2 caustic barrelling].
Amongst 13, 6 are acid pickling and 7 are electroplating. There Is no acid
consuming industry within 100mtr radius of the Incident.

Two caustic barrelling units have no role in discharge of acidic effluent.
Whereas, & tiny pickling units have total effluent generation of 17.5 KLM
(Average 0.7 KLD). Al of these tiny units are member of one or other re-
processors. In case, if assumed that any discharge have been made from
these units, it will not be as concentrated as fresh acid but must be spent
acid, It will not be possible for an inert acid with such a low volume to travel
more than 100mtrs and sustain low pH around 2.5 in affected stretch despite
high dilution available in the public sewer from domestic and other sources,
Further to add that on the previous evening, there was heavy rain in the
affected area and lot of rain water was carried out by the sewerage stream
leading to further dilution of industrial effluent if any available in the
sewerage network. Further, on 30.4.2023, when the sampling of main sewer
line were collected from the affected area, no Industry in the vicinity was in
operation being Sunday, gas leak tragedy and forced power cut due to gas
ieak. This implies that the low pH at the incident site was not due 1o any
industrial discharge but it was some localized reason that contributed to the
low pH.

Above findings are supported by the analysis report as low pH between 2.51-
2.59 is observed at manholes close to incident site, whereas, it is 4.41 at
Upstream and 5.74 at Downstream of incident point. Had there been any
acidic industrial discharge from upstream In the sewer line , the pH levels at
upstream and downstream of the incident point should have been the same
as that of the affected stretch and all the parameters should have shown a
uniform trend in the samples drawn from all the manhaoles.

Further, samples from 9 locations of the branch sewer lines in the adjoining
streets in the periphery of 500 m ufs and 200 m d/s were collected to check
the sources of different parameters when all the water polluting industries
were in operation on 1.5.2023. pH of these points has been observed to be
near to neutral except at one point g(5.7). Therefore, contribution of the
industries from nearby vicinity, seems not possible.

On the day of incident ie. 30.4.2023, samples were collected from 6

manholes of sewer line immediate near to the affected site and thereafter
73
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the samples were also collected from branch sewer lines. The details are as
under:-

Ref. |Sampling Location | Referencewsrt | Time | Sample
No. zero point ' : no.
_ (incidentpoint)
A From Manhole Opp. Jasbir | Upstream nearto | 01:00PM | 5-3
Building Material Store | incident point _ e
B From Manhole Near | Immediate 11:30 AM 51
Transformer, Outside Saroj | Upstream the T 12-70PM | A-1l '
Beauty Parlour incident point )
C From Manhole in the front | Immediate ufsthe | 04:30PM | 55
of Nitco Logistics (P) Ltd, Incident point !
) Near Transformer i | |
D | From Manhole Opp. Aarti | Opp. to the 1240PM | S-2
| Clinic incident paint. ) ' ,
E From Manhole Opposite | Immediate d/s the | 01:40 PM 54 |
| Dharam Kanda near Punjab | incident point
! Empnrlcum} |

The analysis results are examined and Final observations are as under:

From the perusal of above results collected on 30.4.2023 from the main sewer
line and on 1.5.2023 from the branch sewer lines, it is observed that the pocket in
the affected stretch is not behaving In unison with the rest of the sewer line of the
area. High accumulation of various pollutants is observed in this pocket indicating
some abnormality in the flow of sewer or some biockage in that particular stretch
only. The parameters reflected in the samples collected from the branch sewer
lines near the water polluting industries supports the hypothesis of no
contribution from these industries and rather built of anaerobic/septic conditions
in the affected stretch.

FA 25 nsi igh Organi i

a) Densely Populated Vicinity:- The Area s a house to crowded habitats mainly
made by migrant labours who work in the industries. There are several
vehras in which migrant labours are living in congested areas and other
commercial establishments contributing to huge organic load. The vicinity in
and around the incident site is densely populated

b) Cluster of Meat and Fish processing shops and dhabas:- There is a Cluster of
nearly 10 fish/Meat shops located in the upstream of the incident point
which are discharging the washing water with high Organic loads into
sewers. Besides, There are around 6-7 dhabas opposite to the point of
incident which are also a source of high arganic lpad. They neither have any
adequate disposal for highly organic effluent nor any adequate solid waste
disposal arrangements. Broken manhole near the Meat shops indicate that
the solid waste might be dumped in municipal sewer which leads to choking

and heavy accumulation of ﬁrganl: matter.
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8. Sources reaponsible for accumulation ul Hdd inallectod suikel

Initial discusslons with esperis revealed that in (ase, wasle wilsl slream in a
sewer line remains in running condition with propar ventilation ol warwage
network, the generation of H2% af such o lethal concantration s not possitile s
there would be no anaeroblc conditlons developed In wwer line, which iy @ jre
requisite for generation of H25 gas Mowaver, In case there 18 8 bulll up of organic
matter due to blockage/stagnation in sewer/ slow welocities ol sewage/ Il
designed sewer, thete v possibility of sludge/slime formation, only than B
chemical degradation of organic matter would lead to the generation of gases ik
methane and H,5, Even If, the H,5 generates and proper vents are svallable, the
chances of accumulation of H,5 at such high concentrations s nat possible
inadequate vents to the sewer lines accompanied by no or poor ventilation in the
residences of affected houses might have aggravated the prablem resulting in the
accumulation of H,5 gas in the alfecled pocket.

As such, following might have been the main reasons for accumulation and
reverse dissipation of H,5 gas:-

a. Requirement of Sewer Vents

Sewer vents need to be provided to prevent sewer gases from entering the home
and allows wastewater gases and odors to escape through the plumbing vent
stack. Non availability of ventilation pipes in the affected stretch might have led 1o
heavy accumulation of sewer gases such as H25 CHA, CO etc. This gas is also a
cause of sewer men deaths across the country as concentrations about 200 -250
ppm are also considered lethal, Further, the H25 levels at the night of incident
even after caustic dosing were also measured to be very high (around 200 PPM)
by NDRF teams which clearly shows that the H25 built up was there even after
caustic dosing in the evening. This clearly shows development of anaerobic
conditions due to deposition of organic matter and Inadegquate slime stripping in
the affected stretch. Dr. Charan Kamal, District Forensic Officer, Ludhiana told the
Fact-Finding Joint Committee on B.5.2023 that In the past, he has experlenced 6-7
incidents from H25 gas and all the Iincidents were happened due 1o sewer gases.

b. Reverse Ventilation of H25 Gas and Unscientific sewer connections by affected
households.

The sewer connection made by M/s Goyal Karyana Store was unscientific which
lead to reverse ventilation of H25 gas in their residence. The sewer opening / WC
opening / wash basin drains may have acted as a reverse ventilation pipeline
dissipation of H25 in the affected premises. Poor ventilation system particularly in
the affected houses might have affected the dissipation of H25 gas and have
aggravated the situation. No fatality was observed due to any dissipation of H2S in
the main sewer line which was near to other end of the road. The incident
pecurred in a very small stretch at the opposite end of the main sewer line. As the
sewer line of the 3 affected houses are interconnected, the possibility of hitting of
the inspection chamber by someone with some stick/chemical thereby

i



320

disturbance of the traps and leading to sudden dissipation of gas can not be ruled
out.

¢. Slime deposition in the sewer line near to the affected stretch

Inadequate slime stripping and slime deposition in the sewer line is one of the
maln reasons for accumulation of W25 at the affected stretch. The slime
deposition was removed at night at around 1:00 AM using jetter and supersuction
machines which clearly shows that thick sludge was deposited at bottom of the
sewer line and clubbed with all the factors stated above has lead to heavy
accumulation only in the affected stretch and reverse dissipation in the affected
households. Further even If H2S Is formed, the same would have not been
reversely dissipated had there been the presence of sewer vents and provisions of
scientific sewer connections with adequate ventilation arrangements by the
affected households.

g. it Technical Wi f E

A. The Preliminary Report along with Findings and recommendations from Dr
Anoop Grover, Professor, Department of Chemical Engineering, Thapar
Institute of Engineering and Technology (TIET) is attached alongwith the
report.

B. The report on the visit of Expert Committee comprising of Professor Sushil
Mittal, Vice Chancellor, Sardar Beant Singh State University, Gurdaspur [Now
Vice Chancellor, Punjab Technical University) and Professor Raj Kumar Gupta,
Department of Chemical Engineering. Thapar Institute of Technology is
attached alongwith the report.

C. The copies of literature obtained from wvarious Journals/papers published
internationally supporting the above hypothesis Is also attached alongwith the
report.

Thus, in view of the literature and Expert views, the Punjab Pollution Control
Board is of the view that the formation and accumulation of H,5 gas at the point
of incident is due to the anaerabic biochemical degradation of Organic matter and
not due to discharge of industrial chemical effluent as described above.

It is submitted that at the accident site, it was observed that there are branch
sewer lines/ sewer connections from the two nearby houses where the death
occurred that join the main sewer line that runs below the main road in front of
these houses. The analysis report of the main sewer water collected by PPCB few
hours after the accident from the manhole near the point of accident indicated
pH of the sewer as highly acidic and ranging between 2.5 and 2.6. It was also
reported that main sewer line near the point where this incident happened was
found filled/choked.

P,
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presence of sulphide in sewer water as H,5 is due to biochemical reduction of the
sulphate present in water. The ratio of Sulphur (5). Hydrosulphide (H5) and H;5 in
sewer water at any point of time depends on the pH of sewer water at that time.
Intermittent discharge of acidic effluents from industries in mixed sewers acis a3
an agent for shifting the equilibrium. Acidic effluents are also a source of sulphate
{due to sulphuric acid), which ultimately forms sulphide.

Further, if industrial effluents containing metals and heavy metals are discharged
in the sewers, the metals are precipitated as metal sulphides in the sewer lines.
These metal sulphides, in the presence of acids/acid effluents containing Ha 50y
andfor HCI, end up generating hydrogen sulphide (H;3) gas.

Therefore, it can be concluded that intermittent discharge of acidic and metallic
industrial effluent/waste into mixed sewers can be a source of sudden release of
H,5 gas in very high concentration from such sewers.

It is relevant to mention that H;5 is a diprotic weak acid and even a saturated
solution of H,5 is not expected to have a pH less than 4.0, Therefore, it may be
concluded that level of 2.5-2.6 as reported in main sewer water near the houses
where deaths occurred Is a result of acidic industrial effluent discharge.

The above facts strongly point towards the discharge of industrial effluent as
the cause of highly acidic water in the main sewer in the area.

As per recent media reports and the discussion held with Chief Environmental
Engineer, PPCB, the industries in Ludhiana use both Hydrochloric acid and
Sulphuric acid. It was also reported that few industries in Giaspura area have acid
pickling step in their manufacturing process. The chloride content in the main
sewer water near the accident as found higher in comparison to distant points
(both upstream and downstream) which may be due to use of hydrochloric acid
in the area. These facts also indicate that industrial discharge is a key factor in
releasing of H;5 in high concentrations.

The details of sewer network of Giaspura area were not available with officers of
Municipal Corporation, who were present at the site during the visit. All the
industries located along the sewer network are required to be surveyed by local
authorities to identify the possible sources of acidic and metals, heavy metals and
sulphide containing industrial effluent/waste,

Further, Hon'ble NGT, Principal Bench has constituted a Joint Committee with
members from various agencies including CPCB to investigate the matter, arrive
at a conclusion and take remedial measures to prevent such accidents in the
future,

(through mail on June 23, 2023] Annexure-K
* Hydrogen sulfide (H;5) is a dangerous and colorless gas that can be produced
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when organic matter decomposes, such as in rotting vegetation or waste

water In @ sewer system. It is highly toxic, ranking second n workplace
fatalities due 1o gas Inhalation after carbon monoxide and Is often recognized
by Its foul smell, similar to rotten eggs

In the case ol domestic wastewater, the main process responsible for the

formation of hydrogen sulfide Is the microblal reduction of sulfate ions.
When there s & lack of dissolved oxygen and the presence of polybly
Biological Oxygen Demand (HOD), bacteris lke Desulfovibrio desulfyricans
[SRB) and other gulfate--reducing bactera (SRBs) convert sulfate lons into

sullide, This occurs in the absance of oxygen and the presence of organic
matter, such as siudges.

Hydrogen sulfide tends to accumulate in gonfingd and pogrly ventilated greas

where there are sewage holding tanks or other parts of sewage systems. If
the system is damaged, malfunctioning, or there are loose connections, gas
cane scape. This can happen when organic matter or sludges are disturbed,
such as during the addition or discharge of effluent material into a
compromised system, Sewage holding tanks that receive galley waste on
yessels are particularly prone to the formation of a greasy sludge film, which
further promotes the production of hydrogen sulfide. Additionally, blockages

| n_sulfi -
-yenting, allowing the gas to escape into toilet and other confined spaces
through the sewerage pipe network.

A sewer main can contain significant amounts of yndetected dissolved H;3 in
the waste water. When the water is disturbed, such as when pumps are

activated, this dissolved gas can rapidly turn into toxic gas clouds due to the
“spdp--can effect.” This effect occurs when the disturbed water releases the
dissolved gas, resulting in sudden and dangerous concentrations of hydrogen
sulfide.

Due to Its density, hydrogen sulfide is slightly heavier than air, causing It to
accumulate n sub surfaces paces such as basements, underground

chambers, or sewer systems. This makes these areas particularly susceptible

to high concentrations of hydrogen sulfide gas,

During heavy rainfall, organic matter such as decaying vegetation, animal
waste, and other debris can be washed into the sewer system. This influx of
organic material provides a rich food source for bacteria, including SRBs. As
the organic matter decomposes, SRBs metabolize sulfate ions present in the

waste water, resulting in the production of H;3,

Heavy rainfall can cause turbulent flow in sewer systems, leading to the
disturbance of settled sediments. Sewer sediments often contain
accumulated organic matter and sludges that serve as a nutrient gource for
SRBs, When these sediments are stirred up, it can promote increased
bacterial activity and H,$ production,

FE
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w The increased H,5 production during heavy rainfall can raise the likelihood of

H,5 leakage and exposure in sewer systemns, If the sewer Infrastructure is
damaged, malfunctioning, or not properly sealed, the H,5 gas cane scape In
to confined spaces, nearby bulldings, or even the atmosphere. This poses
significant health risks to workers and the public due to the toxic and
potentially lethal effects of H,S Inhalation.

»  Meat shops often generate a significant amount of organic waste, including

"

-

trimmings, blood, and other byproducts, These prganic materials are rich in
proteing and can contribute to the production of H;5 when they undergo
decomposition. If a meat shop Is located in close proximity 1o a sewer
system, the organic waste from the shop can enter the sewer lines, providing
a readily available food source for sulfur--reducing bacteria. This can enhance
the microblal activity responsible for the conversion of sulfate jons to sulfide,

thereby increasing the potential for H,5 formation.

When heavy rainfall combines with the organic waste from a nearby meat
shop, it can result in increased crganic loading and nutrient availability within
the sewer system.

The combined effect of h rainfall fan
by risk of H2% for s

important to monitor and manage these factors effectively to prevent the
accumulation of H,5 gas, which can pose significant health hazards to
workers and the surrounding environment. Implementing proper waste
management practices, ensuring proper ventilation, and conducting regular
maintenance and inspections can help mitigate the risks associated with H;5
in such scenario.

Director of Factories
(through Letter No. Spl 1 dated 01.05.2023) Annexure-L

The Director of Factories has submitted its report vide no. Spl. 1 dated 1.5.2023
which states that the Giaspura gas leak incident has not happened in the premises
of any factory and as such is not covered under the purview of its department.
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ANALYSIS ON REPORTS SUBMITTED BY VARIOUS STAKEHOLDERS
AND INSTITUTIONS

The undersigned has thoroughly examined the various reports received from all
the stakeholders and members of milti-sectoral committee. Tallying these with
the first-hand observations, made at the site on the day of the incident, | find it
imperative to address certain incongruencies in these reports on certain paints,

It Is pertinent to mention here that deductions drawn/scientific explanations
proffered by various agencies and the undersigned are limited by the scale &
scope of the samples collected by various agencies at different sites at various
times on that day. The fact finding committee would also be constrained from
being able to access those bio-chemical conditions created on that particular day
by virtue of visiting the site ex-poste fact after the decontamination drive had
been successfully executed. This means that the exact ambient conditions in the
sewers which were not tested for on the day of the tragedy cannot be recreated
today.

However, this does not mean that no deductions could be drawn from the facts
already furnished based on existing test reports. The undersigned would hereby
like to point out certain incongruencles in interpretations by various stakeholders
on the salient questions to be answered and then present a set of its own
inferences. This shall be followed by certain recommendations the undersigned
would like to make for remedial action.

A.  Salient Observations by various stakeholders at the tragedy points on the
day of the incident

s There was no blockage in sewers reported by the residents of the village in
the receipt past, visibly also no blockage detected,

s There were no vents in place in the manhaoles.
+ The buildings were highly congested and cross-ventilation was negligible.

e In the residential bullding of Arti Clinic, it was observed that there was a dry
drainage vent (no P-trap/ water closet) which would have been the most
likely source of regurgitation of sewer gas into the houses, where five
membsers of the family had been found tragically deceased.

s There was heavy rainfall on the previous day.

« Persistent trace of rotten-eggs smell noticed in the windward direction of
the road. Video footages sowed pedestrians walking back and forth the
tragedy points without being affected by the gas an hour after the incident
was reported. This showed that the propounded 'gas blanket' had
vanished after a short spell.
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o Bodily reactions of the victims have been varied. As a case in point, the first
person to collapse from the gas, Mr. Gaurav Goyal survived while his
relatives who rushed to help him tragically passed away.

» H,5 poisoning was corroborated by medical, forensics evidence and by gas
detectors. It was noted that there was a dead cat on the ground floor but
a dog In the same bullding upstalrs survived. This adds on to the theory of
formation of a deadly gas blanket with highest concentrations at ground
level as H,5 gas is typically denser and heavier than air. Amongst the
sewer gases, H,5 fits these characteristics the best.

s Certain suspicious Items in containers were seized by police. The test
results regarding their composition are awaited.

» All eleven chemical analysis reports are pending from Chemical Laboratory,
Kharar,

* Test results received from Punjab Biotechnology Incubator Lab in Mohall
showed, unnaturally high amounts of iron were detected in sewers at 2
particular manhale points in proximity to tragedy points (718 and 859 mg/|
as opposed to general standards as per Environment Protection Rules of 3

mg/l).

Q.1 What was the condition of the sewers on the day of the incident?

PPCB strongly claims in its third report that the key chemical reaction that
triggered this event occurred under anaerobic conditions that resulted from
choking/blockages in the sewer,

MC on the other hand, attaches interviews with local residents on the reporting
of blockages and claims no such incident was reported in the recent past. It also
claims that periodic cleaning was done in these sewers, which does not add up to
the claim of PPCB that there was blockage and sludge.

Observations of the District Administration: The Administration had inspected
the sewers on the fateful day and found that levels of sewerage flow in sewer
maintenance hole was below the sewer capacity and no overflowing or blockage
was visible, as indeed claimed by the MC. This must be read in tandem with the
fact that there was heavy rain on the previous day, which would have resulted in
overflow, had there been a blockage. However, the status of last cleaning of the
sewers is not very evident as sludge was indeed detected from the manholes (as
claimed by PPCB).

It Is true that particular stretch of road reported no blockages in the drains.

However, It is also true that there was a lack of ventilation in the sewers. Other
11



326

physical attributes of the sewer systems may be further examined. The gradient
and siope of the sewers must be more thoroughly studied. This is because if there
is a kink over Irregularity in the structures, it may have facilitated sedimentation
and subsequent underflow of discharge (rather than overflow) which could set in
motion a set of deadly set of reactions. Local sedimentation of particles could
have occurred in and around the incident site, aided by anaerobic conditions (due
to lack of sufficient vents). Such conditions developed in lower sediments could
have generated H,5 gas.

Q.2 What were the chemical ambient conditions that precipitated this deadly
event?

A series of chemical theories has been quoted by PPCB in the annexures to their
final report.

(i}  Anaerobic conditions reduce Sulphates (present abundantly in sewers) to
Sulphides, it reacts with hydrogen to produce Hydrogen Sulphide.

5042-+ organic matter + anaerobic Bacteria — 52-+H@) + CO2
52-+2H+ = H;5

The claim is that Sulfate Reducing Bacteria [SRBs) convert sulfate ions into
sulfide in the absence of oxygen and the presence of organic matter, such
as sludges.

{ii) “Dosing of Ferrous or Ferric iron as either a chloride or a sulphate has been
able to control Hydrogen Sulphide levels in Bio gas digesters. Iron salts are
used in Biogas digesters to suppress H;5 generation. These iron sulphides
are very fine particles having very low sedimentation properties and are
generally carried along with the sewer stream.” This theory is used by PPCB
to make the argument that the peculiarly high quantities of iron detected in
2 manholes would not aid in the proliferation of H.5, but would rather aid
in its abatement.

liiij Contrasting this with MC's comments based on expert advice received,
“Intermittent discharge of acidic effluents from industries in mixed sewers
acts as an agent for shifting the equilibrium. Acidic effluents are also a
source of sulphate (due to sulphuric acid), which ultimately forms sulphide.

Further, If industrial effluents containing metals and heavy metals are
discharged in the sewers, the metals are precipitated as metal sulphides in
the sewer lines. These metal sulphides, in the presence of acids/acid
effluents containing H2S04 and/or HCI, end up generating hydrogen

sulphide {H,5) gas.

Therefore, it can be concluded that intermittent discharge of acidic and
metallic industrial effluent/waste into mixed sewers can be a source of
sudden release of H;5 gas in very high concentration from such sewers.”

¥
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Here, the claim is that heavy metals such as iron, when released
consistently even in low volumes would lead to an exacerbation of the rate
of H2504 formation and subsequent release of H,5.

As evident, the above theories have a mismatch in terms of their claimed
outcome. However, it cannot be denied from reports thal excess
generation of H;5 has likely happened at the very manholes where excess
iron levels were detected, even if the science behind this is not conclusive
as per above reports.

This could have been due to multiple precipitative factors- possible
sedimentation of sludge (organic or metal) as evidenced by higher levels of
Iran & organic sludge on that day.

fiv) On pH levels: CPCB in its report, claims that H,5 is a diprotic weak acid and
even a saturated solution of H,5 is not expected to have a pH less than 4.0.
Therefare, it may be concluded that pH level of 2.5-2.6 as reported in main
sewer water near the houses where deaths occurred is a result of acidic
industrial effluent discharge.

Meanwhile, PPCE comments of pH that : low pH between 2.51-2.59 is
observed at manholes close to incident site, whereas it is 4.41 at Upstream
and 5.74 at Downstream of incident point. Had there been any acidic
industrial discharge from upstream in the sewer line, the pH levels at
upstream and downstream of the incident point should have been the
same as that of the affected stretch.

These theories also have a mismatch in interpretations. However, the PPCB
report seems to inch towards a casual fallacy that because pH is higher
upstream and downstream, this causally means no effluent discharge
occurred at these stretches. A more prudent analysis, in the opinion the
undersigned would be why such abetting ambient conditions were not
present upstream and downstream, which led to the tragedy to occur
where it did. Thus, no definitive influences can be drawn, except that the
possibility of multiple collective causal factors cannot be ruled out.

Overall Observations: It is evident that different stakeholders have varied
interpretations of the implications of same facts. it would be fit to deduce some
conclusions on this aspect as to what cannot be ruled out, rather than using
conjectures to arrive at irrefutable conclusions.

It is a fact that sewer water at tragedy points was more acidic than in upstream
and downstream samples. It is also true that unnaturally high iron content has
been observed in near the tragedy point manholes. Hence, this does not negate
the possibility that there were industrial effluents that have accumulated over
time in these sewers (may be on account of the structural peculiarities of these
points). The crux of the scientific studies quoted by PPCB is also that in natural
sewer conditions with free-flowing water, there should not have been an

I3
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aberration in the natural of such surge of sewer gas as a natural equilibrium
would be maintained. This is noted to be a widely supported theory. The
conclusion thereby is that - first, there was an anomaly in the equilibrium
conditions of the sewer on the day of the incident. There s no reliable proof ta
determine whether this was on account of structural incongruencies of sewer
lines at those locations or on account of 2 sudden unnatural industrial discharge.
It is understood that all of the chemical reactions mentioned above are plausible,
even simultaneously with the right ambient conditions. Determining which of
these effects would have dominated at that point would be largely speculative &
probable in nature.

Q.3 Was there is a role of any human interference/ externality that led to this
event?

a.  Meat shops

CSIR's Toxicology Reports say that: "When heavy rainfall combines with the
organic waste from a nearby meat shop, it can result in increased organic loading
and nutrient availability within the sewer system leading to an elevated risk of H;5
formation in the sewer system.”

MC's report also mentions that: “One meat shop had a illegal sewer connection
which has been disconnected by O&M cell MCL."

Observations of the Undersigned: These facts seem to imply that meat shops are
a source of contamination of sewers. However, the day of the incident was an
unremarkable day in terms of meat demand, suggesting no specific surge of
animal waste disposal to explain this unnatural accident. Moreover, no build-up
of animal waste was specifically reported by any agency on the day of the
incident. The conclusion is that though meat shops with illegal connections are a
threat to environmental sanctity of the area and must be strongly dealt with, they
do not seem to be a strong factor to have caused a tragedy of such massive scale
without any aiding externality. However, since they have the potential to be
disruptive to normal sewer conditions, MC must keep a strong check on those
dispasing animal waste into sewers.

b. Industrial Discharge

The PPCB reports very strongly support the conjecture that effluents could not
have been a reason for the event. The perusal of the facts could suggest a
different interpretation: There exists no strong evidence to reliably rule out
sporadic discharge of effluents by electroplating and acid pickling factories in the
vicinity. In fact, PPCB in its 2nd interim report has listed a set of water-polluting
industries beyond 100 meters of the site which have engaged in some violations
in the past. The CPCB report and MC report mention the strong possibility of
acidic effluents possibly leading to generation of H,;5.

Such plausible sporadic discharge, leading to sedimentation,/build up over time,

combined with the peculiar sewer conditions, lack of sewer vents and past rainfall
14
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|
vents could have jointly led to the creation of a set of conditions that facilitated a

deadly chemical reaction that precipitated in the sudden release of gas.
Q.4 What was peculiar about this day and stretch of sewerage?

it is evident from the facts furnished by multiple agencies (PPCB, CPCB, CSIR, MC)
that the particular stretch of the sewer was behaving guite unnaturally compared
to upstream and downstream points. This Is both on account of the chemical
composition of sewer water (pH, iron levels) and on the absence of choking after
a heavy rainfall despite presence of sludge.

This report hereby posits that there seem to have been both a build-up of
abetting conditions over time and a sudden trigger event which could have led to
this tragedy. The ruling out of either set of these factors cannot satisfactorily help
explain the abnormal outcome. The factors that have built up over time may
include sporadic Industrial discharges, meat residue discharges, insufficient
ventilation and sludge formation. The “sudden” trigger cannot be accurately
determined. The rain of the previous day may have aided in exacerbating the built
up factors. However, acknowledging the collaborative factors that could have led
to this incident is relevant in terms of enhancing preparedness for the future and
for taking remedial steps to prevent future occurrences. Hence our findings focus
on suggestive steps based on lessons learnt from this catastrophe.

Mone of the above deductions negate the immediate need for certain remedial
actions. The MC has already inspected and shut down connections of errant meat
shops in the vicinity. Extra sewer vents have also been provided as a precaution.
PPCB has issued notices of closure to some industrial violators in the vicinity of
the event and show causes have been issued. This tragedy was a lesson on how
quantifiably insignificant everyday violations and delays in maintenance can
mutate into an irreversible catastrophe that mo monetary compensation and
future preparedness can assuage.

Suggested remedial measures :-
From CSIR-NTR, Lucknow

(i} Ventilation: Adequate ventilation is crucial in areas where H,S may
accumulate, such as confined spaces, sewer systems, or wastewater
treatment plants. Properly designed and functioning ventilation systems
should be installed to ensure the continuous exchange of air, preventing the
buildup of H,5 gas.

(i)  Menitoring: Implement a comprehensive monitoring  system  to
continuously measure H;5 levels in relevant areas. This can invoice the use
of gas detectors or sensors that provide realtime data on gas
concentrations. Regular monitoring allows for the early detection of H,5
leaks and timely response to mitigate risks,
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Maintenance and Inspection: Regular maintenance and inspection of sewer
systems, wastewater treatment facilities, and associated equipment are
critical to identify and address potential sources of H;5 leakage. This
includes checking for damage, loose connections, or blockages that can
contribute to gas escape,

Proper Woste Manogement: Effective waste management practices can
help minimize H,5 formation. This includes preventing the buildup of
organic matter, controlling BOD and COD levels, and implementing
strategies to reduce the entry of organic waste into sewer systems.

Fram Punjab Pollution Control Board:

1 f

2.

No new connection or enhancement of existing connection by MC,
Ludhiana.

MC, Ludhiana shall not grant any new connection or enhancement of
existing connection to municipal sewer for discharging industrial effluents.

From Municipal Corparation, Ludhiona

1.

A special disaster management team should be set up in the municipal
corporation to handle various chemical and gas leakage disasters.

A detailed audit of water consumption & waste water treatment various
types of industries should be conducted at the level of Punjab Pollution
Control Board jointly by MCL & PPCB and regulatory action ensured
wherever warranted,

Proper plumbing systems should be adopted in households/buildings, L.e.,
proper sewer connections should be taken with proper water seal traps.
The water inside the trap serves as a liquid seal that helps keep sewer gas
smells from getting out of the drains. The depth of the water seal inside a
trap should be enough to keep sewer gas away while not obstructing
drainage from the system. Proper vent pipesfexhaust fans should be
instalied for a proper ventilation system.

Other important suggestions by inquiry magistrate:

A sewer gas audit at various vulnerable locations across the city may be
carried out by Municipal Authorities using Hi-tech sensors and regular
check for any presence of heavy metals in areas with high concentration of
industries.

First responders training for handling gas leak disasters should be done,
provision of adequate supporting eguipment like gas masks, oxygen
cylinders, kits for gas detection must be ensured.

A public advisory on understanding/detecting the symptoms of presence of

bodily toxins and adequate emergency response training must be taken up.

30
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4. Unauthorized and lllegal sewer connections must be immediately snapped
to allow proper and adequate flow in sewers as per the design standards
and prevent blockage/deposition of any kind of matter in the sewer lines.

3 PPCB should keep a close watch on proliferation of illegal industries
operating without requisite approvals and take action in a timely manner.

It is further submitted that the Hon'ble National Green Tribunal has constituted a
Fact-Finding Committee to suggest the requisite remedial measures for
prevention of such incidents in future. The above facts have been hereby
furnished for the kind consideration of the said committee.

Harjinder Singh, IAS
Sub Divisional Magistrate,
Ludhiana (West)
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OFFICE OF THE DEPUTY COMMISSIONER - CUM -
DISTRICT MAGISTRATE, LUDHIANA

3 Immedistely after the gas leak incident was reported ai around 7:30AM on

U.M.zn;al senior officials of District Administration, Police Commissionerate, Municipal
Corporation (MC), Ludhiana, medical teams and forensic experis, as well as the 13th NDRF
battalion stationed at Ladowal, Ludhians and Tth Battalion, NDRF stationed at Bathinda rushed
10 the spot. The affected area was evacusted and cordoned off.

1. The NDRF teams began taking readings in the affected area with the help of hand-
held gas detectors, especially near the seven (07) manholes from |pm omwards on 30.04.2023
(Sunday). At Ipm on 30.04.2023, the level of H;S at surface of one of the manhole was 15 ppm.
While the reading of H,S on the surface was between 10-15 ppm, it varied between 100-200 ppm
inside the manholes. Subsequently, on the advice of Dr. Anjan Ruy, former Director, Indian
Institute of Petroleun (IIP) and an expert, the decontamination of the area with diluted caustic
soda was started in the evening of 30.04.2023. NDRF tearns informed that, on 01.05.2023, from
4AM till 4PM, readings were taken. As per the latest reading taken by NDRF at 4PM, the level
of H;3 inside the one (01) manhole near Aani Clinic, Giaspura, was 2 PPM, while CO level was
£ero. Inside the other remaining six (06) manholes, both the HyS and CO was Zermo. As per the
report of NDEREF, afier this, the H;5 levels in the ambient air were recorded as Zero.

2. Keeping in view that the levels of HyS and CO have fallen to Zero in six (06)
manholes and 2 PPM in the 7th manhole at 4FM on 01.05.2023, an Order constituting three (03)-
member Technical Committee comprising of XEN, Water Supply & Sanitation (WES),
Ludhiana; XEMN, PWSSB, Ludhiana, and XEN (O&M Cell), MC, Ludhiana was issued vide this

Office Endst. No, 5362-5 1.05.2023. This Commitbee was entrusted with the task

of physically checking the area still cordoned off by the Police ie. 25 metre radius from the

affected area for other factors affecting the safety of residents, give suggestions, if any, to ensure
safety of public, and submit its report thereof 16 ADC, Khanna by 01.05.2023.

Pursuant to the issuance of the above Onder, the Committes officials visited the
affected area on 01.05.2023 and inspected the three (03) buildings where the incident had
happened on 30.04.2023. The Committee, in its report submitted on 01.05.2023, observed that
these buildings have very less or no provision of cross-ventilation. The washrooms neither have
vent pipes nor exhaust fans. One drainage vent was found inside the residential room of the
building of Aarti Clinic, which should not have been there. Furthermore, these buildings are very
congested. In view of the above observations, the Commitice made the following suggestions 10
prevent occurrence of such an incident in the future:

(. The buildings should have provision for proper cross-ventilation so that thepe is

no possibility of eny suffocation.
(i) Washrooms should have exhaust fans and vent pipes so thal the Eases may be
discharged.
(i) With regard 1o the mfin sewer, the Committee suggested that all the manholes in

the affiected area should be provided with road gulleys or vent shafis so
wpﬂ“”‘““““‘“‘"“‘““ﬂpimmﬁwﬁ:’“““
road gulleys or venl pipes. these

3, A report as 1o the law and order situstion in the affected area taken

Office of Commissioner of Police, Ludhians. ADCP (South), Ludhiana, It:r::l re-punﬁTn“:E:
Office sent vide No. 309/SA/ADCP South Ludhiana dsted 02.05.2023, has reported that an FIR
No. 112 dated 30.04.2023 ws 304 of IPC was registered at PS Sahnewal, Lovenigation in the
ﬂﬂummgtndﬂlpmihhnﬁunhingm,mﬂm“hhmhmﬁi
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= Keeping in view the NDRF Report &s which the HyS levels in the ambient alr
*""m recorded as Zero w 4PM on 01.05.2027 and mP:pm of the police today mﬂmuﬁ:
& order situation in the affected area us penceful, the cordon is, hereby, ordered 1o

removed in the affected ares in Giaspur, Ludhiana with directions 1o the Municipal Corporation

(MC), Ludhinna 16 cary out the tasks required for implementing the suggestions made by the
three {03 )-member Technical Cumnilll:?ﬂliid al Para 2 {ili) nbove.

- Funthermore, the residents of the area are advised mmmwuﬂlﬂuﬂﬁ
by the Technical Committee at para 2 (i) and 2 (i) before occupying their houses.

Endst. No. 5367 - 5371 / MA, Dasted: 02.05.2023

A copy of the shove is forwarded 10 the following for information and necessary action:

1. Commissioner of Police, Ludhiana
1.

Commisstoner, Munisipal Corporation (MC), Ludhiona - for information, and
with o request that Building Inspectors may

kindly be directed 1o lizise with the
residents of the affected orea for i of the suggestions of the
Technical Comminee, as detailed a1 Para 2 (1) and 2 (i) ebove.
3. Civil Surgeon, Ludhiana
4. ADC, Khanns

5 SDM, Ludhiana {(West)

ADeputy ;E“%

dhizns
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AnvnexuRe jf'-’ir

eI foud afimasa - o - fagy NMiawede, sfawe

OFFICE OF THE DEPUTY COMMISSIONER - CUM -
DISTRICT MAGISTRATE, LUDHIANA

ORDER: ¢
ER:  Constitution of Committee of Officers for conducting multi-sectoral
Inquiry into the incident of Gas Leak at Giaspura, Ludhiana today
Le. on 30.04.2023

A In \rim: of the gas leak incident thet took place in Gi TR
h.nmh " 0y moming i.e. on Sunday, 30.04.2023, a Committee of the following officers is,
¥+ constituted, for conducting multi-sectoral inquiry into this incident:

) Fo ;
Ms. Swati Tiwana, PCS, SDM, Ludhiana (West), Mobile No. 75081-61360

- “Mr. Kulpreet Singh, PCS, Joint Commissioner, Municipal Corporation (MC),

Ludhizna { Mobile No. 98558-83389)

E :Kﬂhhn Sehgal, PPS, ACP (Zune-2), Ludhiana (Mobile No. 98150- 02180) »~
- RK Ratra, Superiniending Engineer, PPCB, Ludhiana (Mobile No 98789-

50525) : e ’ A

Mr. Paramjit Singh, Superintending Engineer, PPCB, Ludhiana (Mobile No.

O8Vav-50532) —

& Mr. Gaurav Puri, Dy. Director (Factories), Ludhiana (Mobile No. 96460- 15878)

L]

ey mfmwﬂﬂmmiﬂmmﬂmduﬁMmmghpmh:hmthcmmufﬂx
incident end submit its report by tomorrow i.e. by Monday, 01.05.2023.

T——

.H_‘__-'IL

ADC [Gﬂ'll-.il)g"
Luodbkar

Endst. No. 5318 - 5321/ MA, Dated: 30.04.2023

A copy of the above is forwarded to the following for information and

Bclion:

i Commissioner of Police, Ludhiana

A Commissioner, Municipal Corporation, Ludhiana

3. Chief Engineer, PPCB, Ludhiana

4, To all the members of the above-said Committee, for information and necese

compliance "y
.::Ij‘—r‘
ADC {GIIII'I.‘;.,
Ludhisna

::';'Fﬁel-ﬂ s oo ol 05213 and INGPECiEd e biive sva il ik Aoy e
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eI faud afimsa - a1 - o Afarede, gfimre
OFFICE OF THE DEPUTY COMMISSIONER - CUM -
DISTRICT MAGISTRATE, LUDHIANA

==
To,
ACS-cum-Financial Commissioner (Revenue),
Depariment of Revenue, Rehabilitation & Disaster Management,
Government of Punjab, Chandigarh
Mo, 3372 | MA, Dated: 02.05.2023

SUBJECT: Third & Final Report on the Gas Leak incident st Glaspura, Ludhiana
(Punjab) af around 7:30 AM on 30,04,2023 {Sunday)
Beference: (i), First Report on the above incident, which was sent vide No. 5331/MA
dmted 30.04.2023
(ii}. Second Report on the above incident, which was sent vide No, 5337T/MA
dated 01.05.2023

With reference to the above subject, it is submitted that the First Report on the
above incident was sent to your (MTice vide this office letter bearing Mo, 5331/MA dated
30.04.2023 while the Second Report was sent vide letter bearing No. 5357/MA dated 01.035.2023,

1. As reported in the First Report, immediately afier the gas leak incident was
reporied at around 7:30AM on 30.04.2023, senior officials of District Administration, Police
Commissionerate, Municipal Corporation (MC), Ludhinna, medical teams and forensic experts,
a5 well as the 13th NDRF battalion stationed at Ladowsl, Ludhiana and Tth Battalion, NDRF
stationed ot Bathinda rushed to the spot, The affected area was evacuated and cordoned off.

2 The NDRF teams began taking readings in the affected area with the help of hand-
held gas detectors, especially near the seven (07) manholes from 1pm onwards on 30.04.2023
{Sunday). At 1pm on 30.04.2023, the level of HzS at surface of one of the manhole was 15 ppm.
While the reading of HzS on the surface was between 10-15 ppm, it varied between [00-200 ppm
inside the manholes. Subsequently, on the advice of Dv. Anjan Ray, former Director, Indian
Institute of Petroleum (1IP) and an expert, the decontamination of the area with diluted caustic
sodn was started in the evening of 30.04.2023. NDRF teams informed that, on 01.05.2023, from
4AM till 4PM, readings were taken. As per the latest reading taken by NDRF at 4PM, the level
of H5 inside the one (01) manhole near Aarti Clinic, Giaspura, was 2 PPM, while CO level was
Feero. Inside the other remaining six (06) manholes, both the HyS and CO was Zero. As per the
report of NDRF, after this, the H;5 levels in the ambient air were recorded as Zero,

1, Keeping in view that the levels of HyS and CO have fallen 1o Zero in six (06)
manholes and 2 PPM in the 7ih manhole ot 4PM on 01052023, an Order constituting three (03)-
member Technical Committee comprising of XEN, Water Supply & Sanitation (WSS),
Ludhiana; XEN, PWSSB, Ludhiana, and XEN (O&M Cell), MC, Ludhiana was issued vide this
Office Endst. No. 5362-5366/MA dated 01.05.2023. This Committee was entrusted with the task
of physically checking the area still cordoned off by the Police ie. 25 metre radius from the
affected area for other factors uffecting The Safely of residents, give suggestions, 1T any, 10 Ensue

the safely of public, and submit its report thereof to ADC, Khanna by 01.05.2023.

i Pursuant 1o the issuance of the above Ovrder, the Commitee officials visited the
affected area on 01.05.2023 and inspected the three (03) buildings where the incident had
happened on 30.04.2023. The Commitiee, in its report submitted on 01.05.2023, observed that
these buildings have very less or no provision nrcwmﬁmmmwmhw
vent pipes nor exhaust fans. One druinage vent was found inside the residential room of the
building of Aarti Clinic, which should not have been there. Furthermore, these buildings are very
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“ongested. In view of the above observations, the Committee made the following suggestions to
Prevent occurrence of such un incident in the future:

(1). The buildings should have provision for proper cross-ventilation so that there is
N no possibility of any suffocation.

(if). Washrooms should have exhaust fans and vent pipes so that the gases may be
discharged,

). With regard to the main sewer, the Committee suggested that all the manholes in

the affected arca should be provided with road gulleys or vent shafis so that the
sewer gases, which are formed inside the sewer pipes, are discharged via these
road gulleys or vent pipes.

3. A report as to the law and order situation in the affected area was taken from the
Office of Commissioner of Police, Ludhiana, ADCP (South), Ludhiana, in its report 1o this
Office sent vide No. 309/5A/ADCP South Ludhiana dated 02.05.2023, has reported that an FIR
No, !12 dated 30.04.2023 w's 304 of IPC was registered at PS Sahnewal. Investigation in the
case 15 ongoing and all possible angles are being probed. The situation in the area is peaceful.

Keeping in view the NDRF Report us per which the HyS levels in the ambient air
were recorded as Zero a1 4PM on 01.05.2023 and the report of the police today mentioning that
the law & order situation in the affected area as peaceful, the police cordon - which, on the day
of the incident i.c. on 30.04.2023, was of 250 metres radius from the affected area and was
subsequently reduced 1o a radius of 25 metres from the affected aren yesterday i.e. on 01.05.2023

- was removed with directions to the Municipal Corporation (MC), Ludhiana to carry out the
tasks required for implementing the suggestions made by the three (03)-member Technical
Committee detailed at Para 4 (iii) above. Furthermore, the residents of the area have been
advised to carry oul the tasks suggested by the Technical Commitiee ot para 4 (i) and 4 (ii)
before occupying their houses,

f. In the meanwhile, it is worthwhile to mention here that the Honble National
Green Tribunal (NGT) has taken suo-moto cognizance of the incident today from the news item
published in India Today dated 30.04.2023, and issved an Order in Original Application No.
32772023 dated 02.05.2023 wherein an eight-member fact-finding joint Commitiee to be headed
by Chairman, Punjab State PCB, has been constituted with further directions that the Committee
may meel within one week from the date of order and complete its task preferably within one
(01) month, Also, the Hon'ble Tribunal has directed the undersigned to ensure payment of
compensation @Rs, 20 lakhs each to the beirs of 11 persons who have died, deducting the
amounts, if any, already paid within one (01) month. The Commitiee has also been directed 10
mention the details of persons who have died and persons injured with extent of injuries suffered
by them, and further to recommend measures to be taken in future to prevent such incidents, A
copy of the Order is enclosed herewith for your ready reference and perusal, please.

The report is submitted for your kind information, please.

Y Deputy Commissivher,
= Ludhiana .

Endst. No. 5373 /MA, Dated: 01.05.2023
A capy of the above is forwarded 1o the ACS to CM, Punjab, Chandigarh for kind
information, please.

Deputy Com ¥
Ludhiana
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From : ngtgasieatiMic BgmaiL.com m..mz;r“
Euh:ﬁ‘“-mmm”w m
Te i gurmnam «

Shifnamsingh. cochinic.in, itrindia.org, directon(iitrindla.org, Sheslendra
Pratag Singh tmm:-,mw <pgimeniichd.ic.in>, pym lakshemd
pm_iakshri@yathon.com, dg ndrf <dg.ndrinic.in, uttamchand? | |S@gmai com, Surabhi
Malk <de.idh@pungab. gov.in>, commissionermciPgman.com, mspechegmall.com

©c+ coekudhuana @yahoo.com, pochen!idhBgmaicom, seero2idhppch yshos,com,
hairmanppcgyahes.co.in

The: madl is farvarded in refenence to Letter o, 14223-29 dated 20.06.2023 and email dated 22.06.2023
"""" —mem.h..__
”“:“*m"ﬂfmmmmm

Date: Thu, Jun 22, 2023 at 5:45Pm

Sulppect: M%md’w

To: PtgasieakdMc <rxigasieakMofomail.com>
Sent: Saturday, May 20, 2023 7-04:01 P
Sulbvpect: «idhimiscen Af o

SR,
PLEASE SEE THE ATTACHED FILE,

/- g
Azadi g,

AmrtMahotsav
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k13 ndr in
13" Bn NDRF
Ladhowal Camp
Ludhiana(Punjab)
PiN- 141008
16111 1/Cps NDRFI2023/ 15 € S Jo May 2023
Chairman
Punjab Pollution Control Board
Email - chariman ptl ppcb@punjab.gov.in

Inputs and findings of the incident slongwith photographs of gas leakage at Giaspura,
Ludfiana (Punjab) on 30 Apr 2023 is enclosed herewith as per appendix attached as desired please

iumm:l

Commandant
Encl ® As stated above Commandant 13" Bn NDRF
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N!Nl%mmmaummdufﬂrmmcidant:nulndhlrﬂuduwm
Vil administration. Another team under Insp (GD) Lal Singh Sukhwal assisted civil

administration in evacuating the persons of nearby houses to safer areas Details of rescued
Persons -

S/No h'llﬂ'li- of rescued persons Age Sex

e Male Female
@) [Raushan Al 48 Male -
(B) |imran Ali 17 Male -
(€) [Trannum Khatun 15 . Female
(] |Araju Khatun 14 - Female
(&) [Shabnam Khatun 1 - Female
(ff |Sabana Khatun 10 : Female
ig} [Sabina Khatun 07 . Female

8. Commandant 13" Bn NDRF also reached at incident site at around 1200 hours and took
the stock of sduation. He discussed with Commissioner Sh. Mandip Singh, Commissioner
Ludhiana, DC Mrs Shurbhi Malik, 1AS and DC Corporation Mrs Shena Aggarwal, who were
present al the incident site and supervised the operation further.

T Mearwhile as per dwections of HQ DG NDRF, a team of 7 Bn NDRF strength
01 GO 04 50s and 25 Rescuers also reachad incident site at 1330 hours under supervision of
sh. Santosh Singh, Commandant ™ Bn NDRF alongwith Gas Alert Micro - V detector.

Jn tasting through Gas Alert Micro - V detector, it was revealed thal Hydrogen Sulphid gas
[H:5) has contaminated the air and caused the incident. Inihally the level of air contamination
was found 190-200 PPM. Then the state medical authority used Caustic Soda in sewage and
flushed out with water to get the level of contamination down Thereafter the air contamination
level came down between 02-15 PPM. Further civil administration called up experts from

CSI0 (Central Scientific Instrument Crganization) Chandigarh who nad taken the sample for
further investigation.

8. Teams of 13 Bn NDRF and 7 Bn NDRF stayed at incident site for two days, checked air
contamination on next day The sduation was found normal by evening on 1™ May 2023

Operation was calied off with consent of civil authorities on 01 May 2023 at 2200 hours and
teams left for their respective locations

] Some photographs of operation are attached as Annexure.

{lma%;

Commandant
Commandant 13™ Bn NDRF
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. ived through Sh. Sameer Verma, SP
1 Un 30 Apr 2023 at 0820 hours information rece .
Ludhiana (Punjab) by Sh. Uttam Chand, Commandant 13 Bn NDRF about Gas leakage incident
which happened in Giaspura, Sua Road, Ludhiana (Punjab) in which D4 p&rm found spot
dead and 02 were senously affected. SP asked for NDRF assistance immediately and he also

mld'lhmtypunfgunm:nurcunﬂamlsnuthnmmmlmu

. Accordingly, 8 team consisting of strength 03 SOs and 28 Rescuers led by Insp Lal Singh
Sukhwal (Mob-7005890727) under the supervision of Sh. Dev Raj, Deputy Commandant with
04 x vehicles and all available CBRN equipments laft from Bn HQ at 0900 hours. The distance
of incident site from Bn HQ is approx 30 Kms. Team reached at incident site at 0940 hours.

3 Sh, Dev Raj, Deputy Commandant met with DC Mrs Surbhi Malik, Commissioner
Sh. Mandip Singh and took the stock of present situation and assessed the situation.
He advised the civil administration to vacate and seal 500 mitrs surrounding areas of the
incident site immediately so that further damage could be prevented. After assessing the
situation NDRF team established the operation base/ command post at a safer distance as per
protocol  Team Supervisor Sh Dev Raj, Deputy Commandant passed safety instructions to all
rescuers and also advised Police, civil administration, public and media to maintain safe
distance from the incident site. Team planned to execute operational tasks in 03 phases
as under -

(a)  Phase-l. To search incident site to find out victim/unconscious person.
{b)  Phase-ll. To find out the source of gas leakage and plug it.

(c)  Phase-lll. To search nearby houses and lastly to carry out confirmatory
search.

4 A Bub team entered o the incident area wunder supervision of
Sh. Dev Raj, Deputy Commandant. Intially the sub team tried to find out live victims in the area
but no one was found at first sight. On further search the team observed that the contaminated
gas was passing through three manholes of sewage pipe line passing along the road
They successfully plug two of them as the iid of third manhole was broken NDRF team adviced
Municipal Committee empioyees 1o replace the broken lid and which replaced by them
The leakage was reduced to some extent. The sub team further searched the two buildings in
which 04 wictims were found dead and found a pet dog which was tied with chain on roof and
was still alive, team rescued it and handed over to civil authority.

5 After half an hour, sub team was replaced by other sub team and team started
confirmatory search of first floor of affected buildings. The team found that a door was latched
from inside and it was also revealed that some people were suspected 1o be inside the room
Matter was irformed to team commander and they tred to open the door but even afer
conbnuous knocking no one opened the door. The sub team made a lot of efforts o encourage
and convinced them and thereafter finally door was opened from inside  After entening tha room
wmam.mhmﬂnmmmsmumwmuu?mmm1Tmumh.mdhi.dmg
nside the room due to fear of incident
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Annexure

o
RAPHS OF OPERATION GAS LEAKAGE INCIDENT AT GIASPUR.N

s LUDH (PU ) ON 30 A 2 :‘ITHHHDEF

DHIANA (PUNJAB) ON 30 PR 202
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Day of incident, , department of

On receiving the Information sbout the disaster at Glaspurs with the incidence of
Hmm?ﬂhhﬂﬂtmm. Emergency disasier leams were activated
M+Wmmnmmmmnm-mmmmw

ordering the Senior Medical Officer of the Civil Hospital, Ludhiana, to be equipped to
handle the emergency.

r

Emergency disaster response is divided into four zones.

Officers deputed were

1. Dr. Charan Kamal, Medical officer, Forensic medicine and tosdcology expert, civl
hospital Ludhiana,

2. Dr. Vishal deep Chopra, Medical Officer, Emergency, Civil Hospital, Ludhiana.
3. Dr. Manju, Medical officer, Civil Surgeon, office, Ludhiana.

Ambulances were equipped with necessary emergency lreatment kits, three fxed

cxygen cylinders, two patients’ portability capacities, and three poriable oxygen
cyiindars.

Al three teams consisied of one doclor, cne class four, and one pllot.

108 Ambulances/ NGO/ privale ambulances and even private vehicles transfered ihe
patients 1o the Civil District Hospital Ludhiana and nearby hospitals like SPS Apollof

Oswal Hospital. There was no hassle reporied in transferring the victims o healthcare
tacilities.

Dr, Charan Kamal and his team siayed there till 12.30 PM to analyze the situation,
being @ toxicology experl gave his input to evacuate the area, and assisted the
administration Lo take steps lo limit further damage by advising the practical inputs such
aé using the masks, a practical tour of the affacted area helpad to analyze the site ol
leakage, a8 probable diagnosis of the type of the ges and il's loxic nalure. Kept a
constant louch with the team no 2, the team of multi-specialist doctors for the Ireatment
of the victime established back at the base that Is District/Civil Hospital Ludhians and
pave valuable inpuls to analyze the signs and symploms of the victims and findings of

the dead bodies. Our team drew a hypothasis of Hydrogen sulfale poisoning and toxicity
of methane, eic., by .30 AM only,

Y |

(¥ 5canned with OKEN Scanne
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.Mmmwﬁwm;mh 2.00 PM,
m.hwdnumhummmmm

Treatment for the Minor toxicity effects in the form of headache and confusion wers
MhhhﬁmmWMHﬂmhrhm

Team No. 02 Emergency treatment team.
Officers deputed were

Dr. Harinder Singh Sood, MD,

Ludhiana,

Dr. Sukhdeep Kaur, MD, Medicine, medical officer, Civil Hospital Ludhiana,

Or. Amandeep Kaur, MD, Medicine, medical officer, CHC Dehion and
Dr. Harloen Kaur, MD Ophihaimology,
Or. Harpreet Singh, Medical Officer, emergency, Civil Hospital Ludhians.
They were present at the district hospital in Luchiana.
They received o victims and nine dead bodies during the emergency.

mu.smwnm*mr.mﬂm

5.n0 | name Presenling Treatment | Investigations Other
symptoms and rasulls
1.| Unknown | 08.10 AM- Medicine/ CBC- WNL Date of
later Suffocation due o aye/ LFT -WHNL admission
identified | gas leakage, Continuous | RFT -WNL 300472023,
as  Mr. | imitation of eyes, | oxygen ECG-  SiNUs | 28.10AM
Niin | bluringof vision, | inhalaion, | TACHYCRDIA | SR
Kumar | unresponsive, Steroids, | ABG- WNL L
Sio GCS 09/15, Antibiotics | SELECTROLYT | (iecparmag
Parmod | E2VZMS. and ES- WNL. 01/05/2023
Kumar, |BP 150/110 symptomatic in  stable
40/m, SPO2-88 % treatment. condition.
flo PULSE 99/MIN
Glaspura | 09.15 AM-
. 120/80, SPO2- 100
%
PULSE 105,
Now fully consclous,
alerl, responsive lo
commands, irritation
in eyes minimal,
| - 10.45 AM, GCS

/8
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08.10 AN~ Medicinel | CBC- WL Date

LFT “WNL admission
gas leakage, Continuous | RFT <WNL 01042023

oyos, | oxygen ECG-  SINUS |00.10AM,
bluming of vislon, | inhalation, | TACHYCROIA | CR

: Slerolds, | ABG- WNL 9881/2),
GCS 0W1S, Antiblotios | 8. ELECTROLYT

SV, IR LU 7

PULSE B7/MIN :
Rbs 220 mmal,

09.10 AM-
132103,
'&Pﬂ:‘ 1m “r
PULSE 87,

WY
g

g
“

L
:

The signs and symploms are suggestive are acute Inhalation poisoning

revarsal was done successfully, —
This team along with consultation with Dr. Charan Kamal Is present at the sile and
Mhmmwmdﬂnﬂnﬂmdmﬂummwy

m.n-nnmﬂwmmhmm rameadical
Eﬂ:ﬂl_mtﬁmnﬂdhbﬂnMdhﬂdtyﬁm -

N4

-
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Hﬂm.mEmmqmmemm.mmmummuﬂm
wmmwmﬂuﬂmrmﬂuphmdwhhhﬂﬂmmhm
were having pale faces, congested conjunctivas of the eyes, hemomhagic mucosal
membranes, discolored brains, discolored lungs of groenish purple color, and
Mwuuhmummmmm_ﬂﬁﬁim}
mmm w“:;m.; pdfu- uﬁ:mm analysis at State Chemical Laboratory Kharar

ga son for the Histopathology examination from the Govemment
Medical College Rajindra Hospital Paliala, -

The rotien eggs smell at the localily, the constant imitation to the mild headache,
mmm_hmm.mmmﬁhm‘ﬁumﬂ
wmammmmwwnmwmmmmh
hhmdhuﬁaﬂu.iﬂhﬂmhmmhﬂanmhhmﬂmiﬂng
saturation, hraaﬂrluum[undmwmmhmpnﬂeﬂmﬁn,
suggestive of hydrogen sulfide and methane toxicity,

The perormance ﬁﬂ“ﬁﬂ%ﬂﬂﬂmmmm“hmﬂ
discussion with higher officials of the health department, the department of medicsl
dmmm“m.mmumammﬂmmm
of Government Medical colleges of Patiala/ Amritsar, elc.

Thmﬁﬂmdmmmmmyhmﬂhmwmm
the saving of two preclous lives and the compietion of the emergency disaster
m.mmmmwumwmmmwmm
meam.mmmmhw This
board did a detalled postmortem examinstion of the dead bodies of ton bodies. from
04.00 PM fo 10.00 PM.
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Other treati
m.m"m'ﬂ"“ and other paramedic staff of Civil Hospital, Ludhiana
lob by taking care of patients for 24 hours.

Timm.mMnhﬂmm-uﬂﬂm

brought by police from SPS Apalio haspital. A postmortem examination on sl 11
MﬂmummMWLMmmmmmﬂdwnh
police with due respect, . .

mmmﬂmmdmwmmm
Pﬂlﬂrmﬂuniﬂnﬁlhnﬂmdlndhuﬂummnduﬁﬂdmm,wmm
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status report, 23/06/2023
It is humbly submitted that only two reports amongst eleven have been

received till date from GMC, Patiala. (Reports already sent) via email

All eleven chemical analysis reports are pending from Chemical
Laboratory Kharar. It is further submitted that the cause of death was

already given and viscera was kept for ascertaining the type of
intoxicant only. The histopathology examination received in above said
two cases are showing acute tubular necrosis and intense congestion of
lungs which are again suggestive of inhalational poisoning.
The report of chemical analysis is always dispatched to the concerned
police station and all eleven chemical analysis reports are pending from
Chemh:il Lahuraturv thamr

Tﬂhar#-'l-hﬂhﬁ“"!"g’"‘w [] M}mh#
EWE___
Modi SRz umert |

L.M. Civil Hospiw
Ludhiana

u m mﬂ“ﬂ Scanner
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Emergency response team performance, department of health, Ludhiana

Dln remwm.g the information about the disaster at Giaspura with the incidence of
= gad_ toxic gas leakage at B:00 AM. Emergency disaster teams were activated
‘mmediately. Civil surgeon Ludhiana personally monitored the teams and led the way by

ordering the Senior Medical Officer of the Civil Hospital, Ludhiana, to be equipped to
handle the emergency.

Emergency disaster response is divided into four zones.
1. The visit to the disaster scene:
Officers deputed were

1. Dr. Charan Kamal, Medical officer, Forensic medicine and toxicology exper, civil
hospital Ludhiana.

2. Dr. Vishal deep Chopra, Medical Officer, Emergency, Civil Hospital, Ludhiana
3. Dr. Manju, Medical officer, Civil Surgeon, office, Ludhiana.

Ambulances were equipped with necessary emergency treatment kits, three fixed

oxygen cylinders, two pabents’ portability capacities, and three portable oxygen
cylinders

All three teams consisted of one doctor, one class four, and one pilot.

108 Ambulances/ NGO/ private ambulances and even private vehicles transferred the
patients to the Civil District Hospital Ludhiana and nearby hospitals like SPS Apolio/
Oswal Hospital. There was no hassle reported in transferring the victims to healthcare
facilities.

Dr. Charan Kamal and his team stayed there till 12.30 PM to analyze the situation,
being a toxicology expert gave his input to evacuate the area, and assisted the
administration to take steps to limit further damage by advising the practical inputs such
as using the masks, a practical tour of the affected area helped to analyze the site of
leakage, a probable diagnosis of the type of the gas and il's toxic nature. Kept a
constant touch with the team no 2, the team of multi-specialist doctors for the treatment
of the victims established back at the base that is District/Civil Hospital Ludhiana and
gave valuable inputs to analyze the signs and symptoms of the victims and findings of
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g o _—
dead bodies. Qur team drew a hypothesis of Hydrogen sulfate poisoning and toxicity
the .

of methane, etc., by 9.30 AM only.
Or Vishal stayed along with the team up to 2.00 PM,

Dr. Maniju along with her team stayed up tuntild PM.

in the form of headache and confusion were

Treatment far the Minor taxicity effects rovided by the teams.

seen in the local population, Medicines and consultations were p

Team No. 02. Emergency treatment team.
Officers deputed were

Dr. Harinder Singh Sood, MD, Medicine, Senior Medical Officer, ART, Civil Hospital
Ludhiana,

Dr. Sukhdeep Kaur, MD, Medicine, medical officer, Civil Hospital Ludhiana,
Dr. Amandeep Kaur, MD, Medicine, medical officer, CHC Dehlon and

Dr. Harleen Kaur, MD Ophthaimology,

Dr. Harpreet Singh, Medical Officer, emergency, Civil Hospital Ludhiana.
They were present at the district hospital in Ludhiana,

They received two victims and nine dead bodies dunng the emergency.

This team along with consultation with Dr. Charan Kamal is present at the site and
keeping in view the signs/ Symptoms of the victims decoded the probable cause very
quickly. The vast expenence of our medical specialists and other paramedical staff
helped these patients/victims to come out of the toxic effects of toxicity of gases.

Team no. 3. The Medicolegal team:

Under the direct supervision of:

Dr. Vivek Kataria, MS General Surgery, Assistant Civil Surgeon, Ludhiana. Our
Medicolegal team was constituted and put into action for the necessary examination. As
spon as police officials produced Inquest papers regarding the deaths of the ten people
for the postmortem examination. A board of doctors consisting of Dr. Charan Kamal,
MD Forensic Medicine, and Toxicology, Medical Officer, civil hospital Ludhiana, Dr
Saurav Singla, MS Orthopedics, medical officer Civil Hospital Ludhiana, Dr Geetanjali
Kalyan, an Emergency medical officer was framed This team observed that all the



362

\\em h ‘have almost similar findings of asphyxia due to inhalation poisoning As they
. aving pale faces, congested conjunctivae of the eyes, hemarrhagic mucosal
membranes, discolored brains, discolored lungs of greenish purple color, and
generalized cyanosis on the dead bodies. They also kept the Organs (viscera)
preserved appropriately for the chemical analysis at State Chemical Laboratory Kharar

ot ﬂm type of gas/ poison for the Histopathology examination from the Government
Medical College Rajindra Hospital Patiala.

-~ The rotten eggs smell at the locality, the constant irritation to the eyes, mild headache,
and mind confusion in the people, who were present at the scene were suggestive of
hydrogen sulfide and the symptoms described by the patients/ victims at the hospital in
the form of headache, irritation in eyes, confusion, irmitation in the oral mucosa. falling
saturation, breathlessness (and even unconsciousness in one patient were also
suggestive of hydrogen sulfide and methane toxicity.

The performance of all team was beyond words. These teams were in constant
discussion with higher officials of the health depariment, the department of medical
education and research, the head of the depariments of various specialist departments
of Government Medical colleges of Patiala/ Amnisar, etc.

The collective efforts of these three emergency teams of the health depariment led to
the saving of two precious lives and the completion of the emergency disaster
response. The response from the General administration, higher officials of the health
department, the Department of Police, and other paramedical staff was helpful . This

board did a detailed postmortem examination of the dead bodies of ten bodies from
04.00 PM to 10.00 PM.

Team No. 4

Other treating physicians and other paramedic staff of Civil Hospital, Ludhiana
did a commendable job by taking care of patients for 24 hours.

In total O dead bodies were received at the civil hospital Ludhiana and 2 dead bodies
were brought by police from SPS apollo hospital. A postmortem examination on all 11
hodies was done al civil hospital Ludhiana and dead bodies were handed over to the
police with due respect.

And made reversion of toxicity of two victims successfully.
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Drpartment of P ihabogy
Governmem Medical ( allege, Patlals

ML 14413
Prspatch No. . 614 m Dated- 31 M8 21
9. Dr Saurav Singly 1y Cieetanjali’ De Charmn Kamal
MO, LMCH , Ludhiana
mﬂ;:ﬂmﬁulmmunm“mru-u-n.-rtunuunnurw.mnr

each hidney ol deceascd Aryan s'o Kavilash Kumar, vide PMR No PMRCKL/197:2)

in o sealed jar with | seal along with senled envelope with 6 seals by SC
Deepak/3879 and received by Dr Arpita IR Puthology in the deparment on $/5123,
GROSS EXAMINATION

Cight -200 grams, Thickness of Lefi Ventricular Wall - 0.7 cm, Thickness of Right Ventricular
W:lll-njml.lq :!mhdpmnfhmhu.l'mnrlu‘—mlq 10 % 6 x 5 cm, weighing 50

« weighing 50 g, Liver: Part of liver measuring 9x 8x 5 cm,
weighing 190 p. Kid

: 1" part of kidney measuring 4 x 3 x 2 em,
weighing 50 gm. i*pmuﬂlduymuuhj.:::; I Scm, weighing 20 gm. Spleen: Received part of
sploen measuring 7 x 2 x Zem « Weighing 50 gm,

MICROSCOPIC EXAMINATION

.'1_
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Re: rogarding Giaspura ncigont
Dr Charan

M%Wm i‘m.mﬂ.?ﬂﬂuﬁ-srm
Te: sdmidhwest@gmail com
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ArtRean/23,.22.99 firaft: 26-06-2023
e fell,

frms mews,

Bitmirar |
figmr: Case Report of Gas Leak Victims admitted at CH, Ludhians on 30-04-2023
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1. Gaurav, 45/ Male was admitted at CH Ludhiana vide Cr. No. 9880/23 on dated:
3"}'“4'10113 with alleged H/o Toxic Gas Inhalation (Nature of gas not known).
At the time of presentation he was in altered sensorium, irritable, non
cooperative and was not oriented to time, place and person with no injury mark
over his whole body. Treatment was given according to protocol after 3 hrs of
treatment he was fully conscious and start taking orally, walking and talking. He
has given the H/o inhalation of some pungent smell followed by dizziness. His
all blood investigations X-Rays, ECGs all were normal and was discharged in
stable condition with no residual disease or any permanent deformity on 01-05-
2023 and called for follow up after 3 days. But patient did not came for follow
up.

2. Nitin S/o Parmod Singh, R/o Sua Road, Giaspura, Ludhiana, 40/ Male was
admitted at CH Ludhiana vide Cr. No. 9881/23 on dated: 30-04-2023 with
alleged H/o Toxic Gas Inhalation (Nature of gas not known). At the time of
presentation he was in altered sensorium, irritable, his Spo2 was 80% on room
air, non cooperative and was not oriented to time, place and person with no
injury mark over his whole body. Treatment was given according to protocol
with 100% oxygen 1.V fluids and after 4 hrs of treatment he was fully conscious
and start taking orally, walking and talking but he felt a little weakness in his
legs and arms during stay at hospital. He has given the H/o inhalation of some
pungent smell followed by dizziness. His all blood investigations X-Rays, ECGs
all were normal and was discharged in stable condition with no residual disease
or any permanent deformity on 01-05-2023 and called for follow up after 3
days. But patient did not came for follow up.



Urit of Mohan Dal Dewal Cancer Tristment & Ressarch Foundstion)
(A CHARITABLE MNSTITUTION)

0. T ROAD, SHERPUR BYE PASS, LUDHLANA-141 000. PH. : 0981-2076100, 5234444, 5004538, 38, 40.
To E-mall :- contactfimoh.org.n « Wabaka -
Civil Surgeon Office
Ludhiana

MOHANDAI OSWAL HOSPITAL ®

Subject:-Medical Fitness of patients admitted with Gas inhalation at Mohandal Oswal
Hespital, Ludhiana, who were discharged at stable condition with.NO PHYSICAL INJURY.

This is to state that Patient iy Dewl, CR Mo-761475, Age-29/F, came to Mohandai Oswal
Haspital emergency an 30/04/2023 at around 8:30 am with history of inhatation of
unknown gaseous substance after gas leakage near Goyal Kiryana store, At the time of
admission, patient was not evidenced with any physical injury, Patient came in MOH in
drowsy state, on arrival patient GCS was E2VIMS, vitals were BP-110/70, PR-90/min, Temp-
978, RR-14/min, 5PO2- 96%. Patient conservatively managed and treatment incorporated
accordingly. After 30 minutes patient GCS improved to E4VSME. Patlent UPT came out to be
positive in view of that Gynae consult was taken and no active intervention was advised.
Patlent was managed with IV fluids, antiblotics, high fiow 02 support, and ather supportive
measures. On 1/05/2023 pathents vitals were stable , was conscious | oriented and being
discharged in hemodynamically stable condition.

This |s to state that Patient-Rajesh Kumar, CR No-761474, Age-28/M, came to Mohandal
Dswal Hospital emergency on 30/04/2023 at argund 7:20 am with history of inhalation of
unknown gaseous substance after gas feakage at Goyal Kiryana store. At the time of
admission, patient was not evidenced with any physical injury. Patient becames
unconscious, post inhalation, was agitated. On admission patient vitals were, BP-140/92 ,
PR-72/min , AR-20/min, 5PO2-26%, Temp-37.2. Patient conservatively managed and
treatment incorporated accordingly. Patlent shifted to MICU at arownd 2:30pm on
30,/04/2023, patient was managed with appropriate antibdotics and treatment, Patient
gradually improved, consclous, oriented hemodynamically stable and was discharged on
01/05/2023.

At the time of Discharge there was no evidence of any physieal injury or any impairment
or disability, so both the patients were discharged at physically fit condition.

Regards

Dr Shally

Director- Medical Services

Mohandal Oswal Hospital

GT Road, Sherpur Bye Pass, Ludhizna - 141 009,

Mobile Mo - 9876234531 [ - . |
drghally@moh.org.in Dr. Sha
W—Hﬂci hm::
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AN e e — (ﬁf

Assistant Commissioner of Police
South, Ludhiana

Ta

Sub Divisional Magistrate (West),
Ludhiana

Subject: Status Report pertaining to the progress of
investigation of case FIR no. 112 dated 30.04.2023
wis 304 IPC was registered at PS Sahnewsl, District
Ludhiana related to the leakage of poisonous gas
tragedy.

Memo no.43.5/56 | Aco to Hidated_sa- 6-93

Sir, ,
It is respectfully submitied that in this connection & criminal

case bearing FIR no. 112 datad 30.04.2023 w's 304 IPC was registerad at
PS5 Sahnewal, District Ludhiana which I8 stil under investigation.

Unfortunately, due o this poisonous gas ragedy, 11 persons lost their lives.
The datails of those parsons are a3 lollows:

1) Navwnest Kumar son of Kamodh Kumar resideni of Mohalla Samrat
Colony, Streat No. 7, Sua Road, Giaspura, Ludhiana

2) Neelu Dewi wife of Mawmesl Kumar resident of Moballa Samrat
Caolony, Streat No. 7, Sua Road, Giaspura, Ludhiana.

3) Saurav Goyal son of Ashok Goyal resident of Sua Road, Giaspura,
Ludhiana.

4) Preetl wile of Saurav Goyal resident of Sua Road, Giaspura,
Ludhisna.

(¥ scanned with OKEN Scanner
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5) Kamiesh Goyal daughter of Ashok Goyal resident of Sua Road,
Giaspura, Ludhiana.

€) Kavilash Kumar son of Janak Dev Yadav resident of Majiama, District
Gaya Bihar presently residing at Sua Road, Giaspura, Ludhiana.

T) Verma Dewi wife of Kavilash Kumar son of Janak Dev Yadav resident

ol Majlama, District Gaya Bihar presently residing at Sua Road,

Giaspura, Ludhiana,

8) Abhay Marayan son ol Kavilash Kumar son ol Janak Dev Yadav
resident of Majiama, District Gaya,Bihar presantly residing al Sua
Road, Giaspura, Ludhiana,

9) Kalpana Yadav daughter of Kavilash Kumar son of Janak Dev Yedav
resident of Majiama, District Gaya,Bihar presently residing at Sua
Road, Giaspura, Ludhiana.

10)  Aryan son of Kavilash Kumar son of Janak Dev Yadav resident
of Majlama, District Gaya,Bihar presently residing at Sua Road,
Giaspura, Ludhiana.

11)  Amit Gupta son of Hari Om Gupta resident of Sua Road,

Glaspura, Ludhiana.
Apart from the aforementioned deceased persons, 4 pArsons were

mﬂmmmﬁnummgu.mmum

wﬂﬂmulm:
1) Nitin Kumar son of Kishorl Kumar resident of House no. B-

20/458/4/247 street no. T, Sammat Colony, Guru TeghBahadar

Nagar, Sua Road, Glaspura, Ludhiana
2) Gourav Goyal son of Ashok Goyal resident of 458/88, Sua Road,

Giaspura, Ludhlana

(¥ Scanned with OKEN Scanner
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mﬂunummumammmursunmm
Ludhiang

4) Ralesh Kumar son of Sagar Prasad resident of Street no. 1 Sua
Road, Glaspura Ludhiana, :

It is further submitied thal in order 1o bring the trua facts on record

and 1o find out the truih, a Judicial inquiry was ordered by the Depuly
Commissioner Ludhiana which was earler being conducted by Smi.
ShivatiTiwana, PCS who has now been Iransfermed and now Ihis inquiry 18
being conducted by your goodsed!. It is further submitted that in order 1o
conduct the invesfigation of the aforementioned criminal case in a fai,
Wmlmmwwﬁmmmwm |
tragedy, a_special invesiigation eam_under the supenision of Depuly
Commissionar of Polica (Investigation], Ludhiana was constituted by the

the Commissioner of Poice Ludhiana vide order bearing memo no. 1791-

95/Readar dated 01.05.2023 and this team has been specifically directed !
10 conduct the investigation after examining o the aspects, circumsiances
and the actual cause of this tragedy by minutely examining afl the facts and

hmmwhmmumMamnnh
WMMMM@MMﬂmﬂm
sforamentioned deceastd persons were conducted by the Board of
Doctars and the vidsography of thess posi mortem examinalions was aiso
concucied and the various visceras taken oul from the dead bodies wers

muhdmiﬂwm.mmﬂﬂmnﬂ

Enﬂf awailed. Besi medical sid and wealment was also provided to the injured
mmMIWMWHpm:ﬂmm
and ths residential houses of the decaasad as well as the injured, The main

noles of the sawerage sysiam of the locality were also examined and the

F Scanned with OKEN Scanner
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glectroplat

1o consumelutilze various types of chemicals were aiso inspecied and with
the assistance of the technical teams, SHOs of various palice stations and
ncharge CIA Staff, the footage of the CCTV cameras installed within the
radius of 1 Kiometer of the place of occurmence were aiso minutely
examined and certain inquiries were conducted from the persons residing i
in the locality. The NDRF, PPCB and the FSL teams were also summoned

at the spot and one Canny Plastic containing some chemical fike fiquid was

taken into possession by the NDRF and Punjab Polition Conirol Board !

Team from the house i.e. Aarti Clinic where 5 persons died due 10 this
wragedy. The samples of the sewerage syslem were aiso faken by e :
afficials of Punjab Pollution Conirol Board and the samples of the sewerage
water were also mlmﬂndhrﬂmFmrﬂntaunmuﬂthummmry

mwummmmm.mmmmaﬂﬂfﬂ_ﬁﬁtﬂﬂ!ﬂ&_.

mﬁpﬁmﬂnlnﬁmﬂum like liquid were aiso taken info
wﬂﬂnmﬂmimﬂmmhmaﬂﬂlaﬂhh
mﬁmmwmummmrﬂMMhamummnﬂ
Exacutive Officer, Puniab Biotechnology Incubator. Member Secretary of
the Society for PBTI, C-134, Industrial Area, Phase-8, SAS Nagar, Mohal
for testing, now the report of Punjab Biotechnology Incubator has been
WMMMMMIMMNMHM
axamined by the Special investigation Team from all the angles. The
mﬂmmﬂhmﬂmduﬁm R-1 for your kind
Mwmmﬁﬂwﬂﬁnﬂm_:hu;muﬂlm
Kishore Shah son of Bhajana Shah, Phool Chand son of Chotte Lal, Raj
pat son of Bans Raj, Hari Ram son of Ram Sanehi, Urmila Devi wite of Raj
Kumar, Guddu Kumar @ Guddu son of Davinder Prasad and Mitin Kumar

(¥ scanned with OKEN Scanns



from the officias of Punjab Poliution Conirol Board, JBR Company which
used 0 ift the garbage, Depariment of Factories and Municipal Corporation
Ludhiana. Various technical and scientific issuss were aiso discussed with i
the aforementioned officials in order fo deledt the real cause of this tragedy

by the members of the Specil Investigation Team. It is further submitted
that & team of the experts was also called from IIT Ropar at the spot by the
Special mmmwmﬂhwmﬂm
mmmmwwmmmmmmw
mmmeﬂmmw"mmm
mmmmwummwmwm

wﬂmmmmmmmmwmmum

and axamined by the Special

nwmnmm

dﬂmwmmhllﬂr. imparttal and transparent
nmruﬂmrﬂuﬂﬁuﬂﬂmmdm s being made by this team
mmm&whﬁﬂmﬁhmmmmmumm

thﬂHMMHﬂhlnpﬂhmhhmuhﬁﬂHh
investigation of the aforementioned criminal case peraining to this
mwmhwﬂﬂmﬂﬂmﬂﬂmm
under section 173 CrP.C. will be submilted in the Court of Leamed lllaga

Magistrate Ludhiana.
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Municipal Corporation Ludhiana

Principal Secrelary,
Department of Local Govl., Punjab,
Chandigarh.

No._ 1 £& \ Bc/p natad._';g_\_gﬁlln’*ﬂ‘ ;

Sub: Regarding investigation of the untoward incident of gas leak at Glaspura
area on 30.04.2023.

Sir,

With regard lo subject cited abova, it is submitted that a untoward incident of
gas leak has been occurred in Giaspura on 30.04.2023 and some persons died in
this gas leakage incident. The undersigned constiture a committee vide order
Mo.15/PS dated 30.04.2023 to invitestigate the incident of gas leakage happened in
Glaspura.

The investigation report submitted by the committee is attached harewith for
your kind information please.

DA/ As above
issioner,
Municipal Corporation,
Ludhiana.
No. Dated,
Copy of above is forwarded to the Chairman, Punjab Poliution Control Board,
Patiala for kind information pleasa.
2. Copy of above is forwarded to the Deputy Commissioner, Ludhiana for
information please.
Commissioner,
Municipal Corporation,
Ludhinana.
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Municipal Corporation Ludhiana
Principal E&cmmm
Depariment of Local Govl., Punjab,
Chandigarh,

No,

Daled.

Sub: Regarding investigation of the untoward Incident of gas leak at Giaspura
area on 30.04.2023.

Sir,

With regard to subject cited above, it is submitted that a untoward incident of
gas leak has been occurred in Glaspura on 30.04.2023 and some persons died in
this gas leakage incident The undersigned constiture a committes vide order

No.15/PS daled 30.04.2023 to inviestigate the incident of gas leakage happened in
Giaspura,

The investigation report submitted by the commitiee is attached herewith for
your kind information please.

DA As above

Commissioner,
Municipal Corporation,
Ludhiana.

No_ V6 \Le /o Dated._2.3)0 ¢ \2o22 .
Copy of above is forwarded to the Chairman, Punjab Pollution Control Board,
Patiala for kind information please. ,
2. Copy of above Is forwarded fo the Deputy Commissioner, Ludhiana for
information please.

Commissioner,

Muni Corporation,
Ludhinana.
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Subject:-  Regarding investigation of the untoward incident of gas leak at

Giaspura area on 30-04-2023.

With reference 1o the matter mentioned above, & commitice has been formed by
the Hon'ble Commussioner through office order No. 15/PS dated 30-04-2023 to investigate the
incident of gas leakage that occurred wt Giaspura area on 30-04-2023. In sccordance with the
orders of the Hon'ble Cﬁtﬂmhiim:f,lh::umjm:’qu:uﬂillﬁfﬂlhwli

Qccurrence of the events

L. Mr. Swaran Chand, ADFO, stated that on 30-04-2023 at §:15 am, the control room
of the Fire Brigade, Municipal Corporation Ludhiana received information about a gas leak on
Giaspura Sus Road. Afier receiving the information, the fire brigade personnel reached the spot
wround 0840 hrs and found some individuals lying unconscious in front of the Amul milk shop.
The individusls were immediately taken 10 the hospital by ambulance (Annexure-'A") attached

with photo). Subsequently, the higher officials of the municipal corporation were informed about
the incident.

2. The Honble Deputy Commissioner and Commissioner of Municipal Corporation
armived atf the site, and other officers from the Municipal Corporstion O&M Department, District
Government officials, NDRF team, Punjab Pollution Control Board team, efc. joined them. The
Deputy Commissioner, Commissioner of Municipal Corporation, and all the teams jointly
imspected the site and found that it had a strong smell of rotten eggs. When the teams spproached
the site, the smell of gas became stronger. All the muintenance boleshawdis in the area were
mapped (Annexure-B). The indicating map of the site is artached for reference (Annexure-B-1).
it was seen that some dead bodies found next to the personal haudi of Goyal Cold drink. Also a
mamienance hole near ransformer was covered with a broken cover, which appeared to have
h:mmﬂl}-hmkm,udlh:mllh{dﬂrh]urrhummlmgnﬂlhymlh-:n'tn{l-mchnd
st Annexure-"C’). The visible steel reinforcement of the broken maintenance holes cover was not
mm,mtlﬂmmmlﬂtpnvmwﬂﬂmlhﬁﬂhﬁwﬂﬂddﬂlﬂ
shop was blue in colour from the inside, whereas the haudi of nearby houses did not have this
hhﬂmeMHdMMmmhﬁmuwmmmmg
CDVEL

3. Meanwhile, the NDRF team, along with the Municipal Corporation team and
mmwm;-hymmmnrwmﬁummmmhmdmhmm
sent for testing as per the details below:

1) Muintenance hole opp. Sitars Cinema (E) (54), i) Maintenance hole of main sua road opp. s
mlhmm}{!nﬁ]mmﬁn{mmnumdnpp_ st. no. § near Jushir
Building material {A) (53], iv) Maintenance hole of st. no. 4 {Sample) gali (B1) (A1), v) Gaar of
personal kauds of Goyal Cold Drink (D1} & also & sample was taken from sewer Maintenance
bole in Gisspura park (in the different ares, to act & 1 control sample). The samples have later

h_hﬂﬂuh“lklﬁmummh:mﬁﬁtwdnlh
PPCB 25 well a5 MCL.
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4, ihm“ﬂ“ﬂhﬂluﬂmdp
“‘“““"ﬂn“ﬁh“mmmm_—hn
gases was measured inside the maintenance hole and in the surrounding air, just &t the ground
toval. Lasor S . the ND '.ff;.' was joined by Dr. Surjeet, & representative of the
CSIR Departme . for the same, and this continued throughout the night A copy of
S concentraton of Hydrogen Sulphide (HsS) and Carbon monaxide

22 ' holes as detailed below. [Measurement sheets

'h..
1] 4
A

are

-
tax
ele|lm|o|la|lw (|2

,_
.
=

raion of S was que high (i the rnge of 174
i D1, D2, which were very close to the incident
t n was in the range of
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Tvery 2 hours jointly by NDRF & MC teams. Wherever the gas concentration was high, caustic
soda solution was then used w dilute it The Municipsl Corporation team added Caustic soda
solution to the mamtenance hole chambers as per requirement even durmg the night hours with
the help of sewer jetting. cum- suction machine and washed the effected chambery with the help
of fire tender. It was scen that the gas levels were steadily declining after 10 PM & came within
permusxible hevels after that. These were continued to be measured till around 11.00 AM the next
day, when the levels were found t be within permissible limits.

Details and analysis of the sewer condition in the arcs

7. I is submited that the sewer near the incident site was lsid 20 years ago by
Punjab Water Supply and Sewerage Board (PW5SB). The design statement showing gradient,
slope and discharge cic. was received from the record of PWSSE. The details, along with map
are attached st Annexurs-E. As per the recond, the total length of the sewer linc from Eastman
chowk 1o Guaspurs chowk is | 500 mir approx_

¥ The sewer in the area is 30" id is designed to mke discharge of 3.56 cusec and
designed discharge of this sewer is 7.02 cusec from Node no. N/10/1 w N/1.

» It is submined that one no. of tbe well exist in this area, upstream of this site,
which is having approximately 0208 cusec water generation per day.
% No of water supply and sewer connections Domestic m the area are
 wppeoimately 400 nos. and having 0.104 cusec waste water generation. 66
* nos. of disposal comnections having approximately 0.197 cusec say 0.2 cusec

ﬁmih“hhﬂmWMnhmﬂm
ﬂ‘WM“hiihﬁﬁﬂpﬂrﬂm sewer 15 much more
than the waste water flowing in the sewer system, 5o the sewer system 15 not over loaded.

© The direction of sewer is from Ashirwad Kanda towards Giaspura Chowk and this
sewer is flowing by the gravity as shown in the design statement that the gradicnt of the sewer is
- 12500 e iad Al

.r?IPHEI":ﬁﬁﬁ’ﬁmmﬂmnmmmm
& iiﬂﬂ“##ﬂ:ﬂhmﬂmmumw
the photographs for the same have been attached for
of any problem or blockage i any particular sewer
- 3 per the requirement It was informed by the SDO-O&M,
niﬁ_hHM‘-:qhh“iﬂhMmm

' been done recenly in the month of April, 2023

This was also cvident from the fact that the levels of scworage flow n sower
maintenance hole wes much below the sewer capacity & no overflownyg or blockage w35 vistble

IR
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Also, the residents of the ares had mentioned that there was no issue of blockage or problem in
the sewer flow. (Annexure-"H'),

9. It is also submitted that various gases arc produced due to decomposition of
organic material of sewages, These sewer gases naturally include H2S, which 13 also commionly
known as "Sewer gas’, and is produced as a result of decomposition of organic matier present in
the sewer lines. The levels of such gases may vary inside the sewer, depending on the flow and
the organic matter, 1tﬁpurﬁnmmmmdnum:mhnmhlﬂmhmﬂpm=d where the
naturaily occurring H2S from inside the sewers has caused deaths of any person outside in the
open,

0. Itis also submitted that multiple techniques are usually adopted for ventilation of
sewers, which could lead to regular discharge of the gases imto the air and avoid any
accumulation inside to higher levels,

¥ Ventilating columns: The Ventilation shaft is provided along the sewer line al
various points as per design. Ventilating shaft helps to remove the foul and
explogive gases produced in the sewer,

¥ Ventilating Manhole covers: The manhole covers are sometimes provided with the
perforations, through which the sewer gets exposed w the atmosphere. This will
help 10 achieving ventilation.

¥* Road gulleys: In the areas with common storm water and sewerage system, road
gulleys are provided, which could allow for drainage of storm water inte the
pewerapge system, and also allow for back discharge of gases into the air.

11, InMunicipal Corperation Ludhians there is lack of dedicated storm water system
and generally the shudge sewer is connected with road gullies chambers for the disposal of storm
waler. So there are provision of road gullies chambers in every street and main road, connected
with branch or main sewer line. The existence of road gullies chambers with the sewer line helps
in the dissipathon of foul gases from sewer lines and keeps the sewage ventilated. So with these
chances of scoumulation of foul gases in MC sewer is minimal

12, The sewer length in the ares wos examined ond it was seen that 06 nos. of road
jgullies exist along with the maintenance hole chambers in that stretch having 150 mtr. from
Jushir Building material store o Sitara Cinema. And 19 nos. of road gullies already exists in the
street opposite transformer in Street no. 04, Makkar colony, It is also mentioned that two
sdditional road gully chambers were constructed from Jasbir Building material store to Sitars
Cinema as remedial measure after the recommendation of the joint committes of MCL, PWSSH
& Water and Sanitation Department constituted by Deputy Commissioner Ludhisnn
(Annexure- [}

13, It is aiso mentioned here that the man sewer line has been cleaned as per
requirement and the road gullies chambers are cleaned before every miny season. Further this is a
regular exercise, which is done repented|y.
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Lasues discussed in the mesting of the loinl commities constituied by NGT
4. A fact-finding committee has also been constituted in this regarding of NGT A
meeting of Whis committee was held on O8-08.2023, Various (ssuew as detailed below were
discussed there:

L. Sh. Sheclendra Pratap Singh from Indian Institute of Toxicology research,
Lucknow gave his observation that HyS is natural occurring gas in sewer but such
high amount of concentration is not usually heard of & could be due to anserobic
digestion of sewer waste along with high amount of scid/ metal

W, It was pointed out by Dr. Lakshmi, Epidemiologist fram PGI Chandigarh that no
such report of Hy8 death in open space have been reported anywhere in the world

i, SE, PPCB informed that industries were checked within 50 mtr, 100 mtr & 300
mir of the site & it was found that out of total 113 industries checked, |7 were
found 10 be water polluting, Out of these 17 industries, 4 industries were at the
downstream of the incident out of which 3 were scid consuming and 13 industries
were found at the upstream out of which 11 was acid consuming,

SE, PPCB also informed that they had checked unauthorised industrial units
running from houses’ residential units in the area. On checking, it was found that
23 industries were running from 64 residential premises checked. Out of these 4
industries were water polluting & pickling' electroplating units, which were acid
& metal consuming (3 upstream & | downstream).

¥. SE PPCB also presented samples reports of waste water collected from the
maintenance hole chambers as attached ot Annexure-')'. From these reports, i
was observed that the pH value of sewer water content of three maintenance holes
mentioned at sr. no, B, C & D is between 2 to 3.

A R el Rl R A i M il
-3

¥i. NGT committee then visited the area along with the team from MCL and
interviewed survivors and victims® family members. The interview iranscripls are
stisched st Annexure-'H'. The people interviewed informed cohesively that there
was no report of sewer block in fast few days or months. Further, all the members
told committee that there was » peculiar smell which they had never smelled in
pust. Further, it was pointed out that there are large no. of electroplating and
chemical industries running in this area, which are usually discharging their liquid
waste into the sewer,

Wi The lssue of discharge of electroplating industry in the city was nlso discussed. It
was informed that a common CETF, operated by JBR technologies is responsible
for collecting the wastewnter from more than 1000 electroplating industry in the
region, westing it and then ensuring dischurge a3 per the norms. It was alse

3 suggesicd by member CPCH thut sudnt of various electroplating indistries and

JBR technologics should be conducted by Punjab Pollution Control Board to
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localised area. o/ e

Expert opinions reports

L. It is further submitied that the officials from CPCB visited site of accident
Ginspura, Ludhian on 03.05.2023, namely Mr. G Rambabu, Scientist D, Dr. Narender Sharma,
mnhmumluhmmrumm

B e gt Mihﬂpﬁnm-mmm
- Presence of ' in sewer water as H2S is due to biochemical reduction of the
\1 !ﬂmﬂfﬁmmmumsm
# ' of time depends on the pH of sewer water af that time.

M fﬂhﬁnhﬁﬁuhﬂmmmmw
Mnnﬁwnm#wft-m
containing metals and heavy metals are discharged in the
!lﬂdn#ﬂduhhmﬂm These metal

m discharge of acidic and metallic
an be a source of sudden release of H2S gas

fipr Irﬂlﬁdﬂmuwﬂmﬁﬁnq“
g 1 4.0 Therefore. it may be concluded that pH
water near the howses where deaths occurred is

e of industrial effluent as the cause of
ﬂhmwmgmqﬂu
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“In continuation of our discussions throughout the day today in the aftermath of the
Ludhiana Gas Leak, | have summarized my imisial kypotheses and recommendations
Jfor the consideration of the local administration and of NDMA as follows.

\- Evidence from the medical examiner and his preliminary forensic assessment
suggests that the gas releaved contained hydrogen mulphide (H:5) as the primary
cousal agent. This carrelates with the foul smell noted by some affected residents
and the symproms ouilined by the medical specialirt

i ﬁrmﬂ:ﬂmhnmﬂ.ﬁdrmnumudﬂr}-.mu#mm OO ix colorless
and is ofien found in rewer gas compositions. An authoritative recent review of
] af

i Based on the hypothesis that HyS is the primary causal agent. a frontiine response
of neutralizing the H,5 with appropriately diluted caustic soda has been advired
This appears to be working based on feedback from the team on the ground, as
ambient H8 levels have failen sharply afier the caustic treatment.

. ft may be noted that sudden acidification of vewer contents {for instance, trrough
the shock discharge of acidic efftwent from any electroplating umit in the area)
could cause a surge in HS levels, To determing if this might have been the cause,

IC’FMqumﬂsmumd'mhhrhmugfmﬂnmbemm
cul

v.  Unlike Hy5 there is no way as such of rewtralizing CO. However, TEF WMir
density (~14) is clove to that of air {~14.7) and it should disperse nafurally ot a
rate guicker than HyS (KD~ I 7), which i heavier than air

I, H?Swuﬁnyhﬂibhrﬁrmmmrnvrﬂimfﬂummfﬂdjjﬁw
mngmmmq’dmmMrgmubd},nﬂmijfrﬂnbnw
grownd (typical nosiril level of a sanding person). with the mazimm
conceniration of the ioxic gas being of the ground level. While CO will not show
Mmuumtlmmﬂ_mw:wﬂrrﬁrnﬂ'ﬁnmfm if any.

n Fumu;-mdynfd'ﬂHlmuemdﬂlmﬁﬂtdunpumm:lhmthcrnknrm
mictals in formation and scidification is as follows: (ANNEXLURE- )

b HtH{Ni}:Nﬂdmmutnlﬂyﬂmmhduﬂ:ﬂmﬁmhkﬂh
ﬂ:mﬂﬂz&.immmmm’mmg
mmms.nmmtmurmmmm
scidification of certain environments.

¥ Mlb!:mm-mhﬂmmmﬁrmﬂtm
of acidic substances. It can react with scids, forming zine salts and releasing
hmm-.hﬂvnuﬁhuuqnm-nmnummmmﬂ-m.

vl = = & m
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Chromium (Cr): Chromium compounds can contribute to acsdification when they
dissolve in water, forming acidic solutions.

Iron (Fe): Iron is an essential component in various chemical reactions that lead to
the production of H2S. Iron sulphide minerals, such as pyrite (FeS2), can release
H25 when they come in contact with water and undergo chemical weathering or
macrobial activity. lron can also participate in acidification processes, particularly
through the formation of acidic solutions when iron compounds dissolve in water

24, Conclusion

The sewer system had sufficient capacity and as per the visible scenario, the
cleaning reports of O&M branch of MCL and the feedback from the people

interviewed, there was no report of sewer block in fast few duys or months in the
Area.

Sufficient number of Road gullies were constructed with the mun and branch
sewet line which nct as vent for escaping of sewer gases. Hence the possibility of
accurnutation of gases in large quantity is minimal.

Though there were some meat shops in the ares, bt only one of them was found
to have a sewer connection. Though this could have led to some discharge of the
Organic matter in the sewer, but this could have lead to increase in the production
of H25 gas inside the sewer only. In the current case, there is sbnormally low pH,
with the release of very high concentration of H2S gas from o particular outlet for
a very short span of time, which does not scem possible merely due to a lintle
increase in the organic load in the sewer

Reports of PPCB point out the existence of 2 number of industrial units in the

vicinity (both authorised and illegal), which have been discharging the metals and
acid into the sewer lines,

¥ An audit is also required into the treatment and discharge of wastewater of e
more than 1000 electroplating units m the city through the CETP opernted by JBR
technologies. Without this information, it cannot be ruled out that there has been
mwwnrmmﬂhcmwmm{mm
heavy metals s well) indo the sewer lines of Ludhiana.

Also, the mterviews and discussion with the people of the locality show that there
are a ot of electroplating & other industrial units nearby, some of which could
have heen dumping its waste illegally.

It seems that the incident might have oceurred due 1o some chemical reaction of
mﬁwmmm?mlﬂumtﬂﬁymuﬁﬁ
could have led to o sudden release of very high concentration of H;5 gas for a
short period of time leading w the desth of the people instantancously. This seems

R T
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muuwi#mﬁﬂiﬂlwhﬂm
it e bt

son 1 nto the air from a limited
Jackening of the cover, which does not seem

h#nmnrmn-&

in the future, it is suggested that:
3 shou huwmhwmum
et bn the futar.

.d in houscholds'buildings, i.e., proper

yith proper water seal traps. The water inside
elps ki mpmu&mnmuuqr
e m.mmuwum
g drsinage from the system. Proper vent
br a proper ventilation system.

-
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Materia|

H;5- 190

Sample taken by MCL at 11.35 pp

Transformer
H;5 - 145

Sample taken by PPCB at 04.30 pM
Sample taken by MCL at 04,35 pM

Sample taken by PPCB at 12.40 PM
Sample taken by MCL at 12.45 PM

sample taken by PPCB at 01.40 PM
Sampla taken by MCL at 01.45 PM
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ANNEXURE- B

g

Iding E,] A (s3) Sample taken by PPCB at 01.00 PM

Sample taken by MCL at 01.05 PM

{
Sample taken by PPCB at 12,20 PM
B (51 BLIAL | Sample taken by MCL at 12.25 PM
(] {}
-
{1
Mitco Logestic
[] Pt L,
HyS - 195

ISl
At Clinke
Hy5 - 180
Goyal Cold | ¢omni
mple taken by
D D1 Drink - 4700 MCL at 01.00 PM
D D2 AWM 74
E (54} Sitara Cinema
w0 [} N,

Punjab B | sample taken by
Emporium MCL at 02.00 PM
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ANNEXURE-C
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ANNEXURE- D
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ANNEXURE- F

e

T

i Detail of Ground Levels And Bed Levels as per Approved Design Statement of
Giaspura Ludhiana,

'sr. No. | Name of Line | Upper G.L. | Lower G.L.| Upper B.L. | Lower B.L. |  Remarks

o "
| 15-Ad6 Bad 3] A1 00 R19 50 31697(10°)
815.72 (30"
A2-AM R4 | R0 gosr  ALOBUT)

815 58307

sl oanan | o | e | omee 1]‘_‘::’[*‘
S k11T

{ -
doloaman | osme | s [ s :1':‘:'; :,n
b |

. RIGAS TN
' | A3 g1 10 82167 81768
RIS 14307

1]

! B TE
coloanaa |omaso | i | omew  Phsthed,
I | l]‘l H}l?ﬂ l

815.13(107)
813.68 (30|

-

7 AI/1-A41 823.00 823.20 817.16
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ANNEXURE- G

SUA ROAD NEAR SITARA CINEMA

CCTV AT SUA ROAD NEAR KAMAL KARYANA STORE
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: cat, there was rain and Tight smell of the gas was
pell they did not bothered.

nd & woman came from opposite side of the Road
§ Mm Store. After half an hour that

d to sprinkle water on the unconscious

'uﬂmmu]fnrmp The Doclor came
dtohis  house and fell unconscious in

v 5
"

of Mrs. Rubi Devi

oad apposite to the point o incident,
 his-dhaba and fielt smell at 6:00 AM.
king milk and started shouting that Gaurav has

Karysns Store and raised an alarm to Gaurav's
Gaurav's mother, brother and Bhabhi along (with
'v  first floor of Karyana Store.

ﬂﬁlnhnmﬂlhﬂw-

: _ﬂ_uhtum he got @ back stroke and
! Iﬂﬂm relief.
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For his dhaba activities he brings water from some nearby place and the wastewaicr s
thrown along the Road, T

No buming activity of any waste is cbserved in the area. Such smell was not noticed
carlier even in previous FAINY Seasons,

He remains in the shop from & AM to 9 PM. He never observed any discharge into s¢wer
by any tanker etc. Htllwdidnmmemydjlpmﬂnfmlidwlliﬂﬂﬂm-

He is living in the arca for the last cight years and he has not noticed such smell or
overflowing of sewer.

4, Sh Rajesh Kumar, owner of dhaba, opposite the point of incidents Husband of

Mrs. Kavita Devi

He is living in the area for the last ten years.

He opened the dhaba at 6 AM and was working with his wife and children.

The incydent happened at around 6:30 AM or 7:00 AM.

A lady came to Goyal Karyana Store for taking milk and started shouting that Gauray has
been fell down.

He went to rescue Gauray but could not 1ift him up. He ruised an alarm.

Gaurav's mother came down first, brother (Soarav) and then his Bhabhi (with a linke
child) came down running from their house at first floor of Karyana Store. All fell down near the
entrance of the shop.

He fielt light smell but no problem was to him. He picked up the child and gave to his
wife, He continues 10 help the victims and be fell down unconscious near gutter, immediately
He got conscious in the Cancer Hospital after & hours.

Om his dhaba side, he did not feel any smell.

Waste wter of dhaba is thrown along the road sides,

Earlier he never noticed such smell.

He never observed any tanker ete discharging effluent into sewer.

In this area, sewer cleaning was done about 7-8 months back only. 4-5 vehicles came for
cleanimg of the sewer.

5 Sh Davinder Yadav
He lives in the area from Last 28-30 years,
He 15 fnend of doctor (Aams Clinkc). By habit he drinks alcohol,
He made a telephone call to doctor at around 7:20 AM. But he did not pick the call up.
Then be went o the clinic and observed that the doctor with his family members {total 5
members) fell down on the floor

He informed that he saw in the video that doctor first came to Goyal Karyana Store then
came back in his clinie,

Durnng rescuing with mouth cover, he staned facing weakness and shivering and came
back after two hours,

He observed small air bubble (Thag) in the mouth of small child, He also ohserved some
bloud in nose of the child

&, Sh Jatinder Rai
He sells pan, bidi etc.

When the incident happened, be was in bathroom.
He has not seen the incident.

. 5h Shambu Narain, Uncle of owner of the Aarti Clinic
He lives in Jamalpur,
He received a phone call a1 7:30 AM from nearby residents about the incident

H:ruﬂudﬂu:iuudnbuwdlhunlllh:ﬂwhﬂlrmhnwmlﬁmm floor
msade the clinic at around §:00 AM.

Omne milkman known 1o doctor tried to pull the doctor outside the clinic but he felt smell /
uncorscious and ran away from the site.

i
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_ When he reached the site Ambulance was available on site. They were helping the
Yichims.

Being family members, his mind was not working at that time

He also felt headache,

When he went inside the house, He also felt smell, No water was in latrin / haudies of the
house,

His nephew (Doctor) sleep in clinic and rest of the family sleeps upstairs,

Up stair residence is open. If family members did not come down stair then nothing
would happen to them,

-
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ANNEXURE- 1

waEs fyud whomse - o - iy Mirede, gl
OFFICE OF THE DEPUTY COMMISSIONER - CUM -

DISTRICT MAGISTRATE, LUDHIANA
ORDER:
Immedistely afler the gas lesk |ncideni waa repaned o wound 7:30AM on
30.04 2023, officials of District Administration, Polics Commimionerate, Municipal

(Sunday). At Ipm on 30.04.2023, the level of HsS st surfice of one of the manhols was |5 ppm.
While the reading of H;§ on the surface was between 10-15 ppen, it varked betweea | 00-200 ppm
inside the masholes. Subsequently, on the advice of Dr. Azjan Ray, fommer Direcior, Indiss
Insticute of Petroleum (IIF) and an exper, the decontamination of the ares with diluted caustic
ﬂ_-nﬂhhnnuﬂmm.mmuuﬂuum.ﬁ.ml.h
4AM till 4FM, readings were taken. As per the luiest reading taken by NDRF at 4PM, the level
of Hy5 inside the one (01) manhole near Anrtl Clinic, Cinspurn, wns 2 PPM, while CO level was
Zoro. Inside the other six (04) mankoles, both the H;S and CO was Zero. As per the
repon of NDRF, afier this, the HyS levels in the smbient alr were recorded s Zero,

2. Keeping in view that the levels of H;3 and OO0 bave fallen to Zero in s (06)
manholes and 2 PFM in the Tth manhole st 4FM on 01.85.2023, an Order constinating three (03}
member Techmical Commitiee comprising of XEN, Water Supply & Sanhtion (W3S),
Ludhiana; XEN, PWSSE, Ludhiana, and XEN (O&M Cell), MC, Ludhians was issued vide this
(HTice Endst, Mo, 5362-53660A dated 01.05.202]. This Commities wis entrusted with the ek
of physically checking the ares still cordoned off by the Police ie. 25 metre mdius from the
affecied ares for other factors affecting the miety of residents, give maggestions, if any, 10 emsare
the safety of public, and submit its report thereol to ADC, Khanna by 01.05.2023

Pursuani io the ssuance of the sbove Order, the Commitiee officials visited the
affecied ares om 01.05.2023 and inspecied the throe (03) buildings where the incident had
hwﬂdmﬂﬂl.ﬂﬂ.!h[hmiﬂ,hhmwﬂmﬂ!.ﬂllﬂﬂ.m&
these buildings have very Jess of 6o provision of cross-ventilation. The wasleooma neither have
H#“MM{MMMHMWHMMHH
mﬂ'mmh&.!ﬁﬂlﬂﬂhﬂhﬂhmmm.um
mmmdmmmhmmhmwﬂ.h

(il The buildings shoald have provision for proper cross- ventilation so thet there i
o poasibility of sy sullocation.
{ii). Washrooms should bave exhaust fans and vent pipes so that the gases may be

duscharged.

(i, With regard to the main sewer, the Commitiee suggested that all the manholes in
the affected aren should be provided with rad gulleys or vent shafts so that the
sewer gases, which are formed inside the sewer pipes, are discharged vin these
road guleys of Vet pipes

1 A report & 1o the lew and onder situation in the sffected area was taken from the
Office of Commissioner of Police, Ludhiana. ADCP (South), Ludhinna, in ity report 1o this
Oifice sent vide No. 309/5A/ADCF South Ludhiana dated 02.05,2023, hus reported that an FIR
Ha lliwﬂ.mﬂmﬂﬂﬂ!ﬁdlﬂhﬂhﬂﬂ.hh
case 13 ongoing and all pomible angles are being probed. The situation in the ares is pescefld.

R
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i in view the NDRF Report s per which the HyS hevels in the smblent wr
‘.h“- o APM on 01.05.202) and the dr-ﬁ-ﬁhh

*“hﬁ“--;ﬁ ls, bereby, ordened o be
P ey
e (03)-mesber Tochnical Commitiee detsled ot Pars 2 (i) above.

Furthermare, the reaidents of the advived out the tasks suggesied
““ hlplﬂﬂiﬁj-_- q;ﬂ_

ﬂbmlén
Endst No. 5367 - $371 / MA, Duind: 02.05.2003

A copy of the shove is forwarded to the following for information and pecessary action:

I
2 m mam funici m' Ludhiana - for information, and

ﬁ_m_-“u:_'wh
ol Parn 2 (i) and 2 (ii) shove.

|
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Report oo Ludhiana gas polsening sccident

AFMWMMMHM of 30.04.2023 ot Griaspura ares in
Ludhiana city, in which cheven persons died instanily was covered by TV news and reported
'mdﬂiﬂhmﬁ}:

In view of the abave, u team of CPCB officers visited Ludhiana an 03.05.2023, interacted

ﬁhhuhurhpﬁmtm Board . wnd also visited the wite of sccudent al
Graspura, Ludhian.

As per vanous media reports regarding observations of various agencies involved in
ivestigations immedsaiely afier the accident and the discussions held by CPCB team with
the Chief Environmental Engineer of PPCH, the esuse of deaths has been linked 10 release of
sewer gas through the manholes in the connecting branch sewers at two places and exposure
of the eleven deceased persons 1o HiS in very high concentration, leading 10 their immediate
collapse and death.

Al the accident site, it was observed that there are branch sewer lines / sewer connections
from the two nearby houses where the deaths occuered that join the main sewer line that runs
bedow the main road in front of these howses. The anadysis report of the main sewer waler
collezied by PPCBfew hours afier the accident from the manholc near the point of accident
indicated pH of the sewer as highly acidic and ranging between 2.5 and 2.6, 1t was also
reported thal main sewer line near the poinl where this incident happened was found
filled/chocked,

Presence of sulphide in sewer witer 13 HaS i due to biochemical reduction of the suiphste
presend in water. The ratio of Sulpbur {S), Hydrosulphide (HS) and HiS in sewer water a amy
point of time depends on the pil of sewer water ot that time. Iniermitient discharge of acidic
effhuents from industries in muxed sewers acts as an agent for shifting the equilibrum, Acsdic
effluents are also o source of sulphate (due to sulpharic acid), which ultimately forms
sulphide.

Farther, if industnad effluents containing metals and beavy metals are discharged in the
sewers, (he metls are precipitaled s metal sulphides in the sewer lines. These metal
sulphides, in the presence of scids/acid effluents contining H:504 sndfor HCI, end wp
generating hydrogen sulphide (HIS) gas.

Therefore, it can be concluded thet intermitient discharge of acwdic and metallic induserial
effhent/waste into mined sewers can be o source of sudden release of HaS gas m very high
concentration from such sewers.

M 15 relevant 1o mention thet H:S i o diprotic wesk scid end cven a saturated solution of HS
is not cupecied 1o have o pH less than 4.0 Therefore, it may be concluded that pH level of
1.5-1.6 s reported in main sewer waler near the howses where deaths occurmed is & result of
The above facts strongly point towards the discharge of industrial effluent a5 the cause of
highly acidic water in the main sewer in the area and the also the cause of relesse of HaS in
the sewer line in high concentration, lesding to immedsate collapse and desth of eleven
persoes.

Page 1602
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As per recent medin repors and the discussion held with Chief Enviroamensl Enginesr,
PPCB. the industies in Ludhiada use both Hydrochloric acid and Salphuric acid. It was siso
repaned that few mdustries \a Giaspura area have acid pickling step in their manufacruriag
process. The chiorde contens in the man sewer water near the accudent was lound higher in
mﬂmmdimﬁumwﬂm}wﬂuyhumuti
hydrochloric acid e the ares. These facts also indicale thal industzul discharge o @ key factor
in releasing of HuS in high cancentraions.

The details of sewer network of Cliaspura ares were not available with officers of Mumicipal
Corparation, wha were present at the site during the visit. All the indusiries located along the
BEweT neTwork ane requised 10 be surveyed by local awthorities 1o identify the possible sources
of acidsc and metals, heavy mesls and sulphide containing industnal efMuent/wastc.

Furthez, Hon'ble Mational Green Tribusal, Principsl Bench hes constinsed & Joint Commitiee
wilh memnbers from varkous agencies including CPCB 1o investigste the matier, arive ol &
contlusion and take remedial measires ko prevent sach accidents in future

| Kamlesh Singh, Scientst ‘E

Dr. Narender Sharma, Scientist ‘E” Mazimuddin, Scientist 'F*

Pageiodl
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ANNEXURE- N

M Gmail Municipal Corporation <adcmel Y@grmad com>

IF"I'I-"li: Ludhiana Gas Leak - preliminary findings and recommendations
THS53 008

m“:'mﬂm:mwmm Mon, May 1, 2023 ol 459 PM
To: Municipal Corparaion <ademc@gmad come

—eneee s messags ——

From: Dr. Anjan Ray <anan.ray@ip.res.in>

Date: Mon, May 1, 2023, 1201 AM

Subect: Ludhkana Gas Leak - preliminary Endings and rcommendations

To <commissionermci@gmall com>

Ce: Anjan Ray <dvecion@iip res in>, 5. Ananfha Ramalrishna <ananthaffcsio.res in>, Kamal Kishore
<k hore@indma gow.ina

Cr Shana Aggarwal
Lisdhiara MC Commissioner

Dear Dr Agganwal

In continuation of our dscussions through the day today in e alsmath of he Ludhéana Gas Leak, | have
summarisad my inltial hypotheses and recommendations for consideration of e local administration and of NDMA as
folows

1. Evidence from the medecal examiner and his preliminary forensic assessment suggest that the gas relsased
containad hydrogen sulphide (H25) as a primary causal ageni. This cormelalas with the foul small noted by saoms
affected residents and the symploms oullined by the medical specialist

4. We cannot nule out carbon moncotide as a secondary causal agent. CO is colourless and is often found in sews:
gas compositions. An authontalive recent meview of sewer gas compositions can be found at
Filtfe i Scencadinect comsciencalaiciaipi’s 277 24 18822000808

3. Based on Ehe hypothesss that HIS is e primary causal agenl, 2 Fonfine response of neutralising the H2S with
sporopnately diliied caustic soda has been advised. This appears 1o ba working based on feedback from the team on
the ground, as ambient H2S levels have falien shamply aller the caustic treaiment.

41 may ba noted (nat sudden acidfcation of sewar contants (lor instance, through shock discharge of acidic afiusnt
from any sleciroplating ni in the area) could cause & surge in H2S levels. To determine if this might have been the
cause, ICP analysis of trace elemants and metals in the sewage samples may be camed out.

5. Unilke HZ5, thers is no way as such of neutralising C0. However, its vapour density (~14) is closa to that of air
(=14 7) and # should disperse naturally at a rale quicker than H2S (V.D - 17), which is haavier than ak

6. HZ5 madings wil ihersiors vary across a vertical mds al ground level, 1.5 fest above ground (typical level of &
pnmlphgm:mLmii.!mmmmHmHHuuuﬁqm.ﬁhm
concieniration of the lonc gas being al the ground level. While CO will not show much variaion,
IMImmhﬂuHMIn.

Warm regamds
Anjan
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ANNEXURE- O

] BT P T S a—n— p———

(s rmap om the Lvaboscus of Rk o s A M, Pl 10
LTRE | Y~ pp—"— o Camenr, 051 (LAAC Mamngraple = e
of o ronsguse i o Hlammarnn, W o )

NICKEL AND NICKEL COMPOUNDS

Nckel 108 nichal comprands wam cunsidred by perveous LARC Working Geonpe 8 1971
W75, 1479, 192, (997, and 1909 (LAKKC, I973. 176, 1579, 1962, 1967, 1996, Since el Gimt.
b dain have become svailsble, theae have been icerporsied 1 the Mosograph, s takes 3
L1 KIS (0 Dhe presets svaliaiin.

1. Exposure Data

1.1, Idwniification of the agents

S ynoaves. trade names. asd molecuir lormulse for mickel, mckel alloy, and weiecled kel
mgnﬁ#mﬂiﬁﬂl-t.ml.ﬂuum“hin-ﬁ'ﬁ
e commencial importaace of the vanou nickr-costasing subsances. bt it inducative of ibe
range of mcie] allowy and compousds avadlable, schding some compoundy thl ar mpartast
mmﬁ;.d“ﬂhhl“nhhpﬂq-ﬁrﬁ—lhr

o potinds ooou in refiaeres fhad cabmo be chartertoed, undl are (heas ot [iied.

T Table 1.4

| Chemical sames {CAS names e grven ia italacy], synonyms,
© 1nd mobecular formulas of compositions of mckel, mekel
ilfirys sl sebected micke] compounds.

1.2 Chemical and physical proparSes of the agents

Wicke! (somic mamber, 28; momic wesghl, $4.6%) 2 s metal, which bebongs i groag VB of
e periodic table. The mos importnl oxidatios state of mickel (3 +2. albough e +J and 4
enidatics wiuies ame also known | Tundsrmans o of, 2005) Micke] resembies mon, cobal, d
copper 1 ity chemsical properties, Howevesr, unlike coball sad wom, it is normally only steble in
aquents salution i the + 1 oxadeSon saie (Kerfoot, 2002). Selected chemical and ptynacal
pooperties for mockel nad mickel compounds, including soiubiley dan, were presesied m the
peevious LRC Menograph (LARC, 1960), ind have bem neporied slsewhers (ATSDRL 2005}

1.1, Use of the agents

The chemocal peopermies of mckel (1. hardaess, high melting poin, ductifity, madieshiliey,
scrmes hat feromaguesic, Tt conducter of best and eleccity) make it swisbi o be combined
with cther elemeats 10 form many alloys (NTP, 2000; Tusdermans of af,, 2005). It emparts such
derable properyes s cormc Meastance, bea! resiviance, bardness, aod sirenps

Nicke| sahs ast used in elecivoplating, ceramics. pipmests, 10 & istrrmedinted (e g cotaiysts,
lovmatica of odber nickel compounds. Samter nickel mude is used in micked catalyses m fhe
serusL industry, i the manafacture of alloy vieed snd sainless sioel iz the masufactuse of
uﬂmhwqmduhm&mm#“
gmummhwmmnum
AT of 48 an intermediate in the metalborgical iy
mﬂhhﬂﬂnﬁdhﬁ.-ﬂ-dpﬂ—rﬂi-m“miﬂu

e, & | 2% mncvese over 2008, St ¥t masoiachure
scoounied for more i iy of
mm_uumm.hlﬂfhmmu—dn—;ﬂ
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‘MIHWIM.IM!h was used m sininbens and alloy seel
prodhiction. 34% in noa-ferrous alloys and seperalioyn, 1% in ehectioplting. wnd 4% 1 oeber
e Exe win of ickelin the USA in 2007 were as follows: taasporistion, 10%: chemsical
ausiey. | 59 eectrcal equipment, 10W; constrction, 9%; abricased meta product, $%.

hf“:“mn;p-_mm-ﬂqm-mmm

131 Metallic nickel and nickel alloys

Pure mickel metal o used 1o prepare nickel alioys (inchading sieels). It i wsod a3 such for platiag.
elecucforming, comage, eloctrical components, tanks, catalysts, batiery pltes, savered
Eoimponeats, magnets, and weldmg rods Fnﬂiﬂﬂhmﬂ-“d”'
res:slas sleeds accounted fior 93% of its end-use in 1986 Nickel-conmining sieels with low
mickel comest {< $%) ase wsed bn construction end 100l fabrication Sminkess steels are used @
peneeal engineering equipment chemical equipment, domestsc applicatsons. bospital equpment,
face! processing, wchiiecrural panels and famesers, poliuion-control squpment, cryogenic uses,
Rt TAYe parts, and engine components (LARC, 1990).

Nickel alloys are aften divided wbo cegories depending on the primary metal with which they
wre alloyed (e, irom, copper, molyhdesum, chromium) and their nickel consent. Nickel s
alloved with iron o produce alloy steels {colaining 0, 3-5% nickel), sminkess steels {conimning
a8 much as 25- 30% nackel, although 8- 1% nickel is meee typical), and cast irons. Nickel-
copper alloys (e g Moseed alloys) are used for coinage (29% nicked, 5% coppen), industnal
plumbing (&4 peping asd valves), marne equipesent, petrochemicsl equipment. heat
exthangen. condenser hibes, pumps, electrodes for weldng, architecmal iram, thermocouples,
desalmmton plants. shp propellers, etc. Nickel-chmamem alloys (.. Nichrome) are used i
many applicabons 1hal require resisance W kgh wmperares such as heating chemenis,
furnaces. pet engime pasts. and reaction vessels Mohbdenums containing nicked alloyy and

wecke - irnn-chromsen alloyy (¢ g, Inconel ) previde streagth and comosion resistance aver § wide
temperature mnge, and ke used in gockear and fossil-fuel stesm penemion, food-processing
cosnam nickel, chromum. mon. and motybdenm) provade onditesa and comoisos renstasce for
use with acids and salts. Nickel-based super-alloys provide high-temperature streagrh and creep,
ezd siress pesistance for use i pes-torbine engines (ATSDE, 2005).

Oxher groups of mcke| alloys are used acconding o thear specific properties for acid-resastant

equipenent, beating elemenns for Fursaces, kow-expansion alloys, cryogenic uses, stoeage of
ouefind gmms, Nig . bty alloys, and sargica implant prost

1.2.2 Nickel anides and bydroxides
The escleed oxide sinters are wsed m the mmnwiactuee of alloy steeds snd stainkess sieels.

Green nicked axide s o fimely divided, relstively pure form of sickel monaide, produced by
finng » mixsere of mckel powder and waser in air at 1000 °C {IARC, 1960). Il & used to
HM%#MHMM{&WM of veel. in the
mhﬂiqﬁiﬂﬂ-&iﬂumiﬂmmmm&ﬁhnﬂn
yokes ind 1 o coloarn in glaw and ceramic stains wed in ceramic liles, dishes. pottery, and
BAREEATY WiREj,

Black nickel omide o 1 fisely dividod, pure nickel monoide, produced by calcination of nickel
bvdroyearbogae or mickel satrate ot 600 °C. mickel triaxide (N,04), 4 unstable oxide of
aickel. may also be called “blnck nickel awade’ (LARC, 1990). Black nickel oxide is used in the
wdmﬂwﬂﬂtﬁﬂﬂhﬁlq o enhance the activiry
WAy calalyst contaming thodssm, plstimm, and palladium wsed 12 witonsobibe exhans:

reatmal |
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Nickel bydronade & wsed a1 catadyst intemediste, und i the massshcrue of Ni-Cd banenes
(Amonsen & Meshr, 2005)

1373 Mickel suifides

Micke! sulfide H“lﬂriiﬂmwﬂﬂmﬂ
Walfur are present (m the distillwies. The mujor use of nickel masoslfide is 1 an insermediate I8
the by deometaBlurgical processing of silscme-oxide nickel ores (LARC, 1990} Nicke! subsul fide
18 wsed 2y n inlermedsaie in the primary nickel industry (ATSDR. 2003).

134 Mickel saity

Nickel scetate s used 1n electropiating. v an mtermediate (2., 43 catalysts und 10 the formation
of odier mckel compounds), &2 8 dye mondant, sad us 3 sesier lor anodized aluminmm

Wuckel carbonate i used o the manufachure of nicked catabysts, pigmenis, and other nickel
compounds (¢.g. nacked aide, nicked powder); m the preparation of colouned ghess; sd, 43 8
neutrlizing compound in nickel-electroplating solutions

Nickel smmonsen sulfate 15 used ws o dye mondant, in metal- finishing compositioas, and i m
theciralyte for electroplating.

Mickel chloride 13 used a5 an intermediate i the mamifacture of nickel cstabysts, and to absorh
Emenonis io indestnal gas masks,

Nicke! nstrale hexahydraie is used s an intermedisle in the manufactwe of picke] catatysts and
Mi—Cd batieries

Wickel sulfie bexabydmie is used in nicked electoplating and nickel electropefiniag, in
‘elecenbess’ sacke] plsting. and as an intermediate in the manfactore of other mickel chemicaly
ind catalyme) | Anioassn & Methe, 2005

115 Other nickel compounds

The prisary wie for pickel carbosyl s & i isiermedisse (in the production of highly pone
nickel), m & catadyst in chemical synthesss, as a resctant m carbonylation reactions, in the
vipoi-plasing of mickel, and in the fabrication of nickel end mickel elloy components snd shapes,
Nickelocene is used as 1 catalyst and complexing apent, and nickel titanate i nsed &3 a pigment
[Amonses & Meshn, 2005).

N mErmabion was availshle o the Wodang Group oo the use of icke] selenides or potassium
mickelocymsate.

1.4 Environmental occurmance

Neckel snd ity compounds e namrally present in the earth's crust, and ase emitied to the
ancspbere Via el sowves {xach a3 windblown dust volcasic ergplices, vegetation forest
fires. and meteonc dest) s well i from anshmpogenic activities (e.g. minmg, smelting, refining.
manziactare of stuniess steed and other sacke|containimg alloys, fossil fuel combastion. and
wasie incnerton). Estimates for the emision of nickel mio the stmesphere from natural
mqh&iuﬁﬂﬂmhlﬂhiﬂﬂhkﬂmuhm]m
{ATSDR, 2005 ). The general populstion is expased in kow levels of nicke! in ambient sir, water,
food. end through iohecco comsumgption.

14 Natwral sccurmence

::E:J‘urﬂw m satsre and  found w wnimals, plasts, and soil (EVM, 2002). i is
2 mmmmmrtmamuuumm.m B igneoss
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¥ PUNJAB POLLUTION CONTROL BOARD
Zonal Office-1, E-648-B, Phase-V, Focal Point, Ludhiana

Tele Fax:- 0161-4673789 Waebsite:- www.ppch.gov.in  email:- ppcbzo 1idh@gmail.com
No. ',Et-f'? Email Dated H]ffﬂﬂ
To

The SDM (West),

Ludhiana.
Subject; Regarding mishappening on 30.04.2023 due to gas leakage at Guru Teg

Bahadur Nagar, Sua Road, Near Indra Colony, Giaspura, Ludhiana.
Reference:  Your Office letter no. 1/Special dated 01.05.2023.

In reference to the above, please find enclosed herewith a copy of interim
report in the matter,

DA/as above
senior Enmﬂg I%irlur

Endst No............. Dated......ccccueee

A copy of the above to the following for information, please:

1. The Chief Environmental Engineer, Punjab Pollution Control Board, Ludhiana.

2. The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-2,
Ludhiana.

DA/as above

_f;]l..-

senior Environmental Engineer
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Subject:- Interim report of Punjab Pollution Control Board in the matter of leakage of gas

at Guru Teg Bahadur Nagar, Sua Road, Near Indira Colony, Giaspura Ludhiana on
30.04.2023.

Itis intimated that an incidence of leakage of gas was observed from sewer line at
Guru Teg Bahadur Nagar, Sua Road, Near Indira Colony, Giaspura Ludhiana on 30.04.2023. A
call from District Administration was received to the Environmental Engineer, Regional Office-
2, Ludhiana morning on 30.04,2023 at around 08:40 am. Accordingly, the scientific and
technical teams of PPCB reached the site of gas leakage immediately and thereafter, as per
directions of ADC (G), Ludhiana; the effluent samples of the sewage at upstream and
downstream of the incident point were collected to identify initially and promptly the nature
of gas for carrying out rescue operations. These samples were sent to PPCB Lab for analysis.
A copy of the part results received so far is attached for ready reference as per Annexure-1.

2. The area was cordoned off by the National Disaster Response Force (NDRF) team and
District Administration on 30.04.2023 and the electric connection of the entire area was also
disconnected. The preliminary investigation / survey of the area around the site of incident
could not be carried out to identify as to whether any industrial untreated effluent has been
discharged to identify the culprits as all the industries of the area were lying closed being
Sunday. Meanwhile, after analysis through high-tech scanners by the NDRF teams; District
Administration had confirmed that the incident has occurred due to the release of H:5 gas
from sewer line,

3, Deputy Commissioner, Ludhiana vide its letter dated 30.04.2023 has ordered for
conducting Muilti Sectoral Inguiry into the incident of gas leakage with following members:
(i} Ms, Swati Tiwana, SOM (West), Ludhiana

(i) M. Kulprest Singh, PCS, Joint Commissioner, MC, Ludhiana.

{iii) Mr. Vaibhav Sehgal, PPS, ACP, Ludhiana

{iw} Er. R.K. Ratra, SEE, PPCB, Ludhiana

(v} Er. Paramjeet Singh, 5EE, PPCE, Ludhiana

{wi] M. Gaurav Puri, Deputy Director of Factories, Ludhiana

4, During discussions with the Police Authorities, it was informed that CCTV cameras of
the area were scanned, and no suspicious activity was observed near the incident area
discharging any effluent / chemical etc. directly into sewer. At around 03:00 PM, the S5DM
[West) directed that a joint survey of the area be conducted around the place of incidence to
identify the culprit by the officers of Punjab Pollution Control Board along with officers of
Municipal Corporation Ludhiana and Deputy Director of Factories to check the discharge of
any chemical effluent from nearby industries in the sewer.

5. Accordingly, on 01.05.2023, the officers from Punjab Pollution Contral Board from
offices at Ludhiana, Amritsar, Batala, Hoshiarpur & Fatehgarh Sahib were deputed for
inspections and the teams of technical and scientific officers of PPCB headed by
Environmental Engineers were constituted. A detallad survey of the upstream and
downstream of the point of incident was jointly conducted by teams of PPCB and MCL The
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teams prepared their joint inspection reports at each and every industry. Photography and
videography was got conducted. The joint teams certified that they have scanned the area
Physically and no industry was found discharging acidic effluent into MC sewer during the
visits. In the first phase, the area was surveyed in a phased manner i.e. upto 50 mtr upstream
& downstream from the point of incidence, upto 50-100 mtr upstream & downstream and
then upto 500 mtr an upstream & upto 200 mtr on downstream of point of incidence. During
visits, the teams also collected the sewage samples from different locations and sent to Boards
lab for analysis. The abstract of visits is as under:

. | =
sk Distance from point of incidence |
industries Upstream & downstream Upstream & downstream Upstream upto 500 mtr
visited Upto 50 mtr $0-100 mtr & downstream upto 200 mitr
| Total  water Pickiing / Total water | Pickling / Total water | Pickling / ‘
| polluting | electroplating | poliuting | electroplating | polluting | electroplating
| industries | etc. industries | industries | etc. industries | industries | etc. industries
= found 'I:Il.ll!d_ : found |
13 0 o [ 2 & 1 3% 1 a8 ]

Out of the total 113 industries, 17 were found water polluting by the joint team. Out
of these 17 industries, 4 industries were at the downstream of the incident. out of which, 3
were acid consuming. 13 water polluting industries were found at the upstream out of which
11 were acid consuming. None of these 13 industries was observed to be discharging any
acidic effluent into sewer line by the joint team of PPCB / MCL. It is pertinent to mention here
that no acid consuming industry was found within 100 mtr distance from the place of
incident. Samples from 10 locations were collected to check any contamination due to
discharge of any effluent or any other chemical into public sewer, which are under analysis.
Table showing detail of visits conducted by the teams is enclosed as Annexure-2. During
survey, some premises were found closed and further joint survey of the area with
Municipal Corporation, Ludhiana is under progress.

6, The analysis of sample collected on 01.05.2023 by joint teams of PPCB and MCL are
still under analysis at Central Lab of PPCB, Head Office, Patiala. There may be many other
factors which could be the cause of formation of H:S at that particular location, where
accident has happened.

7 Initial discussions with experts revealed that the said accident might have occurred
due to high concentration of hydrogen sulphide and carbon monoxide dissipated due to
blockage of sewer line. This choking of sewer line could lead to heavy accumulation of Organic
matter which eventually lead to Bio-chemical degradation with more H2S formation. Further
the anaerobic digestion occurring due to sewer blockage may lead to formation of gases 1i|c.e:
H:5, Carbon monoxide, CHs, CO; etc. There are also many small slaughter houses, dhabas in
the close vicinity of the highly populated area, which could have lead to huge amount of
organic loading in the sewer lines.

C
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8. Further, such large casualties due to leakage of sewer gas is the first such incident in
the history of PPCB and is an unusual event and PPCB has no such expertise to deal with such
situations. Therefore, to evaluate the causes of formation and leakage of gas at such
magnitude that resulted in so many deaths requires scientific and technical interventian from

the experts in the respective fields. Therefore, it is suggested that scientific experts in the field
from reputed research organizations may also be included in the Muiti Sectoral Inquiry
committee.

9. Itis further informed that NGT while taking Sou Moto cognizance of the gas leak
Incident in 0.A. no, 327 / 2023 has passed orders on 02.05.2023. The operative part of the
order produced below:

4. We constitute an eight member foct-finding joint Committee to be heoded by Chairman,
Punjab State PCB. Other members of the Committee will be Regional Director (North), CPCB,
Industrial Toxicology Research Centre (ITRC), Lucknow, nominee of Directar, PGI Chandigarh,
nominee of NDRF, State PC8, District Magistrate, Ludhiana ond Commissioner, Municipal
Corporation, Ludhigna, Stote PCB will act as nodal agency for coordination and compliance.
The Committee may meet within one week from today and complete its task preferably within
ane month, It will be free to interoct with any other department, institution or individue! and
undertaking visit to concerned sites. The Committee will be free to function online or offline as
the situation may warrant. The Committee may give its report to this Tribunal on or before
30.06.2023 by e-mail at judiciol-ngt@govin preferably in the form of searchoble PDF/OCR
Support PDF and not in the form of Imoge PDF. If any vialators are identified, they may also be
given a copy of the report for their response, (f any, before the next date.

5. In the meanwhile, the District Mogistrate, Ludhiano may ensure payment of compensotion
@ Rs. 20 lakhs each to the heirs of 11 persons who hove died, deducting the amounts, if amy,
already paid within one month. The Committee may mention the details of persons who have
died and persons injured with extent of injuries suffered by them. It may also recommend
measures to be taken in future to prevent such incidents.” {

AN
Senior EM% inedr mmﬁm o T

Zonal Office-1, Ludhiana Zonal Office-2, Ludhiana
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Annexure-2

Status of Joint Surveillance by officers of PPCB and MCL at Giaspura Ludhiana on 01.05.2023 i s
L R R - i S50 mer
e e e I
| Lo | Total wates _._:Ei_,_
Tortal water Pickling / ” HH-II l..xh._-L!i-F oty - induitries
industries found | eic. industries _ industries found | Industries 1T —
Vicky Banual, EE. '€ Jaideen, SDO 4 o | ' _"__ __.
.__".._.nl.n.n.-_#ﬂ.._-_‘_.-..__m.
| £ Rante] Sharma AE
_Ewtlrl.___ﬁ_u. o
8 ._.m-m-_u__n_-__-.u_ni__-.-__..m Amanidess "
| Er saspal Singh AEE, Hnﬁi
Er. Bhisham, AEE
_mn:iﬁ!..ln
| Sh Sandeep Laur, A50, N
| Er. Samita, EE, Ex et
_E.__mitﬁu__ﬂln:i:nkm i
r. Harpreet, AEE,
_ra.n:aaE.F




di

Team D

£r Satyajeet Atn, EF

Er Armritpal Chahal, AEE,
| Er. Vinod Kumar, AEE,
Sh. Paramieet Singh, SA,

Er Amritpal Singh,

Team £

Er, Shiv Kumar EE,

Er. Anish Kumar, AEE,

gl T

Er. Aubal Goyal AEE,
7 Er. Pritpal Kaur, AEE,

| s Dalvic Singh, ASO,

Er. latimgder Kumar, AEE,

| Sh. Parampest Singh, 54,

Er Ameitpal Singh,

mqwu_TLﬂE_.l__...

_ Totsl

0 [ 1 o 13

« Total industries visited

Abstract

* Water polluting industries visited

113

17
(U/Stream 13 out of which 11 were pickling / electroplating etc.)
(D/Stream 4 out of which 3 were pickling / electroplating etc.)
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Dated..C4.

A teport: Regarding mishappening on 30.04.2023 due to gas leakage
u Teg Bahadur Nagar, Sua Road, Near Indra Colony, Glaspura, Ludhiana.
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Subject:- 2™ Interim report of Punjab Pollution Control Board In the matter of leakage of

£23 at Guru Teg Bahadur Nagar, Sus Road, Near indira Colony, Glaspura Ludhiana
on 30.04.2023.

It is intimated that vide letter no. 1849 dated 04.05.2023, 1 interim report in the
subject matter was sent to your office.

3 The details of subsequent actions taken by the PPCB in the matter and findings thereof
are added below.

3 A copy of the part results of the effluent samples collected on 30.04.2023 from the
sewerage network at upstream and downstream of the Incident point to identify initially and
the nature of gas recelved vide PPCB Head Office Lab report no. 10309-11 dated 03.05.2023
were forwarded to your office In the Interim report. Now, analysis report for some more
parameters has been released by PPCB Head Office Lab vide report no. 10677-81 dated

05.05.2023, The results are being analyzed. A copy of this analysis report Is enclosed as per
Annexure-1

4. The analysis of sample collected on 01.05.2023 by joint teams of PPCB and MCL are
still under analysis at Central Lab of PPCB, Head Office, Patiala.

5. On the directions of the District Administration, door to door survey was again carried
out near the place of incident on 03.05.2023 along with the officials of Municipal Corporation,
Ludhiana. Further, some of the industries which were found closed on 01.05.2023 & now

found in operation on 03.05.2023 were also visited. The details of the survey carried out is as
under:

Mo, of Residential houses visited| No. of industries | Water poliuting | Pickling/ electroplating ete.
to check |ndustrial acthiity found Industries found | Industrias

4 3 i 04 (03 upstream & 01 downstream)

6. Thereafter, the survey was again continued on 04.05.2023 for further inspection of the
area. The details of the survey carried out is as below:-

No. of industries visited | Water poliuting Industries found|  Pickiing / electroplating etc. industries

2 i 2 [both upstream)

The process of further inspection of industries in the area Is under progress.

p f The list of water poliuting Industries identified on 01.05.2023, 03.05.2023 &
04.05.2023 is enclosed as Annexure-2. Further, technical and sclentific investigation of the
inspections done is going on.

Observations and findings

1. The PPCB has analyzed the visit reports of 22 industries visited on 01.05.2023, 03.05.2023
and 04.05.2023 and categorized the industries on their pollution potential and Intensity of
violation. The acld consuming/ electroplating industries who were found discharging
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untreated effluent into sewer or not made agreement with any CETP/ re-processors or have
ot 8ot their effluent lifted through CETP operator/ re-processors in April, 2023 even once,
are major violators. The list is attached as Annexure-3. Besides, there are three non-acid
consuming water polluting industries, which have provision to discharge their untreated
¢ffluent into public sewer. These Industries are mentioned in Table B of Annexure-2.

. The Board |s manitoring the Industries from time to time and Initiate action against the

violating Industries. The action Includes show cause notices, closure of the industries,
disconnection of electric connection, sealing of polluting processes and Imposition of
Environmental Compensation. From the period 01.04.2022 to 30.04,2023, 24 Industries
were found violating in and around Sua Road. Out of 24, directions for closure of 10
Industries were issued and show cause notices to 14 industries have been issued.

- Issue of stopping of clearance certificate: Earlier, no new industry was allowed electric

connection without the NOC and consent & clearance certificate from Punjab Pollution
Control Board. In 2013, to facilitate the Industrial growth, this mandate was waived off.
Thereafter, PSPCL is allowing the electric connection to the industries without the NOC /
clearance. This not only led to haphazard growth of Industries without environmental
norms, without the coming to the knowledge of the PPCB.

. Addition of polluting processes: There are more than 40000 registered / unregistered

units with industry department. They are operating In unplanned areas having mixed land
use pattern with residential, commercial and Industrial establishments. Some of the units
add polluting processes without any Intimation or approval from the PPCB, resulting In
environmental violations, It is very difficult to identify such unit with meager engineer staff.

. No sewer vents have been observed near the polnt of incident. Non avallability of

ventilation pipes in the affected stretch might have led to heavy accumulation of sewer

gases such as H25, €O, etc. This gas Is also a cause of sewer men deaths across the country
as tiny proportions are also considered lethal.

. Residents of the affected area Informed that sewer line of this area usually remained

choked. Jetting and super suction machine at the night of incidence were operated late
night. This incident occurred in a very short span of sewage network. The manholes at non-
uniform interval were observed near the incident site. The sewer connection of one of the
affected house is in the reverse direction to the natural flow / gradient of the main sewer,
which may have led to the blockage. This requires a design auditing from expert in the field.

. The sewer opening/ WC opening/ wash basin drains may have acted as a reverse

ventilation pipeline dissipation of H2S in the affected premises. Poor ventilation system
may have affected the dissipation of H25 gas and have aggravated the situation. H25 gas is
the inherent component of sewage network and formed due to anaerobic digestion of
organic matter. The vicinity in and around the incident is densely populated and several
commercial establishments discharging heavy organic load such as dhabas, meat shops /
slaughter houses etc. are located in the area. it Is required to be checked as to whether the
sewer connection of the affected premises have been approved by the Municipal

Corporation or have been connected by the owner of the premises against the sewer
designs in un-authorized manner.

- Considering the poor ventilation of the houses, building plans are required to be assessed.
- The Government of Punjab, Department of Science, Technology and Environment has

sued directions vide memo no. 10/228/2019/5TE-5 /594066/1 dated 10.10,2019 u/s 5 of
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Zﬁﬂ-m ot Sus Road, Qlaspuss,

Er. Rozert Dhamija, AEE, RO-l, Ludhisna,
Sh. Dalbir Singh, ASO & Sh. Sonu Kumar, SA

hﬂmﬂhﬁqlﬂ-ﬂ.hﬁ

M
01052023 005052023
As per relevant parts of 15:3025/&Methods of APHA

endseo: \o (T - &\ Bt b&-0S-22
b A copy of the above is
1. The
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8. Ammonicsl 50 80 = 80
nitrogen (as M),
g M,

10 Kjabduh] 100 - - 100

{an NH,)

mh, hax z

11. Fres ammaonia {as 4.0 - - S0
NHy) mgh, Mao

12. Blochemical a0 =0 100 100
mmﬂ'ﬁu?
max.

13.  Chemical Crygen 250 - - T 280
Demand, mgh,
lust =

14, Arsenic (as As). 02 02 02 0.2
g, frax,

16, Meroury (as Hg), oo 0.01 - 0.01
mh, Max.

18, Lead (as Fb) mgA, o1 1.0 - 2.0
M.

17. Cadmium (as Cd) 20 107 - 2.0
mgl, Max.

18. Hexavalenl 0.1 20 -
Chromium (as 10
Cr+f), mg max.

' Substiessd by Rulsd -rul-h_u'-—-}h-h-
sty o each s BOD (3 duys wt 1TCrwheraver BOD 5 day -::.{“"“' ey GLSIL 176, daend 2.4, 1088
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Max &
g wes # . .
'I-H_ wEE - # L]
.l o L1 - Ll
2T. Cyanida (as CN) 02 2.0 02
g MK,
l“. Y ® =
28,  Fluoride (ss F) mg/ 20 15 18
bma
30. Dissohed & - -
(an P}, :
mig bt
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32 Sulphide (as 8) 20 - 50
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y Mandarialan, Sus Road, Ludhians
03.05.
2023 | M/s Gury Nanak : Yes
Ludhlang
16.
03.05.2023 | mys Anmal  Enterprises, Glaspura, + Yes
Sua  Road,Ludhlana
17. | 03.05.2023 Mfs  pal Enterprises, Industrial - Yes
Area-C, Sua Road,Ludhiana
18. | 04.05.2023 | M/5sRP Enterprise, Glaspura, Sua Road, - Yes
Ludhiana
19. | 04.05.2023 | M/s Munna Zinc, Glaspurs, Sua fioad, Yes
Ludhiama J
TABLEB:  Detalls of Water Polluting Industries (but not acid consuming / electroplating) visited on
01.05.2023, 03.05.2023 & 04.05.2023 at Glaspura Road, Ludhlana:
Sr. No. | Date of Visit | Name and address of thelndustry Coordinates Pickling/
(Longitude & Electroplating
Latituda) Industry et
1. 01.05.2023 | M/s Star Industry, Opp. Jasbir, Bullding 30.866405, Mo
Material Sua Road, Ludhiana 75.905522
2 01.05.2023 | M/s Ganga Export Intermnational, B-29- 30.BBETT9, No
458/4/978/3, Bfs Sitara Cinema, Sua 75.90388
Road, Ludhiana
3 01.05.2023 | M/s Shiv Cycle Industries, 5t. no. 7, 30.865523, No
Maldkar Colony, SuaRoad, Ludhiana 75.905118

al
i
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Annexure-3

ectroplating industries who were found discharging untreated effluent
Ot made agreement with any CETP / re-processors or have not gottheir

operator / re-processors in April, 2023 even once, are major
ered as suspects:

5.No

Name and address of the
industry

Major violations

1. M/s Guru Nanak Enterprises, s Zinc plating and acid pickling.
Khasra No. 66/12, Industrial |*No agreement with CETP/ re-processors.
Area-C, Sua Road, Ludhiana » Maintaining outlet for discharge of untreated
effluent into sewer.
« The industry has not obtained any NOC from
the Board.
= Directlon issued for closure, disconnection of
electricity and to initiate legal action.
2. M/s Munna Zinc Plating, 5t. No.4, | « Zinc plating unit.
Guru Amardass Colony, | * No agreement with CETP.
Giaspura, Ludhiana » The industry has not obtained any NOC from
the Board. ’
« Directlon Issued for closure and disconnection
of electricity.
3. M/s A.T. Wires, Giaspura, Sua |+ Acid pickling
Road, Ludhiana. = Pump provided.
= Spillage of yellow colour was found near houdi
which further connected to MCL Sewer.
= Stagnated effluent was seen in houdi.
4. M/s Bansal Manufacturing | Acid pickling.
Company, N-XX1¥, |*Agreement made but no lifting of effluent
SEEE 5||IIE||II 1,1’4, Eiaspuri, Sua durmﬂ, Apl‘il, 2023 and Prﬂiﬂus munth!.
faad. Luditarns » No record maintained.
' » Show cause notice issued for violation.
5. M/s Malwa Auto Industries, |» Acid pickling.
Near Nanaksar Dharam Kanda, |* Agreement made but no lifting of effluent -
Sua Road, Dhandari Kalan, during April, 2023 and previous months,
Industrial Area =C, Ludhiana.
6. M/s Trimurti Exports, Behind | Electroplating
Kharay Kanda, Sua Road, |*Agreement made but no lifting of effluent
industrial  Area-C, Glaspura, | during April, 2023.
Ludhiana * Norecord produced.
» Show cause notice issued for violation,
7. M/s Paul Industry, Sua Road, = Acid pickling.
Ludhiana » Agreement made but no lifting of effluent
during April, 2023,

Py
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437 Prrmuuﬂ-'ﬂj
. f ‘gh{ %

WPUHMB POLLUTION CONTROL BOA
Zonal Office-1, E648-B, Phase-V, Focal Point, Ludhiana

Tele Fax:- 0181 4ETITHES ‘Websiie:- www.ppch.goy.in amail:- EE:EDHdh@EmaIIEEIH'I
Hnl E— el
To alg Speed Postionline Doted | /]y

The SOM (West),
Ludhiana,

Subject: Analysis results in the matter of leakage of gas at Guru Teg Bhadur Nagar, Sua

Road, Near Indra Colony, Glaspura, Ludhiana by Punjab Pollution Control
Board,

Reference: This office letter no. 1849-51 dated 04.05.2023 and 1898-1902 dated
06.05.2023.

Vide above referred letters, 15 and 2™ interim reports on the action taken in
the matter of leakage of gas at Guruy Teg Bhadur Nagar, Sua Road, Near Indra Colony,
Glaspura, Ludhiana were submitted by the Punjab Pollution Control Board (PPCB). Also,
analysis results of samples collected on 30.04.2023 from the main sewer line near the affected

area received from Central lab of PRPCE vide no. 10309-11 dated 03.05,2023 and 1067 7-21
dated 05.05.2023, were sent,

2 On 01052023, samples from the branch lines of the sewer in nearby vicinity collected
by the loint team of PPCB & Municipal Corporation, Ludhiana were collected and sent 1o

)

Q¥

,.5 Central lab of PPCA at Patiala, Now, the results of these samples have also been received vide
Y no. 10752-56, 10762-66, 10757-61, 10767-71, 10777-81, 10772-76, 10747-51 & 1074.2-46 all
dated 06.05.2023, Copies are enclosed as Annexune-A.

This is for your information, pleass.,

DA/ as abowve "
Senior Ew‘%ﬁﬁu}zﬂr‘mﬂr

ENASE. N cmermrsiserses Dated v e W
A copy of the above is forwarded to the following for information:

The Chairman, Punjab Pollution Control Baard, Patiala.
The Member Secretary, Punjab Pollution Control Board, Patiala.
The Chief Environmental Engineer, Puniab Pollution Control Board, Ludhiana,

The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-2.
Ludhiana.

DA as abowe '
i
Senior Envirfinmental Engineer

e

FGHH—
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PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN,
NABHA ROAD, PATIALA
WATER ANALYSIS REPORT
' 1. Laboratory Sample Mo, E- 3009-3010/ H.0.Lab. Monitoring/2023
ULR No. ULR-TC70451 8000000006394
2. Name of Sewer Lines, Street No.0d, Giaspurs, Ludhiana
3. Name of Sample collecting Officer Er. Deepak Chadha AEE, Er. Rantej Sharma, AEE,
Sh Dalbir Singh, ASO
4. Designation of suthorizing Test Environmental Engineer, RO-I1, Ludhiana.
5. Type of Sample Grab
6. Date &Time of Sample collection 01.05.2023
7. Date &£Time of Sample receipt in Lab, 02.05.2023
8. Period of Analysis 02.05.2023 1o 06.05.2023
9. Test Methods As per relevant parts of 15:3025/&Methods of AFHA
Results
Sr. | Parameters From Sewer From Sewer Prescribed
No. manhole manhole Standard
| Location-1 Locatlon-2
I ToH 68 7.0 55t09.0
2 | TDS mgi 901 B&0 .
3 |EC 1378 1027 .
4 _| Sulphate mg/] 30 196 ' :
5 | Chioride mg/] 144 134 -
6 | COD mgl 539 482 .
7 | Sulphide mg/1 24 20 =
B | lron mg/l 2.6 2.2 3.0

Remarks: 1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Partoi:

Effiuents as per Schedule-Vi (See rule 34
o Scienting
Sei
3
A copy of the above is forwarded to the: -

1) BOL means Below Detection Limit
1. The Chief Environmental Engineer (Water), Punjab Pollution Control Board, Ludhiana,
Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-I1, Ludhiana
3. The Environmental Engineer, Punjab Pollution Control Board, Regional Office-11, Ludhiana
4. PA to Member Secretary, Punjab Pollution Control Board, Patiala,
5. PA 1o Chairman, Punjab Pollution Control Board, Patials,

—End of Report-—

Badat. Mo fe752-T§ D, ﬂé/ﬁgflj

B Aot Snatle Oier
T, by -
5] )]
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A
/ PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN,
' NABHA ROAD, PATIALA
WATER ANALYSIS REPORT
I. Laboratory Sample No. E- 3007/ H.0.Lab. Monitoring2023
LR Yo, ULR-TC704518000000006392 _
2. Mame of Industry Indra Colony, Near Giaspura, Sub-street No.01, Ludhiana
3. Name of Sample collecting Officer Er. Shiv Kumar, EE, Sh. Anish Sharma, AEE, Er. Jatinder
Kumar, AEE & Sh. Paramjit Singh, SA
4. Designation of authorizing Test Environmental Engineer, RO-1, Ludhiana.
5. Type of Sample Grab
6. Date &Time of Sample collection 01.05.2023
7. Date &Time of Sample receipt in Lab. 02.05.2023
8. Period of Analysis 02.05.2023 10 06.05.2023
9. Test Methods As per relevant parts of 18:3025/&Methods of AFHA
Results
' Sr. | Parameters Sewer Line Sub Prescribed
Ne. Street No. | Standard
1_|pH 57 55109.0
2 TDS mg/l 1138 i
3 EC 1532 -
4 | Sulphate mg/l 25 .
'S | Chlonide mg/] 194 2
| & COD mg/l 486 | -
7 Sulphide mg/1 4.2 ' .
'8 | lron mg/l 2.1 3.0
9 Zinc mg/l 0.3 15
10| T.Crmgl BDL 1. 2.0
11| Nickel mg/l BOL ! 3.0

Remarks: 1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Part-A:
Efffuents as per Schedule-Vi [Soe rule 14)
7} BDL means Below Detection Limit

~—End of Report—

Endst No: [o 22- L6 Dt .:.Lftslz’.}._'} Ffs
A copy of the above is forwarded to the: - _ 1

1. Chief Environmental Engineer {(Water), Punjab Pollution Coatrol Board, Ludhi

The Senior Environmental Engincer, Punjab Pollution Control Board, Zonal Office-11, Ludhi

3. The Environmental Engincer, Punjab Pollution Control Board, Regional Office-11, Ludhi

4. PA w0 Member Secretary, Punjab Pollution Control Board, Patiala.

5. PA w0 Chairman, Punjab Pollution Control Board, Patiala.

'P"‘.tuu.

/ u%.
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PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN, L
NABHA ROAD, PATIALA

WATER ANALYSIS REPORT
L. hﬁmﬁ-mpum. E- 3008/ H.0.Lab. Monitoring/2023
No. ULR-TC704518000000006393
2. Name of Industry $1 No.06, Gurutegh Bahadur Nagar, Giaspura, Ludhiana
3. Name of Sample collecting Officer Er. Samita, EE, Er. G.5. Chinna, AEE, Er. Harpreei
o Singh, AEE, Mrs. Gurjot Kaur, SA
4. Designation of authorizing Test Environmental Engineer, RO-1I, Ludhiana.
5. Type of Sample Girab
g. Date & Time of Sample collection 01.05.2023

. Date &Time of Sample receipt in Lab. 02.05.2023
8. Period of Analysis

02.05.2023 10 06.05.2023
9. Test Methods As per relevant parts of 15:3025/&Methods of APHA
Results
ﬂ Sr. | Parameters Collected from Prascribed
| Ne. Manhole in Street No6 | Standard
{1 pH 7.2 55t09.0
|2 | TDS mgl 825 :
3 EC 878 .
4 | Sulphate mg/] 30 -
5 | Chioride mg/l 1 06 .
§ | CODmg/l 922 .
7__| Sulphide mgl 26 .
|8 |lronmgl 20 3.0
(9| Zinc mg/ 02 15
10| T.Crmg/ BD 2.0
11| Nickel mg/l BDL 3.0

Remarks: 1) Prescribed m-nﬁmmmmumm Pollutants Part-A:
Effluants a3 per Schedule-Vi [See rule 34)
1) BDL means Below Detection Limit

~End of Report--

‘)LEE '}'}luiﬁ
Endst No: (075 7-4/ D. bﬁ-ftﬂl'l'/.l_g 1)

A copy of the above is forwarded 10 the: -
1. Chief Environmental Engineer { Water), Punjab Pollution Control Board, Ludhiana.
Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-11, Ludhiana.
1. The Eavironmental En:lnﬂ,_hnjﬁ!@hﬂhnﬂnmﬂmmﬁmﬂﬂmu_[[' Ludhiana.
4. PA to Member Secretary, Punjab Pollution Control Board, Patiala.
5. PA 1o Chairman, Punjab Pollution Control Board, Patiala.
-R-" ,é 3 'chﬁﬂ‘l-?'
Asstt. Scientific Officer

Ko~
o T
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NABHA ROAD, PATIALA

i

WATER ANALYSIS REPORT
> e R e o E- 3006/ H.O.Lab. merw’lﬂ 023
: ULR-TC704518000000006391
. Name of Industry Smart Colony, Near Indra Colony Sub-street No.02,
Giaspurs, Ludhiana
1 Hnunfsmphmlh:ﬁqﬂmm Er. Shiv Kumar, EE, Er. Jatinder Kumar, AEE, Er.Anish
Sharma, AEE, Sh. Paramjeet Singh, SA :
4. Designation of authorizing Test Environmental Engineer, Regional Office-I1, Ludhizna
5. Type of Sample Grab
6. Date &Time of Sample collection 01.05.2023
7. Date &Time of Sample receipt in Lab.  02.05.2023
8. Period of Analysis 02.05.2023 1o 06.05.2023
9. Test Methods As per relevant pants of 15:3025/&Methods of APHA
Results
Sr. | Parameters Sewer line Sub- | Prescribed
No. Street No.02 Standard |
't |pH 70 55t05.0 |
2| Total Dissolved Solids mg/| 908 = |
3 | Chemical Oxygen Demand mg/] 630 . |
4_|EC 1086 -
'S5 | Sulphide mg/1 12 -
6| Chloride mg/l 130 -
| 1| Sulphate mg/] 20 -
'8 | Iron mg/ 9.4 3.0
9 | Zine mgl 0.8 15
[ 10| Nickel my/l BDL 3.0 .
| 11 | Total Chrome mg/] BDL 2.0

Remarks: ljmmmumeHWHWMW
-—End of Report-—
lo 3672 -F/

Efflusnts as per Schedule-Wi (See rule 34)
1) BOL means Below Detection Limit
: ‘;r;u.
.q:upynfutlhnu is forwarded 1o the: -
Chief Environmental Engineer (Water), Punjab Pollution Control Board, Ludhiana,
Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-11, Ludhians.
4. The Envircnmental Engineer, Punjab Pollution Control Board, Regional Office-11, Ludhiana.

4. PA 1o Member Secretary, Punjab Pollution Control Board, Patisla.
5. PA to Chairman, Punjsb Pollution Control Board, Patiala.
4
E'Mﬁlgj
Mmm

f, yl-aH 5,-;1::11..1

W*Ur‘

Endst. No: D ni/ﬁ J,"};.j
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‘{ PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN, .--*h
NABHA ROAD, PATIALA

h
WATER ANALYSIS REPORT 2 1
; ULR No - E- 3004-3005/ H.0.Lab. Monitoring/2023 } 4
2. Name of Industry ULR-TC7045 1 8000000006390

Sewer Line of Street No. 7 & 8, Giaspura, Ludhiana
Er. Satyajeet Anri, EE, Er. Vinod Kumar, AEE, Er
Amritpal Singh Chahal, AEE & Sh. Paramjeet Singh SA

i

. Name of Sample collecting Officer

4. Designation of authorizing Test

Environmental Engineer, Regional Office-I1, Ludhiana
5. Type of Sample Cirab
6. Date &Time of Sample collection 01.05.2023
7. Date &Time of Sample receipt in Lab.  02.05.2023
8. Period of Analysis 02.,05.2023 1o 06.05.2023
9. Test Methods As per relevant parts of 15:3025/&Methods of APHA
Results o
Sr. | Parameters Manhole of | Manhole  of | Prescribed
Ne. Sewer (Gali | Sewer  (Gali | Standard
no. 07) ‘no. 08)
1 pH 74 1.0 55109.0
EC 1005 1091 -
'3 | Total Dissoived Solids mg/l 749 955 -
| 4 | Chemical Oxygen Demand mg/l 297 687 o '
15 | Chioride mg/l 152 161 =
6 | Sulphate mg/l 27 77 |
| 7! Sulphide mg/l 1.0 5.6 -
'8 | tron mpil 29 2.1 3.0
|9 | Zinc mg/l 0.2 0.2 -
|10 | Nickel mg/l BOL BDL 30 |
"11 | Total Chrome mg/l BDL BDL 2.0 |
|

] J
Remerks: 1) Prescribed Standards as per General Standards for Discharge of Environmentsl Pollutants Part-A:
Effiuents as per Schedule-V1 (See rule 34)
1) BDL means Below Detection Limit

-—End of Report—

)
Grﬁl‘lﬂl Y r

JoFIF-2/ éli7s

Acuwnfﬂrll:w:-i:fumudwdlulhe:- . |
{. The Chief Environmental Engineer {(Water), Punjab Pollution Control Board, Ludhiana

"7 The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-11, Ludhiana,

3. The Environmental Engineer, Punjab Pollution Control Bunﬂ.lllqimd Office-11, Ludhiana.

4 PA to Member Secretary, Punjab Pollution Control Board, Patiala.
5 PA to Chairman, Punjab Pollution Control Board, Patiala.

Endst. No: Dn. ﬂ"‘:f’fﬂ?—ﬂ

{
T
MMLEHH’;iHﬂhir
» M-
BTt

puge 4 ue &
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-
PUNJAB POLLUT %
ION Con TROL BOARD VATAVARAN BHAVAN,

NABHA ROAD, PATIALA "
r-
WATER ANALYSIS REPORT "ﬂm
g i [ i)
i mﬁ;w Sample No, E- 3003/ H.0.Lab, Monitoring/2023
ki ne. ULR-TC70451 8000000006389

Manhole st Meeting Point of St. No. 4 with main Sua

Road Village Giaspura, Tehsil Ludhisna West, Distt
Ludhiana

3. Name of Sample collecting Officer Er. Bihsham AEE, Er. Rajpal Gill, AEE, Er. Manideneet
o . Singh JEE
4. Designation 'Dfll.l-lhl!r:lzll'IITl:li Environmental Engineer, RO-[1, Ludhiana
3. Type of Sample Cirab
6. Date &Time of Sample collection 01.05.2023
1, Dll: & Time of Sample receipt in Lab. 02.05.2023
E. Period of Analysis 02.05.2023 10 06.05.2023
L;r::t Methods As per relevant parts of [S:3025/&Methods of APHA
ults
Sr. | Parameters From manhole situsted at — Prescribed ._'1|
No. Meeting Polmt of St. No. 4,  Standards |
Makkar Colony with main Sus
_—MMF_ e
D oH 6.8 | 55090
2| TD mgil 1003 - - -
| 3| Sulphate mg/] i i : —
4| Chioride mg/l 156 3 |
5 .E-..': 1218 _
e | CODmgl 470 -
7 | Sulphide mg/l 0.4 -
' g -1y Ipon me'l .'“'1 1 2
|9 [ Nickel mg/l s i
| 10_| Zinc mg/l = 5
[11_| Chromium mg/ BD =

murtunnn:ﬂiﬂmupnmmmuﬁﬁmurmﬁmm
Effiuents as per Schedule-Vi [See rule 3A]
Iy BDL means Below Detection Limit

~—=End of Report— -
f 1
Iil‘i:.g
Eod.No: 1€ F72=T6 o o6 fos iz

above is forwarded 1o the: -

A copy HTE“E B ronmental Engineer (Water), Punjsb Pollution Control Board, Ludhiana.
\.;;’ﬁSmiMEnvimmunlEnghw, Punjab Pollution Control Board, Zonal Office-11, Ludhiana.
i TMEHM'E@M.WP“MWIMIWUM".WH_
4 PA to Member Secretary, Punjab Pollution Control Baard, Patiala.

5 pﬁumwwhmﬂmmm

frage
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A
PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN, i ,I,l“ A
: NABHA ROAD, PATIALA ¥ ,3\., \e
WATER ANALYSIS REPORT
1. Laboratory Sample No. E- 3011/ H.O,Lab. Monitoring/2023 -'gﬁ%}fu
ULE P, ULR-TC7045 1800000000639
2. Name of Indusry AT Wires, Backside Sitara Cinema, Sua Road, Ludhiana
3. Name of Sample collecting Officer Er. Sandecp Kumar, EE, Er. Jaspal Singh, AEE,
4. Designation of authorizing Test Environmenta Engineer, RO-1I, Ludhiana.
5. Type of Sample Giesh
6. Date &Time of Sample collection 01.05.2023
7. Date &Time of Sample receipt in Lab. 02,08.2023
B. Period of Analysis 02.05.2023 to 06.05.2023
9. Test Methods As per relevant parts of S:3025/&Methods of APHA
Results
[ Sr. | Parameters Sampling done from the Prescribed
| No, inside Houdle of the unit Standard
1 pH 45 551090
2 | TDS mgll 1451 : |
3 |EC 1746 -
i Sulphate mg/l 279 - |
5 | Chloride mg/| 220 : J
| & COD mg/l 124 - i
17 | Sulphide mg/ 4.7 :
(8 [lron mgl I8 30 ]

Remarks: 1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Part-A:
Effluents a3 per Schadule-V1 [See rule 3A)
1) BOL means Below Detectlon Limit

—-End of Report-—
J M) rr"-f

cor
L
Endst No: (0742 J/ b 0L/ o5/23 EF }L’

A copy of the above is forwarded to the: - ‘ . _
|. The Chief Environmental Engineer {Water), Punjab Pollution Control Board, Ludhiana.
<3~ The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-11, Ludhiana
3. The Environmental Engineer, Punjab Pollution Control Board, Regional Office-11, Ludhiana.
4 PA to Member Secretary, Punjab Pollution Control Board, Patiala.
$  PA to Chairman, Punjab Pollution Control Board, Patiala.

oL
Eﬂm 1 “shslay,
Asstt. Scientific Officer

fo—

ot| &)+

g & L a
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" D VATAVARAN BHAVAN, '

x .:._-.-II..-:,J, ,I'P ,-;L v
ANALYSIS REPORT :

Il-.'“'-n.'.‘l-li‘ll.‘l-'- d

R L
o

Point, Sua Rond
*‘;*" Kaur, AEE, Sh. Dalbir Singh, ASO
" i R w_ﬂ.ﬂull. Ludhiana.

Svarones
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%FUNJAE POLLUTION CONTROL BOARD
Zonal Office-1, E-648-B, Phase-V, Focal Point, Ludhiana
Tol0 Fax- D1614673788 Website:- www,ppch.govin emeil- ppebzotighgigmal com

oy 2936 Speed PostiOniine Dated 3,[C[23
[+

The Member Secretary,
Punjab Pollution Contral Board,

Vatavaran Bhawan, Nabha Road,
Patiala,

Subi- Submission of 2™ report by Punjab Pollution Control Board to the Fact-Finding
Committee constituted by Hon'ble National Green Tribunal in OA no, 327/2023 titled as
News item published in India Today dated 30.04.2023 titled “3 minors among 11 dead in
Ludhlana gas leak, Punjab govt. announces Rs 2 lakh ex-gratia®,

Ref:-  This office letter no. 2320 dated 29.05.2023.

It is submitted that the 1st meeting of the Facts-Finding Joint Committee constituted on
the subject cited above, was held on 08.05.2023 and its minutes were clreulated to its members
vide e-mail dated 11.05.2023.

In compliance, the Board vide its lefter no. 2320 dated 29.05.2023 has submitted 1%
interim report to the Fact Finding Committee.

In continuation to the report submitted vide letter under reference, the Funjab Pallution
Control Board has examined this incident through various scientific interventions and has also
taken Expert opinions. The Board has also examined the literature published in various
international lournals/papers for understanding the cause of the incident. Following findings have
been observed:-

1. Formation of Hydrogen Sulphide (H,5] in Sewers

Hydrogen Sulphide is commonly known as sewer gas and is formed under anaerobic conditions
through microbial biochemical degradation of organic matter including human excreta, kitchen
refuse, detérgents, animal waste, Ol & Grease, etc. which are usually present in the waste
streams. Hydrogen Sulphide is generated in relfatively stagnant waste water systems or at low
velocities of sewer streams. Higher Organic load leads to more generation of H2S gas in sewer
limes.

Mechanisms for the creation and release of Hy5 gas also occur when sulphate or axygen Is
used/depleted to produce Sulphide. Sulphate reducing bacteria acts as 3 major source for
microblal biochemical degradation of organic matter and release of H25 gas. Sulphates are
present in great abundance in municipal wastewater systems and primarily stems from household
cleaning detergents. Once the anaerobic conditions reduce Sulphates to Sulphides, it reacts with
hydrogen to produce Hydrogen Sulphide.

504"+ organic matter + anaerobic Bacteria-» 5"+ ,0 + €O,
5‘.‘ " IH"’ P'IJ-SI
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2. ¥ ; “

Formation of H25 gas in sewers depend on Flow [Velocity) of Sewage in pipes, Slope of the pipe,
Ratio of wetted perimeter of the pipe wall to surface width of the stream, Temperature of the

Sewage, Biochemical Oxygen Demand, Presence of Sulphates, Available Oxygen and Retention
Time in the System

3. A50M% H 5
Blocked Air Vents, Clogged Drains, ifl Designed Sewers, Blockage/Stagnation, Slow Velocities of

Sewage and Sludge/Slime Formation etc are the possible reasons for accumulation of H25 gas in
sewer lines.

4. Optimum pH for H25 generation

Nearly 90 % of Sulphide will be present as H,5 at pH 6 as depicted in graph attached as Annexure-
A |Source - Journal Presented by Jason Kone of Queensiond Woter industry operation conferénce
ond exhibition, USA). This graph further depict that even at pH 5, 100% of Sulphides get conmverted
to H25. This implies that majority of the Sulphides are converted to H;5 at pH 6 and there is no

special requirement of very low pH for generating high concentration of H,S as all the H25 ewst at
pHof5

Hydrogen Sulphide is Biochemically oxidized in presence of maisture to form Biogenic Sulphuric
Acid. Colonisation by aggressive acidophilic bacteria is capable of generating enough sulphuric
acid to reduce the surface pH to 1-2, whereas Thiobacilli is capable of generating sufficient
sulphuric acid to further reduce the pH to 1. Higher concentration of H2S in sewer lines leads to
increased bio-chemical oxidation of Sulphides to Sulphuric Acid.

Further, the Sulphuric acid is also generated in the Municipal Sewers through Chemical
Oxidation of H2S in presence in aqueous medium. The rate of chemical Sulphide oxidation
increases exponentially with Hydrogen Sulphide concentrations and chemical sulphide oxidation
is resultant into the formation of Sulphuric Acid. Hence, with the increase in the concentration of
H25, there is increase in Sulphuric Acid generation.

As per analysis report, the low pH between 1.51-2.59 is observed at manholes close to incident
site (Affected stretch) . Whereas, it is 4.41 at Upstream and 5.74 at Downstream of incident point.
Had there been any acidic industrial discharge from upstream in the sewer line , the pH.levels at
upstream and downstream of the incident point should have been equivalent to pH levels in the

atfected stretch and all the parameters should have shown a uniform trend in the samples drawn
from ail the manholes,
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Low pH in the affected stretch and relatively high pH at the upstream and downstream of the
incident site clearly shows the built up of anserobic conditions and after affects of H2S

generation leading to biochemical formation of sulphuric acid thereby lowering of pH in the
affected stretch and sustaining in the adjoining pockets

6. cts of lron and other

There are number of units engaged in machining processes (non-water polluting) operating in
Ludhiana and particularly in this area. These units are covered under White Category and
exempted by the CPCB from consent management in the notification for categorization of
industries. Iron in particle form from such industries may have entered into sewers and got
accumulated due to sludge settling and converted to dissolved sofids due to low pH in the
affected pocket. Iron concentration in the range of 300 mg/l on upstream and downstream
comparing to high concentration of Iron [1000-1500 mg/1) in the affected pocket substantiates
the above hypothesis, Further, the results in the branch sewer suggests relatively low iron content
(Maximum 3 ppm}, which suggest that accumulation of iron content happens only in the affected
packet and not due to discharge from any adjoining units.

The concentration of other metals is not significant comparing to iron and the general standards
prescribed by the ministry for such discharges into the Municipal Sewer. As far as presence of
metals especially Iron, Zinc, Nickel, Chrome or any other heavy metal inthe sewerage sample is
concerned, these cannot lead to the generation of H2S. On the contrary, iron and other
metals in the agueous medium or iron salts would combine with sulphide ions (from H:5 or
any other source of sulphide) to immediately convert to highly stable iron/metal sulphide
through an irreversible reaction leading to the formation of respective metal sulphides.
Hence, due to above property of metals, iron, nickel, zinc, chromium etc. would never be a
source of H2S generation, rather are used as H25 scavengers lo remove sulphide from
varfous streams likely to contain H25

Further, Dosing of Ferrous or Ferric iron as gither a chloride or a sulphate has been a proven
mechanism for hydrogen sulphide control applications. lron salts bind with Hydrogen sulphide
leading to production of lron sulphides in stable forms through an irreversible reaction. Dosing of
Ferrous or Ferric iron as either a chioride or @ sulphate has been able to control Hydrogen
sulphide levels in Bio gas digesters. Iron salts are used in Biogas digesters 1o suppress H2S
generation. These jron sulphides are very fine particles having very low sedimentation properti
and are generally carried along with the sewer stream.

A detailed survey of the upstream and downstream of the point of incident was jointly conducted
by teams of PPCB and MCL from 01.05.2023 to D4.05.2023. The joint teams have scanned the
area physically upto 500 mtr on upstream & upto 200 mir on downstream of point of incidence.
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During the visits, 179 establishments including residential and commercial were inspeciedl. Out of
these 179 establishments, 22 industries were found water polluting. These are tiny
electroplating/puckling/barrelling units. The observation and findings w.r.t the visits conducted is
as under:-

1. There is no large or medium industry in the area surveyed. All the industries are of
tiryfsmall scale.

2. Out of 22 water polluting industries, 15 indusiries were located at the upstream (13 acid
consuming/electroplating and 2 caustic barrelling). Amongst 13, 6 are acid pickling and 7
are electroplating. There is no acid consuming industry within 100mtr radius of the
incident.

3. Two caustic barrelling units have no role in discharge of acidic effluent. Whereas, & tiny
pickling units have total effluent generation of 17.5 KLM (Average 0.7 KLD). All af these
tiny units are member of one or other re-processors. In case, if assumed that any
discharge have been made from these units, it will not be as concentrated as fresh acid
but must be spent acid. It will not be possible for an inert acid with such a low volume to
travel more than 100mirs and sustain low pH around 2.5 in affected stretch despite high
dilution available in the public sewer from domestic and other sources. Further 1o add that
on the previous evening, there was heavy rain in the affected area and lot of rain water
was carried out by the sewerage stream leading to further dilution of industrial effluent if
any available in the sewerage network. Further, on 30.4.2023, when the sampling of main
sewer line were collected from the affected area, no industry in the vicinity was in
operation being Sunday, gas leak tragedy and forced power cut due to gas leak. This
implies that the low pH at the incident site was not due to any industrial discharge but it
was some localized reason that contributed to the low pH.

4. Above findings are supported by the analysis report as low pH between 2.51-2.59 is
obsaerved at manholes close to incident site, whereas, it is 4.41 at Upstream and 5.74 at

Downstream of incident point. Had there been any acidic industrial discharge from
upstream in the sewer line , the pH levels at upstream and downstream of the incident
point should have been the same as that of the affected stretch and all the parameters
should have shown a uniform trend in the samples drawn from all the manholes.

5. Further, samples from 9 locations of the branch sewer lines in the adjoining streets in the
periphery of 500 m u/s and 200 m d/fs were collected to check the sources of different
parameters when all the water polluting industries were in operation on 1.5.2023. pH of
these points has been observed to be near to neutral except al one point g{5.7).
Therefore, contribution of the indusines from nearby vicinity, seems not possible.

& The possibility of accidental injection of industrial effluent or deliberate discharge of acidic
affluent or suspicious matter through tankers or any other mode in the manholes of the
sewer line near the affected site has aiready been ruled out by the police authorities
during preliminary investigation. CCTV cameras of the area were scanned by the Police
Authorities and as informed, no suspicious activity was observed near the incident area
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upstream upto about 1 KM (Eastman Chowk)

\ discharging any unethical effiuen/ chemical
etc. directly into sewer by any unsocial

lement,
It is further observed that the incident occurred in a very short stretch i.e. around 3

houses. Had there been any gas formation due to industrial discharge, a long stretch of

houses m_:uu have been affected. As such, the hypothesis of industrial discharge leading
to formation of any gas could be ruled out,

on the a

results of the sam

| Baard.

A. On the day of incident 1.2.30.4.2023, samples were collected from 6 manholes of sewer
line immediate near to the affected site. The details are as under:-

f . R
Ref No. | Sampling Location Reference  w.rt  2ero | Time | Sample
point (incident point) | na,
| o
A from Manhole Opp. lashir Building | Upstream  near  to | 01:00PM | 5-3
Material Store imcident point
B ‘From Manhole Near Transformer, | Immediate  Upstream | 1130 AM | 51
Dutside Saro] Beauty Parlour the incident pobnt ey
I 12:20PM | A1
2 From Manhole in the front of Nitco | Immediate  u/s  the | 04:30PM | 55
Logistics {P) Ltd, Near Transformer incident point
D From Manhole Opp. Aarti Clinic Opp. to the Incident | 12:40PM | 5.2
palnt,
E From Manhole Opposite Dharam | Immediate dfs the | D140 PN | 5-4
| Eanda near Punjab Emporiem) incident point |

The analysis results are examined and observed:

a. low pH between 2.51-2.59 is observed at Point B,C and D close to incident site. Whereas, it
is 4.41 at Point A (U/S) and 5.74 at Paint E {D/S) of incident point.

b. High Concentration of iron between 951-1499 mg/l is observed at Point B,C and D.
Whereas, it is found to be 333 mg/l and 291 mg/l at upstream and downstream
respectively,

c. High Concentration of Sulphides between 56-60 mg/l is observed at Point 8.C and D.
Whereas, it is found to be 8.8 mg/l and 6.0 mg/l at upstream and downstream
respectively.

d. Similar is the case of chiorides. Its concentration 683-1541 mg/l at B,C and D whereas on
upstream and downstream, it is 235 mg/l and 231 mg/1 respectively,

e. High TDS @19426 observed near the incident point whereas, It was 7706 at upstream and
1730 at downstream. Similarly, High COD of 4280 mg/l was observed near incident point

whereas, it was 840 mg/l on upstream and 1978 mg/l on downstream

Concentration of Nickel is between 0.44-1.7 mg/l, whereas Zinc was found between 0.99-

7.0 mg/l, T.Chrome concentration was observed between 0.56 to 9.1 mg/l. A general trend

of reduction in the concentration of these metals s observed from upstream to
dowrisiream,
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B Concentration of Sulphates at Point B, C and D is found between 27563849 mg/l. It is
3851 mg/l at A (upstream) and only BB2 mg/l downstream at [,

h. Parameters like Cadmium and Amm Nitrogen were found BOL(Below Detectable Limits)

and Lead @ 0.51 and 0.67 g/l is found at Point A and B respectively. It was BDL on rest of
the points of sampling

8. On 01.05.2023, samples from 9 locations of the branch sewer lines in the adjoining streets in
the periphery of 500 m u/s and 200 m dfs were collected to check the sources of different

parameters when the water palluting industries were in operation. Summary at 9 points of
samples is as below:

3] pHvaried from 5.7 107.4

b} COD varied from 297 to 922 mg/l

¢} TDS varied from 625 10 1138 mg/

d) Chloride varied from 106-194 mg/l
e} Sulphide varied from 0.4 to 13 mg/l
f} Sulphates varied from 2010 211 mg/l
Bl lronvaried from 2 tp 9.4 mg/l

h} Zinc varied from 0.2 to 2.3 mg/l

i] Nickel and Chrome were found Beyond Detectable limits.

From the perusal of above results collected on 30.4.7023 from the main sewer line and on
1.5.2023 from the branch sewer lines, it is observed that the pocket in the affected stretch is not
behaving in unison with the rest of the sewesr line of the area. High accumulation of various
pollutants is observed in this pocket indicating some abnormality in the flow of sewer of Some
blockage in that particular stretch only. The parameters reflected in the samples collected from

the branch sewer lines near the water polluting industries supports the hypothesis of no

contribution from these industries and rather built of anaerobic/sceptic conditions in the affected
stretch.

9. Sources res High nic the si

a) Densely Populated Vicinity:-The Area is a house to crowded habita
labours who work in the industries, There are several vehras in whic
in congested areas and other commercial establishments contributi
vicinity in and around the incident site is densely populated

ts mainly made by migramt
h migrant labours are living
ng to huge organic load. The

b} Cluster of Meat and Fish processing shops and dhabas:-
fish/Meat shops located in the upstream of the incident paint
water with high Organic loads into sewers, Besides, There are around -7 dhabas opposite to the
point of incident which are also a source of high organic load. They neither have any adequate
disposal for highly organic effluent nor any adequate solid waste disposal arrangements. Broken
manhole near the Meat shops indicate that the solid waste might be dumped in municipal sewer

There is a Cluster of mearly 10
which are discharging the washing

which leads to choking and heavy accumulation of organic matter

Initial discussions with experts revealed that in Case, waste water stream in 3 sewer fine remains
in running condition with proper ventilation of sewage network, the generation of H25 at such a
lethal concentration is not possible as there would be No anaerobic conditions developed in
sewer line, which is a pre-requisite for generation of H2S gas. However, in case there Is a buitt up
of organic matter due to blockage/stagnation in sewer /siow velocities of sewage/ ill designed
sewer, there is possibility of sludge/slime formation, only then Bio-chemical degradation of
ofganic matter would lead to the generation of gases like methane and H25. Even if, the H1S
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Benerates and Proper vents are av
concentrations is not

ventilation in the

ailable, the chances of accumulation of H2S at such high
Possible. Inadequate vents to the sewer lines accompanied by no of poor

residences of alfected houses mi
ght have aggravated the problem resulting in
the accumulation of H25 Ras in the affected pocket. " .

ITI ;uch, fﬂ"ﬂw'“g might have been the main reasons for accumulation and reverse dissipation of
Ras:-

a. Requirement of Sewer Vents

Sewer vents need to be provided to prevent sewer gases from entering the home and allows
waslewater gases and odors to escape through the plumbing vent stack. Non availability of
ventilation pipes in the affected stretch might have led to heavy accumulation of sewer gases
such as H2S, CH4, CO etc. This gas is also a cause of sewer men deaths across the country as
concentrations about 200 -250 ppm are also considered lethal, Further, the H2S levels at the night
of incident even after caustic dosing were also measured to be very high {around 200 PPM) by
NDRF teams which clearly shows that the H25 built up was there even after caustic dosing in the
evening. This clearly shows development of anaerobic conditions due to deposition of organic
matter and inadequate slime stripping in the affected stretch. Dr. Charan Kamal, District Farensic
Officer, Ludhiana told the Fact-Finding Joint Committee on 8.5.2023 that in the past, he has
experienced 6-7 incidents from H25 gas and all the incidents were happened due to sewer gases.

b. Reverse Ventilation of H2S Gas and Unscientific sewer cannections by affected households.

The sewer connection made by M/s Goyal Karyana Store was unscientific which lead to reverse
ventilation of H2S gas in their residence. The sewer opening / WC opening [ wash basin drains
may have acted as a reverse ventilation pipeline dissipation of H25 In the affected premises. Poor
ventilation system particularly in the affected houses might have affected the dissipation of H25
gas and have aggravated the situation. No fatality was observed due to any dissipation of H2S in
the main sewer line which was near to other end of the road. The incident occurred in a very
small stretch at the opposite end of the main sewer line. As the sewer line of the 3 affected
houses are interconnected, the possibility of hitting of the inspection chamber by someone with
some stick/chemical thereby disturbance of the traps and leading to sudden dissipation of gas can
not be ruled out.

c. Slime deposition in the sewer line near to the affected stretch

Inadequate slime stripping and slime deposition in the sewer line is one of the main reasons for
accumulation of H25 at the affected stretch. The slime deposition was removed at night at around
1:00 AM using jetter and supersuction machines which clearly shows that thick sludge was
deposited at bottom of the sewer line and clubbed with all the factors stated above has lead to
heavy accumulation only in the affected stretch and reverse dissipation in the affected
households. Further even if H25 is formed, the same would have not been reversely dissipated
had there been the presence of sewer vents and provisions of scientific sewer connections with
adequate ventilation arrangements by the affected households.

11. Scientific and Technical Views of the Experts

A The Preliminary Report along with Findings and recommendat
io
Professor, Department of Chemical Ensinesring  Thew.. ns from ﬂ[‘ A_““‘“F' Grover,

e ikl -
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8 The report on the visit of Expert Committee comprising of Professor Sushil Mirtal, Vice
Chancellor, Sardar Beant Singh State University, Gurdaspur (Now Vice Chancellor, Punjab
Technical University) and Professor Raj Kumar Gupta, Department of Chemical Engineering,

Thapar institute of Technology is attached as Annexure-C.

The copies of literature obtained from various lournals/papers published internationally
Supparting the above hypothesis is attached alongwith as Annexure-D.

Thus, in view of the literature and Expert views, the Punjab Poliution Control Board s of the
view that the formation and

accumulation of H2S gas at the point of incident is due to the
anaerobic biochemical degradation of Organic matter and not due to discharge of industrial
chemical effiuent as des

cribed above.
Senior Ew l‘!&hnr

Dated

DASAs above

Endst No

A copy of the above is forwarded to the following for information, please.

1. The Chief Environmental Engineer, Punjab Pollution Cantrol Board, Ludhiana,
Z. The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal office-2, Ludhiana.
3. The Environmental Engineer, Punjab Pollution Contral Board, Regional affice-2, Ludhiana.

mﬁn I'.'l.hﬂ'l-ll

Senlor Erl-ni'ﬁm_:nul Engineer



AFFECTED STRETCH

House of the deceased
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UNAUTHORIZED MEAT/SLAUGHTERING SHOPS

Cluster of meat shops are located in the upstream of the incident point
which are discharging the washing water with high Organic loads into sewers

Mo adequate solid waste lilegal Outlet for discharge of high organic

handling which leads to

Inaddire into sewer .
choking of sewers o )



NO OR POOR VENTILATION IN TﬁEQiGUSES OF THE DECEASED




SEWER CHOKING CLEANED AND SLIME REMOVAL BY JETTER AND SUPERSUCTION MACHINES
AT INCIDENT NIGHT1.5.2023 (AROUND 1:00 am) AT THE TRAGEDY SITE

CONSTRUCTION OF ROAD GULLIES AND PROVISION OF VENTILATION JALIS 2 DAYS AFTER INCIDENT
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W25 and pH. As visualized above. H2S begins to dissociate at a pH of -5, and forms 100% Hs-
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Subject: Findings and recommendations during visit to Sua Road, Glaspura, Ludhisns
regarding inspection and investigation of gas leak accident.

This is In reference to the above subject matter, | visited the said site on
nmwuuﬂmmmmlmmmmmm Ludhiana and
she introduced me to the Hon'bie Deputy Commissioner Ma'am. ADC (General, Officers from
Punjab Pollution Control Board, Director of factories and Police authorities were also present.
mﬂmmmﬂmmmﬂ-ﬂmuﬁmh-m
1. It has been told that as per the findings of NDRF and CSIO, the gas beakage accident might

mmmummammmmm:m:u{mm
mﬂMwhﬂmﬂhmmmmm

uﬂwmwhiﬁmmmﬂmwhmw
uhmﬂhupmmﬂﬂﬂ.hmshlm;uMMmmmmn
—= e

mmmmmmmmmummmwm
unnmthmudhudnﬁ.hpvﬂuhn&hmmlhlhﬂhm“
MFMMIHIMMIMMM.!*HIMHM
mumhMIuH#mmﬂmmmmM
system resuiting in lack of oxygen use in celis ;

2. |along with Ms. Swatl Thwana, SOM (West), Ludhlana and other administrative staff visited
mmkmhlmhmmmmmmmmm.mm
wﬂnﬁumﬂﬂ-hﬂmmwmmmm




— 460 m—

THAPAR INSTITUTE

OF ENGINEERING & TECHNOLOGY
iDL o prnay n of e L A ey

T Tod Funadasgry ©srnpus,

Biupdinn Fodd, Fotieis - 14T B0 [(Prangais| s
Frans | 8 F-IFENET

Emall | rephuirer{itiged ik

UL e ihapad ade

1 While inspecting the nearby areas It is observed that It Is densely populated area without
any proper arrangement of sewer flow. This could lead 1o heavy accumulation of organic
matter which eventually lead to bio-chemical degradation with more H;S formation.
Heavy rain on the proceeding evening of fateful tragedy Le. on 29.04.2023 may have
contributed to the regular flow in sewerage line and might have created temporary
blockage in lines.

4. There were no ventilation pipes (vent pipes) provided with sewer lines slong the affected
stretch, which might have accelerating the buildup of H35 and other gases in the sewage
system.

5. | could try co-relating this incident with industrial discharge also from nearby industries.
But based upon my observations and personal opinion, If It could have been the industrial
untreated discharge, the long stretch of houses would have been affected. However, the
diameter of the affected area was limited to 3-4 houses so, hypothesis of industrial
discharge could be neglected. Even if it is presumed that there is some untreated
inﬂmﬁﬂdﬁﬁﬂilnmﬂpmhuhﬂrﬂ:hﬂunhﬂlﬂﬂu;mmﬂh‘h
mmmulﬂﬂumpﬂm.lrﬂmlmnmﬁmmmmnﬁ,ﬂ:lmm:l“
manholes can be carried out.

6. Once again based upon the onsite discussions with concerned officlals, | could co-relate
MMnnmﬂmwm“thmnlw_Eﬂ:mhd
th%MMWIMMWw
hﬂwﬂn-hmhnﬂ:unlhmmmwmmmmm

Eﬂmﬂﬂhhﬂﬁﬁhﬂﬁlﬁ#ﬂhhﬂhﬁuﬂ:ﬂﬂhﬁm“ﬂ
lead to reduction in pH of slurry.
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There were many small slaughter houses, dhabas in the close vickaity of the affected site
Mﬂhﬂhmliﬂhmmuﬂmmmhmm
Again, this organic content s feeder 10 anaerobic digestion which ultimately lead to
formation of H,S, CO and other gases.

Based upon the overall Inspection of the site and subsequent interactions with all the

administrative stafl, | have some personal recommendations to cope up future incidents

ke this:

L While designing sewer lines, the contribution of rainwater run off should also be
accounted for. Regular deaning of sewer lines where there Is a poor drainage systems
HMﬂthhwth.m.m‘
connections from the households to the main sewer line should be checked regularty.

. Regulsr mock drills for gas leakage safety, fire from gas leakage would be adopted by
Municipal Corporation for densely populated area like this.

. Munopal Corporation and other regulatory bodies should collaborate with institutes
ﬂmmMﬂrﬂhﬂWlﬂm-ﬂvmwﬁ“
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Sardar Beant Singh State University

(Formerly Deamt College of Engincering & Technology )
(Established by Govt. of Punjab)

GURDASPUR (PUNJAB)143530

of. (Dr) Sushcel Mittal CChem FRSC Ref. NoSBSSU/[205
CE CHANCELLOR Date.R:5/05,/2:23...

Preliminary report on the visit of the Expert Committee comprising of Prolessor
Susheel Mittal, Vice Chancellor, Sardar Beant Singh State University, Gurdaspur and
Professor Raj Kumar Gupta, Department of Chemical Engineering, Thapar Institute of
Engg. & Technology, Patiala on May 2, 2023 at 3.30 PM

The commitiee visited the site of the incident on May 2, 2023 (Tuesday). The commitieewas
briefed about the incident. The commitiee interacted with local residents and witnesses of
the incident and spent about 90 minutes at the site. It was informed to the committee that
PPCB had already collected samples of sewerage line from the incident site on 30.4.2023
and other nearby locations on 1.5.2023. Prefiminary observations of the committee are:

1. Incident happened on early moming of April 30, 2023 (Sunday) around 7 AM, as
informed by the local residents who were available for the comments.

2. Incident site is surrounded by commercial, residential and tiny industrial
establishments like fabrication units, machining unils, buffing/polishing addas, wire
drawing units. Some tiny electroplating units are also reported to be working in the
vicinity. In front of the incident site, there are number of small food eateries (dhabas
and tea shops). On the upstream of the incident point, there is a cluster of raw fish
and meat slaughtering shops.

3. Brother of one of the victims, owner of Goyal Karyana Store informed us that his
brother suddenly fell unconscious and died near the "Haudj Just outside the shop
when he visited the shop. His mother and brother's wife also died on the spot when
ihuymnuduwnfrmtharruusamtruﬂmﬁuutnfihushupmmﬂwm‘m

hearing voices of the passer-byes.

4. It was also informed by the residents that five persons died inside the Aarti Clinic,
hu:utndnmdluﬁayalhwmastnm.ﬁmumpmphnmmpumdtnhwgum

5. When our team visited the site, whole of the incident site was found clean and man-

hdummﬂmmgqhmmﬁamdaud:l&ﬂngﬂﬁummmdnm
as
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Prof. (Dr) Susheel Mittal CChem FRSC Bl M
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Informed by the residents, Furiher, the residents Informed us that the main sewersge
line might have boen blocked as Il was cleaned wilh super suction machines in the iate
night on 30.4.2023. They also lold us thal the problem of sewerage line blockage is
comman in this arsa.

& Poor or no ventilation was found in the residences of affected parsons

7. We were informed by the peaple thal the cause of deaths could be inhalation of H,S,
as declared by the NDRF and district administration also.

Ap=ta
g

As per the information avallable 1o us supported with Chemical Testing Reports (provided by
PPCB) of the samples reporied sbove, lollowing are our preliminary findings:

a Loss of life was due o inhalation of some polsonous gases like Hydrogen sulphide
{H;5) in high concentration (more than TO0 ppm).

b H;S is mainly generated In the sewer from the biochemical degradation of human
excreta, kitchen refuse, delergents, oll and grease, animal wasle by microfiora of
organisms, which are always prasent in the wasle agueous sireams, Where ever thare
is blockage of the sewer siream or a sludge deposition in the sewer fine, it leads o
anaerobic conditions. Possibilities of accumulation of high concentration of HyS is
highty probable when there is sewerage line blocked. Since the sewerage manholes in
the wicinity of the Karyana Store and Asri Chinic were all lightly covered, ihe sewerage
pipe became a closed chamber leading to accumulation of the H,S gas.

& A high concentration built up of the gas in the underground pipe might have been
inggered by the residents in the affected houses, who tried to clear the blocked
sewarags themaehes

d - 0o b B e o -

Some addiional findings based on the lab test reports:

1. Low pH in the range of 1.5 reporied in the sewerage samples collected from manholes
mhﬂmﬂ:&hlnﬂ:ﬁhﬂmmﬁnmﬂmhhtﬂmmm.
mm“wwhhhnmuhﬁ.?mum“

3 downsiream sireiches of the sewer line, which indicates building up of anaerobic
condition anly in the accident area and sustaining in adjoining pockets.
2 H%mmﬂuﬂ:mhﬁuhhw%ﬂﬂ.hhlﬂmﬁm

L mﬂﬂﬂllmﬂﬂmdlﬂﬂ-ﬂ.ﬂmﬁunhmrmwmmmm#

= hrwmrﬁmmnﬁnmlﬁmﬂhmnhmmwm“

Mmmmmmmmmhmmwm
of the underground sewer fne accompanied with inadequate siime stripping, long

3 Iron in particie/powder form
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nui-bolt making, driling and wira drawing Indusiry, Tho iron 8o entored in the wasle
siream got accumulaled In Ihe affecled pockel due lo reasons of sludge seltling or
some other similar reasons. High concaniralions of kron In the range 8891459 mg/L
in the affected sewsrage pockels as compared lo 201 - 333 mpiL in the upsiream and
downsiream pockels might haus come due to solubility of the metal in the acidic
conditions converting melal particles 1o the disspived aqueous form. Resulis dated
1.5.2023 of adjoining streets suggest low concentrafian of iron conteats upto a range
of 8 ppm compared 1o hig canceniralion of iron cbserved in affecled areas aiso
indicates accumulalion of iron and olhers in @ particular siretch. High TDS
(18428mgiL) near the incident paint and low TDS (1730 mg/L) upstream supports the
above finding.

4. Presence of metals, especially ron, zing, nickel, chrome or any other heavy metal in
the sewerage sample cannot lead to the generation of Hy5. On the contrary, iron and
other metals in the agueous medium or iron salts woukd combine with sulphide lons
{from H;S or any other source of sulphide) lo immedialely convert to highly stable
won/metal sulphide through an Imeversible reaction leading o the formation of
respective metal sulphides. Hence, due to above property of metals, iron, nickel, zinc,
chromiun etc. would never be a source of H,S generation, rather are used as H,S
scavengers to remove sulphide from various sireams likely to conlain HyS.

5 hhmm.dmtnthapmﬂanmﬂhmmﬂauhduﬁ:gm.hhwﬂﬂnhm
1o be observed due to inhibition by these metal lons.

B In::naufawuhwﬂlrﬂmmlnmnmmnﬂhnﬂhmmﬁﬁmﬂ
sewerage network, thmﬁnnﬂH,Emr‘qhmmﬁmummm,n
mmmuuwmwhhmh-m,
uhnﬂuchmﬂhﬂﬂw:ndamunﬁcmﬂinmnwﬂ,uﬂyﬂunbhﬂ:ﬁl
ﬁ&mdﬂmnnfnrgmicmﬂlﬂwmﬂdhidlu“ﬂﬂlnarllmnfgmrilmlgﬂ!s.

7. Meatfish slaughtering clusier on the upsiream and unauthorized eateries n front of
Whmmm'ﬂmﬂﬂWmehﬂammmn,a
generation under anaerobic conditions in the sewer fine.

B Pnuhﬂynliﬂidﬂﬂlmmlﬂhnﬁmwmm“mmhh

-

Dr. Sushesl Miig] %% 2%
Vice Chancellor, SBS State University, Gurdaspur
iFmRtniﬁrasrw.cmm-,atTrET.pm;
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HYDROGEN SULPHIDE GAS IN SEWERS - THE CHALLENGES
OF ODOUR AND CORROSION

Jason Kane, Engineer, McBems

ABSTRACT

The presence of Hydrogen Sulphide gas (H:S) in sewers can result in hazardous work
environments, odour complaints and accelerated corrosion of assets. In the water industry, we are

all familiar with the impacts of H.5 : i1 lls, discharge manholes and
treatment plants. 13 Ras I sewers, pump stalion weils, ge

“.'Ff gas problems generally oceur after the infrastructure has been buill, Therefore, operators arc
typically the fromt line when odour complainis are received or H,$ gas is detected.

This paper discusses the challenges operators face due o H:S gas, how it 18 generated, how l_ii's
gas corrodes our assets, odour and corrosion examples, accepted removabireatment technologies,
what can be done to reduce H.S gas peneration and typical repair techniques.

Controlling H,S gas and repairing corroded infrastructure is achieved by the combined efforts of
operators and engineers. Treatment and reduction options can be developed by knowing how
much and how often the H.S gas occurs. Examples of H;S pas management are presented.
Practical, low cost strategies in reducing H,S gas are also discussed.

L INTRODUCTION

Once released from the sewage (ie. the liquid phase), H;S gas can be loxic o sewer
workers, even al low concentrations, and cause nuisance odours. Under certain conditions
H.S gas can be converted to sulphunc acid which can corrode the imemal walls of sewers,
munholes, pump stations and other concrete and steel structures.

H-S gas impacts include:

o Release from the sewapge at manholes, vents, pump stations and channels into the
atmosphere, resulting m odour problems

# H-S gas is denser than air so il may sit at the botiom of maintenance structures
such as tanks, wells, enclosures, pits, buildings, storage areas etc.

. EﬁmmhuﬁﬂiﬂdWﬂhﬁtthﬂd@ﬂﬁﬂtﬂﬂu#mﬂ

ing in the generation of sulphuric acid, which is corrosive especially

concrete or concrete lined pipe. - . .

Practice has shown that very low concentrations of H
Img/L, can produce a concentration of hundreds of pp
abserved m sewer “headspaces’ and wet wells.

1S gas in solution, for example
m by volume in air. This has been

The whole of life cost of corroded sewer assets has been estj many thousands
dollars per km resulting from H.S pas. Cesca et al gy X o

: state that “The i :
premature deterioration of sewer assels has been astimated ot cost associated with

hvdrogen sulphide concentration af 100 ppm in a 300 mm dia over §12.000 per km for a

mefer sewer

ﬂgﬂmrmfmmfm,@mjmjiwlm“ - Page No. 76
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How s H,8 Gas Generated

The following describes the WS ga generation process:

"MmmﬂﬂmnﬂrmﬂEMHhﬁﬂmd
mmmmdﬁmhhm“m#ﬂﬂm’”'

the oullets of inverted syphons and pressure mains. "(HsS Control Manual, Water
Services Association of Australia)

Inputs to 1S gas generation inchide available oxygen, suphates, organic matter,
madequate slime stripping velocities, detention time, temperature (c.g. Iradewasios verms
mmjmmmm[..;mmmm

Mechanisms for the creation and release of H:S gas occur when sulphate or oxygen is
used/depleted to produce sulphide. The resulting hydrogen sulphide gas can remain in
solution or under certain conditions can be released to the atmosphere.

How is H;S Gas Measured
H:5 gas can be measured using the following methods:

« OU's - Odour Units {re. refer AS/NZS 4623) - odour sample needs to be
captured and scientifically tested. Reported as OU/m’

= ppmV - the volume of H;S gas in proportion to the total air volume in parts per
milbon. H:5 gas loggers and proprictry software are available for logging and
pnalvsimg data

¢ Sulphide concentration modelling (Le. predictive only):

120

0.0
| B
an

Tima (hrs)

a0

(0

ki E] .50 1.00 1.50 200 250 200 150
Calculated Sulphide Conc. (mgiL) l

Figure 1; Pnﬁﬂn;swmmm;mr

* WS gas dispersion modelling (ie predictive only) - assumed
L. or measured
concentrations are predicted from environmental Npuls using proprietry software.

I%h Anmuail (vieenslamd Waier Indusiry Opserations Conference 4 En Puge
R i,
Ligan Metro Indvor Spovts Centre, Lagon 1 1o § June, 20}4 P o
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Health Effects of H,8 Gas

Tables | & 2 show the health effects and recommended limits for H,5 gas exposure

Lable |: fﬂ'ﬁmk“mm

atvel :'.":]"; Impacts & Health Eflects
s Odour threshold (with some individual vanability)
= AL Increasing possibility of annoyance and headache, nausea, fatigue
i— — _i - Bronchial restriction in some asthmatics
| Increased eye compliints
= 210 Minor metabolic effects
20 Neurological effects including memory loss and dizziness
Table 2; Exposure limitx
L Limit {ppm) Esposure Time
2 30 minutes
.1 24 hours
0.014 I 90 days

(Hvdragen Sulpide and Public Heaith, Department of Health, WA Government, 2009)

Concentrations of H,S gas greater than 150 ppm become undetectable to the olfactory
system. Concentrations greater than 300 ppm can cause loss of conscwousness and death.
Very high concentrations greater than 1000 ppm can result in mmediate collapse afler a
single breath ( Wikipedia, search: sewer gas, March 2014,

hitp://en wikipedia.org/wiki'Sewer _gas).

14  Removal of H,S Gas

H:5 gas reduction or removil usually depends on where in the sewerage sysiem the

appropriate method can be applied, The H,S gas problem can be attacked in the dissolved
or undissolved form:

Liguid phase:

& Dosing to precipitate out the sulphur containing compounds. For example, dosing
ferric chlorsde, where H,S gas will react with metal ions in the liquid 1o produce
metal sulfides that are nol waler solublke

e Dosing for biological and/or chemical conversion/capture, for example, the
addivien of microbes that consume enzymes, oxygen injection, pH adjustment (e.g.
magnesium hydroxade)

» Masking agents'dendorising

(ray phase;

Sealing the system — usually silicon based products such as Sikaflex™
Ventilution - induct/educt of air (Le. dilution over time)}

Extraction - wind assisted or fan extracied

Adsorption - activated carbon (usually mpregnated for H2S remo

mlnﬂil types mchude plastics, coconut husks, timber mulch i sl
Hiological and/or chermcal conversion/capture

* Buming off

In more recent times, the followi '
) y ing reduction met
effective, based on longevity and not necessarily m:tﬂdﬂ e

demwﬂ'ﬂummmr e
Lo Metro indhor Sports Cenire, Lagan 3 1 3 e 1pre " 2 Hbition Page No. 78

been found 10 be the most
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Table 3:

Accepted 1,85 Kas reduction methods

_ Prevention Containment Treatment
Calcium nitrate | Magnesium hydroxide | Carbon filters
. _hiﬂluvylts_ 1 Sodium hydroxide S
- TXYgen injection | Ferric chloride | Chemical scrubbers

“‘d“ﬂ“i‘- H 8 Gas Generation
Some practical 5 gas reduction methods include:

Reduce turbulence in MH's and inlet structures
Venting — designed induct and educt ideally
Increase pumping frequency and/or flow
Improve slime stripping velocities
Submerge inlets where possible discharge MH's and wet well inlets
Vent outlets at high poinis
Flush mains with long detention times or low velocities
Reduce fats, oils and greases in wet wells
Choose materials to suit the amount of potential H;S gas e.g. high CAC cement
lining, HDPE pipe and liners, epoxy liners
= Saw tooth rising mains;
*  Automatic air release valves on high points
*  Monitor long *falling main® sections
*  Condiion inspection — wall thickness, non-destruction or coupon/cut-put
sampling and testing to track deterioration (N.B. testing can be expensive);
hardness testing; cover tests; chemical or physical analysis
*  Where possible, don't build them
* Improve quality by reducing H;S gas producing tradewastes — high BOD, high
temperature, high sulphur containing wastes e.g. food manufacturers
* Monitor and track H,S gas concentrations at critical points e.g. pump stations,
discharge MH's, inlet structures, pressure mains
= Map odour complaints versus seasonal changes.

® 8 @ & 8 & & ® @&

In practice even retic gravity sewers or small diameter rising mains have the potential to
generate high H.S gas concentrations, usually due to long detention times. But how can
we vent sewers near houses and businesses without adversely affecting customers? Some
form of treatment combined with dispersion is usually required. Figures 2 and 3 show
some relatively low cost treatment and dispersion options.

»

Figure2:  Typical AC : : i - :
e Figure 3: W Figured:  Chemical

scrubber
th Amnual Qucensiand Wager Indhuviey Operations Conference & Exhibition

wan Metre Indoor Sperts Cenire, Logan 3 1o 5 Juse 2014 e
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mﬂnﬁitts E eried by mﬁlziglphn acid (e.g. on the pipe wall), its
flihm-‘m[;pml Cin cause long term loss of wall thickness or even

The extent of corrosion depends on the asset type, materials, system design and

Operational decisions, Examples of H,S gas corrosion include:

* Concrete - microbial induced corrosion via acid attack (refer figure 3) |

* Asbestos cement pipe - lime leaching making pipe susceptable to cyclic falure
(refer Figure 6)

e Fﬂ‘lTﬂ_u& - found in older pipes and fittings, knifegate valves, penstocks, miets etc.

* Plastic - not likely but some evidence of pock-marks in HDPE pipe

Figure 3: Corroded concrete pipe  Figure 6:  AC Sewer rising main-internal
leaching due to H,S gas

2.6.1 H,S gas Corrosion Protection

Protective coatings are the most common H;S gas prevention technique. Some typical
coatings used in the water industry nclude:

e Cement moriar - trowelable or spray-on

s Epoxy spray-on

# HDPE liner

o Cement-based spray-on liner e.g. gunite

It should be noted that the success of protective coatings 15 dependent on the material
type, surface integrity and preparation.

2.6.2 Repair Technigues

Some proven H;S gas corrosion repair technigues include:
¢ Pipe rehining — CIP liners, sparal hiners, structural liners

» Patching/clamping (small dia.) - mternal or external (e.g. pressure mam repair
hands)

Patching {large dia.) — reline shorts for large pipe
= Repair wraps e.g. resin-soaked fibreglass bandage
+ Sand blasting, priming and re-coating

Ak Anminsl Queensiand Water Indusiry Operations Conference & Exhibirion Page No. B0
Legan Meiro indoor Sports Cenire. Logan 3 10 5 June. 2014




R e

i R — (.’ d
ew o BT g - MR,

- e -irl-l“—""""-"—‘“ -

H.E'M"ﬁ'nl or oo Iﬂt |
Cxpensive Elﬂr:lhlt ma L as & resull of 11,8 gas corrosion are generally an

- Y have been wvisibed o monier and ﬂkqm: repairs Were in
:::li:l At the very least, o Successful repair will afford ummf.: to determine the most cost
mum%“‘ll as well a5 e In procure the H‘ﬁllhll coniractors (hat are I-I.l-lﬂlh"

30 CONCLUSION

The mk_ﬂfth.: UpETRIOT In managing the challenges of H,5 gas mhsdes:
* Ensuring thay uperating and maintenance work is conducted safely when HyS gas
has the potential 10 exist

* Mol any conditions or chunges that may increase the likelhood of H;5 gas
generalion

*  ldentify and report H:5 gas and cormoded assets

* Implement a repair solution that will maintain service until rehabvrenewal is done

Key messages for the operator 1o consider:

How is 1,5 gas gencrated

What arc the conditions that may increase 1S gas

How 1s H:S gas concentration measured and what units are used

What are the exposure levels and relative health impacts

What are some proven treatment and removal technigues

What sctions can be taken to reduce the likelihood of 1S gas generation
What are the typical forms of corrosion

What are some typical repair techniques
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Basic Chemicals

Sodium Chilorite

Hydrogen Sulfide Control in Wastewater
Collection Systems

tntroduction
Hydrogen sulfide (H:5) = a dense, coloress
Songly odorous toxic gas that comodes,

nfrastructures and impairs the performance of
wastewalar reatmant oparations.

Hydrogen sulfide is naturally  converted o
sulfuric ackd, which is corroaive towards steal
and concrode.  Control of H:5 will resull in
mcreased lite and lower maintenance cosl for
facilities and piping. In addtion. workar safaty is
dmuhﬂmmumm
at levets above 500 ppm, which can be reached
i confined spaces.

A numbed of sulfide control siralegms ams
available depending on the system design and
tresatmsant goal

Application Description

Sufide axists in wastewaler in three forms
hydrogen sulfide gas (H:5), non.wolatile ionic
species hydrogen sulfide (HS') and sulfide (57,
The ratic of each of the thres species H:S, HS
and 5% = dependant on the pH. Al pH B, S0%
of tha sulfide will be present 88 H:5, and tha
higher the H:5 conceniration the greater the
lendency for it to volatilize, Conversely, at pH
10, 100% of the sulfide will be prosant as 59
Hydrogen sulfide occurs naturally through the
anasrobic dacay of organic matter  and
recognized by its characieristic rolen agg odor,
In typical domestic wastewaler, microbial
reducton of the sufate wn = the dominant
meschansm fof sulfide formation. In the absance
ﬂwnr\w{ﬂlﬂ]arﬂlnm‘mﬁ
soiuble Buwologcal Owxygen Demand (BOD),
Desulfowibnoe  desufurcans (SRB) and other

sulfate-reducing bacteria (SRB's) converl the
sulfsie ion fo sulfide,

Aide:
50s" + Dirganic matiar e [0 * Hi5 + COy

Hydrogen sulfida formation in  waslewaier
Eyalams oocurs primarily in the gelatinous shma
layer that accumulates of pipa walls snd i the
Bludgl blankels of clarifiers and other solids
processing units. The rate of sulfide production
is dependent upon the concentrations of sulfate
fonG, organic matter, and dissolved oxygen, as
well 88 other factors such as pH. temperature,
retenton tima, siream wvelocity, and surface
ara.

Treatment Alternatives

There are two basic ways to control hydrogan
sulfida:

= Pravent sullichy formation

* HRemove the sulfide after its formed

Fraventing Sulfide Formation

Inhibiting baclenal action or moderating  the
vanables affecting hydrogen sulfide generation
s often the basis for controliing hydrogen sulfide
in wastewaler ireatmeni systems,  Treatmant
oplions nclude the following chemicals: Chiorine

I:Hnrinldmﬂh{{:lﬂﬂhlnﬂm' al or near
the source of hydogen sulfide.  Chiorine
dmldﬂ-.wf‘mhduldﬂmhgmm;nh
minimum required 1o destroy hydrogen sulfide
Hmmmhﬂnwﬂ,uﬁhnmh
bactera creating the suMide. Chionne diooda

Wesits Taorvecsl Servis Daparnsmen
OXY oo Hidige Finmsl Wosay, WS E7718
Tl OO THE1 185 gt

':h‘ﬂ}h-_Tﬂ_m' o



Typical fisld applications require a minimum of

1.5 pounds of nitrogen-oxygen (N-0 pound
of BOD, t Lo

paeroxide. and Iron Salts

Hitrate [NO.) may also o effectve for the
removal of existing sulfide in the presence of
bachsra fhal can utdze the niale for the
opwidation of sulffide o sulfer or salfate.
Exampies of such baclera mclude Thiabaclius
demitnficans, Thomicrospira denfrificans and

P —
e m-iw-

Ganaret Brial raport sbout HZS for

il 1 M

\7

Sodium chiorite (NaCIOy) is apphed at or near
the sourca of hydrogen sulfide. It is also apphed
if wastewaler sysiems whers 8 relention tme of
greaier han 3 hours s encounisnsd, such as
remabe sibes for long duration control, Sodam
chicrite ssdectvely cuidizes suffide and rolaled
orpanet odors.  Linkke hypochionis, sodum
chioribe dows not react with ammonis, &nd does
ol form chioninated orgamcs.

2H;S + NaCIC: & 25° + 24:0 + NaCl

Typical feld raquing 8 minimuem of 3
gL of soctnem chilonle per 1 mg/l of sulfida.

Hydrogen peroxide (HyOh) = apphed io the
waslewaler sysbem whera (here is a
refenbon time of less than 5 howrs and at least
H0 minules pror b0 the point whsre the hydrogen
sulfide s released. Hydrogen peroxide is a
stronger owidanl  than aither chiorne oF
potassnim permanganate, Hydrogen peroxide
will oxidize e suffide presant and

and waler, emvironmentaly harmipss
byproducts.

H35 + Hy0z & 59 » 2H:0 (pH < 8.5)
H:S + 4H:05 3 S0 + 2H:0 (pH > 8.5)

Typical field applications require 1 10 3 mgiL
hydrogen peroxide per 1 mgL sulfide, The
reachon with sulfide is rapsd with 80% ol the
hydrogen paroxide typically consumed within 10
o 15 minules,

bmlﬂlllmuhmm
fow long-duration comtnol, Baoth ferrous and feme
sais react with dissolved sulfide 1o form metal
sulfide procipitates that are removed at
tha

Fermous Salts: Fe®™ + HS' 3 Fel + H*
Femic Salts: 2Fe™ + 3HS 3 FeyS, + 3N
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require 3-5 mg/L as Fa References
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TECHNICAL INFORMAT ION FROM THE Co JCIATION OF AUSTRALASIA

Page 1 - . September 2011 - No.1
BIOGENIC SULPHURIC ACID ATTACK ON CONCRETE PIPE

In concrete pipes carrying aged sewage, in warm climates, the interior surface above the effluent bevel is subject to atlack
:TMMIW I'I_!Id generated by bacterial action at the pipe wall, making use of hydrogen sulfide gas in the sewer almasphers,
g production of h‘!l'drﬂifn sulphide and the comequential deterioration ol concrete sewer pipes 1 first and foremost a
unclion of sewer :hﬂln and environmentsl factons. MM known “H m“‘" m“hmf“m

Blogenic sulphiric acid (BSA) attack is regarded as one of the most aggressive forms of attack on conCrete sewer Infrastruc:
fure. This has been studied since 1945 when it was discovered that bacteria are responsible for the attack mechanism.
Lolonisation of the concrete surfaces It progressive with various strains of the same family, Thiobacilli, thriving at ditferent
pH levels. The final stage i the mast aggrewsive, with acld producing bacteria thriving at pH levels less than 7 and being
capable of generating sufficient acid to reduce the pH to 1, which is highly aggressive to all cementitious materials.

The mechanism for this type of attack on concrete is summarised below:

Step 1: Newly imstalled concrete pipe has a highly alkaline surface pH of approximately 12-13. In the wastewater, sulphate
reducing bacteria (SRB) reside which utilise sulphates present in the wastewater as an oxygen source, reducing them to
produce hydrogen sulphide (H;5) and CO,.

Step 2: W there is sufficient corygen, nutrients and moisture present, colonisation of neutrophilic bacteria, can cause oxidi-
sation of Hy5 Lo create sUABhunc 821 (H;S0.). The acid reacts with the concrets pipe obvert and walls, and further iowers
the pH. This facilitates colonisation by new strains, adapted for lower pH conditions, and 5o the pH gradually decreases.

Step 3: When Lhe pH of the concrete falls to around 4, colonisation by aggressive acidophilic bacteria occurs. These
bacteris are capable of generating enough sulphuric acid to reduce the sisface pH Lo 1-2 which is considered highly
aggressive to all cementitious materials.

Stop 4: The corrosion process now results in concrete mass oss. The sulphuric acid first reacts with the calcium hydroxide
(CadHz) In the concrebe bo form gypsum, The formation of gypsum is associated with an increase n volume by a factor of
1.2 to @, Furthermare, the reaction between gypsum and tri-calchem aluminate (CsA) with the formation of ettringite causes
an even larger volume expansion, which teads Lo incréase of intermal pressure and deterioration af the concrete matriz.

The factors that influence this type of attack to occur include;

= Hydrogen sulphide being generated

= The release of H;5 from a water phase to a gaseous phase

= Blological oxidisation of H:5 to sulphuric acid above the wastewater surface

= Acid attack on the damp surfaces of the exposed interior surface of the concrete pipe

However, not all concrete pipes will be affected by hydrogen sulphide problem, The physical factors that that may impact
on the affect sulphide generation and corrosion include:

= Concentration of organkc material and mutrients in the sewerage,

Sulfate concentrations,

Diszolved oxygen level in the sewerage,

Temperature {i.e. higher temperature increase likelihood of bacterial growth rate).

Relative humidity (corrosion requires maisture on the pipe wall),

Mream velocity, surface ares Lo volume ratho, vertical drop paints, detention time.

* Level of construction, grit and debris, surcharging.

* Turbulence (at the paint of turbulence, the water surface
release of Hi5 Lo the gaseous phase) area for gas transfer increases often leading to a dramatic

. L] L ] L ] #

Concrete Pipe Association
of Australasia admin@cpaa. asn. aUwww.Cpaa. asn. au
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:‘::Lit all these factors have an important role in contributing to the corrosion impact on concrete pipe in m::,mm'
£1. 800d design, specification and manufacture, can help to mitigate the onset and the severity af sewer ca '
Extenmive field and laboratory research has shown that cormosion 15 significantly reduced under the fallowing operating -

* High slopes in the netwars

* High dissolved oxygen contem

* High wastewater pH

* Surcharging of sewer networks

= Short sewer reaches

= High concrete alkalinity

* Moderate operating temperatives

Over the years considerable efforts have been dedicated to the understanding of the corrasion process, and how Lo better
deal with this farm of corrosion, 85A &5 a complex process and there is much confecture in the titerature surrounding the
critical level of H:A concentration required to start the process, and significant knowiledge gaps appear to exist particularly
Loncerning concrete mix design. The test mathods and parameters used have varied considerably.

It iz generally well known that blended cements containing siag (GBS), fly ash, Micrositica or sitica fume, provide improved
durability and Increased resistance to chemical attack. In the late 1990's CPAA member companies along with BRANI and
Auckiand University developed a laboratory based sulphuric acid {inorganic or mineral) methodology (0 measure Lhe rela-
tive |aboratary attack rates on varows Portland cement mixes, This research work was completed 0 2001 and indicated a
super ko laboratory performance of GBS blends.

More recent research started in 2001, and still angoing, is indicating that BSA attack is much more aggressive than chemi
cal wlphuric acid generally usad in laboratory testing. This research indicates that redative lab mineral acid resistance of
wanous cement blends is not a reliable indicator of field performance under field blegenic conditions, with the environment
determined by the cement structure being considered to be an important parameter. The BSA mechanism reduces the pH
IEvel dawn 10 severe levels with some cements and biends allowing different critical levels and acid production rates. The
result 1 ihat all cements and Blends are equally vulnerable o rapld carnedbon.

Recommendations

There are many factors that come in ba play when determining how severe the internal exposure conditions of concrete
pewer pipes will be, It i3 vitally imporiant that designer understand what level of performance they are expecting from the
concrebe, and how best Lo adapt the product to the condit lons.,

Recent research has indicated that there s no recognised cement Blend [slag, silica fume, elc. | that can effectively resist
biogenic sulfurie acid attack particularly when extremely high acidic enmirgaments (pH < 1.0 develop inside a concrete
severr pipedine.

However, blended cements can be an exceilent mechantsm to provide durability provision against suifate attack (a3
ppposed to sullunc acid attack|, chloride exposure, or acidic effluent, for external pipe wall protection.

it b4 recommended by the CPAA thal when desigring concrele sewers 1o resist severe HyS attack mechankim, that designers
consider alternative solutiors for the Inteclor of the pipe to deal with the aggressive nature of this environment. This can
include utilising the following durability provisions:

= Increasing Ehe total alkalinity of the concrede using appropriate materials

= Increasing the cover of the concrele pipe, or including a sacrificial liyer of concrete that won"t impact on the structural
or durability design reguirements gver Lime,

« Specifying a keyed-in plastic liner over the interior surfece af Lhe pipe to protect it from HsS attack.
» Uking concrete made with sntimicrobial additives

Concrete Pipe Association
of Mmhﬁlﬂ admin@cpaa. asn. aLUWwWw, Cpaa . 35, Al
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The rapid chemically induced i crete i
corrosion of con ers at high H2S
concentration 2 o »

Abstracy

Concrete corrosion in sewers is primarily caused by H25 in sewer atmosphere, H2S concentration £an vary
from several ppm 1o hundreds of PR in real sewers. Our understanding of sewer corrosion has ncreased
dramatically in recent years, however, there is limited knawledge of the concrete corrosion at hagh H25
levels. This Sludy examinad the corrosion developrment in sewers with high H25 concentrations. Fresh
cuncrele coupons, manufactured according to sewer pipe standards, wede exposed 1o COMosive
conditions in a pilot-scale gravity sewer system with gaseous H25 at 1100 ¢ 100 ppm, The comasion
process was continuously monitored by measuring the surface pH, corrosion product composition,
corresion koss and the micrabial community. The surface pH of concrete was reduced from 10.5 ¢ 0.3 10
3.1 £ 0.5 within 20 days and this coincided with a rapid corrosion rate of 3.5 + 0.3 mm year —1. Microbial
community analysis based on 165 rRNA gene sequencing indicated the absence of sulfide-cndizing
MiCTOONganisms in the corrasion layer. The chemical analysiz of comosion products supponed the
reaction of cement with sulfuric acid formed by the chemical oxidation of H2S, The rapid cofrosion of
concrete in the gravity pipe was confirmed to be caused by the chemnical oxidation of hydrogen sulfide
high concentrations. This is in contrast 1o th conventional knowledge that is focused on microbially
induced corrosion, This first-ever systematic investigation shows that chemically induced exidation of
HZ5 leads 1o the rapid cormosion of new concrele sewers within a fow weeks. These findings contribute
novel understanding of in-sewer comosion processes and hold profound imphications for sewer operation
and comasion managemeni
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Abstract:

Concrete cormosion in- sewers is primarily caused by HiS in sewor stmosphere. H3S
concentration can vary from several ppm to hundreds of ppm in real sewers. Our understanding
of sewer corrosion has increased dramatic ally in recent years, however, there is limited
knowledge of the concrete corrosion at high HyS levels, This study examined the corrosion
development in sewers with high H;8 concentrations. Fresh concrete coupons, manufactured
according W sewer pipe standards, were exposed lo corrosive conditions in a pilot-scale gravity
sewer system with gaseous HaS at 11004100 ppm. The corrosion process was continuously
monitored by measuring the surface pH, corrosion product composition, corrosion loss and the
microbial community. The surface pH of concrete was reduced from 10.5 + 0.3 o 3.1 £ 0.5
within 20 days and this coincided with a rapid corrosion rate of 3.5 + 0.3 mm year *'. Microbial
community analysis based on 168 rRNA gene sequencing indicated the absence of sulfide-
oxidizing microorganisms in the corrosion layer. The chemical analysis of corrosion products
suppored the reaction of cement with sulfuric acid formed by the chemical oxidation of HiS.
The rapid corrosion of concrete in the gravity pipe was confirmed to be caused by the chemical
oxidation of hydrogen sulfide at high concentrations. This is in contrast 1o the conventional
knowledge that is focused on microbially induced corrosion. This first-ever systematic
wvestigation shows that chemically induced oxidation of HzS leads to the rapid corrosion of
new concrete sewers within a few weeks. These findings contribute novel understanding of in-

sewer corrosion processes and hold profound implications for sewer operation and corrosion

minagement,

Key words: Sewer, Corrosion, Concrete, Hydrogen sulfide, Chemically Induced Corrosion
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L. Introduction

As vne of the most enbical components of the urban infrmstrsciure in modemn societies, soweT

Retworks collect and Iranspon sewage 1o ireatment plants, preventing human cxposure 1o
unhygicnic ownge ond related sewage-bome diseases. The prevalence of concreie cormosion
weakens the structural strength of sewers and leads 1o early collapse of pipes (Zhang ¢t al.
2008} The damage inflicted on many sewer networks and the cost of preventive measures is 8
significant world-wide economic problem (Alexander et al. 2013, Jiang et al. 2016a, Jiang et
al. 2015a). In addition o enormous sewer remedintion expenditure. the structural failure also

poses patential issues of odor emission and public safety (Jiang et al 2017),

The comosion of concrete pipes is muinly a result of hydrogen sulfide (H:5). HsS is formed by
sulfate-reducing bacteria (SRB) in the anserobic sewer biofilms/sediments. From the sewage,
H:S is emitted 1o the sewer air, part of which is absorbed/adsorbed into the moisture ayer on
the concrete walls exposed to air, here it is oxidized to sulfuric acid and causes corrosion (Li
et al. 2007) H:S is ubiquitous in sewer systems, although the concentrations diifer temporally
and spatially from a few ppm 10 several hundred ppm (liang et al. 2014, Wells and Melchers

2015

Sewer concrele commosion i o relatively slow process that may take years or decades to occur
(Joseph et al. 2012), A three-stage concept proposed by Islunder et al. (1991) is widely adopted
1 describe the corrosion development, In the initistion stage, the surface pH of the concrete is
reduced from c.a.13 to c.o. 9 by carbonation and H:S dissolution. This leads to the later stages
where the pH of the concrete surface is conducive for microorganisms to colonize. Depending
mmm.mmicmwihmMmﬁﬁuwmwmmwy
oxidize sulfur compounds to sulfuric acid. The reaction between cementitions material and

sulfunic acid produces comrosion products like gypsum (CaSO4), resulting in the structural
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weakening of concrete sewers (Davis el al 199%, Harrison Jr 1984, Islander et al. 1991, Mica
ct al. 2000, Parker 1947). Since the biological oxidation rate is much higher than the chemical
oxidation rate, microbial induced sulfuric acid production is regarded as the main cause for the

sewer concrete corrosion (Hvitved-Jacobsen et al. 2013).

Current strategies for controlling sewer corrosion are targeted to: (1) prevent H3S production
and its partition from the sewer liquid phase through the dosing of antimicrobials, iron salts,
pH elevating compounds and oxidants to the sewage; (2) reduce the HiS concentration in sewer
air through forced ventilation; (3) applying surface treatment on concreie SEWers (Jiang et al.
2015a). Corrosion resistant materials like antimicrobials, silver-loaded zeolite, and polymers
coatings are widely used to mitigate the corrosion of sewers {Berndt 2011, De Muynck et al.

2009, Haile and Nakhla 2010, Sun et al. 2015).

With the increased use of corrosion-resistant materials and surface treatments in sewers,
instead of reacting with concrete, the HaS in sewer air can accumulate to very high
concentrations. In real sewers, H:S concentrations of over 800 ppm are observed in a gravity
pipe (Wells and Melchers 2015). Furthermore, various factors such as high wastewater sulfate
concentrations, and exiended hydraulic retention times can lead to high sewer H)S

concentrations (Lahav et al. 2004, Sharma et al. 2008).

To date, microbially induced sulfuric acid generation from H:S is considered as the major

contributing cause of sewer mass loss and structure failure.
The observed rapid corrosion and the formation of sulfate as the main corrosion products

cannot be explained by either the three-stage corrosion development model (Islander et al. 1991}
or the previous theory describing the initiation of corrosion (Jiang et al. 2015b, Joseph et al.

2012). The short exposure time suggests that there was likely no development of any sulfide
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sulfide oxidation and acid production, scidophilic microbes usually become the dominant
Spocies (>30%). The most typical genus of acidophilic microorganisms associated with
biogenic acid production is Acidithiobaciliis including A. ferrooxidans, A. thioaxidans, and A
caldus (Davis et al, 1998, Harrison Jr 1984, Islander et al. 1991, Jiang et al. 2016b, Parker
1945b). In addition to Acidithiobacillus spp., Acidiphilium spp., Mycobacterium spp.,
Xanthomonadales spp, are often detected as sbundant in acidophilic communities of sewer
corrosion layers (Cayford et al. 2017, Jiang et al. 2016b, Li et al. 2017, Okabe e1 al. 2007,
Pagaling et al. 2014). None of these typical acidophilic sulfur-oxidizing microorganisms was
detected in the cormosion products collected from the concrete samples in this study, Therefore,
it 15 hughly likely that biological sulfide oxidation was not playing a major role in the rapid

cormosion observed in the presence of high H:S levels.
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3.3, Sulfide oxidation rafes of the concrety coupons affer exposire

The SOR of the coupons prior 10 and afier sterilization were quite similar for HiS

Foncenimtions up to 200 ppm (Figure 6). It shows clearly that sterilization of the concrete did
not have any impact on the SOR and 1t confirms that the microbes on the concrete had
neghgible role in H:S oxidation. Together with the absence of sulfide oxidizing microbes in
the comrasion layer (Section 3.2), it clearly suggests that biological sulfide oxidation is not the

cause of the concrete corosion and thus the SOR observed were mainly due 1o chemical

dnidanon of sulfide
3

o

= Halore T

-]
!

e
o

X

SOR (mg-5 mh')
E
SOR (mg-S /

O S0 100 150 200 280
M5 (ppem)

Lt

Figure 6. Sulfide oxidation rates of concrete coupons before and after sterilization under 10-200 ppm
H:5 (AL and the sulfide oxidation rates of concrete coupons under 500- 1500 ppm H;5 (B).

The SOR of both coupons were below 25 mg-8 m* h™' under 10-200 ppm H:S and increased

w around 200 mg-5 m™ b &t approximately 1500 ppm HaS. The SOR observed for the
chemical oxidation process i< comparable to the sulfide uptake e (SUR), SUR is usually used

as a good indicator for the development and activity of sulfide oxidizing bacteria in microbial
induced concrete corrosion. The SUR of 250 + 5 mg-5 m™” h™' was reported for microbial
induced corrosion after 33 months exposure to H:S at 30 ppm (Sun et al. 2014) and around 100
mg-5 m™~ h"' for coupons afier 17 months exposure under 25 ppm H,S (Jiang et al. 2016b). At

the exposure of | 000 ppm of H:S, a rapid consumption of H:S, 3400 mg-5 m? h' was

Page 10f 2
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observed in a pipe section after several months (Vollertsen et al. 2008). Under the same H:S
concentration, the SOR measured in this study was relatively lower compared with previous
studies reported for microbially induced corrosion. However, the SOR at shove 1000 ppm HiS
of this study were comparable 10 the uptake rate of microbes under 50 ppm (Sun et al. 2014).

which could lead 10 similar magnitudes of corrosion.

Under the high levels of H:S (500ppm-1500ppm), the SOR increased significantly slong with
the increase of H:S concentration (Figure 6B). Kinctic models (i.e. exponential, power), have
been previously used to describe the oxidation rate of sulfide in microbially nduced concrete
corrosion ( Esay et al. 2002, Sun et al. 2014). Fitting SOR results into exponential kinetics. the
exponent showed a positive value (0.0021) (Figure 6B ), which is contrary 1o the negative value
previous reported for microbial corrosion (-0.0135) (Sun et al. 2014). In power kinetic modcels,
the reaction order for sulfide oxidation in this study was estimated 10 be 2.4, which 1s higher
than the reaction order (1.5) previously reported for chemical dominated sulfide oxidaton on
concrete surfaces and also higher than that reporied for microbial induced sulfide oxidation on
corroding concrete surfaces (0.45-40.7) (Satoh et al. 2009, Vollertsen et al. 2008). With the
highest RY (0.995) and lowest sum of residual squares (323.2), exponential kinetics best
descnibed the chemical sulfide oxidation on the concrete surface n this study (Table S2). The
kinetic analysis suggested that chemical sulfide oxidation is different 1o the biological sulfide
oxidation and that the SOR increases exponentially with HoS concentration, implicating that

chemically induced corrosion will be more severe in sewers with higher HoS concentrations.
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SEWET Was investigated. Different from previous studies, which mainly focus on microbially
mduced cormosion of concrete sewers, this was the first-ever report of chemically induced

corrusion. This has resulted in the following key findings:

* Hydrogen sulfide of around 1000 ppm led 1o fast concrete cormosion within one month,
ﬂiiliﬂﬂl'ﬂwhuimd'w:nnﬁ:upﬂrmmd] and 1 corrosion rate around 3 mm year '
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chemical oxidation of hydrogen sulfide to sulfuric acid.

Thm:nfchﬁﬂlnlﬂﬂ:ﬂﬁﬂlﬁnnhnundmthuywiﬂiwmﬁ*
concentratians and this could induce potentially high corrosion rates.

These novel findings of in-sewer comosion processes hold profound implications for
sewer operation and corrosion management, The chemically induced corrosion of newly
manufactured concrete sewers would be critical when high H:S concentrations occur in

the sewer atmosphere, especially at certain corrosion hot spots.
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Iron Salts (Ferric and Ferrous)
Iron Salt Applications

iron salts are a proven technology for long-duration hydrogen sulfide control in
collection system gravity and forcemains, solids processing units, solids transfer lines
and anaerobic digesters. They have been used for over 30 years in hydrogen sulfide
control applications and are a well understood technology.

Depending on the wastewater plant unit process configuration, iron salts may also
provide improvements in clarification, phosphate removal, struvite control, solids
dewatering and anaerobic digester performance. iron salt performance is not
impacied by oxygen uptake rates but they do remove dissolved oxygen from the
water

Iron Salt Properties and Dosing

iron salts are supplied as liquid solutions containing 5-13% ferrous or ferric iron as
gither a chloride or sulfate salt. They are supplied in containers of 55 or 300 gallons,
or in bulk shipments of 4 000 - 20,000 gallons.
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Experiences with iron chloride dosing to control sulfide-induced
corrosion problems in sewers

Brecht Donckels®, Greet De Gueidre, Marjoleine Weemaes

Research and Product Developement Divislon, Aguafin NV, Beigium
Abstract:

Dosing iron salts s one way ol dealing with sulfide-induced carrasion problems in sewers. By
dosing iron salts such as FeQl, and FeCl, the dissolved sulfide molecules present in the
wastewater chemically react with Fe™' 1o form elemental sulfur (5°) and iron sulfide (FeS).

These products precipitate and thereby the amount of sulfide available for release to the
sewer atmosphere decreases.

After a test phase on-site, this control measure was implemented In full-scale to deal with
sulfide-induced cormosion problems that had been observed at a pumping station in the vicinity
of Antwerp, Belgium. This contribution describes Aguafin's experiences with this control
measure and elaborates on how the effectivenssy was tested and evaluated prior to a full-
scale application. Further, it describes how the dosage was implemented in full-scale and

presents the results obtained so far, To conclude, the pros and cons of this control measure
are discussed based on our experiences o far

Keywords: hydrogen sulfide, biagenie sullurie acid eorrosion, sewer, inon chloride dosing

* Corresponding author: brecht. doncelsSaguafin.be

Intraduction

Aguafin was established in 1990 by the Flemish government and s responsible for the design,
construction, operation and pre-financing of the supra-municipal wastewater treatment
infrastructure of Flanders, which is the northern part of Belgium residing approximately six million
inhabitants, Basically, thic means that cities and municipalities are respansible for their own sewer

systems, but their sewer networks connect to Aguafin’s collector [or interceptor] sewers that
transport the wastewatber to the wastewater treatment plant.

Anno 2011, Aguafin's assets include 247 wastewater treatment plants, 1174 pumping stations and
approwimately 4735 km of collector sewers. The wastewater collection system, which covers the
majority of Aquafin’s assets and still expands at a rate of approximately ane km per day, is the main
focus of this paper, More precisely, this paper deals with the problems wastewater servics providers

arpund the world are faong that can be appointed to the presence of hydrogen sulfide in the
wastewater collection system.,

To introduce the terminology used in this paper, the different parts of a conventional wastewater
collection system are shown schematically in Figure 1. Wastewater fram the households s mainiy
and preferably transported through gravity sewers, but it is often nat possible to reach the
wastewater treatment plant in this manner. Therefare, pumping stations are Mo i
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wastewater ts collected in a wet well which is eauipped with level measurement instruments that

monitor theé amount of wasiewaler present. Whsn FU“. the wastewater |s pul'l'lﬂ-d o a hllhfl' level
through a force main (o pressure main or nsing main} and discharged in an inspection chamber of

L = i
peated until eventually the wastewater arrives at the wastewaler treatment plant. Needless to say

that the sewer system is hardly ever 3 linear system, and often many sewer pipes are connected with
each other to form a complex network with many branches.

ATty W Toce main Aravity seweer

prarmi ng miariboke
st abicen

Figure 1. Schematic representation of 3 simplified, corventional wastewater collection system, Bustrating As
most Commicn ponstiteents

A stated above, some problems that arise n the sewer infrastruecture are caused by the presence of
hydrogen sulfide (H:5]. Sulfides are formed under anaerobic conditions, which & This contéxt can b
interpreted as conditions where oxygen 5 absent [sewage does typically not contain nitrate)

Anaerohic conditions can occur at different places m the sewer infrastructure (Figure 1 and Figure 2],
such asi

= farce mains;

= joverted siphons;

&  pravity sewers with hagh filing degree;

e slow-flowing, partially filled gravity sewers,

&  hiofilm and sediment layers found in gravity sewers;

o wetl well of pumping stations gnd other places where the wastewater stands still far &
significant amount of time.

after being emitted to the sewer atmosphere, hydrogen sulfide will initiate a process called biogenic
sulfuric acid corrosion, The concrete sewer plpes corrode and lose their mechanical strength. In
addition, malodorous compounds are typically formed under the same anaerobic conditions as
hydrogen sulfide and the latter thus contributes to odor nuisance

In this paper, however, onky
corrosion problemd afe dealt with
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Elimination of Hydrogen Sulfide
from Wastewater Collectors
using Iron Salts

The occurrence of hydrogen sulfide (H;5) In sewers
is a commonly known problem. This foul-smelling,
acidic gas is produced by the biogenic decomposi-
tion of sulfurous organic and inorganic constiluents

under anaerobic conditions. Hydrogen sulfide can
particutarly be expected to form in combination with
lang flow times, high temperatures and especially in
presaure pipalines.

Damage in a manhiole caused by biogeni: sufurc acid comosion (BSC)

Elimination of HzS in wastewater collectors | ——
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Fig. 1; Hydrogaen sulfide - bisulfide - sulfide equiibrum as
a funchion of piH vl

1. What leads to the formation of
hydrogen sulfide?

The hydrogen sulfide and other sulfides initially exist
in tssolved - relatively harmlass — form as Ha5, HS"
of 5 depending on the pH value of the wastewaler
(Fig. 1}. The more acidic (he anvironmant, the mone
the equilibrium shedis towards hydrogen sulfide (HzS),
which then ascapes from the waler phase in the form
of a gas. In principle, hydrogen suifide can form in any
kind of wastewater. The main source of sulfur in the
formation of HxS in an anaeroba environment are the
suffate ions that enter the municipal sewage flow in
high concenirabons from tap water [desulfurication),
In addition, wastewater with a high protein content,
such &5 occurs in the food industry, for example, tends
towvards rapid decomposition and strong H:S evolution
[desulfuration). Tabla 1 lists the typical sulfur content of
several foods.

2. Why is hydrogen sulfide so
dangerous?

«Even in very low concentrabions (< 0.2 ppm),
H:5 can be detected by its "smedl of rotten eggs”,
causing severs odour problems,

#At higher concentrabions, the gas becomes an
increasing threat to health, and at upwards of aboul
300 ppm has a potentially lethal effect.

s Hydrogen sulfide leads o comosion in the sewer
MNMWWMIWML
s sevarely comosive effect - especially on concrete
= results from the fact that the hydrogen suide oxi-

“mnmﬂhmmh
the sewer almosphene 10 form sulfurle acid,
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Table 1: Sulfr contevd of several foods

& Hydrogen sulfide or the sulfide ions can have a

negative impact on the process of biological waste-
waler treatment.

3. How can the formation of hydrogen
sulfide be prevented?

Bacause hydrogen sulfide only forms under strictly
anaerobic conditions, changing the environment by
any kind of axygen supply would, in principle, be a
method for preventing sulfide formation. However, i
must always be ensured in such cases that an ade-

guals owygen supply I8 also guaranieed ai the end of
the line.

Since the biogenic formation of H:5 oflen cannot be
prevenied = even when using oxidative control meas-
ures = It is necessary to apply elimination methods,

including targeted precipitation of the sulfides using
iron salts,

4. Why are iron salts so well-suited to
eliminating hydrogen sulfide?

Bonding HS with iron salts is based on the high affinity
of iron for sulfides. Regardiess of the compound form
or valence of the iron, iron sulfide always forms in the
presence of sulfides (FeS; Table 2). On account of the
exiremely low solubility of FeS, competitive reactions
ﬂhuﬂmmhhmmhwm
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Table 2. Resclion equations lor sulfide precipdation

5. Which KRONOS products are most
suitable for this purpose?

In principle, all KRONOS ron salls are suitable for
hydrogen sulfide elimination. The question as to which
product should be given preference is primarily gov-

armed by local conditions with regard to logistics and
handling

Tha primary candidates ars

1. KRONOFLOC ferrous chloride solutlon as a
raady-io-use liquld precipitant with B.7% Fe™,

T product s debwersd in 80 | canisters, 200 | drums,
1 m* containers or in bulk In road tankers. If anly gmall
quanties are requised, the product can be metaned
direclly from s onginal comtainar. TI 203 providea
mtarmation on the transport, siorage and metering of
EROMNOFLOC dalivarad i bulk,

2. FERRIFLOC ferric chloride suifate solution with
12.3% Fo™

Defvary and storage ane the same as for
KRONOFLOC

1. QUICKFLOC ferrous sulfate as & solid pracipl-
tant with 17.8% Fe™,

Tha product is delivered in 25 kg bags on 1 | pallets
The QUICKSOLY metering stabon is available for sior.
ing, dissolving and metering. This sysiem is described
in detad in T12.01.1

It socasionally s claimed thal i is impossible io elimi-
nale hydrogen sulfide using iron salls containing
sulfate. This argument seems plausible af firsf, but
naturally is falss, The reascn @ that the sulfate concan-
triation in the waslewalar is ol the minmizng factor in
the bioganic formation of H:S

This means that a major surplus of sulfates is present
in wirtually all typas of waslewater, anabling the formma-
tion of hydrogen sulfide, and that any additional contri-
bution from the precipilant & imelevant. The gquestion
of how much sulfide can be formead in & given hype of
wastewaler is essontlally governed by the temperature

tha volume of wasiewalar, the hydraulic and design-
relaled paramelers, a5 woll as the concentration of
simple organic compounds, Such 8% onganst acids and
alcohols (similar bo denfrfication )

6. Where should the precipitant be
added?

Tha effect of tha iron salls is based on ihe preciplitabon
of the dissolved sulfides in the waler phase, This musi
ocour ai Bn early sitage, belore the hydrogen sulfide
eniars ihe gas phase and becomes perceplible. Poinis
whara the following requirements can be mal are suit-
able as melering poinis in (he Sowar System;

# Delwvary by road tankes
» Safe storapge
#» Safe handling of chemicals

;r.ﬂ g Lingengrouwnd tenk af & pumping station with calch
min

Fig E'Mk}gmﬂﬂmm



The high speed of reaction of sulfate precipitation with
irpn salts supports two metenng opticns:

a) Preventive metering [Fig. 4}

The iron sall i added al the start of a problematic sec-
Bon, ie. at a point where no degradation processes
have yet begun. it has proven effective in the case of
wasiewaler pressure lines to add the iron sall direcily

o the pressure line via a seading point (e.g. tapping
sleeve, Fig. 5).

Acid-prool diaphragm pumps are used to maeter the
product (T 2.3). To adapl the added quaniities 10 the
rate of sulfide generation, we recommend using the
pipeding dimensions and the wastewater volume gen-
eraled io calculate the dwell bme of the wastewater
batween inflow and outfow, Tha quanbity of ron sai
added is preferably adapied to the expected suMfide

Fig. & Addeion directy info e (FESSWe NDMNS Vi &
BOng pouny

4

concentration by & measuremaent curve controlier (e.g.
PLC). If necessary, the system should also account for
rain evants.

Pramatiure addition nead not be feared, since the prod-

ucts of hydrolysis (hydroxides) of the iron can also
band the hydroagen sulfide (Table 2.

b) Addition upstream of the emission point:

The spontaneous reaction betwaen the digssolved iron
and the dissolved sulfides takes only a few seconds,
but can be ohsarved by watching tha wastewaler rap-
idiy turn black. For this reason, it is also effectve to add
thi irom salts a short distance wpstream of the emission
point = Le. into wastewater that has already begun io
degrade. Basically, any turbulent outfow of anaero-
bic wastewater at the end point of pressure lines, for
example, should be avoided. In practice, this can ba
achieved by shifting the pressure line oullet (o below
the water level whila at the same time adding iron salt

just upstream from the end of the wastewater line or
ine the wastewater pumping station,

An arrangamant of this kind makes i possible 1o estab-
lish a controlled section for sulfide precipitation, similar
o online phosphate precipitation. Continuousty mon-
ltoring HyS emissions by connecting an onfine H:5
mlﬂlﬁlmm;pm mmhmwm_
tain target values, e.9. & maximum allowed workplace
screening building (Fig, &).



Fig. 6 Oniine addifion upsiream of the emisson point

7. How much has to be added?

a) Theory:

The dissohed sulfides in the wasiewster can be

delermined analytically as 5% a.g. according o DIN EN
38 405.

If data on the concantration of dissolved sulfidas in the
waslewater are available, and the wastewaler flow rate
ig kndiam, 4 simpie calculation can be used to deter-
mine the gquantity 1o be added (Table 3,

b) Practics:

In practce, however, data are usually only avaitable for
the hydrogen sulfide concentration in the gas phase.
Bul even Ihese values support a fairly good estima-
tion of the required quantities. The actual quantities
requingd can then be delermined ampirically.

Tha foflowing, pragmatic procedure has proven
1. The H:S content in the collector air is measured at
neuralgsc problam points over several days.

2 The iron salt solution is added al suitable dosing
points upstream of the measurement points, using &
typecal standard quantity of 15 g Fe/m® wasiewaler.

3 The quantity added is adapted in accordance with
the results of gas analysis, based on the reskdual
HzS5 content in the collector air. In this context, the
added guantlies may have 0 be adapted 1o the
P and dwall times in the sewer system.

4 When adding quantities online, the tmes at which
the metering pumps ane switched on and off, and
the siespness of the metering curve, must be
adapied 1o the tarmet value.

Tabie 3 Sample caiculabon for delfarmminng Quaniifes o
be adaed

8. What happens to the precipitated
sulfides??

The virtually insoluble iron sulfide is a very fine solid
with poor sedimentation properties. In other words,
iron sulfide does not settle in the sewer, but passos
ink the treatment plant with the wastewaler flow. As a
e, this dark-black wastewater aiso passes through
the primary sedimentation stage; only in the biclogical
stage of the treatment plant is It oxidised, thus besng
made available for simultaneous phosphate precipita-
tion. This doubke precipitation effect is illustrated sche-
maticalky in Fig. 7.

The black discoloration of the trested wastewater
inflow provides clear, visual proof that H:S elimination
has taken place. The iron method is not well accepted
by recaiving ireatmeni plants that have no biclogical
stage, i.a. no oxidative decolouration.

On account of the high bulfer capacity in the unireated
waslewater, thes condiion s never reachad as & rule
when using common added quantities.
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9. What else needs to be considerad
for the successful implementation of
hydrogen sulfide elimination?

Using iron salts to precipitate the sulfides dissolved in
wastewaler 5 a vary roliable elimination process. Tha
special feature of this method = that the Inon salt must
be added at & pont where no hydrogen sulfide & et
prsanl. Tharefora, salecling a sufable dasing point

i ol fundamantal imporiance for the applcabiity and
swccess of the meathod

In addition o being located upstream of the problem
area, the dosing point mus! akss offer the technical
means for safe storage and handling of the precipiants
Several metering poinis are offen required, depanding
on the design of the collector system and the affected
sawar sactions

The efficiency of the process ultimately depands on
how successiully the quantity of iren sait addad can be
adapied o this varous sulfide loads

10. What results are available??

The effectveness of H:S eliminaton with iron salts is
ilusirated below on tha basis of two practical exam-
pas.

1, Use of KRONOFLOC in & 5§ km pressurs
pipeline.

To avoid H:S emissions, KRONOFLOC is added at the
méet of a pressure pipeline as 8 preventive measurg
(Fig. &)

2. Use of KRONOFLOC to maintain the MAC in &
grit chamber.

The signal from an H:5 sensor supports the astablish-
ment of 8 controdled saction and actvales the dosng
pumps as needed (Fig. 8). The steepness of the Nse o
fall in H:5 concentration delormines the added guan-

tity

Phases with low H:5 loads (e g rainy weather) an
detected and the required quantity of precipdant aubo-
matically reduced (Fig. 10,

Fig E-"-"Hﬁmimsmﬂmmhhw
chamt_rar. The sigral i3 processed and The KRONOELOC
WF;WWIM'IH. The resulls are Wustrated

n FRg. 10



12:30 pm; Approx. 9.00 pm:
Diosang star Treated waslawater discharged

e 7

Fig. 9 Effect of KRRONOFLOC addiion 85 8 preventive maasuas

Pressure pipeline data (Fig. 9)
Dimensions ~ lonazso
Volume o Approx. 245 m
Wastewater volume, Qe Approx. 570 miday
Wastewater dwell time in the 9 =14 hours

' Average added quantity | 30gFelim’
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Report on Ludhiana gas polsoning accident g\(

A gas paisoning sccident that accurred on the moming of 30.04.2023 st Giaspura area in

Ludhiana citv. in which eleven persons dicd instantly was covered by TV news and reported
i naenal dailies the next day.

In view of the above, o team of CPCB oflicers visited Ludhiana on 03 05.2023, interscted

with the officers of Punjab Pollution Conirol Board , snd alse visited the site of accident uf
Ghaspurs, Ludhizna,

As per vanioss media reports regarding observations of varlous agencies involved in
investigations immediately afier the accident and the discussions held by CPCB team with
the Chief Environmental Engineer of PPCB, the cause of deaths has been linked 1o release of
sewer gas through the manholes in the connecting branch sewers al iwo places and exposure

af the eleven deceased persons to HaS in very high concentration, leading to their immediate
collapse and death

Al ihe accident site, it was observed that there are branch sewer lines / sewer connections
rtom the twe nearby houses where the deaths occurred thit join the main sewer line that runs
helow the main road in fronl of these houses. The analysis report ef the main sewer waler
collected by PPCBfow hours afier the accident from the manhale near the point of accident
indicated pH of the sewer as highly acidic and ranging between 2.5 and 2.6. It was also

reporied that main sewer line near the point where this incident happened was found
filled/chocked.

Presence of sulphide in sewer water as HaS is due to biechemical reduction of the sulphate
present in water, The ratio of Sulphur (S), Hydrosulphide (HS) and HaS in sewer water at any
point of time depends on the pll of sewer water at that time. Intermittent discharge of acidic
effluents from industries in mixed sewers acts a5 an agent for shifting the eguilibrium. Acidic
effluents are also & source of sulphate (due to sulphuric acid), which ulimately forms
sulphide

Further, if industrial effluents containing metals and hesvy metals are discharged in the
sewers, the metnls are precipitated s metal sulphides in the sewer lines. These metal
sulphides. in the presence of acids/acid effluenis contaiming H:504 andlor HCL, end up
generating hydrogen sulphide (H125) gas.

Therefare, it can be concluded that intermittent discharge of acidic and metallic industrial
cffluent/waste into mixed sewers can be & source of sudden release of HiS gas in very high
concentration from such sewers.

It 1% relevant to mention that Ha5 is a diprotic weak acid and even a saturated solution of Ha8
15 not expected 1o have a pH less than 4.0. Therefore, it may be concluded that pH level of

2 5-2.6 as reported in main sewer water near the houses where deaths occurred is a result of
acidic industnal effluent discharge.

The above facts strongly point towards the discharge of industrial effluent as the cause of
highly acidic water in the main sewer in the area and the also the cause of release of HiS i

the sewer line mn high conceniration, leading to immediate collapse and death of eleven
rlﬁ!'!il.'”‘l:i
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+ Submission of reports/
gmmhmm 327/2023 in Ludhiana Gas Leak Incident.

Thu, Jun 22, 2023 06:13 PM

From : ngtgaskeakMic@gmail.com
Subject : Fwd: Submission of reports/documents to the “Fact Finding Joint £2 sttachments
Committee™ constituted by Hon'ble NGT in OA No. 327/2023 in

Ludhiana Gas Leak Incident.

To : gumam <gumamsingh.cpchi@nic.in>, rpbd@iitrindia.org,
director@istrindia.ong, Sheelendra Pratap Singh
<sheslendrai@iitr.res.in>, PGIMER Chandigarh
<pgimer@chd.nic.in=, pvm lakshmi <pvm_lakshmi@yahoo.com>,
dg ndrf <dg.ndrf@nic.in>, uttamchand2115@gmail.com, Surabhi
Mallk <dc ldh@punjab.gov.in>, commissionermdi@gmail.com,
meppch@gmail.com

Cc : cesludhiana@yahoo,com, ppcbrolidhi@gmail.com,
seerolidhppcbi@yahoo.com, chairmanppcb®vahoo,co.in
E‘-ﬂﬁ is forwarded in reference to Letter no. 14223-29 dated 20.06,2023 and email dated
06,2023

Forwarded meszage -———

From: gurnam <gumamsingh.coch@nic,in>

Date: Mon, May 22, 2023 at 1:32PM

Subject: Re: Submission of reports/documents to the "Fact Finding Joint Committee® constituted by
Hon'ble NGT i OA Mo, 327/2023 in Ludhiana Gas Leak Incident,

To: <ngigasieakific@gmadl. com>

Ce: <cesiudhiana®@yahoo.com>, <pechzplidhgmail.com>, <seezodidhppchdyahoo, com>,
<chairmanppcb@yahes.coin>, <msppcbgmailcom>

Sir,

mmrm#mam.mm#mm be
further investigation in the mattsr may be taken into consideration for

Regards,
Reguonel Dvcte
na F
Central Pollution Control Board, G2 @

RD Chandigarh
'q'_._-qlh--

From:

notgaskeakMc@omail.com
To: "gumam” < gurnamsingh.cpchnic,in>
Ce: ceeludhiana@yahoo.com, pochzolidh®omat,com, seez02Idhopch @yahoo, com,
¢hairmanppchi@yahoo.co.in, msppch@gmail.com, notoasleakific@omail.com

Sent: Monday, May 22, 2023 10:31:29 AM
Subject: Submission of reports/documents to the “Fact Fing| Joint Committee” constituted
Hm-wummmm.il?ﬂhlnmumﬁumtmﬁ. i

Dear Sir,

Plaaze download the attachment for necessary action.
Regards,

Prof. (Dr.) Adarsh Pal Vig

Chairman,

Fact Finding Joint Committee

~ Report on Ludhiana gas Poisoning accident.paf
B34 KB - =11
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As per recen 4
medin reports and T . , ——
PPCB, the industries irq:-n and the discussion held with Chief Environmental Engineer

feporied thar few : Fm‘?i'm, use both Hydrochloric acid and Sulphuric acid. It was also
Process. The l:l|'|I:.ur::i“':It‘mm::I in Giaspura area have acid pickling step in their manufacturing
COmparison 1o di de content in the main sewer waler near the sccident was found higher in

loric Hﬂ: ::T points (both upstream and downsiream) which may be due to use of

: ; he area. These facts also indicate that industrial discharge is 8 key factor
n releasing of H18 in high concentrations.

The ﬂﬂm_l: of sewer network of Ciaspura area were not available with officers of Municipal
Orporation, who were present st the site during the visit. Al the industries located along the
Sewer network are required to be surveved by local authorities to identify the possible sources

of acidic and metals, heavy metals and sulphide containing industrial effluent/waste_,

Further, Hon bie National Green Tribunal, Principal Bench has constituted a Jont Commitiee
with m':,"'hm from various agencies including CPCB 1o investigate the matler, arrive at a
conclusion and take remedial measures to prevent such accidents in future

Gi. Ranibabu, Scientist ‘D' Kamlesh Singh, Scientist "E’
L 5 F c
Dr. Marender Sharma, Sciennst ‘E” Mazimuddin, Scientist “F’

Page20f2
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e o
l-—-iﬂl""' Gmail ANNEXVRE ~ =3

BOM LDH <sdmidhwestfigmail.com>

Fraseds —— o — )
: ':;'Eﬁh“h““-“‘“'"' Brief report about H28 formation
?;"thdn Singh

——— e 40 P
AT . Fri, Jun 23, 2023 8t 7
com

From: Shoyarded message ——
Subject: Sheslendra_General Brief report sboul H2S formation
To: <ngigasieastcggmed com>

m“nmmmwwmmwm-

Thanks and regards

Sheelendra Pratap Singh

—— Forwarded messages ———

From: Sheelendra Singh <shilutpuly@gmai com>
Date: Fr, 23 Jun 2023, 18:53

Subject

T Shestendnn Singh <shiu | uiyiigmed com>

Shoslendra Pratap Singh (M. Pharm, Pn.D ysfties wam fig
JSPS Fallow | Member INYASHTRGITS S | et $70TH
Prrcipal ScientistTUT RS
Towicokinatics Labaratony 2TTRH@ e e winmme
Regulatory Texicology Group/ffnms ffagm g
CSIR - Indian Institute of Toxicology Researchy FTHHTENR-AHY EWfEwr s s
Luscknow- 226001 EERS-226001,
Mob# +918052427555
& IeAit Emad 10: shilu tjuly@gmad, com

Wabsibe www ulringia,org

hitpss:scholar google. comycitations Tuser=KYSiT-KAAAAS

e

-EE;'IHII:HM
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* Hydrogen sulfide (H2S) is a dangerous and colorless gas that can be produced
':ﬁ.rhen organic matter decomposes, such as in rotting vegetation or wastewater
' & sewer system. It is highly toxic, ranking second in workplace fatalities due
'o gas inhalation after carbon monoxide and is often recognized by its foul
smell, similar to rotten eggs.

# In the case of domestic wastewater, the main process responsible for the
formation of hydrogen sulfide is the microbial reduction of sulfate ions. When
there is a lack of dissolved oxygen and the presence of soluble Biclogical
Oxygen Demand (BOD), bacteria like Desulfovibrio desulfuricans (SRB) and
other sulfate-reducing bacteria (SRBs) convert sulfate ions into sulfide. This
occurs in the absence of oxygen and the presence of organic matter, such as

sludges.

#* Hydrogen sulfide tends to accumulate in confined and poorly ventilated areas
where there are sewage holding tanks or other parts of sewage systems. If the
system is damaged, malfunctioning, or there are loose connections. gas can
escape. Thie can happen when organic matter or sludges are disturbed, such
as during the addition or discharge of effiuent material into a compromised
system. Sewage holding tanks that receive galley waste on vessels are
particularly prone fo the formation of a greasy sludge film, which further
promotes the production of hydrogen sulfide. Additionally, blockages in

ventilation components increase the risk of hydrogen sulfide back-venting,
allowing the gas to escape into toilet and other confined spaces through the
sewerage pipe network.

= A sewer main can contain significant amounts of undetected dissolved H2S in
the wastewater. When the water is disturbed, such as when pumps are
activated, this dissolved gas can rapidly turn into toxic gas clouds due 1o the
"soda-can effect.” This effect occurs when the disturbed water releases the
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dissolved gas, resulting in sudden and dangerous concentrations of hydrogen
sulfide.

» Due to its density, hydrogen sulfide is slightly heavier than air, causing it to
accumulate in subsurface spaces such as basements, underground chambers,
Or sewer systems, This makes these areas particularly susceptible to high
concentrations of hydrogen sulfide gas

* During heavy rainfall, organic matter such as decaying vegetation, animal
wasle, and other debris can be washed into the sewer system. This influx of
organic material provides a rich food source for bacteria, including SRBs. As
the organic matter decomposes, SRBs melabolize sulfate ions present in the
waslewater, resulting in the production of H2S.

» Heavy rainfall can cause turbulent flow in sewer systems, leading to the
disturbance nf seltled sediments. Sewer sediments often contain accumulated
organic matter and sludges thal serve as a nutrient source for SRBs. When
these sediments are stirred up, it can promote increasad bacterial activity and

H2S production.

# The increased H2S production during heavy rainfall can raise the likelihood of
HZ2S leakage and exposure in sewer sysiems. If the sewer infrastructure is
damaged, malfunctioning, or not properly sealed, the H2S gas can escape into
confined spaces, nearby buildings, or even the atmosphere. This poses
significant heaith risks to workers and the public due to the toxic and potentially

lethal effects of H2S inhalation.

¥ Meal shops often generate a significant amount of organic waste, including
fnmmings, blood, and other byproducts. These organic materials are rich in
proteins and can contribute to the production of H2S when they undergo
decomposition. If a meat shop is located in close praximity to a sewer system,
the organic waste from the shop can enter the sewer lines, providing a readily
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availal:r_'.a food source for sulfur-reducing bacteria. This can enhance the
microbial activity responsible for the conversion of sulfate ions to sulfide,
thereby increasing the potential for H2S formation.

» When heavy rainfall combines with the organic waste from a nearby meat shop.

it can result in increased organic loading and nutrient availability within the
sewer system. This can create favorable conditions for the growth and activity
of sulfate-reducing bacteria, such as Desulfovibrio desulfuricans and other

sulfur-reducing bacteria. As these bacteria thrive and consume the organic
matter, they produce H2S as a metabolic byproduct.

» The combined effect of heavy rainfall and the presence of a nearby meat shop
can lead to an elevated risk of H2S formation In the sewer system. It Is Impartant
1o monitor and manage these factors effectively to prevent the accumulation of
H2S gas, which can pose significant health hazards to workers and the
surrounding environment. Implementing proper waste management practices,
ensuring proper ventilation, and conducting regular maintenance and
inspections can help mitigate the risks associated with H2S in such scenario.

%* Both COD and BOD serve as indicators of the potential for H2S production in
wastewater systems. Higher levels of organic matter, as indicated by elevated
COD and BOD, create mora favorable conditions for the growth and metabaolic
activity of SRBs. These bacteria thrive in the absence of oxygen and utilize
sulfate jons, ultimately leading to the production of H2S gas. Effective
management of COD and BOD levels through proper wastewater treatment
processes, such as aerobic treatment or chemical precipitation, can help control
the formation of H2S and mitigate associated risks in sewer systems,

# To prevent hydrogen sulfide (H25) leakage and ensure safety in environments

where H25 may be present, several precautions should be taken. Here are
some important measures:
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Ventilation: Adequate ventilation is crucial in areas where H2S may
accumulate, such as confined spaces, sewer systems, or waslewaler
treatment plants. Properly designed and functioning ventilation systems
should be installed to ensure the continuous exchange of air, preventing the
buildup of H2s gas.

Monitoring: Implement a comprehensive monitoring system to continuously
Mmeasure H2S levels in relevant areas. This can involve the use of gas
detectors or sensors that provide real-time data on gas concentrations.
Regular monitoring allows for the early detection of H2S leaks and timely
response to mitigate risks.

Maintenance and Inspection: Regular maintenance and inspection of sewer
systems, wastewater treatment facilities, and associated equipment are
critical to identify and address potential sources of H2S leakage. This
includes checking for damage, loose connections, or blockages that can
contribute to gas escape.

Proper Waste Management: Effective waste management practices can
help minimize H2S formation. This includes preventing the buildup of
organic matter, controlling BOD and COD levels, and implementing

strategies to reduce the entry of organic waste into sewer systems.
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Vertloton, Adegquate ventilntion is crucial 10 areas wierg H2% ray
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ndix

6 FINDINGS OF THE INCIDENT ON GAS LEAKAGE AT
l GIASPURA, LUDHIANA (PUNJAB] ON 30 APR 2023

0 hours information received through Sh. Sameer Verma, SP
hmm:iing}ﬂzghmu#%ﬁm Commandant 13 Bn NDRF aboul Gas *EBH;QE ':'I;-":P:
which happened in Giaspura. Sua Road Ludhiana (Punjab) in which 04 persons 1ound spg
dead and 02 were seriously affected SP asked for NDRF assistance immadalely and he als

“told Tat type of gas and source of leakage is not known Ul now

2. Accordingly, & learm consisting of strength 02 50s and 28 Rescuers led by Insp Lal Singt

Sukhwal (Mob-TO0SA30727) under the supervision of Sh Dev Raj Deputy Commandant with
04 x vehicles and all avadable CBRN equipmenis left from Bn HO at 0900 hours  The distance
of incident site from Bn HO 78 approx 30 Kme  Team reachad at incident site at 0940 h-;_:n:;r:-

3

Sh. Dev Raj, Deputy Commandant met with DC Mrs Surbhi Malik Commissiona

Sh. Mandip Singh and took the slock of present situation and assessed the situation
He advised the civil administration 1o vacale and seal 500 mirs surrounding areas of the
incident site immediately so ﬂ'ﬁffuﬂher'ﬂnma'gé could be preventea Afer assessing the
situation NORF team established the cperation base/ command post a1 A sater distance as pe
protacol Team Supervisor Sh Diev Fa; Deouty

Eommandant passed safety instructions 1o 4l
rescuers and also advised Police, civil admsm

; stralon. public and media 1o maintain aafe

distance from the incident site. Team planned o execule oparational tasks in 03 phase:

&8 under - = B
(a) Phase-

Ta search incident sde to find oul WCtim/unconscious persan
(B}  Phase-ll. To find out he source of gas leakage and plug ot
t:;}a;mphw“ To search nearby houses ang laslly to Carry ol mnﬁ;marnr-'-

which i
; - some extent The sub team fu repiaced by them
which 04 victims were found daad = Mol

: searched the two tuildin 5
phiddhise : and found a pet daxg whick Was ted wi m'_.:ha;ﬁ"aﬂ",hafard
WS - team rescued it and handed over to civil autharity bt L

contniuous kracking no
and mll‘mﬂ-m a
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2

Adl of them were rescued and avacuated safely from “'"-'j_dﬂl'l-'- site and handed over 1o
ol administration,  Another team  undér Insp (GO} Lal Singh Sukhwal !H;iﬁd_ clvil
administration in evacuating the persons of nearby houses 1o safer areas. Details of rescued
persons-

TS/No |Name of rescued persons Age Sex
[N Male Female

(a) [Raushan Al A8 Male z

(o) [lmran Ali 17 Male -

] ﬁ ranmum Khatun 15 - Femala

id) u Khatun 14 Famale
" {e) [Shabnam Khatun 1 . Fomeie
(L a Khatun 10 : Female |
T lg) [Sabina Khatun 07 = Famake

8. Commandant 13 Bn NORF alsc reached at incident site at around 1200 hours and took

the stock of situation. He discussed with Commissioner Sh. Mandip Singh, Commissioner
Luchiana DC Mrs Shurbhi Malik, IAS and DC Corporation Mrs Shena Aggarwal, who were
present 8t the incident site and supervised the operation further.

7 Meanwhile as per directions of HQ DG NDRF, a team of 7" Bn NDRF sirength

04 GO, 04 S0s and 25 Rescuers siso reached incident site at 1330 hours under suparvision of
Sh. Santosh Singh, Commandant 7" Bn NDRF alongwith Gas Alert Micro - ' defector.
On testing through Gas Alert Micro - 'V deteclar, it was revealed that Hydrogen Suiphid gas

(Hz5) has contaminated the air and caused the in iniially The level of air contaminalion
was found 190-200 PPM. Then the state medical autherity used Caustic Soda in sewage and

flushed ot with waler to get the level of contamination down. Thereafter the air comtamination
level came down between 02-15 PPM.  Further chvil administration called up gxperts from
CSI0 (Cenral Scientific Instrument Organization) Chandigarh who had taken tha sample for
further imvestigation.

8. Teams of 13 Bn NDRF and 7™ Bn HORF stayed at incldent site for two days, checked air
contaminaon on next day The siuation was found normal by eveming on 1% May 2023,
Operation was cafled off with consent of civil authorities on 01 May 2023 at 2200 hours and

yeams lefl for their respective locabions.

g Some photographs of operation are attechad as Annexure.

J Commandant
Commandant 15% Bn NDRF

(=] & {Uua%i
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Annexure -E

Subject:-  Regarding investigation of the untoward incident of gas leak at
Giaspura area on 30-04-2023.

With reference to the matter mentioned above, a committee has been formed by
the Hon'ble Commissioner through office order No. 15/PS dated 30-04-2023 to investigate the
incident of gas leakage that occurred at Giaspura area on 30-04-2023. In accordance with the

orders of the Hon'ble Commissioner, the committee's report is as follows:

Occurrence of the events

1. Mr. Swaran Chand, ADFO, stated that on 30-04-2023 at 8:15 am, the control room
of the Fire Brigade, Municipal Corporation Ludhiana received information about a gas leak on
Giaspura Sua Road. After receiving the information, the fire brigade personnel reached the spot
around 08:40 hrs and found some individuals lying unconscious in front of the Amul milk shop.
The individuals were immediately taken to the hospital by ambulance (Annexure-'A') attached
with photo). Subsequently, the higher officials of the municipal corporation were informed about

the incident.

2. The Hon'ble Deputy Commissioner and Commissioner of Municipal Corporation
arrived at the site, and other officers from the Municipal Corporation O&M Department, District
Government officials, NDRF team, Punjab Pollution Control Board team, etc. joined them. The
Deputy Commissioner, Commissioner of Municipal Corporation, and all the teams jointly
inspected the site and found that it had a strong smell of rotten eggs. When the teams approached
the site, the smell of gas became stronger. All the maintenance holes/haudis in the area were
mapped (Annexure-B). The indicating map of the site is attached for reference (Annexure-B-1).
It was seen that some dead bodies found next to the personal haudi of Goyal Cold drink. Also a
maintenance hole near transformer was covered with a broken cover, which appeared to have
been recently broken, and the malba (debris) of that cover was lying nearby on the site (attached
at Annexure-'C"). The visible steel reinforcement of the broken maintenance holes cover was not
rusted. Additionally, the team observed that the private haudi of Amul Milk/Goyal Cold Drink
shop was blue in colour from the inside, whereas the haudi of nearby houses did not have this
blue shade. The team also noted that there was no bad smell beyond the broken maintenance hole

cover.

3. Meanwhile, the NDRF team, along with the Municipal Corporation team and
PPCB team, wearing safety kits, took samples of water from maintenance hole chambers and
sent for testing as per the details below:
1) Maintenance hole opp. Sitara Cinema (E) (S4), i1) Maintenance hole of main sua road opp. st.
no. 4 near transformer (B) (S1), iii) Maintenance hole of main sua road opp. st. no. 5 near Jasbir
Building material (A) (S3), iv) Maintenance hole of st. no. 4 (Sample) gali (B1) (Al), v) Gaar of
personal haudi of Goyal Cold Drink (D1) & also a sample was taken from sewer Maintenance
hole in Giaspura park (in the different area, to act as a control sample). The samples have later
been sent to PBTI lab for testing. It is submitted that various samples were sent for testing by

PPCB as well as MCL.
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4.  After consultation with Director CSIR, the NDRF team started checking of gas
limits in the area using gas detection kits, from around 1.30 PM onwards. The concentration of
gases was measured inside the maintenance hole and in the surrounding air, just at the ground
level. Later in the evening, the NDRF team was joined by Dr. Surjeet, a representative of the
CSIR Department, Chandigarh, for the same, and this continued throughout the night. A copy of
the readings showed that the concentration of Hydrogen Sulphide (H,S) and Carbon monoxide
(CO) gases was very high inside these maintenance holes as detailed below. (Measurement sheets

are attached at Annexure- 'D").

Measurement of gas levels at various points

TIME & A Bl C D D1 D2 E
DATE  "'co [H,S |[CO [H,S | CO |H,S |CO |H,S |CO [H,S |CO |[H;S | CO [H,S | CO | HSS
320'_32)5_1\243 - 1190 | - [ 1958 | 13| 0 | 195 0 | 180 | 47 | 40 | 47 | 174 | 15 | 10
350'_605_1\243 2000 |46 0 |92 12| -|15] -] - 2015 |47|18]| - |17
370'_%21\243 0| 0 |8 | 13]20]| 0 | 17| 8 |46 |100 |29 | 1.5 | 47 | 17 ;)(') 15
2%1_0033\34 100200 | 15| 5 | 20| 5 |30 |8 |22 13 |25] 15 ]25| 15|20 | 10
1021:_3005?34 50| 7 | 40| 6 | 14| 5 [ 1210|1525 |5 |18 5 |11] 7] 12
3:13_82;/3[ 30| 4 |12 3|93 7|3 /[3/]4]|7]3 |73 |74
(‘)1:13-85@/3[ s 22|56 2]o0o]3|w0]15/0|3|0/|3]|o0]3
gﬁgﬁg ol 40| 40|40 4 |o0]5|0|4|0|4]|0]3
gﬁgﬁg olofof|ololo]o]o|o|2]o]lo]o]ol|lolo
5. Thus it was observed that concentration of H,S was quite high (in the range of 174

to 195) in maintenance holes A, B, C, D & Haudi D1, D2, which were very close to the incident
site. As we moved farther away from the incident site, the H,S concentration was in the range of
10-15 (E/B1). Also, the concentration of CO was high in B1, D1, D2. This shows that there was
particularly high concentration of these poisonous gases, particularly H2S and CO at the incident
site in a very limited area. Further, since these measurements were taken after quite some time
had passed since the incident in the morning, it is possible that the concentration of these gases

could have been quite high at the time of the incident, leading to such instant deaths.

6.  These were discussed telephonically with Dr. Anjan Ray, Director CSIR, who
verbally suggested defusing/neutralizing the acidic gases with the help of a diluted caustic soda
solution to prevent the further spread of poisonous gases through the sewer line. As per the verbal
instructions from Director CSIR, the teams of the Municipal Corporation prepared caustic soda
solutions and started pouring the solution into the maintenance hole chambers at around 6:30 pm.

The exercise continued throughout the night & the readings of gas concentration were repeated
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every 2 hours jointly by NDRF & MC teams. Wherever the gas concentration was high, caustic
soda solution was then used to dilute it. The Municipal Corporation team added Caustic soda
solution to the maintenance hole chambers as per requirement even during the night hours with
the help of sewer jetting- cum- suction machine and washed the effected chambers with the help
of fire tender. It was seen that the gas levels were steadily declining after 10 PM & came within
permissible levels after that. These were continued to be measured till around 11.00 AM the next

day, when the levels were found to be within permissible limits.

Details and analysis of the sewer condition in the area

7. It is submitted that the sewer near the incident site was laid 20 years ago by
Punjab Water Supply and Sewerage Board (PWSSB). The design statement showing gradient,
slope and discharge etc. was received from the record of PWSSB. The details, along with map
are attached at Annexure-E. As per the record, the total length of the sewer line from Eastman

chowk to Giaspura chowk is 1800 mtr. approx.

» The sewer in the area is 30" id is designed to take discharge of 3.56 cusec and

designed discharge of this sewer is 7.02 cusec from Node no. N/10/1 to N/1.

» It is submitted that one no. of tube well exist in this area, upstream of this site,

which is having approximately 0.208 cusec water generation per day.

» No. of water supply and sewer connections Domestic in the area are
approximately 400 nos. and having 0.104 cusec waste water generation. 66

nos. of disposal connections having approximately 0.197 cusec say 0.2 cusec.

From the above it is evident that the total waste water discharge in the area (Tube
well and Disposal) is 0.405 cusec. So it is clear that the capacity of main sewer is much more

than the waste water flowing in the sewer system, so the sewer system is not over loaded.

The direction of sewer is from Ashirwad Kanda towards Giaspura Chowk and this
sewer is flowing by the gravity as shown in the design statement that the gradient of the sewer is

1/2500.

The level of the chambers near incident site is mentioned in designed statement

annexed at Annexure-‘F’.

8. It is also submitted that cleaning and desilting of sewer lines is done through
mechanised means regularly in the entire city. Almost all the major sewer lines are cleaned once
every 3-5 years as per the norms. It is further submitted that this main sewer line was cleaned
with super suction machines in March 2019, the photographs for the same have been attached for
reference at Annexure-'G'. Further, in case of any problem or blockage in any particular sewer
line, the cleaning of that line is taken as per the requirement. It was informed by the SDO-O&M,
MCL of the area that cleaning of sewer lines on the downstream side of the affected area had

been done recently in the month of April, 2023.

This was also evident from the fact that the levels of sewerage flow in sewer

maintenance hole was much below the sewer capacity & no overflowing or blockage was visible.
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Also, the residents of the area had mentioned that there was no issue of blockage or problem in

the sewer flow. (Annexure-"H").

9. It is also submitted that various gases are produced due to decomposition of
organic material of sewages. These sewer gases naturally include H2S, which is also commonly
known as ‘Sewer gas’, and is produced as a result of decomposition of organic matter present in
the sewer lines. The levels of such gases may vary inside the sewer, depending on the flow and
the organic matter. It is pertinent to mention that no instance has ever been reported where the
naturally occurring H2S from inside the sewers has caused deaths of any person outside in the
open.

10. It is also submitted that multiple techniques are usually adopted for ventilation of
sewers, which could lead to regular discharge of the gases into the air and avoid any
accumulation inside to higher levels.

» Ventilating columns: The Ventilation shaft is provided along the sewer line at
various points as per design. Ventilating shaft helps to remove the foul and
explosive gases produced in the sewer.

» Ventilating Manhole covers: The manhole covers are sometimes provided with the
perforations, through which the sewer gets exposed to the atmosphere. This will
help in achieving ventilation.

» Road gulleys: In the areas with common storm water and sewerage system, road
gulleys are provided, which could allow for drainage of storm water into the

sewerage system, and also allow for back discharge of gases into the air.

11. In Municipal Corporation Ludhiana there is lack of dedicated storm water system
and generally the sludge sewer is connected with road gullies chambers for the disposal of storm
water. So there are provision of road gullies chambers in every street and main road, connected
with branch or main sewer line. The existence of road gullies chambers with the sewer line helps
in the dissipation of foul gases from sewer lines and keeps the sewage ventilated. So with these
chances of accumulation of foul gases in MC sewer is minimal.

12.  The sewer length in the area was examined and it was seen that 06 nos. of road
gullies exist along with the maintenance hole chambers in that stretch having 150 mtr. from
Jasbir Building material store to Sitara Cinema. And 19 nos. of road gullies already exists in the
street opposite transformer in Street no. 04, Makkar colony. It is also mentioned that two
additional road gully chambers were constructed from Jasbir Building material store to Sitara
Cinema as remedial measure after the recommendation of the joint committee of MCL, PWSSB
& Water and Sanitation Department constituted by Deputy Commissioner Ludhiana
(Annexure- I).

13. It is also mentioned here that the main sewer line has been cleaned as per
requirement and the road gullies chambers are cleaned before every rainy season. Further this is a

regular exercise, which is done repeatedly.
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Issues discussed in the meeting of the joint committee constituted by NGT

A fact-finding committee has also been constituted in this regarding of NGT. A

meeting of this committee was held on 08-05-2023. Various issues as detailed below were

discussed there:

1l

1il.

1v.

V1.

Vil.

1.

Sh. Sheelendra Pratap Singh from Indian Institute of Toxicology research,
Lucknow gave his observation that H,S is natural occurring gas in sewer but such
high amount of concentration is not usually heard of & could be due to anaerobic

digestion of sewer waste along with high amount of acid/ metal.

It was pointed out by Dr. Lakshmi, Epidemiologist from PGI Chandigarh that no

such report of H,S death in open space have been reported anywhere in the world.

SE, PPCB informed that industries were checked within 50 mtr, 100 mtr & 500
mtr of the site & it was found that out of total 113 industries checked, 17 were
found to be water polluting. Out of these 17 industries, 4 industries were at the
downstream of the incident out of which 3 were acid consuming and 13 industries

were found at the upstream out of which 11 was acid consuming.

SE, PPCB also informed that they had checked unauthorised industrial units
running from houses/ residential units in the area. On checking, it was found that
23 industries were running from 64 residential premises checked. Out of these 4
industries were water polluting & pickling/ electroplating units, which were acid

& metal consuming (3 upstream & 1 downstream).

SE PPCB also presented samples reports of waste water collected from the
maintenance hole chambers as attached at Annexure-'J'. From these reports, it
was observed that the pH value of sewer water content of three maintenance holes

mentioned at sr. no. B, C & D is between 2 to 3.

NGT committee then visited the area along with the team from MCL and
interviewed survivors and victims’ family members. The interview transcripts are
attached at Annexure-'H'. The people interviewed informed cohesively that there
was no report of sewer block in fast few days or months. Further, all the members
told committee that there was a peculiar smell which they had never smelled in
past. Further, it was pointed out that there are large no. of electroplating and
chemical industries running in this area, which are usually discharging their liquid

waste into the sewer.

The issue of discharge of electroplating industry in the city was also discussed. It
was informed that a common CETP, operated by JBR technologies is responsible
for collecting the wastewater from more than 1000 electroplating industry in the
region, treating it and then ensuring discharge as per the norms. It was also
suggested by member CPCB that audit of various electroplating industries and

JBR technologies should be conducted by Punjab Pollution Control Board to
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check the generation of water by the industry, the treatment of the wastewater and

the mode of disposal of waste water generated after treatment.

Checking of organic discharge from meat shops into the sewer in the area

15. It is submitted that the special drives were conducted by the teams of O&M cell
and Health branch of MCL on Sua Road, near Goyal Cold Drinks, Giaspura, on 8th June, 2023,
and 22nd June, 2023. It was found that there are 06 nos. of meat shops in the vicinity of the area
up stream of this site in approx. 150 mtr. stretch. Only one of the shops had a sewer connection
with the possibility of its discharge into the sewer system. The approx. discharge from this shop
1s assessed to be approx 200 litres per day. It is submitted that though this discharge is negligible
and itself could not lead to such high concentrations of H2S in the sewer in the area.

16. It is further stated that on 8th June, 2023, the Health branch issued 8 challans to
meat shops, and 20 kgs of meat recovered during the drive was destroyed. Continuing this effort,
another special drive was conducted on 22nd June, 2023, by the teams of MCL. During this
drive, 13 challans were issued to meat shops, and 50 kgs of meat were destroyed by the Health
branch. Only one of those meat shops had a sewer connection, which could had caused discharge
into sewer system. This sewer connection has now been disconnected by O&M cell MCL.

Pictures of this special drive and the copies of the challans have been attached at Annexure-K.

Checking of water closets in the affected houses

17.  During the joint visit of MCL, PWSSB & Water and Sanitation Department, it
was observed that the water closet was missing in the house of Aarti Clinic. It is possible that this
could have led to the backflow of the gases from the sewer line into that house which could have

lead to the higher concentrations there.

Chemical analysis report of the sewer samples from the area

18. The sample reports of water collected from various maintenance hole chambers &
sent for testing by MCL has also been received and annexed at Annexure-'L'. From the test
reports of personal Haudi of M/s Goyal Cold Drinks, it is evident that the various metals such as
Nickle, Zinc, Copper, Lead, Chromium, Iron, and Arsenic are very higher side.

19. The samples of water taken from maintenance hole chambers and found high
value of Hydrogen Sulphide. Hydrogen Sulphide is a colourless gas with the odor of rotten eggs.
It is usually shipped as a liquid. Hydrogen Sulphide is found as a by-product of industrial and
natural processes, and is used as a chemical reagent, in making heavy water, and is used in
metallurgy, lubricants and cutting oils. The legal airborne permissible exposure limit (PEL) is 20
ppm not to be exceeded at any time, and 50 ppm as a maximum peak, not to be exceeded during
any 10-minute work period.

20. Further, the reports of samples taken by PPCB and MC both point out to similar

major facts that there was abnormally high concentration of acidic content (as is evident from the
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abnormally low pH of around 2) and heavy metals in the manhole chambers and haudis in this

localised area.

Expert opinions/ reports

21. It is further submitted that the officials from CPCB visited site of accident
Giaspura, Ludhiana on 03.05.2023, namely Mr. G. Rambabu, Scientist D, Dr. Narender Sharma,
Scientist E, Mr. Kamlesh Singh, Scientist E and Mr. Nazimuddin, Scientist F and have submitted
their report in the matter. Some of the key points are reproduced as below: (Annexure- M)

“Presence of sulphide in sewer water as H2S is due to biochemical reduction of the
sulphate present in water. The ratio of Sulphur (S). Hydrosulphide (H2S) and H2S in
sewer water at any point of time depends on the pH of sewer water at that time.
Intermittent discharge of acidic effluents from industries in mixed sewers acts as an agent
for shifting the equilibrium. Acidic effluents are also a source of sulphate (due to

sulphuric acid), which ultimately forms sulphide.

Further, if industrial effluents containing metals and heavy metals are discharged in the
sewers, the metals are precipitated as metal sulphides in the sewer lines. These metal
sulphides, in the presence of acids/acid effluents containing H2SO4 and/or HCI, end up
generating hydrogen sulphide (H2S) gas.

Therefore, it can be concluded that intermittent discharge of acidic and metallic
industrial effluent/waste into mixed sewers can be a source of sudden release of H2S gas

in very high concentration from such sewers.

1t is relevant to mention that H2S is a diprotic weak acid and even a saturated solution of
H2S is not expected to have a pH less than 4.0. Therefore, it may be concluded that pH
level of 2.5-2.6 as reported in main sewer water near the houses where deaths occurred is

a result of acidic industrial effluent discharge.

The above facts strongly point towards the discharge of industrial effluent as the cause of
highly acidic water in the main sewer in the area and the also the cause of release of H2S
in the sewer line in high concentration, leading to immediate collapse and death of eleven

persons.

As per recent media reports and the discussion held with Chief Environmental Engineer,
PPCB, the industries in Ludhiana use both Hydrochloric acid and Sulphuric acid. It was
also reported that few industries in Giaspura area have acid pickling step in their
manufacturing process. The chloride content in the main sewer water near the accident
was found higher in comparison to distant points (both upstream and downstream) which
may be due to use of hydrochloric acid in the area. These facts also indicate that

industrial discharge is a key factor in releasing of H2S in high concentrations.”

22. A report has also been received from Dr. Anjan Ray, Director CSIR through his
email dt 1.5.2023, which is as follows: (ANNEXURE- N)
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"In continuation of our discussions throughout the day today in the aftermath of the
Ludhiana Gas Leak, I have summarized my initial hypotheses and recommendations

for the consideration of the local administration and of NDMA as follows:

i.  Evidence from the medical examiner and his preliminary forensic assessment
suggests that the gas released contained hydrogen sulphide (H>S) as the primary
causal agent. This correlates with the foul smell noted by some affected residents

and the symptoms outlined by the medical specialist.

ii.  We cannot rule out carbon monoxide as a secondary causal agent. CO is colorless
and is often found in sewer gas compositions. An authoritative recent review of
sewer gas compositions can be found at

https://'www.sciencedirect.com/science/article/pii/S2772416622000808.

iii.  Based on the hypothesis that H,S is the primary causal agent, a frontline response
of neutralizing the H,S with appropriately diluted caustic soda has been advised.
This appears to be working based on feedback from the team on the ground, as

ambient H,S levels have fallen sharply after the caustic treatment.

iv. It may be noted that sudden acidification of sewer contents (for instance, through
the shock discharge of acidic effluent from any electroplating unit in the area)
could cause a surge in H,S levels. To determine if this might have been the cause,
ICP analysis of trace elements and metals in the sewage samples may be carried

out.

v.  Unlike H,S, there is no way as such of neutralizing CO. However, its vapour
density (~14) is close to that of air (~14.7) and it should disperse naturally at a
rate quicker than H>S (V.D ~ 17), which is heavier than air.

vi.  H2S readings will, therefore, vary across a vertical axis at ground level, 1.5 feet
above ground (typical level of a person lying on a bed), and at 4.5 feet above
ground (typical nostril level of a standing person), with the maximum
concentration of the toxic gas being at the ground level. While CO will not show

much variation. I remain at your service for additional questions, if any.”

23.  Further, a study of the literature and scientific data points out that the role of these
metals in formation and acidification is as follows: (ANNEXURE- O)
» Nickel (Ni): Nickel can act as a catalyst in certain chemical reactions that lead to
the formation of H2S. It can enhance the conversion of sulphur-containing
compounds into H2S. Additionally, nickel compounds may contribute to the

acidification of certain environments.

» Zinc (Zn): Zinc play a role in acidification processes, particularly in the presence
of acidic substances. It can react with acids, forming zinc salts and releasing

hydrogen gas, thereby contributing to the overall acidification of a system.
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» Chromium (Cr): Chromium compounds can contribute to acidification when they

dissolve in water, forming acidic solutions.

Iron (Fe): Iron is an essential component in various chemical reactions that lead to
the production of H2S. Iron sulphide minerals, such as pyrite (FeS2), can release
H2S when they come in contact with water and undergo chemical weathering or
microbial activity. Iron can also participate in acidification processes, particularly

through the formation of acidic solutions when iron compounds dissolve in water.

Conclusion

The sewer system had sufficient capacity and as per the visible scenario, the
cleaning reports of O&M branch of MCL and the feedback from the people
interviewed, there was no report of sewer block in fast few days or months in the

arca.

Sufficient number of Road gullies were constructed with the main and branch
sewer line which act as vent for escaping of sewer gases. Hence the possibility of

accumulation of gases in large quantity is minimal.

Though there were some meat shops in the area, but only one of them was found
to have a sewer connection. Though this could have led to some discharge of the
organic matter in the sewer, but this could have lead to increase in the production
of H2S gas inside the sewer only. In the current case, there is abnormally low pH,
with the release of very high concentration of H2S gas from a particular outlet for
a very short span of time, which does not seem possible merely due to a little

increase in the organic load in the sewer.

Reports of PPCB point out the existence of a number of industrial units in the
vicinity (both authorised and illegal), which have been discharging the metals and

acid into the sewer lines.

An audit is also required into the treatment and discharge of wastewater of the
more than 1000 electroplating units in the city through the CETP operated by JBR
technologies. Without this information, it cannot be ruled out that there has been
no illegal discharge of untreated waste of the electroplating industry (containing

heavy metals as well) into the sewer lines of Ludhiana.

Also, the interviews and discussion with the people of the locality show that there
are a lot of electroplating & other industrial units nearby, some of which could

have been dumping its waste illegally.

It seems that the incident might have occurred due to some chemical reaction of
some acids/ metals with naturally occurring sewer gases (H,S)/ sewage, which
could have led to a sudden release of very high concentration of H,S gas for a

short period of time leading to the death of the people instantaneously. This seems
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likely based on reports of high concentration of metals & very low pH (showing
acidification of the sample).

e Further, it was observed that H2S gas had been released into the air from a limited
area in extremely high quantity for a very limited span of time, even leading to
breakage of manhole covers and blackening of the cover, which does not seem

possible as a part of natural sewer gas formalion, and indicates occurrence of

some sort of chemical reaction.

» Thus after talking to victims and local residents, visiting field and taking
comments from experts in subject matter, committee is of view that this sudden
release of very high concentration of H;S is due to releasing of chemicals in sewer

from various industrial units. However, the exact source is not known & Is a

matter of investigation.

25. Suggestions: For eliminating such incidents in the future, it is suggested that:
a) A special disaster management team should be set up in the eity/ district to handle
any such chemical and gas leakage disasters in the future,

b} A detailed audit of water consumption & waste water freatment of various types of
industries should be conducted, cither at the level of Punjab Pollution Control
Board or jointly by MCL & PPCB.

¢}  Proper plumbing systems should be adopted in households/buildings, 1.e., proper
sewer connections should be taken with proper water seal traps. The water inside
the trap serves as a liquid scal that helps keep sewer gas smells from getting out of
the drains. The depth of the water seal inside a trap should be enough to keep
sewer gas away while not obstructing drainage from the system. Proper vent

pipes‘exhaust fans should be installed for a proper ventilation system.

26. 1t is also intimated that a magisterial inquiry has been initiated by the Hon'ble
Deputy Commissioner, Ludhiana in this regard separately.

f%ﬁ? Yozl L e Y .

Aaditya Dachalwal Kulpreet Singh Ravinder Garg Swarn Chand
Addl, Commissioner Joint Commissioner SE-O&M ADFO



534

ANNEXURE- A




Jasbir Building
Material
H,S- 190

:| A (S3)

Sample taken by PPCB at 11.30 PM
Sample taken by MCL at 11.35 PM

Transformer
H,S - 195

Sample taken by PPCB at 04.30 PM
Sample taken by MCL at 04.35 PM

Sample taken by PPCB at 12.40 PM
Sample taken by MCL at 12.45 PM

Sample taken by PPCB at 01.40 PM
Sample taken by MCL at 01.45 PM

C (S5)

D (S2)

E (S4)

15/10
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ANNEXURE- B

Sample taken by PPCB at 01.00 PM
Sample taken by MCL at 01.05 PM

Sample taken by PPCB at 12.20 PM
B (S1) B1(A1) | sample taken by MCL at 12.25 PM

L1

Nitco Logestic

:| Pvt. Ltd.

H,S - 195

] Arti Clinic

H,S - 180

Goyal Cold | sample taken by

1 L] b1 Drink-4740| mey ut 01.00 PM

[ o2 471174

Sitara Cinema
1

L 1

L1
Punjab Sample taken by
Emporium MCL at 02.00 PM

El
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ANNEXURE- B1

B =

VWY —rre——




537

ANNEXURE-C




538

ANNEXURE-D

’ SLK
S| st I T.\I
=Tt 3 myY z|h
o |O || O O| 9 O| e s
ﬁlo stalz|ol° | %9
S W o
s R o o]
clxlen|og| 2 || | €
sl Slsc] il S8 w| 9
S| St %1 |2t | s8] °f| S oa. .y
: 5.1 guz| as1| 9k | S8 4| 0 (0T | <l
2 : 1| —|gtlen| Silbr| | —|si] -] wip| @
e swdd® 131 a1 | il hal th o aio«. — | Spl| ~|<ilop| S0
,\iﬁm“ﬂm.r twfhs.:_ QU%T:__ oy | Pl e Tx.da Pl oo Tw a2 ™
* |
.‘%Nmﬁka,_ 3 / ~q 'q r & > '3 )
< . YT w.c:wl SOHUL




539

ANNEXURE- E
T ——
prrwE i AT e s

B

arard e,

25 -7 Gl 7,

waw P

e |

#wa: 2§52 b ) §-o05- 2o2y
fow . Acchdent due 10 Gas Leak ina Factory in the Glaspora Area, Ladhizsa Pesjab on

J0.04.2023 Ex-gratia lrom PMNRF-reg,
e w7 2 weFa & U338 IMXEN-CIO&M T3 19.05.202),

Gudar it 2 v Gl vk e Wy R Hat e i 2 O wuge

201 farfen 7ol AR IR WRE A5 AR RS A A N0 3N B e e e iy
dardt = 3600 J2, Al = 12600 , wds w langay 1% BOGE, Gwfts Gneen - 1 &EfE

(@i &)

m.@iﬁm

Qudaz wgwd it e W iF & vt iz




540




541

ANNEXURE- F
"/—-
Detail of Ground Levels And Bed Levels as per Approved Design Statement of
Giaspura Ludhiana.
sr. No. | Name of Line Upper G.L.| Lower G.L. Upper B.L. | Lower B.L. | Remarks
C| oasaze | omad | M0 | BI950 316.97(10") |
815.72(30")
y | oamaw | msw | sus0 | mes | $1683(107)
$1558(30")
| oassan | om0 [ om0 | sies | 81646(16)) |
815 46 (10")
[ A2AR §140 | 82200 g770 | 288
BI532030)
A R et O B L it
150140307
6 | AdAQL | 82350 | 8214 g6y i) )
$14.10(30°)
813,68 30
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ANNEXURE- G

SUA ROAD NEAR SITARA CINEMA

CCTV AT SUA ROAD NEAR KAMAL KARYANA STORE
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ANNEXURE-H
I nterview of Victims

1 Sh Gaurav Goyal (Mob 98738-84007) owner of Goyal Karyana Store

He and his brother are running the karyana store. At the morning time of incident, he was
inside the shop at ground floor and rest of the family members were upstairsin = house.

He smelled agasinthe morning at 5 AM and after 7 AM it increased.

He observed breathing problem in the shop.

There was alight traffic on the road.

He tried to came out of the shop and fell unconscious at the entrance of the shop. After
that he know nothing.

His brother, Bhabhi and mother came down the stairs from their house and died outside
the shop having haudies on both ends of the shop.

In the previous evening on 29.04.2023 there was rain and smell was also observed at that
time but it was less.

Sewer blockage is not observed in the past.

There are some chemical factories behind the incident site. The origin of gas may be due
to dumping of acids/chemicalsin the sewer system by some industriesin this area.

2. Sh. Sushil Verma, owner of Kundan Property Dealer adjacent to the Goyal

Karyana Store.

On the previous evening of the incident, there was rain and light smell of the gas was
there. The smell was similar to sewer. Due to less smell they did not bothered.

Relatives of Goyal Karyana Store died and a woman came from opposite side of the Road
and rescued an 8 months old child of the owner of Goyal Karyana Store. After half an hour that
woman fell unconscious.

Immediate neighbours of Goyal Karyana Store tried to sprinkle water on the unconscious
persons, but they also fell down and died.

Someone knocked the door of Doctor (owner of Aarti Clinic) for help. The Doctor came
out to check the persons and felt some smell. Hereturned to his  house and fell unconscious in
front of his house cum clinic.

3. Sh Harish Chander (Amit), dhaba owner Husband of Mrs. Rubi Devi

Helives on 1st floor of Kundan Property Dealer.

He runs a dhabha on the other side of the Road opposite to the point of ~ incident.

At the time of incident he was working in his dhaba and felt smell at 6:00 AM.

A lady came to Goyal Karyana Store for taking milk and started shouting that Gaurav has
fell down.

To help Gaurav, he went to the Goyal Karyana Store and raised an alarm to Gaurav's
mother to come down as Gaurav has fell down. Gaurav's mother, brother and Bhabhi along (with
alittle child) came down running from their house at first floor of Karyana Store.

Gaurav fell inside the shop near kenchi gate and his relatives fell down immediately near
the entrance of the shop.

When these 04 fell down, he tried to help them. During rescue, he got a back stroke and
rolled down to his dhaba. He sprinkled water on mouth and got some relief.

He again went to the shop to help. He picked up Rajesh who was unconscious, took him
to Cancer Hospital by an auto.

His wife rescued the little baby of Goyal Karyana Store. When he came back from
hospital, he found his wife unconscious.

The neighbours of Goyal Karyana Store also came for help, sprinkled water on the
unconscious persons but they also fell down and died.

The smell was khatti (sour) and like rotten eggs.

Now hiswifeisfine.

On the previous evening there was rain and some smell was observed.
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For his dhaba activities he brings water from some nearby place and the wastewater is
thrown along the Road.

No burning activity of any waste is observed in the area. Such smell was not noticed
earlier even in previous rainy seasons.

He remains in the shop from 6 AM to 9 PM. He never observed any discharge into sewer
by any tanker etc. He also did not observe any disposal of solid waste in the sewer.

He is living in the area for the last eight years and he has not noticed such smell or
overflowing of sewer.

4. Sh Rajesh Kumar, owner of dhaba, opposite the point of incidents Husband of

Mrs. Kavita Devi

Heisliving in the areafor the last ten years.

He opened the dhaba at 6 AM and was working with hiswife and children.

The incident happened at around 6:30 AM or 7:00 AM.

A lady came to Goya Karyana Store for taking milk and started shouting that Gaurav has
been fell down.

He went to rescue Gaurav but could not lift him up. He raised an alarm.

Gaurav's mother came down first, brother (Sourav) and then his Bhabhi (with a little
child) came down running from their house at first floor of Karyana Store. All fell down near the
entrance of the shop.

He felt light smell but no problem was to him. He picked up the child and gave to his
wife. He continues to help the victims and he fell down unconscious near gutter, immediately.
He got conscious in the Cancer Hospital after 8 hours.

On his dhaba side, he did not feel any smell.

Waste water of dhaba is thrown along the road sides.

Earlier he never noticed such smell.

He never observed any tanker etc discharging effluent into sewer.

In this area, sewer cleaning was done about 7-8 months back only. 4-5 vehicles came for
cleaning of the sewer.

5. Sh Davinder Yadav

Helivesin the areafrom last 28-30 years.

Heisfriend of doctor (Aarti Clinic). By habit he drinks alcohol.

He made atelephone call to doctor at around 7:20 AM. But he did not pick the call up.

Then he went to the clinic and observed that the doctor with his family members (total 5
members) fell down on the floor.

He informed that he saw in the video that doctor first came to Goya Karyana Store then
came back in hisclinic.

During rescuing with mouth cover, he started facing weakness and shivering and came
back after two hours.

He observed small air bubble (Jhag) in the mouth of small child. He also observed some
blood in nose of the child.

6. Sh Jatinder Rai
He sdlls pan, bidi etc.
When the incident happened, he was in bathroom.
He has not seen the incident.

7. Sh Shambu Narain, Uncle of owner of the Aarti Clinic

Helivesin Jamalpur.

He recelved a phone call at 7:30 AM from nearby residents about the incident.

He reached the site and observed that all the five family members were lying on floor
inside the clinic at around 8:00 AM.

One milkman known to doctor tried to pull the doctor outside the clinic but he felt smell /
unconscious and ran away from the site.
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When he reached the site Ambulance was available on site. They were helping the
victims,

Being family members, his mind was not working at that time.

He also felt headache.

When he went inside the house. He aso felt smell. No water was in latrin / haudies of the
house.

His nephew (Doctor) sleep in clinic and rest of the family sleeps upstairs.

Up stair residence is open. If family members did not come down stair then nothing
would happen to them.
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ANNEXURE- |

©733 faudt afimsae - 1 - fawr Afwede, s

OFFICE OF THE DEPUTY COMMISSIONER - CUM -
DISTRICT MAGISTRATE, LUDHIANA

Inusediately afier the gas kak incidest was reported at around 7:30AM o
30.04.2023, senior officials of District Admindstration, Police Cotumissionessie, Murscigal
Coeporation (MC), Lodhians, medical tesns s=d fonmsic experts, as well as the [3th NDRF
batizlive stationed & Ladowal, Ludhiana and 7th Batialion, NDRF staticned at Bathind nushad
to the spot. The affected area was evacaated and cordoned off,

L. The NDRF teams began taking readings in the &ffected srea with the help of haod-
held gas desectors, especially near the seven (07) mesholes from 1pm onwards an 30.04.2023
(Sunday), At Ipm ce 30,04.2003, the Jevel of HS at suefiace of one of the manhole was |5 ppm.
While e reading of H,S on the surface was between 1015 ppe, it varied betwees 100-200 ppm
mside the menholes. Subsequestly, on the advice of Dr. Anjan Ray, furmer Director, Indsan
Institute of Petroleum (1IP) 2nd an expen, the decontanisation of the area with diluted caustic
sodz was started in the eveniag of 30.04.2023. NDRF feams informed that, an 01 05,2023, fram
4AM ull 4PM, readings weze taken. As per the latest reading saken by NDRF at 4PM, the level
of Hs$S inside the ane (01) munbole near Aar Clinie, Giaspar, was 2 PPM, while 00 level was
Zero, Inside the other remaining six (06) manholes, bath the HyS and CO was Zero, As per the
repart of NDRF, after this, the H$ levels in the ambient air were recorded a8 Zero.

y A Koepum in view that the levels of HxS and OO have fullen to Zero in six (06)
manboles and 2 PPM in the 7¢h manhole at 4PM on 01.05.2023, s Order constituting three (03)-
member Techmical Coenmisiee comprising of XEN, Water Supply & Sanisation (WSS),
Ludhiana; XEN, PWSSB, Ludhiana, aad XEN (0&M Cell), MC, Ludhians was isseed vide this
Office Endst. No. 5362-5366/MA deted 01.05.2023. This Committee was eatnusted with the task
of phiysically checking the acez still cordonzd off by the Polics ie. 25 metre radius from the
ulected area for other Exclors affecting the safety of residents, give suggesticos, if any, 10 ensure
the safety of public, and submit its report theseof to ADC, Khanna by 01 05,2023,

Pursuant 1o the issuance of the above Order, the Commitiee officials visited the
ulfocted area on 01.05.2023 ond inspected the theee (03) buildings whese the incident had
happensd oa 30.04.2023. The Commeitice, in its regoet submited on 01.052023, ohsarved that
mh:ildi@hnveveo-hsornomviﬁmofmmwlil{@ﬂuwn}nmmlhhve
vent pipes noc exhaust fans. One drainage vent was found inside the residential mom of the
building of Aarti Clinse. which should not have been thre. Furthermore, these buildings are very
congested. In view of the above cbeervatices, the Committes made the following suggestions to
prevent occurrence of sech an incident in the future:

(i The buildings showld have provision for proper cross-veniation s that there is
wpoaihillvo(mysuﬁowjon.

(Gi). Washrooms should have exhaust fans and veat pipes so that the gases may be
discharged.

(i), With regaed to the mzin sewer, te Comittes supgested that 21l the manholes in

{he affected area should be provided with road gulleys or vent shafis wo that the
sewer pases, which ace formed inside the sewer pipes, are dischanged via these
road gulleys of vent pipes,

3. A report as 10 the law aed order siluatica m the affected area was taken from the
Office of Commissioner of Police, Ludhizne. ADCP {Scuth), Ludhiana, in ils report to this
Office seat vide No. 3095A/ADCP South Ludbiana deted 02.05.2023, kas reported that an FIR
No. 112 dated 30.04.2023 w's 304 of IPC wss registered at PS Sabmewal. Investigation in the
case it angoing and ol pessible unghes are being probed, The sitwation in the arca is peacefel,
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Kecping in view the NDRF Report &s per which the H;S levels in the ambient air
were recorded as Zero at 4PM on 01.05.2023 and the report of the police today mentioning that
the law & order situation in the affected area as peaceful, the cordon is, hereby, ordered 1o be
removed in the affected area in Giaspura, Luchiana with directions to the Municipal Corporation
(MC), Ludhiana to carry out the tasks required for implementing the suggestions made by the
three (03 )-member Techaical Committee detailed at Para 2 (iii) sbove.

Fmﬂmnom,ﬂwmidemoﬁhcmmadvisedlomryomheuskswuemd
by the Technical Commitiee at para 2 (i) and 2 (ii) before pccupying their houses.

o Commigsidner,
0‘{ Depnyuenmyu\fur

Endst. No. 5367 - 5371 / MA, Dated: 02.05.2023
A copy of the above is forwarded 10 the following for information and necessary action:

1. Commissioner of Police, Ludhiana
Commissioner, Municipal Corporation (MC), Ludhiana - for information, and
with a request that Building Inspectors may kindly be directed to liaise with the
residents of the affected area for implementation of the suggestions of the
Technical Committee, as detailed at Para 2 (i) and 2 (ii) above.

3. Civil Surgeon, Ludhizna
4, ADC, Khanna
S. SDM, Ludhiana [West)

qcbeputy Coné;:\‘er.

Ludhiana
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ANNEXURE- K
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ANNEXURE- L
Sample Test Rz paort [?m- Punjah -Bjutuhjullg' Incubator Lab, !-luhﬂ;l
Loz atioms
LB AL 5T ASEiRE = bR
Sr. RISCHARGE 0§
Farpmpie Vimil
Niw il b “:!.‘x'ix“ WA of mals e | MOSEof mds s | M afStand | AT wire AL
Road) raad appSenad | midappSeae® | Gample) gali v ) SEWER A5 PR THE
ES IR
FROTECTIONRULES 156
g L25 1K ILIE HIZ DBLMDLEDT 1
i 4.4 11 TR ik il L300
i [TE T ik Tk BT 1] T
T i i (IS BOiMOLael | BoLMOLE) [T
g 8 Wk | 4 [117% ML (RS RE ] 1 ]
i W% i (i ] i 300
apl | BOLMDOGOT) | BOLMDLLAL | BDIOMDLGS)) | BWGMDLGG] | BILMOLG.0N) -
ing] | LI e S N LMD A1 BTH MDA 01§ ML MALALT] | (1]
mgl | BOL(MDEO0T) B AT BOLOMADILA0] FRIRLE AT i1 L bA0Ld 0l | [HA]]
mpl | BOLMDLOAI) BOL WL ) DL BRI MDA | HORLMOLE0L L
b i BOL DL | BododnLesd | BEnLeeli | RDLDLEbL) .
mgd | BOUNEE001) | EOLLN0GH | BDIMDUEH | | Bdinlael) | BDLGDLEol) 71T
3 fTin im Sni mpl JLATE BT BOECMDLAT | B AN ] § HILE LA 0] | -
14 |':Ihm'"”'“ s . inAd 1M ih4h K] .
]
M.l Detoetiom | imi ML=VIroard Oeterton 1 emr
Sample Reglistration No. PETVENVIO10523/000062
Test Resuits
5.No Paramater Resuits Unts Standard / Specffication | Method Foliowed |
1 INckef (s ND 283 mohg AOAC 99008
2 (Zec fas Zn) 03 mp'g ACAC 66008
3 |Copper (as Cu) 28.26 =gty ADAC 660,08
4 |Lesd (38 PY) 13.62 myig ADAC 560,08
5 |Chromium (28 Cn 2097 mghg ADALC 22008
| § |bom (38 Fey 13 » AQAC 980,08
7 Siver (38 AQ) BOLMDLOS) | mp¥g | ACAC #9008
B |Arseric (As) 26 makg AQAC #9008
9 |Mercury |as H) BDUMDL0.1) mg'g AQAC §90.08
10 [Cadmiem jas Cd) BDLMDLOS) | mokg AOAC 56008
11 |Uranum 1.34 mgltg ACAC c00 .08
12 |Selenium (as Se) | BOUMOLOS) myitg ADAC 85008
13 |Tin {28 En) | BOLMOL O S) kg ADAC 920.03
14 |Akminim (s A) J 042 % AQAL 930.08
EOL Selow Deectzn Limi MO Mebod Dstection Limke R
; -‘{Ar-" ‘r'- .'1"3
f | .:DM’
/|
Authorized Signatory

Punjab Bictechnology Incubator Lab
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ANNEXURE- M

Report on Ludhiana gas polsoning accident

A gss poisoning secident that occurred on the morsing of 30.04.2023 o Gisspam zres in
Ludiiany city, in which eleven persuss died mstastly wis covenad by TV news and reportad
in national dailies the next day,

In view of the above, 2 am of CPCB officets visieed Ludhiana ca 03.05.2023, seerecied
with the officers of Punab Pollution Costrol Beard . and also visited the site of accident &t
Giaspurs, Ludhiana,

As per vancus meda repons regarding observatioes of vanous agencies mvolved n
mvestigations immedistely after the accident ad the discessions held by CPCB team with
the Chief’ Envirommenisl Engineer of PPCB, the cause of dearhs has been linked to release of
sewer gas through e mmholes in the coanecting brancl: sewers at two places i exposare
of the eleven deceased persens to HiS in very high concentration, leading to their immediate
collapse azd death,

Al the sccident site, 1t was obsesved that there are branch sewer lines / sewer connestins
from the two nearby houses whene the deaths cocurred that jom the main sewer ling that runs
below the main road @ front of these houses. The analysis repan of the main sewer witer
colkcied by PPCBlew hours after the accident from the manhole ncar the point of accident
indicated pH of the sewer as highly acidic and ranging between 2.5 and 26, It was alse
reported that main sewer Eneonear the poist where ths icident happesed wis found
flled'chocked.

Presence of sulphade i sewer weser 35 HaS % due o biochemical redection of the sulphate
present in water. The matio of Sulphur (S}, Hydrosulphicke (HS) and HaS m scwer waler at any
point of time depends oo the pH of sewer water at that time. Intermittent discharge of acidx
effioents frons industries in mixed sewers acts & an agent for shifting the equilibrium. Acidic
elfhents are also a source of sulphate {due to sulpiunc scad), which ultimately forms
salphide.

Further, if industriel effluents comtaining metals aed beavy metals are discharged in the
sewers, the menls nre precapitnted s metnl sadphides in the sewer fines, These metal
sulphides, in the presence of acds/acid efients contuining HaSOs andior HCL end wp
generating hydrogen sulphade (H2S) gas.

Therefore, it can be concluded that mtermettent dischange of aodic mxd metallic indostrisl
efMuant'wasie ino miced sewers can be o source of suddes release of HaS gas in very high
conoeniration from such sewers.

I¢ is relevant s wention thas HaS & & diprotic weak acid and even @ satursed solutson of H:S
is not expected % have & pH less thim 4.0. Therefore, it may be conchoded that pH level of
2.5-16 8 reporied in main sewer waer near the Souses where deaths occurned 4 resull of
acidic industral effuent discharge.

The above facts strongly point towards the discharge of industral efuent &3 the cause of
highly acidic water in the main sewer in the area and the also the cause of relezse of HaS in
the sewer live in high concessration, kading to immediate collapse and death of cleven
persons.

Pagelof2
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As per recens media repors and the discussion held with Chief Envircnmental Enginees,
PPCB, the industries in Ludhssna use both Hydrochboric seid and Sulphunic acid. It was also
reported that few industries in Giaspura aren have acid pickling step in their manufocturing
process. The chlonde content i the main sewer water near the accrdent wis found higher in
comparison ta distant points {both upstream and downstream) which may be dwe to wse of
hydrochloric acid in the arca. These fcts also indicate that indestnal discharge is a key factor
in relewsing of HaS in high concentralions.

The details of sewer network of Giaspura area wene not available with officers of Municipal
Carparation, who were present at the site dering the visit, All the indusiries Jocated akong the
sewer network ane requared to be surveyed by Joca! suthorities to identify the possible sources
of acidic and metals, heavy metals and salphick containing industrial effluent/waste.,

Further, Hon'ble National Greea Tribuinal, Principal Bench has constituted a Joine Commuttee
with members froen various agencies including CPCB 1o investigate the matter, arrive a &
conclusion and take remedial measures 1o prevent such accidents in fiature.

G. Scicntist ‘D Kamlesh Singh, Scienist 'E'
fiy - 3
Dr. Narender Sharma. Scientist ‘F' Nezimuddin, Scientist “F'

Fap 20f2
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ANNEXURE-N

M Gmall Municipal Corporation <adcmcl3@gmalt.com>

Fwd: Ludhiana Gas Leak - preliminary findings and recommendations
2 Messagss

commissioner corporation fudhlana <commissionesme! Egmail com> Mon, May 1, 2023 a1 458 PM
Te: Muricipal Corporaticn <ademeS@Eamal.come

—-—— Forwarded massage -——

From: Dr. Anjan Ray <ar{an ray@&iip r2s.n>

Date: Mon, May 1, 2023, 1201 AM

Subject: Ludhiana Gas Leak - prefmnary findings and recommendations

Tor <commiss cnarmel@gmad coms

Ce: Anjan Ray <directar@iip resin>, S, Anantha Ramaknshna <anantha@esio res n>, Kamnal Kishors
<kbshore@indma govine

Dr Shena Aggarwal
Ludhana MC Commissioner

Dear Dv Agganwal

In continuation of cur dscussions through he day loday n the aftermath of the Luchiana Gas Leak. | have
summarisad my nia! hypothasas and recommendatons for corsideraion of the local administration and of NDMA as
folows:

1. Evkience from the medical examines and his prediminary forensic assessment suggest that the gas refeased
corained hydrogen sulphide [H2S) as a primary causal agent. This correlates with the foul smedl noted by some
afacled residents and the symptoms cutined by the medical spacialist

2. We cannct nie out carbon monoxide as a secondary causal agent. CO & colcuress and is often found in sewer
gas compasdons. An authoritative racent review of sewer gas compasifions can ba found at
hitpsJiwaw.sciencadinect comisciencelancle/piS 277 2416622000808

3. Based on the hypothesis that H2S is the primary causal agent, a frontline sesponse of neutralising the H2S with
appropeiately diluted caustic soda has boen advaed, This appears b be working hased on feadback from the leam on
the ground, as ambient H2G levels have fallan sharply afler the caustic treatment.

4, |t may be noted that sucden acidification of sewer contents (for mstance, through sheck discharge of acidic efiuent
from any electoplating unik in the area) could cause a surge n H2S levals, To defermine 7 his might have been the
causa, ICP analysis of trace slements and metals in the sewage samples may be camed out.

5, Uniike H2S, thers is no way as such of neutralising CO, However, Its vapour density (~14) is closa lo that of air
(=14.7} and it shoud dispersa naturally 3l a rate quicker fian H2S {V.D ~ 17), which is heavier than ai.

6. H2S readings wil thersfore vary across a verfical axis at ground level, 1.5 fieet above ground (fypical level of a
parson hing on a bed). and at 4.5 fest abova ground (typical nostrd level of a standing person). with the maximum
concentration of tha tewie gas daing at the ground kvel. Whie CO will not show much varabion,

Iremain a your senice for addilicnal questicns, # any.

Warm regards
Anjan
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ANNEXURE- O

HCH Bookabalf. A serviow of tha Nationad Likeaery of Modickw, Xudoral lastnges of Hadih.

[ARC Weeking Group on the Evslostisu of Carcineguube Riaks to Bumsas. Ayenic, Metals, Piees and
Dosts. Lyom (FRE: Intermational Agency for Research on Cancer; 2012, (AR Managraphe on the Evaluation
of Carcisogenk: Risks to Hismans, Ne. 1000.)

NICKEL AND NICKEL COMPOUNDS

Nickel and nickel compouads wese comsidered by previous IARC Working Gooups m 1972,
1975, 1979, 1982, 1987 and 1989 (IARC, 1973, 1976, 1979, [982 1987 1990) Since that tine.
oew data have becoase avilable, these have been incorpocuiad o the Monograph, and taken imo
consaderafion ia the present evaluation,

1. Exposure Data

1.1. Kentification of the agents

Synouyms, trade names, and molevules fomulaz for nicked nickel alloys, sad selected aicked
ompounds sce presantesd in Table 1.1 This List 53 ¢ exbamstive, nor does it necessarily reflect
the commercsal importiance of the varioes mekel-comtanng sibstances, byt S indicatve of the
range of nickel alloys and compounds available, inclodng some compounds that are sportast
comercially, and those that have beea tested in bookogxcal systens. Several intenuedizey
cospounds occnr in eefiaenes that cataot be characterzed and are iy nof |xsed.

|

= Tabletd

e
t
!

| Cheasical mmes (CAS pames are given @ malics), syonyms,
and molacular formukae of compesitions of nickel nickel

allows and sected nickel compounds,

1.2, Chemlcal and physical properties of the agents

Nackel {atomic mexber, 28: stomic wesght, 38.69) is 3 metal, which beloags to group VIIIB of
the perioche tsble. The nost mpoetant oxidaton saate of nickel is =2, although the +3 and +4
oxidason states see also known | Tusdermann ef af., 2005). Nickel resembles gon. coball, and
copper @ #5 chemical propenmaes. However, unbie coball 2ad won, it s normally caly stable @
squoons sofution in the = 2 oxddation state (Kerfoot. 2002). Selected chemical and physical
progerties for nicked and nickel compounds, inchading solubility data, were presensed in the
previons HRC Mowograph (IARC, 19901 and have beent reported elsewhere (ATSDR, 2005).

1.3. Use of the agents
The chemical propertics of nickel (i.¢. hardness. bagh meltmg potnt. ductility, malleabality,
somewhat femomagnetic. fair cooductor of heat and electricity) make it svitable o be combined

with other ekmenss to form masy alloys {NTP, 2000; Tunderatann ev ai . 2005). It imparts soch
deszable properties as corrosoon resistance. heat resstance, hendness. and strength,

Nickel saks are used in slecwopleting, cesamiks. pigments, and & imermediates {e.g. caalysis.
fammation of oher mekel compoandsh Suter nicke] onde 15 used in nicked catalysss in the
ceramics industry, in the emonfacose of alkoy steel sd stainless swel, in the mamfactwes of
mickel selts for specialty ceramics, and in the manufacture of nickel-cadmmm (Ni-Cd) baserics.
wd nickeH-metal-hydndz baneries Nickei suifide i3 nsad as 2 catalyst in the petrochermcs!
industry oc 35 an infermediare in the matallurgscal industry.

According to the US Geological Survey, world wse of pamary mckel in 2006 was 1.40 millwoa
tnnes, a 1 2% increase over 2003, Sminkess steel manufacture accoumsed for more than 604 of
primary nicke] consumption 1a 2006 (USGS, 2008), OF the 231000 tonnes of prmary nxcke!
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consumed 10 the USA m 2007, appeoxamately S2% was vsed in stanless and alloy steel
production, 34% in son-ferrous allovs and superallovs, 1045 in electroplating, and 4% = other
nses. End nses of nickel in the USA in 2007 were as follows: transportation. 30%; chemical
mdustry, 1 5%; electncal equipment, 10%:; consqucton, 9%4: fabriceted metal products, 8%;
bouschold appliances, B%:; petrolewsm mdustry, ™6; machinery, §%:; and others, ™% (Kuck,
008).

1.3.. Metalbc neckel and nickel alloys

Pure nickel myetal is used jo prepare nickel alloys (including sweels). 1t is used as such for plating
sleciroforming, commsge, slactncal components, ks, catalysis, batery plates, sinered
conponents, magnets, and welding rods, Feeronickel 18 wsad 10 prepare sieels, Stanless and liegt-
resstant s1eels accounted for 93% of s end-use (n 1986, Nickel-containamg steels with fow
nickel confent (< §%) are usad ia comstructxa 2od toof fabrcation. Stamless steels are nsed 1
geoernl engineering equipment, chemical equipment. domest applications. bospal equipmeant.
food processing, architectural panels and fasteners, poEution-control equipment, cryogenic uses,
aromeceive parts, and engme components {IARC. 19901

Nickel alloys ae ofien divided into caregories depending oo the primary metal wich which they
are alloyed (e.g. troa. copper, molvbdenum, chromiven) and their nickel content Nicka is
alloyed with iron to produce alloy seels (contaning 0.3-5% mekel), stamless sieels (costaming
as uch as 25- 3% nickel, altbough 8-10% aickel is more typxal). and cast irons, Nickel-
copper alloys (¢.g. Moasd alloys) are wsed foe comage (25% nxckel, 75% copper), industrial
plumbing {¢.g. prping and valves), marine equpmest. petrochemical eqapment, heat
exchangers, condenser tubes. pamps. electrodes for welding, acchitectural trm, thermocouples,
desalination plants. ship propellers, eic. Nxckel-chromium alloys {e.2 Nichrome) are used in
many apphcatsons thas require resiseance o high tespernivees such as heanng sements,
lumaces, jer engme parts, and reaction vessels, Molybdenum-coataning nickel alloys and
nickel-iroa-chromium alloys (e.g. Incanel) provide strength and corrosion resistance over 3 wide
temperature range, znd are usad in nuclear and fossil-foel steam generators, food-processing
equpment, and cheancal-procesang and hest-treating equipment. Hastelloy alloys (whach
coetain nxkel, chromium, iron, and molybdenten) provide oxadation and corrosion resstance foc
use with acids and salts. Nickel-based siper-alloys provide high-temperature strength and creep,
and stress resistance for wse in gas-turbme cogines (ATSDR, 2005 )

Other groups of mekel aBoys are wsed according w their specific properties for acd-resistam
squipment, heating elements for furnacas, low-expassion alloys, cryogenic uses, storage of
liguedied gases, high-magnetic-permeabdity alloys. and surgical implant peostheses.

1.3.2. Nicke! oxides and hydroxides

The nickel oxide sintets are usad in the manufacture of alloy seels and staimdess steels.

Green mxckel crade is a finely divided, relatively pure form of nickel monaxide, prodiced by
firmg a maxture of nicke! powder and water = zar at 1000 °C (LARC. 1990). 1t 15 used to
manufacture nackel catalysts and specialty ceramics { for porcelnin enameliing of steel: in the
minifacture of mageete nickel-2ime ferntes used m electric motors, antfennas and television fube
yokes; and as a colowrant m glass 2od ceramic stains used m ceramic fikes, disbes, pottery, and
Snitary ware),

Black nickel oxide is a fizely divided. pare mckel monoade, produced by celemation of mckel
hydraxycarbonate or mcked mitrate at 600 °C: nickel tnowide (N3, O3), aa unstable oxide of
nickel, may also be called *black nickel oxide® (IARC, 1990). Black nickel oxide i3 used i the
manufectare of nicked saks, specialty ceramics, and nicked catalysts (e.g. to enhance the activiey
of three-way catalysts costaining rhodinn, plationm, and palldium used in sutomobile exhaust
coetrol).
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Nickel hydroxade 15 used as a catalyst mtermediate, 20d in e mannfactare of Ni-Cd batteries
{Amonsen & Meshri, 2005,

1.3.3. Nicke! sulfides

Nicke] sulfade =5 used as a catalyst @ petrochemical hydrogenation when high concentrations of
sulfur are peesent in the distiflates. The major use of nickel monosulfide is as an micrmadiate 1
the hydrometaliurzical processing of silicate-oxide nickel ores (EARC, 1950}, Nickel subsul fade
i3 sed as a0 wtermediate in the primary nickel wdustsy (ATSDR, 2005),

1.3.4. Nicke! salis

Nickel acetate is used in electroplating, & 2o intennedzate (2.g. & catalysts and m the formaton
of other nickel compounds), 23 a dye mordant, and as a szaler foc anodized aluminsam.

Nickel carbenate 15 used 1o the manufactare of nickel catalysts, pigments. and other mickel
compounds (¢.g nickel oxade, nicked powder); in the preparation of coloured glass: and. asa
metnalizing compound i nickel-slectroplating solutions.

Nicke] ammoainm sulfate is wad a5 3 dve mordan, in metal-fmishing composinons, and s an
2kctrodvie for electroplaning.

Nickel chloride is used &5 30 intermediate in the manufactare of nicke] catalysts, and to absorb
smmoda in industrial gas masks.

Nickel nitrate hexahydrate is used as an mtermediate in the manifacture of nickel catslysts and
Ni-Cd batteries.

Nickel sulfate hexshydrae 15 us2d = nickel electroplating and nickel electrorefinmng, in
‘electroless' nickel plating, 2nd &5 an intermedaate (in the mannfaceure of other nickal chemicals
and canalys1s) (Anfpesen & Meshel, 2005),

1.3.5. Other nicke! compounds

The primary use for nickel carbonyl & as an intermediate (in the prodaction of highly pure
nickel), & 2 catalyst in chemcal synthesis, 23 & reactass in carboaylation reactions. in the
vapour-plating of nickel and in the fabrication of nickel and nickel alloy components and shapes.

Nickelocene 55 used a3 2 catalyst and complexing agent. and mckel titanate is used &s 2 pigmear
(Anlonsen & Meshir, 2005).

No informabon was available to the Working Group on the use of nickel sefenides or potassum
nickelocyssate.

1.4 Environmental occurrence

Nickel a0d its compouads are naturally presens in e earth's crust, and are emitted 1o the
atmosphere via natugal sources (such as windblown dust, volcame eruptaons, vegetaton forest
fires, ond meteonc dugt) a3 well as from anthropogenic ativiies (2 £, muming, smeling, réfming,
minufaciare of amless sieel and other nicksd coutaining alloys, fossil fuel combugtion, and
waste incineration). Estimates for the emission of nickel into the atmosphera from natural
sources range from 8.5 mallion kg/yesr m the 19805 to 30 million kg'year in the sarly 1990s
{ATSDR, 2005 ). Te general population is exposad fo Jow Jevels of nickel in ambieqt sir, water,
food, 2nd through tobacco coesumption

1.4,1. Natural occurrence

Nickel is widely distribused in nature znd is found in animals, plants, and soil (EVM, 20021, Ttis
the 24" mos: sbundant element, forming about 0.008% of te earth’s crust 10.01% m igneous
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Annexure -F

Report on Ludhiann gas polsoning aceldent

A gos poisoning aceident that ooeirmed on the moming of 30.04.2023 at Giatpurs iiea i
Ludhlana clty, in whigh eleven persons died instnntly wis overed by TV news and reparted
im nationnl dailles the nesl daly.

tn view of the obove, @ wam of CPCH - ofTicers visied Ludhiann on 03,05.2023, imeorscted
wih lhe nfMioers af Punjob Polhnisn Curirol Beard | whd olen visiied the site of aceldent ot
Glnspun, Ludhiena.

A per various medin repocd régarding observitiond o wvarious hgencies involved in
inveshigaiiong (mmedimely afier the reoden amd ihe discussiony held by CPCR 1eam with
the Chief Enviranmental Engineer of PPCH, the canse of deaths has been hnked to release of
Fewer pus :hmugh the manholes in the epanecting branch dewers al two places and exposure
of the elaven deeeased persons to HiS o very high conceatiution, leading to their immicdiiie
collapse and death

Al the vecident site, It was observed that there pre hranch sewer lines ! sewer connections
Mroem the two nearby howses where e deaths ooourred i jobn e maln sevwer ime thet rues
below the main resd tn. front of these houses. “The analysis report of (he mitln sewer wiler
collested by PPCBIew hourd alier b aceldent fram shie mankiole near the poim of acciden
indicaicd pif of the sewer an highty aoidic and mnging between 2.5 and 60 It was also
repurtet] dhat makh sewer line hear (e poltn where dhis Ineidont happened W ﬁ_.'r:urm
filledichicked

Mresciee ol dulphide In sewdr whicre il H:S: iy due te biveHemica! reduction ol the sulghate
present i water, The ratio of Solphur (3, Hydrosulphide (HS) and HaS in sower water wl sny
point of time depends o0 the pH of sewer waier at thas time. Intermittent discharge of neidic
eMuents from tdustries by o ced sewers sty as an apeal for shifting the equilibeium. Acidic
elfluents are alpo w sowiee of sulphite (due to silphorie neid), whith ultimutely form
nulphide. ' '

Funther, it induseial effivents conpuning ments and heavy memais are discharged in the
sewers, the metnls are precipitated an muetal sulphides in the sewer fmes, Thess metnl
sulphides, in the presence of avitviozid @fMiwents containing Hi$0; andfor HEL, end up
penernting hydrogen sulphide (1125) pad

Therolore, it con be consluded thisi intermittent dischargs of seidic and memflic industool
efMuentwnste imme miked sewers con be o source of sudden release of HiS gas in very high
poneertrition vom such severe, ¥

It I reluvant 1o mestion that 155 {5 i diprotle wenk acid und even a saturnted solution of Ha§
is ot eapecied o have o pH leds an 4.0, Therefore, Il iy be concluded that pH level af
.52 00 i n:pnnud in'imain d=wer waler near the otsed where dentle aeanvred 8 6 regull of

scidic industnal effluent dischnrge.

The above focts sirongly poinl tewards the dischugs of industrial eMuent s the ceuss of
highly sidic water in the main sewer in the srea amd (he else the cause of rolense of HaS in
the sewer line I high concentration, leading 1o Imimediste eollapse anyd denth of eleven
persbn.

Pagslefl
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As per recent medln repuits and the dincussjon held with Chiel Eqviromental, Enginecr,

PPOB, the indusiries i Ludlinna use both Hydroclipric acid and Sulphunic acid. It wag alsa
reparied thnt fizw industries in Giaspira arca hive seld picklng sien in their manifattiiring
the accldent was foumd highes in

process, The chloride content in ke main gewer waler near
eomparison 1o digtant points (both wpstrenm and downstream) which jnay be due o use af
lydiochloric acid in the area. These facts also indicate thal industrinl dischnrge ts o key factor

im releaning of HaS in high concentealinng.

The detily of sewer network of Giagpumn aren Ware not availilile with officers of Municipal
Carparmtion, who were presen| ol the sile during the visit. All the industrics locst=d along the
gewer network are required lo be swrveyed by local aullioritiss to identify the possible sources
of peidic and maixks, heavy memls and sulphide containing industrial effiuentivasle

Fuither. Hon'ble Natltial Green Tribunal, Principal Derch hes co nstivated & loinl Cammifes
with members from variols aigenciei insheding CFCE 10 ivestigate he matler, miTive al A
canclusicn ond talte remedial meanres 10 provent suekh necidents in fatute.

Kamlesh Singh, Selentise *E'

-

(g -~

O Marender Sharma, Scientist "E° Nazimuddin, Sclentist 'F*

Pape ol 2
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Annexure -G

CPCB
Central Pollution Control Board
RD Chandigarh

Sub; Observations of CPCB in the matter of Fact Finding Committee constituted by Hon'ble
National Green Tribunal In OA No. 327/2023 titled as News item published in India Today
dated 30-04-2023 titled 03 minors among 11 dead in Ludhiana gas leak, Punjab Government
announces Rs 2 Lakh ex-gratia®.

Cause of Incident:

The undersigned has attended all expert committee meetings held at Ludhlana and visited the
site along with committee members, where 11 deaths in 02 houses of Giaspura area of
Ludhiana was happened due to exposure of sewer gas. In first meeting NDRF team informed
the committee that they have monitored the site on fateful day and detected high
concentration of H,5 gas. No other toxic gases monitored except CO and H55. During discussion
it was noticed that the sewerage system of Giaspura area carries domestic as well as industrial
waste. There are many numbers of electroplating and pickling categories of industries in the
area and discharge of untreated effluent generated from these industries may not be ruled our.
Presence of Heavy Metals in the samples analyzed by PPCB, near to incident site and upstream
and downstream of the incident site indicates the discharge of industrial effluent in combined
SEWET,

A5 per the information circulated by Municipal Corporation Ludhiana the sewer line was
cleaned in 2019 and claimed that sewer line was not choked whereas sewer line was cleaned
on the night of accident occurred with the help of machines and fire tender. There may be a
possibility of sludge deposition in sewer line near "Arti clinic’ where incident occurred. Due to
prolonged deposition of sludge in sewer line near Arti clinic , anaerobic conditions might have
been developed and high concentration of H;S gas find its way in the two houses through their
connection to sewer line. These houses do not have proper water sealing between houses to
sewer line to prevent entry of such gases. Adequate vent to let out sewer gases from sewsrage
system was also not seen during inspection of the joint committes. The exact cause of 11
deaths may be correlated with the post mortem and forensic reports that these deaths
eccurred due to H;S or any other hazardous gas.

AR
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Suggestions to prevent such incident in future:

i

¥ PPCB and Municipal Corporation Ludhiana (MCL) should jointly conduct the audit of all
industries w.r.t water consumption and treatment of waste water and its disposal in
sewer or by any other mode.,
¥ The MCL should check the proper plumbing system in households fbuildings where
industrial and domestic waste is discharged into sewer. There should be proper water
seal traps between sewer ling and households to prevent such kind of incident in future.
# The MCL may constitute a special team to monitor the concentration of H:5 and
methane gases in sewer at regular intervals to prevent the formation of anaerobic
conditions in sewer, The inspection report may be reviewed at the level of Municipal
Commissioner.
MCL must check the proper ventilation of sewerage system to let out the gases and
proper ventilation be ensured in the city, If ventilation in the sewer system is available
then its cleaning at regular intervals must be ensured.
¥ The PPCB and MCL may Jointly develop a dedicated mobile app related to waste water
disposal In sewer. Any person may upload the photo of illegal discharge of industrial
waste into sewer on this app. Action must be taken on such complaints by the joint
team of MCL and PPCB. The disposal of such camplaints must be reviewed on Menthly
basis by District Administration, The identity of complainant must be kept secret and not

Lo

to be disclosed to anyone.

¥ PPCB should ensure that the industries which are members of CETPs must send its all
effluent to CETPs. The proper auditing / monitoring of effluent sent through tankers by
these members units must be ensured. PPCE should formulate Primary Effluent
Treatment Plant (PETP) standards to ensure compliance of final discharge standard by
the CETP=.

¥ The industries which are not members of CETPs must treat thelr effluent by installing
adequate ETPs. In case adequate ETPs are not provided by water polluting industrles
then directions must be issued to close down the operation,

s et

Gurnam Singh
CPCB RD Chandigarh
{(Member of Committee)
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Annexure -H
To
The Member Secretary,
Punjab Pollution Control Board,
Vatavaran Bhawan, Nabha Road,
Patiala.
Subject: Compliance of minutes of the 1st meeting of Facts-Finding Joint

Committee constituted in OA No.327 of 2023 in re: News item
published in India Today dated 30.04.2023 titled "3 minors among 11
dead in Ludhiana gas leak, Punjab Govt. announce Rs. 2 lakh ex-
gratia” held on 08.05.2023 at Ludhiana.

Reference: Email dated 11.05.2023.

It is submitted that 1%t meeting of the Facts-Finding Joint Committee was held
on 08.05.2023 and its minutes were circulated to its members vide e-mail dated 11.05.2023.
During the meeting, it was decided that NDRF, Civil and Police Administration, MC, Ludhiana
and PPCB shall submit their inputs and findings till date to identify the causes of gas leak to
the Fact Finding Committee (Member Secretary, PPCB) appointed by Hon’ble NGT.

In compliance to the above decisions, the following reports are attached
herewith for kind information and further necessary action by the Facts-Finding Joint
Committee:-

1. Interim report regarding inputs and findings of Punjab Pollution Control Board
(Annexure-1)

2. Copies of the status reports submitted to the SDM (West), Ludhiana vide no. 1849-
51 dated 04.05.2023 and 1898-1902 dated 06.05.2023(Annexure-2).

3. Copies of the status reports submitted to the DCP (Investigation), SIT vide no. 1856-
60 dated 05.05.2023(Annexure-3).

4. Copies of Analysis reports of samples collected by PPCB on 30.4.2023 and 1.5.2023
(Annexure-4)

DA/As above

Senior Environmental Engineer
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Endst No Dated

A copy of the above is forwarded to the following for information, please:

1. The Chief Environmental Engineer, Punjab Pollution Control Board, Ludhiana.

2. The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal office-
2, Ludhiana.

3. The Environmental Engineer, Punjab Pollution Control Board, Regional office-2,
Ludhiana.

Senior Environmental Engineer
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Interim Report (As on 19.5.2023)

to identify the causes of gas leak on 30.4.2023

at Giaspura, Ludhiana

BY

PUNJAB

\\ T 4
NS ' 4

Punjab Pollution Control Board

Submitted to Fact Finding Joint Committee

constituted by the Hon’ble NGT in OA No. 327 of 2023
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Inputs and Findings of Punjab Pollution Control Board to identify the causes of
gas leak on 30.4.2023 at Giaspura, Ludhiana

Chronology of the Incident.

Incidence of leakage of gas was observed from sewer line at Guru Teg Bahadur
Nagar, Sua Road, Near Indira Colony, Giaspura Ludhiana on 30.04.2023 at around
7:30 AM. All the concerned Departments i.e. District Administration, Municipal
Corporation Ludhiana, Punjab Pollution Control Board, Police Department
reached the site. Area was cordoned off by the National Disaster Response Force
(NDRF) team and District Administration and the electric connection of the
entire area was also disconnected.

As per directions of the District Administration, PPCB and MCL teams collected
Effluent samples of the sewage at upstream and downstream of the incident
point to identify initially and promptly the nature of gas for carrying out rescue
operations. NDRF teams also collected the sewage samples from different
locations. NDRF Teams monitored the situation with high-tech handy sensors.
After analysis, it was confirmed by them that the incident has occurred due to
release of H,S gas.

On the directions of District Administration, sewer line was stabilized by the MCL
authorities, using caustic in the evening.

A. Multi Sectoral Enquiry Ordered

Deputy Commissioner, Ludhiana vide letter dated 30.04.2023 constituted a
committee for conducting Multi Sectoral Inquiry (Magisterial) into the incident
of gas leakage with following members:

* Ms. Swati Tiwana, SDM (West), Ludhiana

* Mr. Kulpreet Singh, PCS, Joint Commissioner, MC, Ludhiana.
* Mr. Vaibhav Sehgal, PPS, ACP, Ludhiana

* Er. R.K. Ratra, SEE, PPCB, Ludhiana

* Er. Paramjeet Singh, SEE, PPCB, Ludhiana

* Mr. Gaurav Puri, Deputy Director of Factories, Ludhiana

B. Post Incident Activities

CCTV cameras of the area were scanned by the Police Authorities and as
informed, no suspicious activity was observed near the incident area upstream
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upto about 1 KM (Eastman Chowk) discharging any unethical effluent/ chemical
etc. directly into sewer by any unsocial element. Late Night on 30.4.2023, District
Administration decided that a joint survey of the area be conducted around the
place of incidence to identify the culprit, by the officers of Punjab Pollution
Control Board along with officers of Municipal Corporation Ludhiana and Deputy
Director of Factories to check the discharge of any industrial effluent from
nearby industries in the sewer.

On 01.05.2023, the joint teams of Punjab Pollution Control Board and M.C.
Ludhiana were constituted to scan the nearby area on the upstream and
downstream of point of incident. Joint teams scanned 500m on upstream and
up to 200m on downstream. The abstract of visits is as under:

Total no. of Distance from point of incidence
industries
visited Upstream & downstream Upstream & downstream Upstream up to 500m
Upto 50m 50-100m & downstream upto 200
m
Total water | Pickling / Total Pickling / Total Pickling /
polluting electroplating | water electroplating | water electroplating
industries etc. polluting | etc. polluting | etc.
found industries industries | industries industries | industries
found found
113 0 0 2 0 15 14

Out of the total 113 industries, 17 were found water polluting by the joint team.
Out of these 17 industries, 4 industries were at the downstream of the incident.
out of which, 3 were acid consuming. 13 water polluting industries were found
at the upstream out of which 11 were acid consuming.

None of these 13 industries was observed to be discharging any acidic effluent
into sewer line by the joint team of PPCB / MCL at the time of visit. No acid
consuming industry was found within 100 mtr distance from the place of
incident. The Certificates given by the Joint Team are attached as Annexure-A.

As per the decision of District Administration, joint teams of MCL and PPCB
continued door to door survey on 3.5.2023 and 4.5.2023 for checking the
residential buildings/premises and 66 establishments were visited.

Total 22 water polluting industries visited and 7 acid consuming/ electroplating
industries were found in violation, out of which 5 have been closed and notice
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for closure has been issued to other 2 industries. List of industries monitored is
attached as Annexure-B.

C.

Status of Samples Collected.

On 30.4.2023, samples were collected from 6 manholes of sewer line near the

affected site. The details are as under:-

Ref No. | Sampling Location Reference w.r.t zero | Time Sample
point (tragedy point) no.
A From Manhole Opp. Jasbir Building | Upstream 01:00 PM | S-3
Material Store
B From Manhole Near Transformer, | Upstream 11:30 AM | S-1
Outside Saroj Beauty Parlour
12:20PM | A-1
C From Manhole in the front of Nitco | Immediate u/s the | 04:30PM | S-5
Logistics (P) Ltd, Near Transformer incident point
D From Manhole Opp. Aarti Clinic Opp. to the incident | 12:40PM | S-2
point.
E From Manhole Opposite Dharam | Immediate d/s the | 01:40 PM | S-4
Kanda near Punjab Emporium) incident point

As per the analysis results:-

low pH between 2.51-2.59 is observed at Point B,C and D close to incident
site. Whereas, it is 4.41 at Point A (U/S) and 5.74 at Point E (D/S) of
incident point.

High Concentration of iron between 951-1499 mg/I is observed at Point
B,C and D. Whereas, it is found to be 333 mg/l and 291 mg/I at upstream
and downstream respectively.

High Concentration of Sulphides between 56-60 mg/| is observed at Point
B,C and D. Whereas, it is found to be 8.8 mg/l and 6.0 mg/| at upstream
and downstream respectively.

Similar is the case of chlorides. Its concentration 683-1541 mg/l at B,C and
D whereas on upstream and downstream, it is 295 mg/l and 231 mg/I
respectively.

High TDS @19426 observed near the incident point whereas, It was 7706
at upstream and 1730 at downstream. Similarly, High COD of 4280 mg/I
was observed near incident point whereas, it was 840 mg/l on upstream
and 1978 mg/l on downstream
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» Concentration of Nickel is between 0.44-1.7 mg/|, whereas Zinc was found
between 0.99-7.0 mg/|, T.Chrome concentration was observed between
0.56 to 9.1 mg/l. A general trend of reduction in the concentration of
these metals is observed from upstream to downstream.
» Concentration of Sulphates at Point B, C and D is found between 2756-
3849 mg/I. It is 3851 mg/l at A (upstream) and only 882 mg/l downstream
at E.
» Parameters like Cadmium and Amm Nitrogen were found BDL(Below
Detectable Limits) and Lead @ 0.51 and 0.67 mg/| is found at Point A and
B respectively. It was BDL on rest of the points of sampling.
On 01.05.2023, samples from 9 locations of the branch sewer lines in the
adjoining streets in the periphery of 500 m u/s and 200 m d/s were collected to
check the sources of different parameters when the water polluting industries
were in operation. Summary at 9 points of samples is as below:
» pH varied from 5.7 to 7.4
» COD varied from 297 to 922 mg/I
» TDS varied from 625 to 1138 mg/I
» Chloride varied from 106-194 mg/I
» Sulphide varied from 0.4 to 12 mg/I
» Sulphates varied from 20 to 211 mg/I
» lron varied from 2 to 9.4 mg/I
» Zinc varied from 0.2 to 2.3 mg/I
» Nickel and Chrome were found Beyond Detectable limits.
One more sample from an outlet maintained by an industry M/S AT Wires was
also collected. Low levels of pH (4.5), High Level of TDS (1451 mg/l), Chlorides
(220 mg/l), Sulphides (4.7 mg/l), Fe (18 mg/l) and Sulphate (279mg/I) sare
observed.
From the perusal of above results collected on 30.4.2023 from the main sewer
line and on 1.5.2023 from the branch sewer lines, it is observed that the pocket
between B,C and D is not behaving in unison with the rest of the sewer line of
the area. High accumulation of various pollutants is observed in this pocket
indicating some abnormality in front of the site of the incident.
The Board has deliberated the analysis results with the experts in the field from
Institutes of Repute (IoRs) and their scientific opinion has been obtained. More
experts are being consulted.The impact of the analysis results of the samples
collected on 30.4.2023 and 1.5.2023 and their role in formation of H2S gas in
such a lethal concentration can be scientifically deliberated as and when

required by the Fact-Finding Committee.
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R
7" PUNJAB POLLUTION CONTROL BOARD
Zonal Office-1, E-648-B, Phase-V, Focal Point, Ludhiana
Tele Fax:- 01814672789 Website:- www ppch.gowin email:- ppchzodldhi@gmail.com

No. 5936 Speed PostiOnline Dated 211625
T

The Member Secretary,

Punjab Pollution Control Board,
Vatavaran Bhawan, Nabha Road,
Fatiala.

Sub:- Submission of 2™ report by Punjab Pollution Control Board to the Fact-Finding
Committee constituted by Hon'ble National Green Tribunal in OA no. 3272023 titled as
News item published in India Today dated 30.04.2023 titled *3 minors among 11 dead in
Ludhiana gas leak, Punjab govt. announces Rs 2 lakh ex-gratia™

Ref:-  This office letter no. 2320 dated 29.05.2023.

It is submitted that the 1st meeting of the Facts-Finding Joint Committee constituted on
the subject cited abowve, was held on 08.05.2023 and its minutes were circulated to ite members
wide e-mall dated 11.05.2023,

In compliance, the Board vide its letter no. 2320 dated 29.05.2023 has submitted 1"
interim report to the Fact Finding Committee,

In continuation to the report submitted vide letter under reference, the Punjab Pollution
Control Board has examined this incident through various scientific interventions and has also
taken Expert opinions. The Board has also examined the literature published In various
international Journals/papers for understanding the cause of the incident. Following findings have
been obierved:-

1. Formation of Hydrogen Sulphide (H,5) in Sewers

Hydrogen Sulphide is commonly known as sewer gas and is formed under anzerobic conditions
through microbial biochemical degradation of organic matter including human excreta, kitchen
refuse, detergents, animal waste, Oil & Grease, etc. which are usually present in the waste
streams. Hydrogen Sulphide is generated in relatively stagnant waste water systems or at low
velocities of sewer streams. Higher Organic load leads to more generation of H25 gas in sewer
limes.

Mechanisms for the creation and release of HS gas also occur when sulphate or oxygen (s
used/depleted to produce Sulphide. Sulphate reducing bacteria acts a5 a major source for
microbial biochemical degradation of organic matter and release of HIS gas. Sulphates are
present in great abundance in municipal wastewater systems and primarily stems from household
cleaning detergents. Once the anaerobic conditions reduce Sulphates to Sulphides, it reacts with
hydrogen to produce Hydrogen Sulphide,

50,7+ organic matter + anaerohic Bacteria= 5%+ H,0 + CO;

5+ ZH'= HyS.
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2. Factors affecting the formation of H;S gas in sewer

Formation of H2S gas in sewers depend on Flow (Velocity) of Sewage in pipes, Slope of the pipe,
Ratio of wetted perimeter of the pipe wall to surface width of the stream, Temperature of the
sewage, Biochemical Oxygen Demand, Presence of Sulphates, Available Oxygen and Retention
Time in the System.

3. Reasons for H,5 gas accumulation in sewers

Blocked Air Vents, Clogged Drains, ill Designed Sewers, Blockage/Stagnation, Slow Velocities of
Sewage and Sludge/Slime Formation etc are the possible reasons for accumulation of H25 gas in
sewver lines,

4. Optimum pH for H25 peneration

MNearly 90 % of Sulphide will be present as H.5 at pH 6 as depicted in graph attached as Annexure-
A (Source:- Journal Presented by Jfason Kone ot Queensiond Water industry operation conference
and exhibition, USA). This graph further depict that even at pH 5, 100% of Sulphides get converted
to H25. This implies that majority of the Sulphides are converted to H;5 at pH 6 and there is no
special requirement of very low pH for penerating high concentration of H.S as all the H25 exist at
pHof5

Hydrogen Sulphide is Biochemically oxidized in presence of moisture to form Biogenic Sulphuric
Acid. Colonisation by aggressive acidophilic bacteria is capable of generating enough sulphuric
acid to reduce the surface pH to 1-2, whereas Thiobacilli is capable of generating sufficient
sulphuric acid to further reduce the pH to 1. Higher concentration of H25 in sewer lines leads to
increased bio-chemical oxidation of Sulphides to Sulphuric Acid.

Further, the Sulphuric acid is also generated in the Municipal Sewers through Chemical
Oxidation of H2S In presence in aqueous medium. The rate of chemical Sulphide oxidation
increases exponentially with Hydrogen Sulphide concentrations and chemical sulphide oxidation
is resultant into the formation of Sulphuric Acid. Hence, with the increase in the concentration of
H25, there is increase in Sulphuric Acid generation.

As per analysis report, the low pH between 2.51-2.59 is observed at manholes close to incident
site [affected stretch) . Whereas, it is 4.41 at Upstream and 5.74 at Downstream of incident point.
Had there been any acidic industrial discharge from upstream in the sewer line , the pH.levels at
upstream and downstream of the incident point should have been equivalent to pH levels in the
affected stretch and all the parameters should have shown a uniform trend in the samples drawn
from all the manholes,
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Low pH In the affected stretch and relatively high pH at the upstream and downstream of the
incident site clearly shows the built up of anaerobic conditions and after affects of H2S
generation leading to biochemical formation of sulphuric acid thereby lowering of pH in the
affected stretch and sustaining in the adjoining pockets

6. Effects of Iron and other metals in H25 generation

There are number of units engaged in machining processes [non-water palluting) operating in
Ludhiana and particularly in this area. These units are covered under White Category and
exempted by the CPCB from consent management in the notification for categorization of
industries, Iron in particle form from such industries may have entered into sewers and got
accumulated due to sludge settling and converted to dissolved solids due to low pH in the
affected pocket. Iron concentration in the range of 300 mg/l on upstream and downstream
comparing to high concentration of Iron (1000-1500 mg/l] in the affected pocket substantiates
the above hypothesis. Further, the results in the branch sewer suggests relatively low inon content
IMaxirmum 9 ppm), which suggest that accumulation of iron content happens only in the affected
pocket and not due to discharge from any adjaining units.

The concentration of other metals is not significant comparing to iron and the general standards
prescribed by the mimistry for such discharges into the Municipal Sewer. As far as presence of
metals especially Iron, Zing, Mickel, Chrome or any other heavy metal inthe sewerage sample is
concerned, these canmot lead to the generation of H25 On the contrary, iron and other
metals in the agueous medium or iron salts would combine with sulphide ions (from Ha5 or
any other source of sulphide] to immediately convert to highly stablbe iron/metal Sulphide
through an irreversible reaction leading to the formation of respective metal sulphides.
Hence, due to abowe property of metals, Iron, nickel, zinc, chromium efc, would never be a
source of H2S generation, rather are used as H25 scavengers to remove sulphide from
variows streams likely to contain H25.

Further, Dosing of Ferrous or Ferric iron as either a chioride or a sulphate has been a proven
mechanism for hydrogen sulphide control applications. Iran salts bind with Hydrogen sulphide
leading to production of iron sulphides in stable forms through an irreversible reaction. Dosing of
Ferrous or Ferric iron as either a chloride or a sulphate has been able to control Hydrogen
Sulphide levels In Bio gas digesters. ron salts are wsed in Biogas digesters to suppress H2S
generation. These iron sulphides are very fine particles having very low sedimentation properties

and are generally carried along with the sewer stream.

7. tibili i at Incid

A detailed survey of the upstream and downstream of the point of incident was jointly conducted
by teams of PPCB and MCL from 01.05.2023 to 04.05.2023. The joint teams have scanned the
area physically upto 500 mtr on upstream & upto 200 mir on downstream of point of incidence.
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During the visits, 179 establishments including residential and commercial were inspected. Oyt of
these 179 establishments, 22 industries were found water polluting. These are tiny
electroplating/pickling/barrelling units. The chservation and findings wert the visits conducted is

as under:-

1. There is no large or medium Industry in the area surveyed. All the industries are of
tinyfsmall scalke,

2. Out of 22 water polluting industries, 15 industries were located at the upstream (13 acid
tonsuming felectroplating and 2 caustic barrelling). Amongst 13, & are acid pickling and 7
are electroplating. There is no acid consuming industry within 100mtr radius of the
incident.

3. Two caustic barrefling units have no role in discharge of acidic effluent. Whereas, 6 tiny
pickling units have total effluent generation of 17.5 KLM [Average 0.7 KLD). Al of these
tiny units are member of one or other re-processors. In case, if assumed that any
discharge have been made from these units, it will not be as concentrated as fresh acid
but must be spent acid. it will nat be possible for an inert acid with such a low valume to
travel more than 100mtrs and sustain low pH around 2.5 in affected stretch despite high
dilution availabde in the public sewer from domestic and other sources. Further to add that
on the previous evening, there was heavy rain in the affected area and lot of rain water
was carried out by the sewerage stream leading to further dilution of industrial effluent if
any available in the sewerage network. Further, on 30.4.2023, when the sampling of main
sewer fine were collected from the affected area, no industry in the vicinity was In
operation being Sunday, gas leak tragedy and forced power cut due to gas leak. This
impiies that the low pH at the incident site was not due to any industrial discharge but it
wias some localized reason that contributed to the low pH.

4. Above findings are supported by the analysis report as low pH between 2.51-2.59 s
observed at manholes close to incident site, whereas, it Is 4,41 at Upstream and 5.74 at
Downstream of incident point. Had there been any acidic industrial discharge from
upstream in the sewer fimne | the pH levels at upstream and downstream of the incident
point should have been the same as that of the affected stretch and all the parameters
should have shown a uniform trend in the samples drawn from all the manhales.

5. Further, samples from 9 locations of the branch sewer lines in the adjoining streets in the
periphery of 500 m u/fs and 200 m d/fs were collected to check the sources of different
parameters when all the water polluting Industries were in operation on 1.5.2023. pH of
these points has been observed to be near to neutral except at one paoint q{5.7).
Therefore, contribution of the industries from nearby vicinity, seems nat possible,

The passibility of accidental injection of industrial effluent or deliberate discharge of acidic
effluent or suspiclous matter through tankers or any other mode in the manholes of the
sewer line near the affected site has already been ruled out by the police authorities
during preliminary investigation. CCTV cameras of the area were scanned by the Police
Authorities and as informed, no suspicious activity was observed near the incicent area
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i upstream upto about 1 KM (Eastman Chowk) discharging any unethical effluent/ chemical
BLC. directly into sewer by any unsocial element,

7. It is further observed that the incident oceurred in a very short stretch i.e. around 3
houses. Had there been any gas formation due to industrial discharge, a long stretch of

houses would have been affected. As such, the hypothesis of industrial discharge leading
to formation of any gas could be ruled out,

g nts on the a 5 of the 5 collected by Punjab Pollution Control
Board.

A. On the day of incident i.2.30.4.2023, samples were collected from 6 manhales of SEWEr
line Immediate near to the affected site. The details are as under--

Ref Mo, | Sampling Location Reference wort 1zero  Time Sample
point (incident point) f.
A From Manhole Opp. Jashir Bullding | Upstream  near  to | D100 PM | 53
Braterial Store incident point
B | From Manhole Near Transformer, | Immediate  Upstream | 1130 AN | 5.1
| Outside Saroj Beauty Parlour the incident point .
| 12220 P | A1
c From Manhole in the front of Nitco | Immediate  u/s  the | 0430 FM | 5.5 |
Logistice (P) Ltd, Mear Transformer incident point
D From Manhole Opp. Aarti Clinic Opp. to the Incident | 1240 PN | 52
paint.
E From Manhole Opposite Dharam | immediate  d/s  the | D1.40FM | 5.4 |
Kanda near Punjab Emposium) incident point

The analysis results are examined and observed:

3. low pH between 2.51-2.59 is observed at Paint B,C and D close to incident site Whaereas, it
Is 4.41 at Point A (L)/S) and 5.74 at Point E (D/S) of incident point,

b. High Concentration of iron between 951-1499 mg/l is observed at Point B,C and D,

Whereas, it is found to be 333 mg/l and 291 mg/l at upstream and downstream
respectively,

¢. High Concentration of Sulphides between 56-60 mg/l is observed at Point B,C and D.
Whereas, it is found to be 88 mg/l and 6.0 mgfl at upstream and downstream
respectively,

d. Similar is the case of chlorides. Its concentration 6283-1541 mg/| at B,C and D whereas on
upstream and downstream, it is 295 mg/l and 231 mg/| respectively,

2. High TD5 @19426 observed near the incident point whereas, It was 7706 at upstream and
1730 at downstream. Similarly, High COD of 4280 mg/l was observed near incident paoint
whereas, it was 840 mg/l on upstream and 1878 mg/l on downstream

f. Concentration of Micke! is betwesn 0.44-1.7 mg/l, whereas Zinc was found betwéen 0,99-
2.0 mg/l, T.Chrome concentration was observed between 0.56 10 9.1 mg/l. & general trend

of reduction in the concentration of these metals is observed from upstream to
QL‘%’ downstream.
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g- Concentration of Sulphates at Point B, C and D is found between 2756-3849 mg/l. It is
3851 mg/| at A {upstream) and only 882 mg,fl downstream at E.
h. Parameters fike Cadmium and Amm Nitrogen were found BDL{Below Detectable Limits)

and Lead @ 0.51 and 0.67 mg/l is found at Point A and B respectively. It was BOL on rest of
the points of sampling.

B. OnD1.05.2023, samples from 9 locations of the branch sewer lines in the adjoining streets in
the periphery of 500 m ufs and 200 m d/s were collected to check the sources of different

Parameters when the water polluting industries were in operation. Summary at § points of
samples is as belgw:

3] pH varied from 5.7 to 7.4

bl CODvaried from 297 to 77 g

€l TDS varied from 625 ta 1138 mg/l

d) Chloride varied from 106-194 mg/|
e} Sulphide varied fram 0.4 to 12 mg/|
fl Sulphates varied from 20 to 211 mg/l
£l Iron varied from 2 to 9.4 meg,|

h) Zinc varied from 0.2 1o 2.3 mg/l

I} Nickel and Chrome were found Beyond Detectabls lirmits,

From the perusal of above results collected on 30.4.2073 fro
1.5.2023 from the branch sewer lines, it is ob

behaving In unison with the rest of the se
pollutants is obzerved in this pocket indicat
blockage in that particular stretch only.
the branch sewer lines near the wa
contribution from these industries and
stretch.,

E-MMLQM@

a] Densely Populated Vichnity:-The Area is a house to crowded habitats mainly made h-|.r migrant
labours who work in the industries. There are several vehras in which migrant labours are [iving

ercial establishments contributing to huge organic load, The
vicinity in and around the incident sita is densely populated

m the main sewer line and on
served that the pocket in the affected stretch Is not
wer line of the area, High accumulation of various
ing some abnormality In the flow of SEWET OF Some
The parameters reflected in the samples collected from
ter polluting industries supports the hypothesis of no
rather built of anaerabic/sceptic conditions in the affactad

o} Cluster of Meat and Fish processing shops and dhabas:- There e # Cluster
fish/Meat shops located in the upstream of the incident point which are dischargin
water with high Organic loads into sewers. Besides, There are around 6-7 dhabas g
point of incident which are alsg 3 source of high organic load. They neither have
disposal far highly organic effluent nor any adequate solid waste dig
manhole near the Meat shops indicate that the solid waste might
which leads to choking and heavy accumulation of Ofganic matter,

10. Mﬂ%mmwmm

Initial discussions with experts revealed that In case, waste water stream in a sewer line remains
in running condition with proper ventilation of sewage network, the generation of H2S at such a
lethal concentration is not possible as there would be no anaerobic conditions developed in
sewer ling, which is a pre-requisite for generation of H2S gas, However, in case there is a built up
of organic matter due to blockage/stagnation in sewer fslow velocities of sewage/ Il designed
sewer, there is possibility of sludge/slime formation, only then Bio-chemical degradation of
organic matter would lead to the genaration of gases like methane and H25. Even if, the H2s

of nearly 10
B the washing
pposite to the
any adequate
posal arrangements. Broken
be dumped in municipal sewer
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gENETalEs 1an|:l _pn:rp-er vents are available, the chances of accumulation of H25 at such high
f."l,'.I-I'IE.EﬂFfﬂhDI"IE is not possible. Inadequate vents to the sewer lines accompanied by no or poor
ventilation in the residences of affected houses might have aggravated the problem resulting In
the accumulation of H2S gas in the affected pocket.

As such, following might have been the main reasons for accumulation and reverse dissipation of
H25 gas:-

a. Reguirement of Sewer Vents

Sewer vents need to be provided to prevent sewer gases from entering the home and allows
wastewater gases and odors to escape through the plumbing vent stack. Non availability of
ventilation pipes in the affected stretch might have led to heavy accumulation of sewer gases
such as H25, CH4, CO etc. This gas is also a cause of sewer men deaths across the country as
concentrations about 200 -250 ppm are also considered lethal. Further, the H25 levels at the night
of incident even after caustic dosing were also measured to be very high {around 200 PPM) by
NDRF teams which clearly shows that the H2S bullt up was there even after caustic dosing In the
evening. This clearly shows development of anaerobic conditions due to deposition of organic
matter and inadequate slime stripping in the affected stretch, Dr. Charan Kamal, District Forensic
Officer, Ludhiana told the Fact-Finding Joint Committee on 8.5.2023 that in the past, he has
experienced 6-7 incidents from H25 gas and all the incidents were happened due to sewer gases.

b. Reverse Ventilation of H25 Gas and Unscientific sewer connections by affected households.

The sewer connection made by M/s Goyal Karyana Store was unscientific which lead t|;1|n revVerse
ventilation of H25 gas in their residence. The sewer opening / WC opening / wash basin drains
may have acted as a reverse ventilation pipeline dissipation of H25 in the affected premises. Poar
ventilation system particularly in the affected houses might have affected the dissipation of H25
gas and have aggravated the situation. Mo fatality was observed due to any dissipation of H25 in
the main sewer line which was near to other end of the road, The incident oocurred in a very
small stretch at the opposite end of the main sewer ling. As the sewer line of the 3 affected
houses are interconnected, the possibility of hitting of the inspection chamber by someone with
some stick/chemical thereby disturbance of the traps and leading to sudden dissipation of gas can
net be ruled out.

¢, Slime deposition in the sewer line near to the affected stretch

Inadequate slime stripping and slime deposition in the sewer line is one of the main reasons for
accumulation of H25 at the affected stretch. The slime deposition was removed at night at around
1:00 AM using jetter and supersuction machines which clearly shows that thick sludge was
deposited at bottom of the sewer line and clubbed with all the factors stated above has lead to
heavy accumulation only In the affected stretch and reverse dissipation in the affected
households. Further even if H2S is formed, the same would have not been reversely dissipated
had there been the presence of sewer vents and provisions of scientific sewer connections with
adequate ventilation arrangements by the affected households.

11. Scientific and Technical Views of the Experts

A The Preliminary Report along with Findings and recommendations from Dr. Anoop Grover,
Professor, Department of Chemical Engineering, Thapar Institute of Engineering and
Gy Technology (TIET) Is attached as Annexure B,
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B. The report on the visit of Expert Committee comprising of Professor Sushil Mittal, Vice
Chancellor, Sardar Beant Singh State University, Gurdaspur {Now Vice Ch_an:ell'ur_, F'l-lr]']ib
Technical University] and Professor Raj Kumar Gupta, Department of Chemical Engineering,
Thapar Institute of Technology is attached 25 Annexure-C.

C. The coples of literature cbtained from various Journals/papers published internationally
supporting the above hypothesis is attached alongwith as Annexure-D.

Thus, in view of the literature and Expert views, the Punjab Pollution Control Board is of the
view that the formation and accumulation of H25 gas at the point of incident is due to the
anaerobic biochemical degradation of Organic matter and not due to discharge of industrial

chernical effluent as described above.
Senior mu!ﬁm%ur
Dated

A copy of the above is forwarded to the following for information, please.

DAfAs above

Enedst No

1. The Chief Enwironmental Enginear, Punjab Pollution Contral Board, Ludhiana,
2. The Senlor Environmental Engineer, Punjab Poliution Control Board, Zonal office-2, Ludhiana,
3. The Environmental Engineer, Punjab Pollution Control Board, Regional office-2, Ludhiana.

DRI A alew

SinioF B dumanisl Engineer



576

AFFECTED STRETCH

M/s Aarti Clinic
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UNAUTHORIZED MEAT/SLAUGHTERING SHOPS

Cluster of meat shops are located in the upstream of the incident point
which are discharging the washing water with high Organic loads into sewers

No aqequate.s°|id waste llegal Outlet for discharge of high organic
handling which leads to loaddirectly into sewer .
choking of sewers
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NO OR POOR VENTILATION IN THE HOUSES OF THE DECEASED

“‘;‘—;3!9.5&_

;@_rg(gg j‘ 2 GOYAL COLD DRINKS
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SEWER CHOKING CLEANED AND SLIME REMOVAL BY JETTER AND SUPERSUCTION MACHINES
AT INCIDENT NIGHT1.5.2023 (AROUND 1:00 am) AT THE TRAGEDY SITE

CONSTRUCTION OF ROAD GULLIES AND PROVISION OF VENTILATION JALIS 2 DAYS AFTER INCIDENT

3/
/
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Annexure-A

0.9 1

0.8 -

0.7 1

0.6 -

0.5 1

0.4 -

0.3 1

Mole Fraction of Species

0.2 1

0.1 1

== hydrogen sulfide (H25) === hisulfide (HS-)  ==sulfide (52-)

H2% and pH: As visualized above, H25 begins to dissociate at a pH of ~5, and forms 100% HS- at a pH of ~9. At a pH above
15, we zee 100% 52-.
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Subject: Findings and recommendations during visit to Sua Road, Glaspura, Ludhlana
regarding inspection and investigation of gas leak accident.
This is in reference to the above subject matter, | visited the said site on
01.05.2023 at 11:30 AM. During my visit, | met Ms. Swati Tiwana, SDM (West), Ludhiana and
she introduced me to the Hon'ble Deputy Commissioner Ma'am. ADC (General), Officers from
Punjab Pollution Control Board, Director of factories and Police authoritles were also present.
Gist of my interaction with all the above administrative staff and my opinion is as follows:
1. It has been told that as per the findings of NDRF and CSI0, the gas leakage accident might
have occurred due to high concentration of hydrogen sulphide (H;5) and carbon manoxide

dissizated due to blockage of sewerage lines. One of the person from the deceased family
tried to open up the block sewer using stick or might be with chemicals led to immediate
release of huge amount of Ha5. As H5 s a toxic gas which can cause severe health risk. As
per the cited literature concentrations above 500 ppm is lethal for human beings which

can cause immediate death. As per the discussions on the site this concentration was
much higher when it was immediately released from the sewer. Role of H3S in immediate
deaths of persons Is imminent as Ha5 cause inhibitions of the cytochrome oxidase enzyme

system resulting in lack of oxygen use in cells .
2. lalong with Ms. Swatl Tiwana, SDM (West), Ludhiana and other administrative stafl visited

the house where five family members were died due 1o acute gas exposure. Based upon

our findings we conclude the house was constructed with very poor ventilation.

Moreover, there was sewer opening In the bedroom itsell where the family members
might have been present. The H;S gas might have found its route as back flow into this
room which could have led to high concentration of this gas in that room leading to
)
deaths.
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3. While inspecting the nearby areas It is observed that it Is densely populated area without

any proper arrangement of sewer flow. This could lead to heavy accumulation of erganic

matter which eventually lead to bio-chemical degradation with more H;5 farmation.
Heavy rain on the proceeding evening of fateful tragedy l.e. on 29.04,2023 may have
contributed to the regular flow in sewerage line and might have created temporary
blockage in lines.

4. There were no ventilation pipes (vent pipes) provided with sewer lines along the affected

stretch, which might have accelerating the buildup of H;5 and other gases in the sewage
system,
5. | could try co-relating this Incident with industrial discharge also from nearby Industries.

But based upon my observations and personal opinion, if it could have been the industrial

untreated discharge, the long stretch of houses would have been affected. However, the

diameter of the affected area was limited to 3-8 houses so, hypothesis of industrial

discharge could be neglected. Even if it is presumed that there is some unireated

industrial discharge in that particular stretch then in that case; the severity of high
concentration of H;S Is not possible. If administration recommends, H:E sampling of sewer
manholes can be carried out.

6. Once again based upon the onsite discussions with concerned officlals, | could co-relate

this incident as a case of sewer blockage where anaerobie digestion of organic matter led

to formation of H3S. During anaerobic digestion / fermentation, blo-chemical reactions

lead to the lormation of gases like carbon monoxide along with other gases like Hy5, CHa,
COy, N30, Hy. Also, Ha5 combines with oxygen to form sulphuric acid which eventually can
lead to reduction in pH of slurry.
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There were many small slaughler houses, dhabas in the clase vicinity of the affected she

which could have led (o l’llllil_n'l' huge amount of organic content in the seaer lines
Again, this organic tnnl.'tr_!_t it feeder Lo anaerobic digestion which ultimately lead 1o
formation of H;8, CO and other gases.

Based upon the overall inspection of the site and subsequent interactions with all the
administrative stafl, | have some personal recommendations to cope up luture incidents
like this:

L While designing sewer lines, the contribution of ralnwater run off should also be
accounted for. l-l;uﬂrdunln; of sewer lines where there Is a poor drainage systemi
and provision of vent pipes in the sewer lines should be provided. Moreover, illegal
connections from the households to the main sewer line should be checked regulary.

. nup_l:r_m:h drills for gas leakage salety, fire from gas leakage would be adopted by
punicipal Corporation for densely populated area like this.

i Municipal Corporation and other regulatory bodies should collaborate with institutes
of repute to develop state of the art technologies to avold any such incident in near

\\ )
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Preliminary report on the visit of the Expert Commiltee comprising of Prafessar
Susheel Mittal, Vice Chancellor, Sardar Beant Singh State University, Gurdaspur and

Professor Raj Kumar Gupta, Department of Chemical Engineering, Thapar Institule of
Engg. & Technology, Patiala on May 2, 2023 at 3.30 PM

The committee visited the site of the incident an May 2, 2023 (Tuesday). The committee was
briefed about the incident, The committee interacted with local residents and witnesses of
the incident and spent about 80 minutes at the site. It was informed to the commitiee that
PPCB had already collected samples of sewerage line from the incident site on 30.4.2023
and other nearby locations on 1.5.2023. Preliminary observations of the committee are:

1. Incident happened on early moming of Agril 30, 2023 (Sunday) around 7 AM, as
infermed by the local residents who were available for the commaents.

2 Incident site is surrounded by commercial, residential and tiny industrial
establishments like fabrication units, machining units, buffing/polishing addas, wire
drawing units, Some tiny electroplating units are also reported to be warking in the
vicinity. In front of the incident site, there are number of small food eateries (dhabas
and tea shops). On the upstream of the incident point, there is a cluster of raw fish
and meat slaughtering shops.

3. Brother of one of the victims, owner of Goyal Karyana Store informed us that his
brother suddenly fell unconscious and died near the ‘Haudi' just outside the shop
when he visited the shop. His mother and brother's wife also died on the spot whan
they came down from the house on the first floor of the shop where they lived, on
hearing voices of the passer-byes.

4. It was also informed by the residents that five persons died inside the Aardi Clinic,
located next to Goyal Karyana Store. Some mare people are reported to have died
near the incident site.

5. When our team visited the site, whole of the incident sile was found clean and man-

hole covers of sewerage lines replaced and cleaning of the sewerage line done,
as

Ph, 01E74-292863, 9815653261(M) Website ;- www.shssugsp.ac.in E-mail :ve{ghssugsp.ac.in
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Infarmed by the residents, Further, tha residents Informed us thal the main sewerage
line might have been blocked as it was cleaned with super sucllon machines in the late
night en 30.4.2023. They also lold us that the problem of sewerage line blockage is
common in this area,
6. Poor or no ventilation was found in the residences of affecled parsons
7. We were informed by the people that the cause of deaths could be inhalation of H,5,
as declared by the NDRF and district administration also.

As per the information avallable fo us supported with Chemical Testing Reports (provided by
FPPCB) of the zamples reported above, following are our preliminary findings:

8. Loss of life was due to inhalation of some poisenous gases like Hydrogen sulphide
(H2S) in high cencentration {(more than 700 ppm).

b. H;3 is mainly generated in the sewer from the blochemical degradation of human
excreta, kitchen refuse, detergents, oil and grease, animal waste by microflora of
organisms, which are always present in the waste agueous streams. Where ever there
is blockage of the sewer stream or a sludge deposition in the sewer line, it leads to
anaeroble conditions. Possibilities of accumulation of high concentration of H.S is
highly probable when there is sewerage line blocked. Since the sewerage manholes in
the vicinity of the Karyana Slore and Aarti Clinic were all tightly covered, the sewerage
pipe became a closed chamber leading to accumulation of the H,S gas.

C A high concentration built up of the gas in the underground pipe might have been
triggered by the residents in the affected houses, who tried to clear the blocked
sewerage themselves,

Some additional findings based on the |ab test reports:

1. Low pHin the range of 2.5 reported In the sewerage samples collected from manholes
near the affected site indicated anaerobic conditions in the sald sewer line portion.
pH cenditions are reported to be in the range 4.4 to 5.7 in the upstream and
downstream slrelches of the sewer line, which indicates building up of anaerchic
condition only in the accident area and sustaining in adjeining pockets.

2 High concentrations of sulphides in the range 55-60 mg/L in the affected sewerage
pockets as compared to 6 - 8.8 ma/L in the upstream and downstream pockets might
have come from anaercbic biodegradation of the erganic matter and conversion of
sulphates to sulphides in acidic (low pH) conditions, especially in the focused stretch
of the underground sewer line accompanied with inadaquate siime stripping, long
detention and insufficient design planning of the sewer line. A similar pattern of
concentrations was observed for chlorides, in the relevant pockets.

3. Iron in particle/powder form probably enters in the sewer system from the cottage
industry operating in the area engaged in machining processes like buffing, polishing,

Ph. 01874-292863, 981 5633261(M) Wiebhsite - www.shssugsp.oc.in E-mail :ve@sbisugsp.ac.in
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nut-bolt making, drilling and wire drawing Industry. The lron so enlered In the wastae
siream got accumulaled In the affected pockel due to reasens of sludge solling or
seme other similar reasons. High concenlrations of lron In the range 988-1458 mg/L
In the: affected sowerage pockels as compared le 201 - 333 mg/L In the upsiream and
downstream pockels might have come due to solubliity of the melal in the acidie
condilions converling metal particles to the dissolved aqueous form, Resulls datad
1.5.2023 of adjoining streets suggest low concentration of Iron contents uplo a range
of 8 ppm compared to high conceniration of iron observed in alfecled areas also
indicates accumulation of iron and olhers In & particular stretch. High TDS
(18426ma/L) near the incident point and low TDS (1730 mg/L) upstream supperts the
above finding,

4, Presence of metals, especially iron, zine, nickel chrome or any other heavy metal in
the sewerage sample cannot lead to the generation of H,S, On the contrary, iron and
other metals in the agueous medium or fron salts would combine with sulphide ions
(from H:S or any other source of sulphide) to immediately convert lo highly stable
iron/metal sulphide through an irreversible reaction leading to the formation of
respective metal sulphides. Hence, due to above property of metals, iron, nickel, zing,
chromiun etc. would never be a source of H,S generation, rather are used as H.S
scavengers to remove sulphide from various streams ikely to contain H.S.

5. Moreover, due to the presence of heavy metals including iron, the low BOD is likely
to be observed due to inhibition by these metal ions.

6. In case of a waste water stream In running condilion with proper ventilation of
sewerage network, the generation of H.S at high concentrations are not possible, as
there would not be anaerobic conditions developed in the sawerage line. However,
when blockage is built up and anaerobic conditions prevail, only then biochemical
degradation of organic matter would lead to the generation of gases including H,S.

7. Meatffish slaughtering cluster on the upstream and unautherized eateries in front of
the incident peint centributes to high organic load and might have added to the H.S
generation under anaerobic conditions in the sewer line,

B. Possibility of accidental inoculation with any unknown chemical or material in the
affected stretch of the sewer line could also have triggered generation of any
poisonous gas leading to causalities.

Eluﬂ-u..vl *“’"—"-:'M
Dr. Susheel Mittal #5-%-27%

Vice Chancellor, SBS State University, Gurdaspur
(Former Registrar & Sr Prof. Chemistry at TIET, Patiala)
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HYDROGEN SULPHIDE GAS IN SEWERS — THE CHALLENGES
OF ODOUR AND CORROSION

Jason Kane, Engineer, McBerns
ABSTRACT

The presence of Hydrogen Sulphide gas (H.S) in sewers can result in hazardous work
environments, odour complaints and accelerated corrosion of assets. In the water industry, we are
al familiar with the impacts of H,S gas in sewers, pump station wells, discharge manholes and
treatment plants.

H,S gas problems generally occur after the infrastructure has been built. Therefore, operators are
typically the front line when odour complaints are received or H,S gas is detected.

This paper discusses the challenges operators face due to H,S gas, how it is generated, how H,S
gas corrodes our assets, odour and corrosion examples, accepted removal/treatment technologies,
what can be done to reduce H,S gas generation and typical repair techniques.

Controlling H,S gas and repairing corroded infrastructure is achieved by the combined efforts of
operators and engineers. Treatment and reduction options can be developed by knowing how
much and how often the H,S gas occurs. Examples of H,S gas management are presented.
Practical, low cost strategiesin reducing H,S gas are also discussed.

1.0 INTRODUCTION

Once released from the sewage (i.e. the liquid phase), H,S gas can be toxic to sewer
workers, even at low concentrations, and cause nuisance odours. Under certain conditions
H,S gas can be converted to sulphuric acid which can corrode the internal walls of sewers,
manholes, pump stations and other concrete and steel structures.

H,S gas impacts include:

e Release from the sewage at manholes, vents, pump stations and channels into the
atmosphere, resulting in odour problems

e H,S gas is denser than air so it may St at the bottom of maintenance structures
such astanks, wells, enclosures, pits, buildings, storage areas etc.

e H,S gas can be oxidised within the sewer headspace on the sewer pipe wall
resulting in the generation of sulphuric acid, which is corrosive, especialy to
concrete or concrete lined pipe.

Practice has shown that very low concentrations of H,S gas in solution, for example
1mg/L, can produce a concentration of hundreds of ppm by volume in air. This has been
observed in sewer ‘headspaces and wet wells.

The whole of life cost of corroded sewer assets has been estimated at many thousands of
dollars per km resulting from H,S gas. Cesca et a. state that “The cost associated with
premature deterioration of sewer assets has been estimated at over $12,000 per km for a
hydrogen sulphide concentration of 100 ppmin a 300 mm diameter sewer”.
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DISCUSSION
How isH,S Gas Generated
The following describes the H,S gas generation process.

“Hydrogen sulphide is formed under anaerobic conditions at low flow velocities and
warm temperatures. The rate of release is increased at points of high turbulence and at
the outlets of inverted syphons and pressure mains.” (H.S Control Manual, Water
Services Association of Australia)

Inputs to H,S gas generation include available oxygen, suphates, organic matter,
inadequate dime stripping velocities, detention time, temperature (e.g. tradewastes versus
domestic sewage) and insufficient planning (e.g. catchment growth outstripping hydraulic

capacity)

Mechanisms for the creation and release of H,S gas occur when sulphate or oxygen is
used/depleted to produce sulphide. The resulting hydrogen sulphide gas can remain in
solution or under certain conditions can be released to the atmosphere.

How isH,S Gas M easured
H,S gas can be measured using the following methods:

e OU’s — Odour Units (i.e. refer AS/NZS 4623) — odour sample needs to be
captured and scientifically tested. Reported as OU/m®

e ppmV — the volume of H,S gas in proportion to the total air volume in parts per
million. H,S gas loggers and proprietry software are available for logging and
analysing data

e Sulphide concentration modelling (i.e. predictive only):
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Figure 1: Predicting sulphide concentration in a sewer

e H,S gas disperson modelling (i.e. predictive only) — assumed or measured
concentrations are predicted from environmental inputs using proprietry software.
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2.3 Health Effects of H,S Gas

Tables 1 & 2 show the hedth effects and recommended limits for H,S gas exposure

Table1: H,S gas levels and impacts
Leve inair (ppm) Impacts & Health Effects
0.008 Odour threshold (with some individual variability)
>(0.008 Increasing possibility of annoyance and headache, nausea, fatigue
2 Bronchial restriction in some asthmatics
4 Increased eye complaints
5-10 Minor metabolic effects
20 Neurological effects including memory loss and dizziness
Table 2: Exposure limits
Limit (ppm) Exposure Time
2 30 minutes
0.1 24 hours
0.014 90 days

(Hydrogen Sulpide and Public Health, Department of Health, WA Government, 2009)

Concentrations of H,S gas greater than 150 ppm become undetectable to the olfactory
system. Concentrations greater than 300 ppm can cause loss of consciousness and death.
Very high concentrations greater than 1000 ppm can result in immediate collapse after a
single breath (Wikipedia, search: sewer gas, March 2014,
http://en.wikipedia.org/wiki/Sewer_gas).

2.4 Removal of H,S Gas

H,S gas reduction or removal usualy depends on where in the sewerage system the
appropriate method can be applied. The H,S gas problem can be attacked in the dissolved
or undissolved form:

Liquid phase:

e Dosing to precipitate out the sulphur containing compounds. For example, dosing
ferric chloride, where H,S gas will react with metal ions in the liquid to produce
metal sulfides that are not water soluble

e Dosing for biological and/or chemical conversion/capture, for example, the
addition of microbes that consume enzymes, oxygen injection, pH adjustment (e.g.
magnesium hydroxide)

e Masking agents/deodorising

Gas phase:

Sealing the system — usually silicon based products such as Sikaflex™

Ventilation — induct/educt of air (i.e. dilution over time)

Extraction - wind assisted or fan extracted

Adsorption — activated carbon (usually impregnated for H2S gas removal), other
media types include plastics, coconut husks, timber mulch

e Biological and/or chemical conversion/capture

e Burning off.

In more recent times, the following reduction methods have been found to be the most
effective, based on longevity and not necessarily cost.
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Table 3: Accepted H,S gas reduction methods
Prevention Containment Treatment
Calcium nitrate M agnesium hydroxide Carbon filters
Ferric nitrate Sodium hydroxide Biofilters
Oxygen injection Ferric chloride Chemical scrubbers

2.5 Reducing H,S Gas Generation
Some practical H,S gas reduction methods include:

Reduce turbulence in MH’s and inlet structures
Venting — designed induct and educt ideally
Increase pumping frequency and/or flow
Improve slime stripping velocities
Submerge inlets where possible — discharge MH’s and wet well inlets
Vent outlets at high points
Flush mains with long detention times or low velocities
Reduce fats, oils and greases in wet wells
Choose materials to suit the amount of potentia H,S gas e.g. high CAC cement
lining, HDPE pipe and liners, epoxy liners
e Saw tooth risng mains:
* Automatic air release valves on high points
*  Monitor long ‘falling main’ sections
*  Condition inspection — wall thickness, non-destruction or coupon/cut-out
sampling and testing to track deterioration (N.B. testing can be expensive);
hardness testing; cover tests, chemical or physical analysis
*  Where possible, don’t build them
e Improve quality by reducing H,S gas producing tradewastes — high BOD, high
temperature, high sulphur containing wastes e.g. food manufacturers
e Monitor and track H,S gas concentrations at critical points e.g. pump stations,
discharge MH’s, inlet structures, pressure mains
e Map odour complaints versus seasonal changes.

In practice even retic gravity sewers or small diameter rising mains have the potential to
generate high H,S gas concentrations, usualy due to long detention times. But how can
we vent sewers near houses and businesses without adversely affecting customers? Some
form of treatment combined with dispersion is usually required. Figures 2 and 3 show
some relatively low cost treatment and dispersion options.

Figure 2: Typical AC Figure 3: Biotrickling Figure4: Chemical
filter & vent filter scrubber
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Corrosion, Prevention and Repair

When H,S gas is converted by microbes to sulphuric acid (e.g. on the pipe wall), its
corrosive effects can cause long term loss of wall thickness or even complete
failure/collapse.

The extent of corrosion depends on the asset type, materials, system design and
operational decisions. Examples of H,S gas corrosion include:

e Concrete — microbial induced corrosion via acid attack (refer figure 5)

e Asbestos cement pipe — lime leaching making pipe susceptable to cyclic failure
(refer Figure 6)

e Ferrous—found in older pipes and fittings, knifegate valves, penstocks, inlets etc.

e Plastic — not likely but some evidence of pock-marksin HDPE pipe

Figure5: Corroded concrete pipe Figure6: AC Sewer rising main-internal
leaching dueto H,S gas

2.6.1 H,SgasCorrosion Protection

Protective coatings are the most common H,S gas prevention technique. Some typical
coatings used in the water industry include:

Cement mortar — trowelable or spray-on

Epoxy spray-on

HDPE liner

Cement-based spray-on liner e.g. gunite

It should be noted that the success of protective coatings is dependent on the material
type, surface integrity and preparation.

2.6.2 Repair Techniques

Some proven H,S gas corrosion repair techniques include:
e Piperelining — CIP liners, spira liners, structural liners
e Patching/clamping (small dia) — internal or external (e.g. pressure main repair
bands)
e Patching (large dia.) — reline shorts for large pipe
e Repair wraps e.g. resin-soaked fibreglass bandage
e Sand blasting, priming and re-coating
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Renewal or complete replacement as a result of H,S gas corrosion are generaly an
expensive exercise that may have been avoided if monitoring and adequate repairs were in
place. At the very least, a successful repair will afford time to determine the most cost
effect renewa as well as time to procure the specialist contractors that are usually
required.

3.0 CONCLUSON

The role of the operator in managing the challenges of H,S gasincludes:
e Ensuring that operating and maintenance work is conducted safely when H,S gas
has the potential to exist
e Note any conditions or changes that may increase the likelihood of H,S gas
generation
¢ Identify and report H,S gas and corroded assets
e Implement arepair solution that will maintain service until rehab/renewal is done.

Key messages for the operator to consider:

How is H,S gas generated

What are the conditions that may increase H,S gas

How is H,S gas concentration measured and what units are used

What are the exposure levels and relative health impacts

What are some proven treatment and removal techniques

What actions can be taken to reduce the likelihood of H,S gas generation
What are the typical forms of corrosion

What are some typical repair techniques
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Basic Chemicals

Sodium Chlorite
Hydrogen Sulfide Control in Wastewater
Collection Systems

Introduction

Hydrogen sulfide (H2S) is a dense, colorless,
strongly odorous toxic gas that corrodes
infrastructures and impairs the performance of
wastewater treatment operations.

Hydrogen sulfide is naturally converted to
sulfuric acid, which is corrosive towards steel
and concrete. Control of H2S will result in
increased life and lower maintenance cost for
facilities and piping. In addition, worker safety is
of concern as hydrogen sulfide is extremely toxic
at levels above 500 ppm, which can be reached
in confined spaces.

A number of sulfide control strategies are
available depending on the system design and
treatment goal.

Application Description

Sulfide exists in wastewater in three forms:
hydrogen sulfide gas (H2S), non-volatile ionic
species hydrogen sulfide (HS") and sulfide (S%).
The ratio of each of the three species H2S, HS-
and SZ is dependent on the pH. At pH 6, 90%
of the sulfide will be present as H2S, and the
higher the H2S concentration the greater the
tendency for it to volatilize. Conversely, at pH
10, 100% of the sulfide will be present as S?.
Hydrogen sulfide occurs naturally through the
anaerobic decay of organic matter and
recognized by its characteristic rotten egg odor.
In typical domestic wastewater, microbial
reduction of the sulfate ion is the dominant
mechanism for sulfide formation. In the absence
of dissolved oxygen (DO) and in the presence of
soluble Biological Oxygen Demand (BOD),
Desulfovibrio desulfuricans (SRB) and other

sulfate-reducing bacteria (SRB’s) convert the
sulfate ion to sulfide.

Anaerobic

. Microorganisms S
S0O4% + Organic matter (no D.0) H2S + CO:2

Hydrogen sulfide formation in wastewater
systems occurs primarily in the gelatinous slime
layer that accumulates on pipe walls and in the
sludge blankets of clarifiers and other solids
processing units. The rate of sulfide production
is dependent upon the concentrations of sulfate
ions, organic matter, and dissolved oxygen, as
well as other factors such as pH, temperature,
retention time, stream velocity, and surface
area.

Treatment Alternatives

There are two basic ways to control hydrogen
sulfide:

e Prevent sulfide formation

¢ Remove the sulfide after its formed

Preventing Sulfide Formation

Inhibiting bacterial action or moderating the
variables affecting hydrogen sulfide generation
is often the basis for controlling hydrogen sulfide
in wastewater treatment systems. Treatment
options include the following chemicals: Chlorine
dioxide and Nitrate.

Chlorine dioxide (ClO,) is applied at or near
the source of hydrogen sulfide. Chlorine
dioxide, when fed at doses higher than the
minimum required to destroy hydrogen sulfide
will remove the biofilm layer, which contains the
bacteria creating the sulfide. Chlorine dioxide

-' Wichita Technical Service Department
Y 6200 South Ridge Road, Wichita, KS 67215

W, 701800-733-1165ext 1

OxyChem_Tech_Service@oxy.com
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reacts more rapidly and completely than other
available oxidizers and does not form colloidal
sulfur.

Sodium nitrate (NaNO3) is applied to retard
septicity and promote bio-oxidation of organic
odors in systems with a retention time greater
than four hours. Sodium nitrate is a biological
approach to controlling odors in wastewater,
providing  naturally  occurring facultative
anaerobic denitrifying bacteria with a source of
bound oxygen, which is  metabolized
preferentially over other sources of oxygen like
sulfate. This results in the production of nitrogen
gas via intermediates like nitrite (NOz), nitric

oxide (NO), nitrous oxide (N20) and other
metabolic byproducts rather than sulfide.
Anaerobic
BOD + NOs Microorganisms; N2 + CO2 + Biomass
(no D.O)

Typical field applications require a minimum of
1.5 pounds of nitrogen-oxygen (N-O) per pound
of BOD.

Removing Sulfide After its Formation
Removing the sulfide after it has been formed
can be achieved using a variety of chemicals
either alone or in combination. The treatment
mechanism generally employed is oxidation of
the hydrogen sulfide to either sulfur or the
sulfate ion. In some cases, the chemical
treatment program also promotes bio-oxidation
of organic odors. Common treatment options
include: Nitrates, Sodium chlorite, Hydrogen
peroxide, and Iron Salts

Nitrate (NOsz) may also be effective for the
removal of existing sulfide in the presence of
bacteria that can utilize the nitrate for the
oxidation of sulfide to sulfur or sulfate.
Examples of such bacteria include Thiabacillus
denitrificans, Thiomicrospira denitrificans and
Thiosphera pantotrophal. Bacteria able to utilize
nitrate for the bio-oxidation of sulfide are
naturally present in sewage systems.

¥

Sodium chlorite (NaClO,) is applied at or near
the source of hydrogen sulfide. It is also applied
in wastewater systems where a retention time of
greater than 3 hours is encountered, such as
remote sites for long duration control. Sodium
chlorite selectively oxidizes sulfide and related
organic odors. Unlike hypochlorite, sodium
chlorite does not react with ammonia, and does
not form chlorinated organics.

2H2S + NaClOz - 2S° + 2H20 + NaCl

Typical field applications require a minimum of 3
mg/L of sodium chlorite per 1 mg/L of sulfide.

Hydrogen peroxide (H202) is applied to the
wastewater system usually where there is a
retention time of less than 5 hours and at least
30 minutes prior to the point where the hydrogen
sulfide is released. Hydrogen peroxide is a
stronger oxidant than either chlorine or
potassium permanganate. Hydrogen peroxide
will oxidize the hydrogen sulfide present and
promote bio-oxidation of organic odors.
Hydrogen peroxide decomposes into oxygen
and water, environmentally harmless
byproducts.

H2S + H202 2 S° + 2H20 (pH < 8.5)
H2S + 4H202 > S04 + 2H20 (pH > 8.5)

Typical field applications require 1 to 3 mg/L
hydrogen peroxide per 1 mg/L sulfide. The
reaction with sulfide is rapid with 90% of the
hydrogen peroxide typically consumed within 10
to 15 minutes.

Iron Salts are applied to wastewater systems
for long-duration control. Both ferrous and ferric
salts react with dissolved sulfide to form metal
sulfide precipitates that are removed at the
treatment plant.

Ferrous Salts: Fe2* + HS- - FeS + H*
Ferric Salts: 2Fe3* + 3HS > Fe2Ss + 3H*

Wichita Technical Service Department
oxy 6200 South Ridge Road, Wichita, KS 67215
W' Tel: 800-733-1165 ext. 1

OxyChem_Tech_Service@oxy.com
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Typical field applications require 3-5 mg/L as Fe References
per 1 mg/L of sulfide.

Further Information

For more information contact:
OxyChemTechnical Services Department Sci. Tech., Vol. 31, No. 7, pp 293-302,
6200 S. Ridge Rd.
Wichita, KS 67215
1-800-733-1165 option #1

OxyChem Tech Service@oxy.com

1. Bentzen, G., et. al.,, “Controlled Dosing of
Nitrate For Prevention of H2S in a Sewer
Network and The Effects On The
Subsequent Treatment Processes”, Wat.

(1995).

642-402 Sodium Chlorite 08/2022

/
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Wichita Technical Service Department
6200 South Ridge Road, Wichita, KS 67215
Tel: 800-733-1165 ext. 1
OxyChem_Tech_Service@oxy.com

Important: The information presented herein, while not guaranteed, was prepared by
technical personnel and is true and accurate to the best of our knowledge. NO WARRANTY
OF MERCHANTABILITY OR OF FITNESS FOR A PARTICULAR PURPOSE, OR WARRANTY
OR GUARANTY OF ANY OTHER KIND, EXPRESS OR IMPLIED, IS MADE REGARDING
PERFORMANCE, SAFETY, SUITABILITY, STABILITY OR OTHERWISE. This information is
not intended to be all-inclusive as to the manner and conditions of use, handling, storage,
disposal, and other factors that may involve other or additional legal, environmental, safety
or performance considerations, and Occidental Chemical Corporation assumes no liability
whatsoever for the use of or reliance upon this information. While our technical personnel
will be happy to respond to questions, safe handling and use of the product remains the
responsibility of the customer. No suggestions for use are intended as, and nothing herein
shall be construed as, a recommendation to infringe any existing patents or to violate any
Federal, State, local or foreign laws.
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TECHNICAL INFORMATION FROM THE CONCRETE PIPE ASSOCIATION OF AUSTRALASIA

Page 1 September 2013 - No. 1

BIOGENIC SULPHURIC ACID ATTACK ON CONCRETE PIPE

In concrete pipes carrying aged sewage, in warm climates, the interior surface above the effluent level is subject to attack
by sulfuric acid generated by bacterial action at the pipe wall, making use of hydrogen sulfide gas in the sewer atmosphere.
The production of hydrogen sulphide and the consequential deterioration of concrete sewer pipes is first and foremost a
function of sewer design and environmental factors. This process, known as “H,S attack”, can lead to very rapid deterioration.

Biogenic sulphiric acid (BSA) attack is regarded as one of the most aggressive forms of attack on concrete sewer infrastruc-
ture. This has been studied since 1945 when it was discovered that bacteria are responsible for the attack mechanism.
Colonisation of the concrete surfaces is progressive with various strains of the same family, Thiobacilli, thriving at different
pH levels. The final stage is the most aggressive, with acid producing bacteria thriving at pH levels less than 2 and being
capable of generating sufficient acid to reduce the pH to 1, which is highly aggressive to all cementitious materials.

The mechanism for this type of attack on concrete is summarised below:

Step 1: Newly installed concrete pipe has a highly alkaline surface pH of approximately 12-13. In the wastewater, sulphate
reducing bacteria (SRB) reside which utilise sulphates present in the wastewater as an oxygen source, reducing them to
produce hydrogen sulphide (H;S) and CO,.

Step 2: If there is sufficient oxygen, nutrients and moisture present, colonisation of neutrophilic bacteria, can cause oxidi-
sation of H,S to create sulphuric acid (H,S04). The acid reacts with the concrete pipe obvert and walls, and further lowers
the pH. This facilitates colonisation by new strains, adapted for lower pH conditions, and so the pH gradually decreases.

Step 3: When the pH of the concrete falls to around 4, colonisation by aggressive acidophilic bacteria occurs. These
bacteria are capable of generating enough sulphuric acid to reduce the surface pH to 1-2 which is considered highly
aggressive to all cementitious materials.

Step 4: The corrosion process now results in concrete mass loss. The sulphuric acid first reacts with the calcium hydroxide
(CaOH,) in the concrete to form gypsum. The formation of gypsum is associated with an increase in volume by a factor of
1.2 to 2. Furthermore, the reaction between gypsum and tri-calcium aluminate (C;A) with the formation of ettringite causes
an even larger volume expansion, which leads to increase of internal pressure and deterioration of the concrete matrix.

The factors that influence this type of attack to occur include:

= Hydrogen sulphide being generated

= The release of H,S from a water phase to a gaseous phase

= Biological oxidisation of H,S to sulphuric acid above the wastewater surface

= Acid attack on the damp surfaces of the exposed interior surface of the concrete pipe

However, not all concrete pipes will be affected by hydrogen sulphide problem. The physical factors that that may impact

on the affect sulphide generation and corrosion include:

= Concentration of organic material and nutrients in the sewerage.

= Sulfate concentrations.

= Dissolved oxygen level in the sewerage.

= Temperature (i.e. higher temperature increase likelihood of bacterial growth rate).

= Relative humidity (corrosion requires moisture on the pipe wall).

= Stream velocity, surface area to volume ratio, vertical drop points, detention time.

= Level of construction, grit and debris, surcharging.

= Turbulence (at the point of turbulence, the water surface area for gas transfer increases often leading to a dramatic
release of H,S to the gaseous phase)

CC)jOO Concrete Pipe Association
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Page 2 BIOGENIC SULPHURIC ACID ATTACK ON CONCRETE PIPE September 2013 - No.1

Whilst all these factors have an important role in contributing to the corrosion impact on concrete pipe in sewerage waste-
water, good design, specification and manufacture, can help to mitigate the onset and the severity of sewer corrosion.

Extensive field and laboratory research has shown that corrosion is significantly reduced under the following operating conditions:
= High slopes in the network

= High dissolved oxygen content

= High wastewater pH

= Surcharging of sewer networks

= Short sewer reaches

= High concrete alkalinity

= Moderate operating temperatures

Over the years considerable efforts have been dedicated to the understanding of the corrosion process, and how to better
deal with this form of corrosion. BSA is a complex process and there is much conjecture in the literature surrounding the
critical level of H,S concentration required to start the process, and significant knowledge gaps appear to exist particularly
concerning concrete mix design. The test methods and parameters used have varied considerably.

It is generally well known that blended cements containing slag (GBS), fly ash, Microsilica or silica fume, provide improved
durability and increased resistance to chemical attack. In the late 1990’s CPAA member companies along with BRANZ and
Auckland University developed a laboratory based sulphuric acid (inorganic or mineral) methodology to measure the rela-
tive laboratory attack rates on various Portland cement mixes. This research work was completed in 2001 and indicated a
superior laboratory performance of GBS blends.

More recent research started in 2001, and still ongoing, is indicating that BSA attack is much more aggressive than chemi-
cal sulphuric acid generally used in laboratory testing. This research indicates that relative lab mineral acid resistance of
various cement blends is not a reliable indicator of field performance under field biogenic conditions, with the environment
determined by the cement structure being considered to be an important parameter. The BSA mechanism reduces the pH
level down to severe levels with some cements and blends allowing different critical levels and acid production rates. The
result is that all cements and blends are equally vulnerable to rapid corrosion.

Recommendations

There are many factors that come in to play when determining how severe the internal exposure conditions of concrete
sewer pipes will be. It is vitally important that designer understand what level of performance they are expecting from the
concrete, and how best to adapt the product to the conditions.

Recent research has indicated that there is no recognised cement blend (slag, silica fume, etc.) that can effectively resist
biogenic sulfuric acid attack particularly when extremely high acidic environments (pH < 1.0) develop inside a concrete
sewer pipeline.

However, blended cements can be an excellent mechanism to provide durability provision against sulfate attack (as
opposed to sulfuric acid attack), chloride exposure, or acidic effluent, for external pipe wall protection.

It is recommended by the CPAA that when designing concrete sewers to resist severe H,S attack mechanism, that designers
consider alternative solutions for the interior of the pipe to deal with the aggressive nature of this environment. This can
include utilising the following durability provisions:

= Increasing the total alkalinity of the concrete using appropriate materials

= Increasing the cover of the concrete pipe, or including a sacrificial layer of concrete that won’t impact on the structural
or durability design requirements over time.

= Specifying a keyed-in plastic liner over the interior surface of the pipe to protect it from H,S attack.

= Using concrete made with antimicrobial additives

CC)jOO Concrete Pipe Association
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The rapid chemically induced corrosion of concrete sewers at high H2S
concentration

Abstract

Concrete corrosion in sewers is primarily caused by H2S in sewer atmosphere. H2S concentration can vary
from several ppm to hundreds of ppm in real sewers. Our understanding of sewer corrosion has increased
dramatically in recent years, however, there is limited knowledge of the concrete corrosion at high H2S
levels. This study examined the corrosion development in sewers with high H2S concentrations. Fresh
concrete coupons, manufactured according to sewer pipe standards, were exposed to corrosive
conditions in a pilot-scale gravity sewer system with gaseous H2S at 1100 + 100 ppm. The corrosion
process was continuously monitored by measuring the surface pH, corrosion product composition,
corrosion loss and the microbial community. The surface pH of concrete was reduced from 10.5+ 0.3 to
3.1 + 0.5 within 20 days and this coincided with a rapid corrosion rate of 3.5 + 0.3 mm year —1. Microbial
community analysis based on 16S rRNA gene sequencing indicated the absence of sulfide-oxidizing
microorganisms in the corrosion layer. The chemical analysis of corrosion products supported the
reaction of cement with sulfuric acid formed by the chemical oxidation of H2S. The rapid corrosion of
concrete in the gravity pipe was confirmed to be caused by the chemical oxidation of hydrogen sulfide at
high concentrations. This is in contrast to the conventional knowledge that is focused on microbially
induced corrosion. This first-ever systematic investigation shows that chemically induced oxidation of
H2S leads to the rapid corrosion of new concrete sewers within a few weeks. These findings contribute
novel understanding of in-sewer corrosion processes and hold profound implications for sewer operation
and corrosion management.
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Highlights:

e Thefirst report of chemically induced concrete corrosion in sewers

e High concentration of H>S can be chemically oxidized into sulfuric acid at sewer crown
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Abstract:

Concrete corrosion in sewers is primarily caused by H2S in sewer atmosphere. H.S

concentration can vary from several ppm to hundreds of ppm in real sewers. Our understanding
of sewer corrosion has increased dramatically in recent years, however, there is limited
knowledge of the concrete corrosion at high H2S levels. This study examined the corrosion

development in sewers with high H2S concentrations. Fresh concrete coupons, manufactured
according to sewer pipe standards, were exposed to corrosive conditionsin apilot-scale gravity
sewer system with gaseous H>S at 1100+100 ppm. The corrosion process was continuously
monitored by measuring the surface pH, corrosion product composition, corrosion loss and the
microbial community. The surface pH of concrete was reduced from 10.5 £+ 0.3t0 3.1 £ 0.5
within 20 days and this coincided with arapid corrosion rate of 3.5+ 0.3 mm year . Microbial

community analysis based on 16S rRNA gene sequencing indicated the absence of sulfide-
oxidizing microorganisms in the corrosion layer. The chemical analysis of corrosion products
supported the reaction of cement with sulfuric acid formed by the chemical oxidation of H>S.
Therapid corrosion of concretein the gravity pipe was confirmed to be caused by the chemical
oxidation of hydrogen sulfide at high concentrations. This is in contrast to the conventional
knowledge that is focused on microbialy induced corrosion. This first-ever systematic

investigation shows that chemically induced oxidation of HzS leads to the rapid corrosion of
new concrete sewers within afew weeks. These findings contribute novel understanding of in-
sewer corrosion processes and hold profound implications for sewer operation and corrosion

management.

Key words: Sewer, Corrosion, Concrete, Hydrogen sulfide, Chemically Induced Corrosion
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1. Introduction

Asone of the most critical components of the urban infrastructure in modern societies, sewer
networks collect and transport sewage to treatment plants, preventing human exposure to
unhygienic sewage and related sewage-borne diseases. The prevalence of concrete corrosion
weakens the structural strength of sewers and leads to early collapse of pipes (Zhang et al.
2008). The damage inflicted on many sewer networks and the cost of preventive measuresis a
significant world-wide economic problem (Alexander et a. 2013, Jiang et a. 2016a, Jiang et
al. 2015a). In addition to enormous sewer remediation expenditure, the structural failure also

poses potential issues of odor emission and public safety (Jiang et al. 2017).

The corrosion of concrete pipesis mainly aresult of hydrogen sulfide (H2S). H2S isformed by
sulfate-reducing bacteria (SRB) in the anaerobic sewer biofilms/sediments. From the sewage,
H>S is emitted to the sewer air, part of which is absorbed/adsorbed into the moisture layer on
the concrete walls exposed to air, hereit is oxidized to sulfuric acid and causes corrosion (Li
et a. 2017). H2Sisubiquitousin sewer systems, although the concentrations differ temporally
and spatially from afew ppm to several hundred ppm (Jiang et a. 2014, Wells and Melchers

2015).

Sewer concrete corrosion is arelatively slow process that may take years or decades to occur
(Joseph et a. 2012). A three-stage concept proposed by Islander et al. (1991) iswidely adopted
to describe the corrosion development. In the initiation stage, the surface pH of the concreteis
reduced from c.a.13 to c.a. 9 by carbonation and H>S dissolution. This leads to the later stages
where the pH of the concrete surfaceis conducive for microorganisms to colonize. Depending
on the pH, both neutrophilic and acidophilic sulfide oxidizing microorganismswill biologically
oxidize sulfur compounds to sulfuric acid. The reaction between cementitious material and

sulfuric acid produces corrosion products like gypsum (CaS0Osa), resulting in the structural
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weakening of concrete sewers (Davis et al. 1998, Harrison Jr 1984, Islander et a. 1991, Nica
et a. 2000, Parker 1947). Since the biological oxidation rate is much higher than the chemical
oxidation rate, microbial induced sulfuric acid production is regarded as the main cause for the

sewer concrete corrosion (Hvitved-Jacobsen et a. 2013).

Current strategies for controlling sewer corrosion are targeted to: (1) prevent HoS production
and its partition from the sewer liquid phase through the dosing of antimicrobials, iron salts,
pH e evating compounds and oxidants to the sewage; (2) reduce the H>S concentration in sewer
air through forced ventilation; (3) applying surface treatment on concrete sewers (Jiang et a.
20154). Corrosion resistant materials like antimicrobials, silver-loaded zeolite, and polymers
coatings are widely used to mitigate the corrosion of sewers (Berndt 2011, De Muynck et al.

2009, Haile and Nakhla 2010, Sun et a. 2015).

With the increased use of corrosion-resistant materials and surface treatments in sewers,
instead of reacting with concrete, the H>S in sewer air can accumulate to very high
concentrations. In real sewers, H>S concentrations of over 800 ppm are observed in a gravity
pipe (Wells and Melchers 2015). Furthermore, various factors such as high wastewater sulfate
concentrations, and extended hydraulic retention times can lead to high sewer H.S

concentrations (Lahav et a. 2004, Sharmaet al. 2008).

To date, microbially induced sulfuric acid generation from HzS is considered as the major

contributing cause of sewer mass loss and structure failure.

The observed rapid corrosion and the formation of sulfate as the main corrosion products
cannot be explained by either the three-stage corrosion development model (Islander et al. 1991)
or the previous theory describing the initiation of corrosion (Jiang et al. 2015b, Joseph et al.
2012). The short exposure time suggests that there was likely no development of any sulfide
oxidizing microorganisms. Instead, fast chemical oxidation of H>S to sulfuric acid might be

94  themain cause of the observed fast corrosion and sulfate dominated corrosion products.
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95 3.2. Microbial community in the corrosion layer
96416
96 In microbia induced concrete corrosion, once the pH is reduced to lower than 4, due to the
97 saulfide oxidation and acid production, acidophilic microbes usually become the dominant
98 gpecies (>50%). The most typical genus of acidophilic microorganisms associated with
99 hiogenic acid production is Acidithiobacillus including A. ferrooxidans, A. thiooxidans, and A.
100 caldus (Davis et a. 1998, Harrison Jr 1984, Islander et al. 1991, Jiang et al. 2016b, Parker
101 1945b). In addition to Acidithiobacillus spp., Acidiphilium spp., Mycobacterium spp.,
102 Xanthomonadales spp, are often detected as abundant in acidophilic communities of sewer
103 corrosion layers (Cayford et al. 2017, Jiang et al. 2016b, Li et a. 2017, Okabe et al. 2007,
104 Pagaling et al. 2014). None of these typical acidophilic sulfur-oxidizing microorganisms was
105 detected in the corrosion products collected from the concrete samplesin this study. Therefore,
106 it is highly likely that biological sulfide oxidation was not playing a major role in the rapid

107 corrosion observed in the presence of high H.S levels.
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3.3. Sulfide oxidation rates of the concrete coupons after exposure

The SOR of the coupons prior to and after sterilization were quite similar for H>S
concentrations up to 200 ppm (Figure 6). It shows clearly that sterilization of the concrete did
not have any impact on the SOR and it confirms that the microbes on the concrete had
negligible role in H2S oxidation. Together with the absence of sulfide oxidizing microbes in
the corrosion layer (Section 3.2), it clearly suggests that biological sulfide oxidation is not the
cause of the concrete corrosion and thus the SOR observed were mainly due to chemical

dxidation of sulfide.
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Figure 6. Sulfide oxidation rates of concrete coupons before and after sterilization under 10-200 ppm

H>S (A), and the sulfide oxidation rates of concrete coupons under 500-1500 ppm H2S (B).

The SOR of both coupons were below 25 mg-S m? h™* under 10-200 ppm H2S and increased
to around 200 mg-S m? h! at approximately 1500 ppm H2S. The SOR observed for the
chemical oxidation processis comparableto the sulfide uptake rate (SUR). SUR isusually used
asagood indicator for the development and activity of sulfide oxidizing bacteriain microbial
induced concrete corrosion. The SUR of 250 + 5 mg-S m? h was reported for microbial
induced corrosion after 33 months exposureto H»S at 50 ppm (Sun et al. 2014) and around 100
mg-S m2 ! for coupons after 17 months exposure under 25 ppm H2S (Jiang et al. 2016b). At

the exposure of 1000 ppm of H2S, a rapid consumption of H.S, 3600 mg-S m? h! was
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observed in a pipe section after several months (Vollertsen et al. 2008). Under the same H2S
concentration, the SOR measured in this study was relatively lower compared with previous
studies reported for microbially induced corrosion. However, the SOR at above 1000 ppm H2S
of this study were comparable to the uptake rate of microbes under 50 ppm (Sun et a. 2014),

which could lead to similar magnitudes of corrosion.

Under the high levels of H2S (500ppm-1500ppm), the SOR increased significantly along with
the increase of HoS concentration (Figure 6B). Kinetic models (i.e. exponential, power), have
been previously used to describe the oxidation rate of sulfide in microbially induced concrete
corrosion (AEswy et a. 2002, Sun et al. 2014). Fitting SOR results into exponentia kinetics, the
exponent showed a positive value (0.0021) (Figure 6B), whichis contrary to the negative value
previous reported for microbial corrosion (-0.0135) (Sun et al. 2014). In power kinetic models,
the reaction order for sulfide oxidation in this study was estimated to be 2.4, which is higher
than the reaction order (1.5) previously reported for chemical dominated sulfide oxidation on
concrete surfaces and also higher than that reported for microbia induced sulfide oxidation on
corroding concrete surfaces (0.45-0.7) (Satoh et a. 2009, Vollertsen et al. 2008). With the
highest R? (0.995) and lowest sum of residual squares (323.2), exponential kinetics best
described the chemical sulfide oxidation on the concrete surface in this study (Table S2). The
Kinetic analysis suggested that chemical sulfide oxidation is different to the biological sulfide
oxidation and that the SOR increases exponentially with H>S concentration, implicating that

chemically induced corrosion will be more severe in sewers with higher H>S concentrations.

Therefore, with sulfuric acid as the main product, chemically induced corrosion of concrete
under high H2S concentration in sewers plays acritical role,especially for newly manufactured

concrete Ssewers.

4. Conclusions

Therapid corrosion of fresh concrete within 20 days at high hydrogen sulfide concentrationin



150

151

152

153

154

609

sewers was investigated. Different from previous studies, which mainly focus on microbially
induced corrosion of concrete sewers, this was the first-ever report of chemically induced

corrosion. This has resulted in the following key findings:

¢ Hydrogen sulfide of around 1000 ppm led to fast concrete corrosion within one month,

this was characterized by asurface pH around 3 and a corrosion rate around 3 mm year .
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e Thefast corrosion of concrete with high levels of H>S in the sewer was mainly dueto the

chemical oxidation of hydrogen sulfide to sulfuric acid.

e The rate of chemica sulfide oxidation increased exponentially with hydrogen sulfide

concentrations and this could induce potentially high corrosion rates.

e These novel findings of in-sewer corrosion processes hold profound implications for
sewer operation and corrosion management. The chemically induced corrosion of newly
manufactured concrete sewers would be critical when high H2S concentrations occur in

the sewer atmosphere, especially at certain corrosion hot spots.
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Iron Salts (Ferric and Ferrous)
Iron Salt Applications

Iron salts are a proven technology for long-duration hydrogen sulfide control in
collection system gravity and forcemains, solids processing units, solids transfer lines
and anaerobic digesters. They have been used for over 30 years in hydrogen sulfide
control applications and are a well understood technology.

Depending on the wastewater plant unit process configuration, iron salts may also
provide improvements in clarification, phosphate removal, struvite control, solids
dewatering and anaerobic digester performance. lron salt performance is not
impacied by oxygen uptake rates hut they do remove dissolved oxygen from the
water.

Iron Salt Properties and Dosing

Iron salts are supplied as liguid solutions containing 5-13% ferrous or ferric iron as

either a chloride or sulfate salt. They are supplied in containers of 55 or 300 gallons,
or in bulk shipments of 4,000 - 20,000 gallons.
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Experiences with iron chloride dosing to control sulfide-induced

corrosion problems in sewers

Brecht Donckels*, Greet De Gueldre, Marjoleine Weemaes

Research and Product Development Division, Aquafin N.V., Belgium

Abstract:

Dosing iron salts is one way of dealing with sulfide-induced corrosion problems in sewers. By
dosing iron salts such as FeCl, and FeCl;, the dissolved sulfide molecules present in the
wastewater chemically react with Fe™™ to form elemental sulfur (s°) and iron sulfide (FeS).
These products precipitate and thereby the amount of sulfide available for release to the

sewer atmosphere decreases.

After a test phase on-site, this control measure was implemented in full-scale to deal with
sulfide-induced corrosion problems that had been observed at a pumping station in the vicinity
of Antwerp, Belgium. This contribution describes Aquafin’s experiences with this control
measure and elaborates on how the effectiveness was tested and evaluated prior to a full-
scale application. Further, it describes how the dosage was implemented in full-scale and
presents the results obtained so far. To conclude, the pros and cons of this control measure

are discussed based on our experiences so far.
Keywords: hydrogen sulfide, biogenic sulfuric acid corrosion, sewer, iron chloride dosing

* Corresponding author: brecht.donckels@aquafin.be

Introduction

Aquafin was established in 1990 by the Flemish government and is responsible for the design,
construction, operation and pre-financing of the supra-municipal wastewater treatment
infrastructure of Flanders, which is the northern part of Belgium residing approximately six million
inhabitants. Basically, this means that cities and municipalities are responsible for their own sewer
systems, but their sewer networks connect to Aquafin’s collector (or interceptor) sewers that
transport the wastewater to the wastewater treatment plant.

Anno 2011, Aquafin’s assets include 247 wastewater treatment plants, 1174 pumping stations and
approximately 4735 km of collector sewers. The wastewater collection system, which covers the
majority of Aquafin’s assets and still expands at a rate of approximately one km per day, is the main
focus of this paper. More precisely, this paper deals with the problems wastewater service providers
around the world are facing that can be appointed to the presence of hydrogen sulfide in the
wastewater collection system.

To introduce the terminology used in this paper, the different parts of a conventional wastewater
collection system are shown schematically in Figure 1. Wastewater from the households is mainly
and preferably transported through gravity sewers, but it is often not possible to reach the
wastewater treatment plant in this manner. Therefore, pumping stations are needed, where the
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wastewater is collected in a wet well which is equipped with level measurement instruments that
monitor the amount of wastewater present. When full, the wastewater is pumped to a higher level
through a force main (or pressure main or rising main) and discharged in an inspection chamber or
manhole from which the wastewater continues its path through gravity sewers. This is typically
repeated until eventually the wastewater arrives at the wastewater treatment plant. Needless to say
that the sewer system is hardly ever a linear system, and often many sewer pipes are connected with
each other to form a complex network with many branches.

gravity sewer § force main i
pumping manhole
station

gravity sewer

Figure 1: Schematic representation of a simplified, conventional wastewater collection system, illustrating its
most common constituents.

As stated above, some problems that arise in the sewer infrastructure are caused by the presence of
hydrogen sulfide (H,S). Sulfides are formed under anaerobic conditions, which in this context can be
interpreted as conditions where oxygen is absent (sewage does typically not contain nitrate).
Anaerobic conditions can occur at different places in the sewer infrastructure (Figure 1 and Figure 2),
such as:

e force mains;

e inverted siphons;

e gravity sewers with high filling degree;

* slow-flowing, partially filled gravity sewers;

¢ biofilm and sediment layers found in gravity sewers;

* wet well of pumping stations and other places where the wastewater stands still for a
significant amount of time.

After being emitted to the sewer atmosphere, hydrogen sulfide will initiate a process called biogenic
sulfuric acid corrosion. The concrete sewer pipes corrode and lose their mechanical strength. In
addition, malodorous compounds are typically formed under the same anaerobic conditions as
hydrogen sulfide and the latter thus contributes to odor nuisance. In this paper, however, only
corrosion problems are dealt with.
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KRONOS

ecochem®

Technical Information 3.09

Elimination of Hydrogen Sulfide
from Wastewater Collectors
using Iron Salts

The occurrence of hydrogen sulfide (H2S) in sewers under anaerobic conditions. Hydrogen sulfide can
is a commonly known problem. This foul-smelling, particularly be expected to form in combination with
acidic gas is produced by the biogenic decomposi- long flow times, high temperatures and especially in
tion of sulfurous organic and inorganic constituents pressure pipelines.

Elimination of H2S in wastewater collectors I

Damage in a manhole caused by biogenic sulfuric acid corrosion (BSC)
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Fig. 1: Hydrogen sulfide — bisulfide — sulfide equilibrium as
a function of pH value

1. What leads to the formation of
hydrogen sulfide?

The hydrogen sulfide and other sulfides initially exist
in dissolved — relatively harmless — form as H2S, HS™
or S depending on the pH value of the wastewater
(Fig. 1). The more acidic the environment, the more
the equilibrium shifts towards hydrogen sulfide (H2S),
which then escapes from the water phase in the form
of a gas. In principle, hydrogen sulfide can form in any
kind of wastewater. The main source of sulfur in the
formation of Hz2S in an anaerobic environment are the
sulfate ions that enter the municipal sewage flow in
high concentrations from tap water (desulfurication).
In addition, wastewater with a high protein content,
such as occurs in the food industry, for example, tends
towards rapid decomposition and strong H2S evolution
(desulfuration). Table 1 lists the typical sulfur content of
several foods.

2. Why is hydrogen sulfide so
dangerous?

eEven in very low concentrations (< 0.2 ppm),
H2S can be detected by its “smell of rotten eggs”,
causing severe odour problems.

e At higher concentrations, the gas becomes an
increasing threat to health, and at upwards of about
300 ppm has a potentially lethal effect.

e Hydrogen sulfide leads to corrosion in the sewer
system and causes high repair costs (cover photo).
Its severely corrosive effect — especially on concrete
— results from the fact that the hydrogen sulfide oxi-
dises on the surface of the components exposed to
the sewer atmosphere to form sulfuric acid.

Beer 160 mg S/kg
Whey 250 mg S/kg
Potatoes 340 mg S/kg
Onions 510 mg S/kg
Coffee, instant 600 mg S/kg
Maize 800 mg S/kg
Rice 1,000 mg S/kg
Fish 2,300 mg S/kg
Yeast 3,000 mg S/kg

Table 1: Sulfur content of several foods

® Hydrogen sulfide or the sulfide ions can have a

negative impact on the process of biological waste-
water treatment.

3. How can the formation of hydrogen
sulfide be prevented?

Because hydrogen sulfide only forms under strictly
anaerobic conditions, changing the environment by
any kind of oxygen supply would, in principle, be a
method for preventing sulfide formation. However, it
must always be ensured in such cases that an ade-
quate oxygen supply is also guaranteed at the end of
the line.

Since the biogenic formation of H2S often cannot be
prevented — even when using oxidative control meas-
ures — it is necessary to apply elimination methods,
including targeted precipitation of the sulfides using
iron salts.

4. Why are iron salts so well-suited to
eliminating hydrogen sulfide?

Bonding H2S with iron salts is based on the high affinity
of iron for sulfides. Regardless of the compound form
or valence of the iron, iron sulfide always forms in the
presence of sulfides (FeS; Table 2). On account of the
extremely low solubility of FeS, competitive reactions
with other constituents in the water can be ruled out.
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Fe? + S — Fes]

2Fe*+3S” — 2FeS|+S

2 Fe(OH)s+ H2S — S + 2 Fe(OH)2 + 2 H20
(Reaction 1)

Fe(OH)2 + H2S — FeS| + 2 H,0
(Reaction 2)

Table 2: Reaction equations for sulfide precipitation

5. Which KRONOS products are most
suitable for this purpose?

In principle, all KRONOS iron salts are suitable for
hydrogen sulfide elimination. The question as to which
product should be given preference is primarily gov-
erned by local conditions with regard to logistics and
handling.

The primary candidates are:

1. KRONOFLOC ferrous chloride solution as a
ready-to-use liquid precipitant with 8.7% Fe?".

The product is delivered in 60 | canisters, 200 | drums,
1 m3 containers or in bulk in road tankers. If only small
guantities are required, the product can be metered
directly from its original container. Tl 2.03 provides
information on the transport, storage and metering of
KRONOFLOC delivered in bulk.

2. FERRIFLOC ferric chloride sulfate solution with
12.3% Fe®*.

Delivery and storage are the same as for
KRONOFLOC.

L S

Fig. 2: Underground tank at a pumping station with catch
basin

3. QUICKFLOC ferrous sulfate as a solid precipi-
tant with 17.8% Fe?",

The product is delivered in 25 kg bags on 1 t pallets.
The QUICKSOLYV metering station is available for stor-
ing, dissolving and metering. This system is described
in detail in Tl 2.01.1.

It occasionally is claimed that it is impossible to elimi-
nate hydrogen sulfide using iron salts containing
sulfate. This argument seems plausible at first, but
naturally is false. The reason is that the sulfate concen-
tration in the wastewater is not the minimizing factor in
the biogenic formation of H2S.

This means that a major surplus of sulfates is present
in virtually all types of wastewater, enabling the forma-
tion of hydrogen sulfide, and that any additional contri-
bution from the precipitant is irrelevant. The question
of how much sulfide can be formed in a given type of
wastewater is essentially governed by the temperature,
the volume of wastewater, the hydraulic and design-
related parameters, as well as the concentration of
simple organic compounds, such as organic acids and
alcohols (similar to denitrification).

6. Where should the precipitant be
added?

The effect of the iron salts is based on the precipitation
of the dissolved sulfides in the water phase. This must
occur at an early stage, before the hydrogen sulfide
enters the gas phase and becomes perceptible. Points
where the following requirements can be met are suit-
able as metering points in the sewer system:

e Delivery by road tanker
e Safe storage
e Safe handling of chemicals

Fig. 3: Metering station in a manhole
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Fig. 4: Arrangement for preventive metering

The high speed of reaction of sulfate precipitation with
iron salts supports two metering options:

a) Preventive metering (Fig. 4):

The iron salt is added at the start of a problematic sec-
tion, i.e. at a point where no degradation processes
have yet begun. It has proven effective in the case of
wastewater pressure lines to add the iron salt directly
to the pressure line via a seeding point (e.g. tapping
sleeve, Fig. 5).

Acid-proof diaphragm pumps are used to meter the
product (Tl 2.3). To adapt the added quantities to the
rate of sulfide generation, we recommend using the
pipeline dimensions and the wastewater volume gen-
erated to calculate the dwell time of the wastewater
between inflow and outflow. The quantity of iron salt
added is preferably adapted to the expected sulfide

Fig. 5: Addition directly into the pressure pipeline via a
seeding point.

4

Precipitant tank

- Metering shaft

Inductive with leakage
flowmeter monitoring
shaft (Fig. 5)

Wastewater pressure pipe

concentration by a measurement curve controller (e.g.
PLC). If necessary, the system should also account for
rain events.

Premature addition need not be feared, since the prod-
ucts of hydrolysis (hydroxides) of the iron can also
bond the hydrogen sulfide (Table 2).

b) Addition upstream of the emission point:

The spontaneous reaction between the dissolved iron
and the dissolved sulfides takes only a few seconds,
but can be observed by watching the wastewater rap-
idly turn black. For this reason, it is also effective to add
the iron salts a short distance upstream of the emission
point — i.e. into wastewater that has already begun to
degrade. Basically, any turbulent outflow of anaero-
bic wastewater at the end point of pressure lines, for
example, should be avoided. In practice, this can be
achieved by shifting the pressure line outlet to below
the water level while at the same time adding iron salt
just upstream from the end of the wastewater line or
into the wastewater pumping station.

An arrangement of this kind makes it possible to estab-
lish a controlled section for sulfide precipitation, similar
to online phosphate precipitation. Continuously mon-
itoring H2S emissions by connecting an online H2S
sensor to the metering pump can help to reliably main-
tain target values, e.g. a maximum allowed workplace
concentration (MAC) of 10 ppm in the coarse and fine
screening building (Fig. 6).
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Fig. 6: Online addition upstream of the emission point

7. How much has to be added?

a) Theory:

The dissolved sulfides in the wastewater can be
determined analytically as S e.g. according to DIN EN
38 405.

If data on the concentration of dissolved sulfides in the
wastewater are available, and the wastewater flow rate
is known, a simple calculation can be used to deter-
mine the quantity to be added (Table 3).

b) Practice:

In practice, however, data are usually only available for
the hydrogen sulfide concentration in the gas phase.
But even these values support a fairly good estima-
tion of the required quantities. The actual quantities
required can then be determined empirically.

The following, pragmatic procedure has proven
successful in practice:

1. The H2S content in the collector air is measured at
neuralgic problem points over several days.

2. The iron salt solution is added at suitable dosing
points upstream of the measurement points, using a
typical standard quantity of 15 g Fe/m? wastewater.

3. The quantity added is adapted in accordance with
the results of gas analysis, based on the residual
H2S content in the collector air. In this context, the
added quantities may have to be adapted to the
flow and dwell times in the sewer system.

4. When adding quantities online, the times at which
the metering pumps are switched on and off, and
the steepness of the metering curve, must be
adapted to the target value.

Existing or expected

sulfide concentration 4 mg S%/I
in the problematic area

of the collector - 49S%/m?3
Wastewater inflow

(e.g. wastewater pump capacity) 50 m®h
Iron concentration in

the precipitant (KRONOFLOC) 8.7 % Fe?*
Density of KRONOFLOC 1.37 g/cm?3
Molar mass sulfur 32.06

Molar mass iron 55.85

0.004 - 55.85 - 50
32.06 - 0.087 - 1.37

= 3.0 | KRONOFLOC/h

Table 3: Sample calculation for determining quantities to
be added

8. What happens to the precipitated
sulfides??

The virtually insoluble iron sulfide is a very fine solid
with poor sedimentation properties. In other words,
iron sulfide does not settle in the sewer, but passes
into the treatment plant with the wastewater flow. As a
rule, this dark-black wastewater also passes through
the primary sedimentation stage; only in the biological
stage of the treatment plant is it oxidised, thus being
made available for simultaneous phosphate precipita-
tion. This double precipitation effect is illustrated sche-
matically in Fig. 7.

The black discoloration of the treated wastewater
inflow provides clear, visual proof that H2S elimination
has taken place. The iron method is not well accepted
by receiving treatment plants that have no biological
stage, i.e. no oxidative decolouration.

On account of the high buffer capacity in the untreated
wastewater, this condition is never reached as a rule
when using common added quantities.
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Fig. 7: Hydrogen sulfide elimination with sulfide and phosphate precipitation

9. What else needs to be considered
for the successful implementation of
hydrogen sulfide elimination?

Using iron salts to precipitate the sulfides dissolved in
wastewater is a very reliable elimination process. The
special feature of this method is that the iron salt must
be added at a point where no hydrogen sulfide is yet
present. Therefore, selecting a suitable dosing point
is of fundamental importance for the applicability and
success of the method.

In addition to being located upstream of the problem
area, the dosing point must also offer the technical
means for safe storage and handling of the precipitants.
Several metering points are often required, depending
on the design of the collector system and the affected
sewer sections.

The efficiency of the process ultimately depends on
how successfully the quantity of iron salt added can be
adapted to the various sulfide loads.

10. What results are available??

The effectiveness of H2S elimination with iron salts is
illustrated below on the basis of two practical exam-
ples.

1. Use of KRONOFLOC in a 5 km pressure
pipeline.

To avoid H2S emissions, KRONOFLOC is added at the
inlet of a pressure pipeline as a preventive measure

(Fig. 9).

2. Use of KRONOFLOC to maintain the MAC in a
grit chamber.

The signal from an Hz2S sensor supports the establish-
ment of a controlled section and activates the dosing
pumps as needed (Fig. 8). The steepness of the rise or
fall in H2S concentration determines the added quan-
tity.

Phases with low H:S loads (e.g. rainy weather) are
detected and the required quantity of precipitant auto-
matically reduced (Fig. 10).

[
Fig. 8: An Hz2S sensor takes continuous readings in the grit
chamber. The signal is processed and the KRONOFLOC
metering pumps activated. The results are illustrated

in Fig. 10.
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H2S ppm emission from pressure pipeline

300
12:30 pm: Approx. 9:00 pm:
Dosing start Treated wastewater discharged
250 i
200
150 [ Uﬂ d

1 LA

0 I I I I I I I

1.00pm 3.00pm 5.00pm 7.00pm 9.00pm 11.00pm 12.00am 2.00am 4.00am 6.00am 8.00am Time

2.00pm 4.00pm 6.00pm 8.00pm 10.00pm 12.00am 1.00am 3.00am 5.00am

Fig. 9: Effect of KRONOFLOC addition as a preventive measure

Pressure pipeline data (Fig. 9)

Dimensions

DN 250

Volume Approx. 245 m?3
Wastewater volume, Qtw Approx. 570 m3/day
Wastewater dwell time in the 9 -14 hours
pressure pipeline

Average added quantity 30 g Fe'/m®

H2S ppm

12

10

0 \

8.00am 9.00am 10.00am 11.00am 12.00am 1.00pm

7.00am

MAC: 10 ppm

Pump on: e.g. 2.5 ppm

Pump off: e.g. 1.5 ppm

2.00pm 3.00pm 4.00pm Time

Fig. 10: Typical curve of H2S concentration with controlled, online addition of iron salts to maintain the MAC value in a grit

chamber
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This information is intended to serve as a guide for consumers, but is not necessarily complete and given without warranty. Compliance with
statutory obligations must be ensured in all events, also with regard to the proprietary rights of third parties.

Consult our Safety Data Sheets before using any of our products.

KRONOS INTERNATIONAL, Inc.

KRONOS ecochem
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Annexure- J
M GF‘I‘"‘IE“ Hgt Fact Finding Committee <ngigesleakifjc @gmail.coms
Sheelendra_ﬁannral Brief report about H2S formation
! masseges
Sheelendra Singh <shilul july@gmail, corm > Fri; Jun 23, 2023 at 7:03 PM

To: ngigasleakfjcE@ gmail.com

Please find the attached general brief report from my side,

Thanks and regards
Sheelendra Pratap Singh

= ==—==me== Forwarded message == =======

From: Sheelendra Singh <shiluljulySamail coms
Date: Fri, 23 Jun 2023, 18:53

Subpect:

To: Sheelendra Singh < shiluljuly@ygrmail.com>

Sheelandra Pratap Singh (M. Pharm, Ph.D. }_.5?!51?.’ war fifg
JSPS Feflow | Member INYAS) AUetiTs el | Frat 3999
Principal Scentist/ Y4 daife

Toxicokinglics Labosalory/ Fadl 226 A G 2 b (T e | IR e
Fegulalony Taxicalogy Group) ﬁﬁ%ﬁﬂfﬂﬁﬁgﬂ

CSIR = Indian Instituta of Toxioology Resaarch | HITHHE 3 -yl Bafdes s dam
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= Content HZS.pdf

A0K,

Ngt Fact Finding Committee <ngtgasleakljc®gmall.com> Sat, Jun 24, 2023 af 1:55 PM
To: gurnamsingh.cpch @nic.in, rpbd@irndia.org, direclor@itrinea.org, pgimer@chd.mic.in, pvm _lakshmi@yanoo.com,
dg.ndr@nig,in, Uttam Chand <ultamchandl 1 5@gmail.com>, de ldh@ punjab.gov.in, commessionarmcl @gmail.com, [
FPCE <msppobSgmal.com s

Ce: CEE LDH <caaludhana@yahoo.com>, SEE ZL1 <ppcbzol ldha gmail.com:, SEE ZL2

<seezoidhppch@yanoo.com>, chaifmanppeb <chairmanppck @yahoo.co.n>

The repart recetved from Dr. Sheelendra Singh CSIR is forwarded herewith for perusal and necessary action,

Prof. {Dr.) Adarsh Pal Vig,
Chairman,

- Content H2S.pdf

40K
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» Hydrogen sulfide (H2S) is a dangerous and colorless gas that can be produced
when organic matter decomposes, such as in rotting vegetation or wastewater
in a sewer system. It is highly toxic, ranking second in workplace fatalities due
to gas inhalation after carbon monoxide and is often recognized by its foul

smell, similar to rotten eggs.

» In the case of domestic wastewater, the main process responsible for the
formation of hydrogen sulfide is the microbial reduction of sulfate ions. When
there is a lack of dissolved oxygen and the presence of soluble Biological
Oxygen Demand (BOD), bacteria like Desulfovibrio desulfuricans (SRB) and
other sulfate-reducing bacteria (SRBs) convert sulfate ions into sulfide. This
occurs in the absence of oxygen and the presence of organic matter, such as

sludges.

» Hydrogen sulfide tends to accumulate in confined and poorly ventilated areas
where there are sewage holding tanks or other parts of sewage systems. If the
system is damaged, malfunctioning, or there are loose connections, gas can
escape. This can happen when organic matter or sludges are disturbed, such
as during the addition or discharge of effluent material into a compromised
system. Sewage holding tanks that receive galley waste on vessels are
particularly prone to the formation of a greasy sludge film, which further
promotes the production of hydrogen sulfide. Additionally, blockages in
ventilation components increase the risk of hydrogen sulfide back-venting,
allowing the gas to escape into toilet and other confined spaces through the

sewerage pipe network.

» A sewer main can contain significant amounts of undetected dissolved H2S in
the wastewater. When the water is disturbed, such as when pumps are
activated, this dissolved gas can rapidly turn into toxic gas clouds due to the

"soda-can effect." This effect occurs when the disturbed water releases the
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dissolved gas, resulting in sudden and dangerous concentrations of hydrogen
sulfide.

Due to its density, hydrogen sulfide is slightly heavier than air, causing it to
accumulate in subsurface spaces such as basements, underground chambers,
or sewer systems. This makes these areas particularly susceptible to high

concentrations of hydrogen sulfide gas

During heavy rainfall, organic matter such as decaying vegetation, animal
waste, and other debris can be washed into the sewer system. This influx of
organic material provides a rich food source for bacteria, including SRBs. As
the organic matter decomposes, SRBs metabolize sulfate ions present in the
wastewater, resulting in the production of H2S.

Heavy rainfall can cause turbulent flow in sewer systems, leading to the
disturbance of settled sediments. Sewer sediments often contain accumulated
organic matter and sludges that serve as a nutrient source for SRBs. When
these sediments are stirred up, it can promote increased bacterial activity and
H2S production.

The increased H2S production during heavy rainfall can raise the likelihood of
H2S leakage and exposure in sewer systems. If the sewer infrastructure is
damaged, malfunctioning, or not properly sealed, the H2S gas can escape into
confined spaces, nearby buildings, or even the atmosphere. This poses
significant health risks to workers and the public due to the toxic and potentially

lethal effects of H2S inhalation.

Meat shops often generate a significant amount of organic waste, including
trimmings, blood, and other byproducts. These organic materials are rich in
proteins and can contribute to the production of H2S when they undergo
decomposition. If a meat shop is located in close proximity to a sewer system,
the organic waste from the shop can enter the sewer lines, providing a readily
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available food source for sulfur-reducing bacteria. This can enhance the
microbial activity responsible for the conversion of sulfate ions to sulfide,
thereby increasing the potential for H2S formation.

When heavy rainfall combines with the organic waste from a nearby meat shop,
it can result in increased organic loading and nutrient availability within the
sewer system. This can create favorable conditions for the growth and activity
of sulfate-reducing bacteria, such as Desulfovibrio desulfuricans and other
sulfur-reducing bacteria. As these bacteria thrive and consume the organic
matter, they produce H2S as a metabolic byproduct.

The combined effect of heavy rainfall and the presence of a nearby meat shop
can lead to an elevated risk of H2S formation in the sewer system. It is important
to monitor and manage these factors effectively to prevent the accumulation of
H2S gas, which can pose significant health hazards to workers and the
surrounding environment. Implementing proper waste management practices,
ensuring proper ventilation, and conducting regular maintenance and

inspections can help mitigate the risks associated with H2S in such scenario.

Both COD and BOD serve as indicators of the potential for H2S production in
wastewater systems. Higher levels of organic matter, as indicated by elevated
COD and BOD, create more favorable conditions for the growth and metabolic
activity of SRBs. These bacteria thrive in the absence of oxygen and utilize
sulfate ions, ultimately leading to the production of H2S gas. Effective
management of COD and BOD levels through proper wastewater treatment
processes, such as aerobic treatment or chemical precipitation, can help control
the formation of H2S and mitigate associated risks in sewer systems.

To prevent hydrogen sulfide (H2S) leakage and ensure safety in environments
where H2S may be present, several precautions should be taken. Here are

some important measures:
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Ventilation: Adequate ventilation is crucial in areas where H2S may
accumulate, such as confined spaces, sewer systems, or wastewater
treatment plants. Properly designed and functioning ventilation systems
should be installed to ensure the continuous exchange of air, preventing the
buildup of H2S gas.

Monitoring: Implement a comprehensive monitoring system to continuously
measure H2S levels in relevant areas. This can involve the use of gas
detectors or sensors that provide real-time data on gas concentrations.
Regular monitoring allows for the early detection of H2S leaks and timely
response to mitigate risks.

Maintenance and Inspection: Regular maintenance and inspection of sewer
systems, wastewater treatment facilities, and associated equipment are
critical to identify and address potential sources of H2S leakage. This
includes checking for damage, loose connections, or blockages that can
contribute to gas escape.

Proper Waste Management: Effective waste management practices can
help minimize H2S formation. This includes preventing the buildup of
organic matter, controling BOD and COD levels, and implementing

strategies to reduce the entry of organic waste into sewer systems.
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Subject: Findings and recommendations during visit to Sua Road, Glaspura, Ludhlana
regarding inspection and investigation of gas leak accident.
This is in reference to the above subject matter, | visited the said site on
01.05.2023 at 11:30 AM. During my visit, | met Ms. Swati Tiwana, SDM (West), Ludhiana and
she introduced me to the Hon'ble Deputy Commissioner Ma'am. ADC (General), Officers from
Punjab Pollution Control Board, Director of factories and Police authoritles were also present.
Gist of my interaction with all the above administrative staff and my opinion is as follows:
1. It has been told that as per the findings of NDRF and CSI0, the gas leakage accident might
have occurred due to high concentration of hydrogen sulphide (H;5) and carbon manoxide

dissizated due to blockage of sewerage lines. One of the person from the deceased family
tried to open up the block sewer using stick or might be with chemicals led to immediate
release of huge amount of Ha5. As H5 s a toxic gas which can cause severe health risk. As
per the cited literature concentrations above 500 ppm is lethal for human beings which
can cause immediate death. As per the discussions on the site this concentration was
rnu:;l_hip‘ler when it was immediately released from the sewer. Role of H3S in immediate

deaths of persons Is imminent as Ha5 cause inhibitions of the cytochrome oxidase enzyme
system resulting in lack of oxygen use in cells .
2. lalong with Ms. Swatl Tiwana, SDM (West), Ludhiana and other administrative stafl visited

the house where five family members were died due 1o acute gas exposure. Based upon

our findings we conclude the house was constructed with very poor ventilation.

Moreover, there was sewer opening In the bedroom itsell where the family members
might have been present. The H;S gas might have found its route as back flow into this
room which could have led to high concentration of this gas in that room leading to
)
deaths.
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3. While inspecting the nearby areas It is observed that it Is densely populated area without

any proper arrangement of sewer flow. This could lead to heavy accumulation of erganic

matter which eventually lead to bio-chemical degradation with more H;5 farmation.
Heavy rain on the proceeding evening of fateful tragedy l.e. on 29.04,2023 may have
contributed to the regular flow in sewerage line and might have created temporary
blockage in lines.

4. There were no ventilation pipes (vent pipes) provided with sewer lines along the affected

stretch, which might have accelerating the buildup of H;5 and other gases in the sewage
system,
5. | could try co-relating this Incident with industrial discharge also from nearby Industries.

But based upon my observations and personal opinion, if it could have been the industrial

untreated discharge, the long stretch of houses would have been affected. However, the

diameter of the affected area was limited to 3-8 houses so, hypothesis of industrial

discharge could be neglected. Even if it is presumed that there is some unireated

industrial discharge in that particular stretch then in that case; the severity of high
concentration of H;S Is not possible. If administration recommends, H:E sampling of sewer
manholes can be carried out.

6. Once again based upon the onsite discussions with concerned officlals, | could co-relate

this incident as a case of sewer blockage where anaerobie digestion of organic matter led

to formation of H3S. During anaerobic digestion / fermentation, blo-chemical reactions

lead to the lormation of gases like carbon monoxide along with other gases like Hy5, CHa,
COy, N30, Hy. Also, Ha5 combines with oxygen to form sulphuric acid which eventually can
lead to reduction in pH of slurry.
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There were many small slaughler houses, dhabas in the clase vicinity of the affected she

which could have led (o l’llllil_n'l' huge amount of organic content in the seaer lines
Again, this organic tnnl.'tr_!_t it feeder Lo anaerobic digestion which ultimately lead 1o
formation of H;8, CO and other gases.

Based upon the overall inspection of the site and subsequent interactions with all the
administrative stafl, | have some personal recommendations to cope up luture incidents
like this:

L While designing sewer lines, the contribution of ralnwater run off should also be
accounted for. l-l;uﬂrdunln; of sewer lines where there Is a poor drainage systemi
and provision of vent pipes in the sewer lines should be provided. Moreover, illegal
connections from the households to the main sewer line should be checked regulary.

. nup_l:r_m:h drills for gas leakage salety, fire from gas leakage would be adopted by
punicipal Corporation for densely populated area like this.

i Municipal Corporation and other regulatory bodies should collaborate with institutes
of repute to develop state of the art technologies to avold any such incident in near

\\ )
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Sardar Beant Singh State University

(Formerly Beant College of Engineering & Technology )
{Established by Govt, of Punjab)
GURDASPUR (PUNJAB)143530

Prof. (Dr) Sushecl Mittal CChem FRSC Ref. wniﬁSJU/floﬁ
VICE CHANCELLOR nam..e?.:‘ijﬂ. }2;’ 1.

Preliminary report on the visit of the Expert Commiltee comprising of Prafessar
Susheel Mittal, Vice Chancellor, Sardar Beant Singh State University, Gurdaspur and

Professor Raj Kumar Gupta, Department of Chemical Engineering, Thapar Institule of
Engg. & Technology, Patiala on May 2, 2023 at 3.30 PM

The committee visited the site of the incident an May 2, 2023 (Tuesday). The committee was
briefed about the incident, The committee interacted with local residents and witnesses of
the incident and spent about 80 minutes at the site. It was informed to the commitiee that
PPCB had already collected samples of sewerage line from the incident site on 30.4.2023
and other nearby locations on 1.5.2023. Preliminary observations of the committee are:

1. Incident happened on early moming of Agril 30, 2023 (Sunday) around 7 AM, as
infermed by the local residents who were available for the commaents.

2 Incident site is surrounded by commercial, residential and tiny industrial
establishments like fabrication units, machining units, buffing/polishing addas, wire
drawing units, Some tiny electroplating units are also reported to be warking in the
vicinity. In front of the incident site, there are number of small food eateries (dhabas
and tea shops). On the upstream of the incident point, there is a cluster of raw fish
and meat slaughtering shops.

3. Brother of one of the victims, owner of Goyal Karyana Store informed us that his
brother suddenly fell unconscious and died near the ‘Haudi' just outside the shop
when he visited the shop. His mother and brother's wife also died on the spot whan
they came down from the house on the first floor of the shop where they lived, on
hearing voices of the passer-byes.

4. It was also informed by the residents that five persons died inside the Aardi Clinic,
located next to Goyal Karyana Store. Some mare people are reported to have died
near the incident site.

5. When our team visited the site, whole of the incident sile was found clean and man-

hole covers of sewerage lines replaced and cleaning of the sewerage line done,
as

Ph, 01E74-292863, 9815653261(M) Website ;- www.shssugsp.ac.in E-mail :ve{ghssugsp.ac.in
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Infarmed by the residents, Further, tha residents Informed us thal the main sewerage
line might have been blocked as it was cleaned with super sucllon machines in the late
night en 30.4.2023. They also lold us that the problem of sewerage line blockage is
common in this area,
6. Poor or no ventilation was found in the residences of affecled parsons
7. We were informed by the people that the cause of deaths could be inhalation of H,5,
as declared by the NDRF and district administration also.

As per the information avallable fo us supported with Chemical Testing Reports (provided by
FPPCB) of the zamples reported above, following are our preliminary findings:

8. Loss of life was due to inhalation of some poisenous gases like Hydrogen sulphide
(H2S) in high cencentration {(more than 700 ppm).

b. H;3 is mainly generated in the sewer from the blochemical degradation of human
excreta, kitchen refuse, detergents, oil and grease, animal waste by microflora of
organisms, which are always present in the waste agueous streams. Where ever there
is blockage of the sewer stream or a sludge deposition in the sewer line, it leads to
anaeroble conditions. Possibilities of accumulation of high concentration of H.S is
highly probable when there is sewerage line blocked. Since the sewerage manholes in
the vicinity of the Karyana Slore and Aarti Clinic were all tightly covered, the sewerage
pipe became a closed chamber leading to accumulation of the H,S gas.

C A high concentration built up of the gas in the underground pipe might have been
triggered by the residents in the affected houses, who tried to clear the blocked
sewerage themselves,

Some additional findings based on the |ab test reports:

1. Low pHin the range of 2.5 reported In the sewerage samples collected from manholes
near the affected site indicated anaerobic conditions in the sald sewer line portion.
pH cenditions are reported to be in the range 4.4 to 5.7 in the upstream and
downstream slrelches of the sewer line, which indicates building up of anaerchic
condition only in the accident area and sustaining in adjeining pockets.

2 High concentrations of sulphides in the range 55-60 mg/L in the affected sewerage
pockets as compared to 6 - 8.8 ma/L in the upstream and downstream pockets might
have come from anaercbic biodegradation of the erganic matter and conversion of
sulphates to sulphides in acidic (low pH) conditions, especially in the focused stretch
of the underground sewer line accompanied with inadaquate siime stripping, long
detention and insufficient design planning of the sewer line. A similar pattern of
concentrations was observed for chlorides, in the relevant pockets.

3. Iron in particle/powder form probably enters in the sewer system from the cottage
industry operating in the area engaged in machining processes like buffing, polishing,

Ph. 01874-292863, 981 5633261(M) Wiebhsite - www.shssugsp.oc.in E-mail :ve@sbisugsp.ac.in
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nut-bolt making, drilling and wire drawing Industry. The lron so enlered In the wastae
siream got accumulaled In the affected pockel due to reasens of sludge solling or
seme other similar reasons. High concenlrations of lron In the range 988-1458 mg/L
In the: affected sowerage pockels as compared le 201 - 333 mg/L In the upsiream and
downstream pockels might have come due to solubliity of the melal in the acidie
condilions converling metal particles to the dissolved aqueous form, Resulls datad
1.5.2023 of adjoining streets suggest low concentration of Iron contents uplo a range
of 8 ppm compared to high conceniration of iron observed in alfecled areas also
indicates accumulation of iron and olhers In & particular stretch. High TDS
(18426ma/L) near the incident point and low TDS (1730 mg/L) upstream supperts the
above finding,

4, Presence of metals, especially iron, zine, nickel chrome or any other heavy metal in
the sewerage sample cannot lead to the generation of H,S, On the contrary, iron and
other metals in the agueous medium or fron salts would combine with sulphide ions
(from H:S or any other source of sulphide) to immediately convert lo highly stable
iron/metal sulphide through an irreversible reaction leading to the formation of
respective metal sulphides. Hence, due to above property of metals, iron, nickel, zing,
chromiun etc. would never be a source of H,S generation, rather are used as H.S
scavengers to remove sulphide from various streams ikely to contain H.S.

5. Moreover, due to the presence of heavy metals including iron, the low BOD is likely
to be observed due to inhibition by these metal ions.

6. In case of a waste water stream In running condilion with proper ventilation of
sewerage network, the generation of H.S at high concentrations are not possible, as
there would not be anaerobic conditions developed in the sawerage line. However,
when blockage is built up and anaerobic conditions prevail, only then biochemical
degradation of organic matter would lead to the generation of gases including H,S.

7. Meatffish slaughtering cluster on the upstream and unautherized eateries in front of
the incident peint centributes to high organic load and might have added to the H.S
generation under anaerobic conditions in the sewer line,

B. Possibility of accidental inoculation with any unknown chemical or material in the
affected stretch of the sewer line could also have triggered generation of any
poisonous gas leading to causalities.
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