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BEFORE THE HON’BLE NATIONAL GREEN TRIBUNAL

0O.A. No. 327 OF 2023

In ref: 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".

Reply in the form of Affidavit by Surabhi Malik, IAS,

Deputy Commissioner, Ludhiana

RESPECTFULLY SHOWETH:-

1. That undersigned is posted as District Magistrate, Ludhiana and thus
filing the reply as Respondent.

2. That Hon’ble Green Tribunal has passed the order dated 02.05.2023 by
relying upon’O.A. No. 327/2023, in the light of media report 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. Further media report dated
02.05.2023 in The Hindu Daily titled “5- members SIT to look into 11
deaths due to gas leak in Ludhiana” suggests that hydrogen sulphide
could have led to the incident. The said gas could be from industrial
waste dumped in the sewerage line. And then Hon’ble Tribunal passed
order that:

“ National Green Tribunal constituted 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
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Corporation, Ludhiana. State PCB will act as ﬁodal agency for
coordination and coﬁzpliance. 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. . .

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 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.

3. It is submitted that Gas Leak Incident happened on 30.04.2023. In this
regard a multi-level Magisterial Inquiry was instituted by undersigned
vide letter No 5318-5321/M.A Dated:-30.04.2023, with Sub Divisional
Magistrate, Ludhiana (West) being the chairperson. Sub Divisional
Magistrate, Ludhiana (West) vide letter no: 2886 dated: 29.06.2023
submitted the Magisterial Inquiry Report for above-mentioned case. This
office has accepted above mentioned Magisterial Inquiry Report and

have forwarded the same to Fact Finding Joint Committee vide this
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office letter n0.8952/M.A dated 29.06.2023 for considefation. ( Attached -
at Annexure - A) .

4.1t is submitted that as per directions received from Hon’ble National
Green Tribunal in reference of Original Application No 327 of 2023, that
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. This office has
appointed Sub Divisional Magistrate, Ludhiana (West) as Nodal Officer
for disbursment of compensation amount.As per report received from
Sub Divisional Magistrate, Ludhiana (west) vide letter No- 3237 dated-
12.07.2023 that the compensation to the next kin of the 8 deceased
persons of Rs. 20 lacs has been disbursed and compensation of Rs. 1 lakh
has been paid to the 4 injured persons in the tragedy. The details of
compensation to next of kin of 3 deceased are mentioned in Para 5.The
detail of 4 injured person, 11 deceased persons and their next kin and
breakup of amount of compensation and is attached herewith (Attached
at Annexure - B) é/\/\

5. As per report received from Sub Divisional Magistrate, Ludhiana (west)
vide letter No. 3237 dated- 12.07.2023, it is also submitted that after the
death of Sourav Goyal and his wife Preeti Goyal their son Yug is the
only heir, so the amount of Compensation of Rs 40 Lac (20 Lac each)
has to be disbursed to their son Yug in the shape of F.D.R as he is of 5
years age i.e minor. Besides, after the death of Kamlesh Goyal Wife of
Ashok Goyal both the sons namely Sourav Goyal (Deceased) and Gourav
Goyal were the heirs of deceased Kamlesh Goyal and the amount of

compensation in the lieu of the deceased Kamlesh Goyal is to be
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disbursed amongst her both sons in the equal share i.e Rs 10 Lac each
since her son Sourav Géyal and daughter in law Preeti Goyal W/o Sourav
Goyal expired in the tragedy, Yug son of Sourav Goyal and Preeti Goyal
becomes heir of Kamlesh Goyal so the amount of compensation @10 lac
is liable to be paid to Gourav Goyal (Son) and Rs 10 lac to be paid to
Yug(Grandson). Thus Rs 50 Lac ( Rs 40 lac on account of death of his
parents Sourav goyal and Preeti Goyal and Rs 10 lac on account of death
of his Grandmother Kamlesh Goyal) is to be paid to Yug. As Yug is
minor (age 5 year only), the case of legal guardian of Yug is yet to be
decided and is under process.It is submitted that the procedure for
payment of compensation to Yug will be completed at earliest.
Hence as requested by Sub Divisional Magistrate, Ludhiana (West)
time of two months be granted to decide the case of payment of

compensation.

. The Punjab Government and undersigned has followed the instruction

passed earlier by Hon’ble National Green Tribunal. In view of the
submissions made herein above, necessary instructions may be passed
and original application no 327 of 2023 may be disposed of accordingly
by this Hon'ble Tribunal. That any instruction passed by this Hon'ble
Tribunal to the undersigned shall be complied with in letter and spirit.

It is, therefore, prayed that the Original Application No. 327 of

2023 may kindly be disposed of with appropriate orders.

Submitted by
(Surabhi Malik, IAS)

District Magistrate,
Ludhiana
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Verification:-

Verified that the contents of para no.l to 6 of the above reply are
true and correct to my knowledge as derived from the official record. No part of

the above reply is false and nothing material has been kept concealed therein.

O

Dated:- (Surabhi MakK, TAS)
Place:- District Magistrate, Ludhiana
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OFFICE OF THE DEPUTY COMMISSIONER — CUM -

DISTRICT MAGISTRATE, LUDHIANA

To

The Chairman,

Fact Finding Joint Committee (FFIC)
Chandigarh.

No:- 8952/M.A 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-level
Magisterial inquiry was instituted by undersigned vide letter No 5318-5321/M.A
Dated:- 30.04.2023, under the Chairmanship of SDM, Ludhiana (West)

Sub Divisional Magistrate, Ludhiana (West) vide letter no:- 2886
dstods 290 6.292:3 :submitted the -magis;terial inquiry report for above-mentioned
case. This office accepts above mentioned magisterial inquiry report and forward

the same to Fact Finding Joint Committee for consideration and necessary action

p'EBSEQ é\}\)‘

Deputy Corr missioner,
Ludhiana
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From
Sub Divisional Magistrate,
Ludhiana (West).
To
The Deputy Commissioner,
Ludhiana.
Memo No - 988 § Dated :- 29/06/2023
Sub.:- Magisterial enquiry report of in Giaspura 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 enquiry into the gas leak incident, which occurred in Giaspura,
Ludhiana on 30/04/2023. The enquiry has been completed on the basis of the
reports of various concerned departments. The detailed enquiry report is attached
alongwith for your kind perusal and further necessary action.

.

Sub Divisional Magistrate,
Ludhiana (West).



15

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 i.e. on 30/04/2023 (Sunday) to the SHO, P5 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;S) 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 (lIP), 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 Sr. Scientist of CSI0, 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;S 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 committee
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. Special/23/01 dated 24.06.2023) Annexure-'C’

'SrNo.  Name of the deceased |_Age | Gender
1. | Sourav Goyal S/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. Kamlesh Goyal W/o Ashok Goyal R/o Lal Chakki, Sua 60 Female |
Road, Giaspura, Ludhiana |
f4. 'Kavilash S/o Chalak Dev Yadav R/o Sua Road,, 40 | Male
! Giaspura, Ludhiana | :
5. Varsha W/o Kavilash R/o Sua Road, Giaspura,| 35 | Female
Ludhiana | |
B Kalpna D/o Kavilash R/o Sua Road, Giaspura, | 16 i Female
_ | Ludhiana :
'7. Abhay Narayan S/o Kavilash R/o Sua Road,| 13 | Male
, ' Giaspura, Ludhiana ' .
'8, ' Aryan Narayan S/o Kavilash R/o Sua Road, Giaspura,| 10 | Male
_ | Ludhiana _. |
9. Amit Gupta 5/o Hariom R/o Giaspura, Ludhiana 25 Male
10, Navneet Kumar S5/o Kumod Kumar Singh R/o| 39 Male
458/4/247, Ward No. 72, Near Masjid, Samrat i
Colony, Giaspura, Ludhiana ;
11.  Neetu Devi W/o Navneet Kumar R/o 458/4/247,] 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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Sr No. | Name | Age Elndur |

i 1. |Nitin S/o Kumod Kumar R/o 458/4/247, Ward No. 40| Male

. | 72, Near Masjid, Samrat Colony, Giaspura, Ludhiana | i -

'2. | Gourav $/0 Unknown R/o Giaspura, Ludhiana 50 | Male |
| Rajesh Kumar S/o Sagar Jaiswal R/o No. 01, Near 28 | Male

| Sitara Cinema, Sua Road, Giaspura, Ludhiana | | N

| 4, | Rubi Devi W/o Hari Chander Shah R/o Kundan Lal 29 | Female
| Property Dealer Makkar Colony, Sua Road, ' |
Giaspura, Ludhiana ‘ _

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

A. Activities after the incid

NDRF Authorities:- (Letter No. 11011/11/Ops/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/SA/ACP 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 ion_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-IIP). Road
gullies were constructed near the manholes to provide road Jalis for effective
dissipation of sewer gases (If any) generated from the sewer lines after the

incident.
B. Techni mm Constituted (A A2

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 (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 to give immediate suggestions for ensuring the safety of public and submit its

3
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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. Magisterial Enqui rd re-A4

Deputy Commissioner, Ludhiana vide Letter No. 5318-5321 dated 30.04.2023
constituted a committee for conducting Magisterial Inquiry 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 ACS-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. Re of Various Departments taken as per the directions of Deputy
Commissioner, Ludhiana

dl  National Disaster Response Force (NDRF) Annexure-B
(Reported as Letter No. 11011/11/0ps/NDRF/2023/1563 dated 20 May 2023)

1. On 30 Apr 2023 at 0820 hours information received through Sh. Sameer
Verma, SP 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 SOs 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 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
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. Asubteam 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 lid of third

K



20

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 buildings in which 04 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 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
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. Details of rescued persons:-

'S.No.| Nameofrescued | Age ‘ Sex |
[ persons Male ) Female |
(a) Raushan Ali 48 Male -
'(b) |ImranAli 17 Male -
(c) [ Trannum Khatun ) 15 - Female
(d) | Araju Khatun 1 14 : Female
I—t;] Shabnam Khatun 11 - " female |
'(f) | sabana Khatun 10 " Female |
(g) | Sabina Khatun 1 07 . . 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, IAS and DC
Corporation Mrs. Shena Aggarwal, who were present at the incident site and
supervised the operation further.

7. Meanwhile as per directions of HQ DG NFRF, a team of 7th Bn NDRF
strength 01 GO, 04 SOs 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 - v detector, it was
revealed that Hydrogen Sulphide gas (H;S) 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.
6
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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 throu er No. /2 4.06.2
Annexure-C

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

On receiving the information about the disaster at Giaspura 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 SPS
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 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
7
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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 received 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 quickly. 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, MS General Surgery, Assistant Civil Surgeon, Ludhiana. Our
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, MS. 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, hemorrhagic mucosal membranes, discolored brains,
discolored lungs of greenish purple color, and generalized cyanosis on the dead
g
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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 received at the civil hospital Ludhiana and 2 dead
bodies were brought by police from SPS Apollo 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.

Post-mortem examination of 10 dead bodies was conducted on 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 received
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 Annexure-1).
d3

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 enquiries 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.

da ol missioner, Municipal Corporation, Zone-C, Ludhia
[Letter No. 35.{15:_(1:: dated 22.05.2023) Annexure-D
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

(i)  No record of building plan of Aarti Clinic, Goyal Confectionary/Goyal Cold
Drink in Municipal Corporation, Ludhiana. (Letter No. 119/ZS/R dated
18.05.2023)

e Building plans of Goyal Confectionery /Goyal Cold Drink and Aarti Clinic
Situated at Sua road Giaspuro Ludhiana (Tragedy 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 Annexure-E

e Sewer connection of Goyal Confectionery/Goyal Cold Drink and Aarti Clinic
Situated at Suo road Giaspura Ludhiana.

As per Municipal Corporation records, Sewer connection of building Goyal
Confectionery/Goyal Cold Drink is in the name of Ashok Goyal and Aarti Clinic is
in the name of Sh. Kamlesh Kumar but there was no record connection of
adjoining house in which the incident occurred. Report attached as Annexure-F
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un I on ia A

(Letter No. 166/PS/D dated 23.06.2023)
The report submitted by MCL regarding its observations and findings is as under:-

rren f even

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.

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 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 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), 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) (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-B1).

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,S 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;S
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
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 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. 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 PWSSB 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.

« 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.

e 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.

e 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

m:mmhmtmrmdtd.
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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 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.

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
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- 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.

ii. It was pointed out by Dr. Lakshmi, Epidemiologist from PGI Chandigarh that no
such report of H,5 death in open space have been reported anywhere in the
world.

iii. 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
13
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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
Iindustries 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-'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 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 liquid 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 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 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,S in the sewer in the area. 16. It s
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
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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 Annexure-K.

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'.

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 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 H2504
and/or HCI, 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
H,S gas in very high concentration from such sewers.

It is relevant to mention that H2S is a diprotic weak acid and even a saturated
solution of H;S 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 H,S in the sewer line in high concentration, leading to immediate
collopse 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.”
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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:

i. 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.

il. We cannot rule out carbon monoxide as a secondary causal agent. CO s
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/$2772416622000808.

iii. Based on the hypothesis that H2S is the primary causal agent, a frontline
response of neutralizing the H2S with appropriately diluted caustic soda has been
advised. This appears to be working based on feedback from the team on the
ground, as ambient H2S 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 H2S 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 H2S, 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 H2S (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. | 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- 0) B 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.

s 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 H25. Iron sulphide minerals, such as pyrite (FeS2),
can release H,S 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 manths in the
area.

¢ 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.

e 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.

e 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 IBR 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.

* |t 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 likely based on reports of high
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concentration of metals & very low pH (showing acidification of the
sample).

e Further, it Is observed that H,5 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 formation, and
indicates occurrence of some sort of chemical reaction.

o Thus after taking 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.

d5  Punjab 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 acid consuming industry was found within 100 metre distance
from place of Incidence.

Letter No, 1898 dated 6.5.2023 (Annexure-H2) in which PPCB has given its
findings on wvisit reports of 22 Industries on 01.05.2023 and 04.05.2023. PPCB
reported that Board of monitoring and taking action against violating 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 Joint team of PPCB and Municipal Corporation, Ludhiana were collected
and sent to Central Lab to PPCB at Patiala. 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 incidence
of Upstream & downstream | Upstream & downstream | Upstream up to 500m&
Industries Upto 50m 50-100m downstream upto 200 m
visited | Total Pickling / Total Pickling / Total Pickling /
water electroplating | water electroplating | water electroplating
polluting | etc. polluting | etc. polluting | etc.
industries | industries industries | industries industries | industries
found found 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 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.

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,S 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 /slow 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,S 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;S, CO, etc. This gas is also a cause of sewer men deaths
across the country as tiny proportions are also considered lethal.

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 opening/ WC opening/ wash basin drains may have acted as a reverse
ventilation pipeline dissipation of H;S 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,S 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 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.
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The Government of Punjab, Department of Science, Technology and Environment
has issued directions vide memo no. 10/228/2019/STE-5/594066/1 dated
10.10.2019 u/s 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 of
enhancement of existing connection to municipal sewer for
discharging industrial effluents.

Final b Pollution Col
Y 6 dated 21.06.202 Xur:

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 [H55)] 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, 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 H2S gas in sewer lines.

Mechanisms for the creation and release of H2S 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 H2S 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=>» $2-+ H20 + CO2
§2- + 2H+= H2S,

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,
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3.%

Blocked Air Vents, Clogged Drains, il 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, tim for H2 ration

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 Queensland
Water industry operation conference and exhibition, USA). This graph further
depict that even at pH 5, 100% of Sulphides get converted to H2S. This implies
that majority of the Sulphides are converted to H2S at pH 6 and there is no special
requirement of very low pH for generating high concentration of H2S as all the
H2S exist at pH of 5

5. velo nt of anaerobic conditions and ration of Sulphuric acid in
i itions in ers through Bio-chemical Oxidation as refl cted from

nalysis results.

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 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 H2S, 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.

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

(Source:- Paper published by Jason Kane in Queensiand Water industry operations

conference, Paper published by Concrete pipe Association of Australasia, Poper
21




TR = B N R

36

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. 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 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 H2S. On the contrary, iron and other metals in the
aqueous medium or iron salts would combine with sulphide ions (from H2S
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 H2S scavengers to remove sulphide from various streams likely
to contain H2S.

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
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 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 pﬂiﬂt of incidence.

During the visits, 179 establishments including residential and commercial were

inspected. Out of these 179 establishments, 22 industries were found water
F ¥
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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, 6 tiny pickling units have total effluent generation of 17.5 KLM
(Average 0.7 KLD). All 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
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.

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 manholes.

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/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 q(5.7). Therefore, contribution of the
industries from nearby vicinity, seems not possible.

Comments on_the analysis results of the samples collected by Punjat
Pollution Control Board as per final report dated 21.06.2023 Letter No. 2963

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

manholes of sewer line immediate near to the affected site and thereafter
23
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the samples were also collected from branch sewer lines. The details are as
under:-
Ref. | Sampling Location | Reference w.rt Time I Sample
No. | zero point | no.
(incident point) | 1V Y
Jl A From Manhole Opp. J-aﬁir_'rﬁp;trea_m near to 01:00 PM 5-3 |
Building Material Store incident point ) 4
B From Manhole Near Immediate 11:30 AM $-1
 Transformer, Qutside Saroj | Upstream the 12:20 PM | A-1 ‘
. Beauty Parlour incident point o |
C From Manhole in the front | Immediate u/sthe | 04:30 PM 5-5
of Nitco Logistics (P) Ltd, incident point |
Near Transformer - _ 4
D From Manhule_o_p-ﬁ._ﬁarti Opp. to the 12:40PM | 52
Clinic incident point. o
E TFrom Manhole Opposite | Immediate d/s the | 01:40 PM 5-4
Dharam Kanda near Punjab | incident point
Emporium)

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 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/septic conditions
in the affected stretch.

i rces responsible for H icl at the si

a) Densely Populated Vicinity:- The Area is 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 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 which leads to choking

and heavy accumulation of organic matter.
24



T—

39

8. Sources responsible far accumulation of H24 in alfected pockel

Initial discussions with experts revealed that (n case, waste waler stream in a
sewer line remains In running condition with proper ventilation of sewsge
network, the generation of H2% at such a lethal concentration is not possible ss
there would be no anaerobic conditions developed In sewer line, which 1s & pre
requisite for generation of H2% gas However, In case there 1s @ bulll up of organic
matter due to blockage/stagnation In sewer/ slow velotities of sawage/ Il
designed sewer, thare Is possibility of sludge/stime formation, only then Blo:
chemical degradation of organic matter would lead to the genaration of gases like
methane and H,5 Even If, the W,5 generates and proper vants are avallable, the
chances of accumulation of H,5 at such high concentrations 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 H,5 gas in the alfected 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 avallability 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 H25 built up was there even after
caustic dosing in the evening. This clearly shows development of anaeraobic
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 unsclentific 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 H2S in the affected premises. Poor ventilation system particularly in
the affected houses might have affected the dissipation of H2S gas and have
aggravated the situation. No 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
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
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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 offected stretch

Inadequate slime stripping and slime deposition in the sewer line is one of the
main reasons for accumulation of H2S 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.

9. 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 Technology (TIET) is attached alongwith the
report.

8. 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 various 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,S gas at the point
of incident is due to the anaerobic biochemical degradation of Organic matter and
not due to discharge of industrial chemical effluent as described above.

d6 Central Pollution Control Board Report
| D J

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.
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Presence of sulphide in sewer water as H,S is due to biochemical reduction of the
sulphate present in water. The ratio of Sulphur (S). Hydrosulphide (HS) 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 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 H250.
and/or HC|, end up generating hydrogen sulphide (HS) 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,S gas in very high concentration from such sewers.

It is relevant to mention that H,S is a diprotic weak acid and even a saturated
solution of H,S 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,S 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.

d7 Central Scientific Institute of Research (CSIR)- Indian Institute of
Toxicol -

th. h mail on Ju 23 re-K

» Hydrogen sulfide (H,S) 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 a sewer system, It s 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 migroblal reduction of sylfate ions.
When there Is a lack of dissolved oxygen and the presence of solyble
Biological Oxygen Demand (BOD), bacteria like Desylfovibrio desulfyricans
(SRB) and other sulfate--reducing bacterla (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 gonfined 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
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
vessels are particularly prone to the formation of a greasy sludge film, which
further promotes the production of hydrogen sulfide. Additionally, blockages
in_ventllation components increase the risk of hydrogen sulfide back-
-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 undetected dissolved H;5 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
"soda--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 in 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;5.

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 H,5 production.
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The increased H,5 production during heavy rainfall can raise the likelihood of
H;S leakage and exposure In sewer systems. If the sewer infrastructure is
damaged, malfunctioning, or not properly sealed, the H,S gas cane scape in
to 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 H,S inhalation,

Meat shops often generate a significant amount of organic waste, including
trimmings, blood, and other byproducts. These grganic materials are rich in
proteins and can contribute to the production of H;$ 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 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 H,5 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.

The combined effect of heavy rainfall and the presence of a nearby meat
h n risk of H2S formati w Jtis
important to monitor and manage these factors effectively to prevent the

accumulation of H,S 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.

ir i
(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.

Fe
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ANALYSIS ON REPORTS SUBMITTED BY VARIOUS STAKEHOLDERS
AND INSTITUTIONS

The undersigned has thoroughly examined the various reports recelved from all
the stakeholders and members of multi-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 points.

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 incongruencies 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. ions by vari keholde i
day of the incident

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

¢ There were no vents in place in the manholes.
¢ The buildings were highly congested and cross-ventilation was negligible.

« In the residential building 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
members of the family had been found tragically deceased.

e There was heavy rainfall on the previous day.

e 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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» 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,S 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 building upstalrs survived. This adds on to the theory of
formation of a deadly gas blanket with highest concentrations at ground
level as H,S gas is typically denser and heavier than air. Amongst the
sewer gases, H,S fits these characteristics the best.

e 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 Mohali
showed, unnaturally high amounts of iron were detected in sewers at 2
particular manhole points in proximity to tragedy points (718 and 899 mg/I
as opposed to general standards as per Environment Protection Rules of 3

mg/l).

B. P f incongruence in r recel f

Committee

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
n
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physical attributes of the sewer systems may be further examined. The gradient
and slope 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.

S042-+ organic matter + anaerobic Bacteria — S2-+H@) + CO2
52-4+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;S 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,S, but would rather aid
in its abatement.

(iii) 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 H2504 and/or HCI, end up generating hydrogen
sulphide (H;S) 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;S gas in very high concentration from such sewers."

32
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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 that excess
generation of H,S 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
Iron & organic sludge on that day.

(iv) On pH levels: CPCB in its report, claims that H,S is a diprotic weak acid and
even a saturated solution of H,S 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.

Meanwhile, PPCB 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
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3
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 is no reliable proof to
determine whether this was on account of structural incongruencies of sewer
lines at those locations or on account of a 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
disposing 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,S,

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

combined with the peculiar sewer conditions, lack of sewer vents and past rainfall
44
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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 quite 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.

None 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 no monetary compensation and
future preparedness can assuage.

Suggested remedial measures :-

From CSIR-ITR, Lucknow

()  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,S gas.

li) ~ Monitoring: Implement a comprehensive monitoring system to
continuously measure H;S levels in relevant areas. This can invoice the use
of gas detectors or sensors that provide real-time data on gas
concentrations. Regular monitoring allows for the early detection of H,S
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,S leakage. This
includes checking for damage, loose connections, or blockages that can
contribute to gas escape.

(iv) Proper Waste Management: Effective waste 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.

From Punjab Pollution Control Board:

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

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

From Municipal Corporation, Ludhiana

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

2. 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.

3.  Proper plumbing systems should be adopted in households/buildings, i.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 pipes/exhaust fans should be
installed for a proper ventilation system.

Other important suggestions by inquiry magistrate:

1. 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.

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

3 A public advisory on understanding/detecting the symptoms of presence of
bodily toxins and adequate emergency response training must be taken up.
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4. Unauthorized and illegal 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. @R-

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

_--—______ == ___—————l—
ORDER:

Immediately afler the gas leak incident was reported at around 7:30AM on
i‘:“-ﬂ*-lﬁ?l. senior officials of Distri%:ladmininmﬁm. Police Commissionerate, Municipal
Orporation (MC), Ludhiana, medical teams and forensic experts, as well as the 13th NDRF
lon stationed at Ladowal, Ludhiana and 7th Battalion, NDRF stationed at Bathinda rushed

to the spot. The affected area was evacuated 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 1pm onwards on 30.04.2023
(Sunday). At 1pm 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 Ray, former Director, Indian
Institute of Petroleum (1IP) and an expert, the decontamination of the area with diluted caustic
soda 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 H;S inside the one (01) manhole near Aarti Clinic, Giaspura, was 2 PPM, while CO level was
Zero. Inside the other remaining six (06) manholes, both the H;S and CO was Zero. As per the
report of NDRF, after this, the H,S levels in the ambient air were recorded as Zero.

y Keeping in view that the levels of H;S and CO have fallen to Zero in six (06)
manholes and 2 PPM in the 7th manhole at 4PM on 01.05.2023, 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 entrusied with the task
of physically checking the area still cord off by the Police i.e. 25 metre radius from the
affected area for other factors affecting the u.fg? of residents, give suggestions, if any, to ensure
the safety of public, and submit its report thereof to ADC, Khanna by 01.05.2023.

Pursuant to the issuance of the above Order, the Committee 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 Committee made the following suggestions 10
prevent occurrence of such an incident in the future:

(i) The buildings should have pl'i_:-\'iiiﬂﬂ for proper cross-ventilation so that there is
no possibility of any suffocation.

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

(i), With regard to the mfin sewer, the Committee suggested that all the manholes in

thuffe:tudmshuuldbcpmﬁdudﬁﬂlmdmllcﬁmwmmn:mﬂmme
sewer gases, which are fumudhnid:th:mpipes,mdimhupdﬁnm
road gulleys or vent pipes.

3 A report as to the law and order situation in the affected area was taken

Office of Commissioner of Police, Ludhiana. ADCP (South), Ludhiana, i:‘i‘ts mpmﬁ‘u‘:‘nu;lh‘;
Office sent vide No. 309/5A/ADCP South Ludhiana dated 02,05.2023 has reported that an FIR
No. 112 dated 30.04.2023 u/s 304 of IPC was registered at PS S : i

case is ongoing and all possible angles are being probed, The situation in the r::zjﬁz:ﬁi e



o Keeping in view the NDRF Report as per which the HyS levels in the ambient air
J.‘m":" recorded as Zero at 4PM on 01.05.2023 and llwp::pun of the police todsy mentioning “‘:
law & order situation in the affected area as peaceful, the cordon is, hereby, ordered 0
removed in the affected ares in Giaspura, Ludhiana with directions 10 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 2 (iil) sbove.

~ Furthermore, the residents of the area are advised to carry out the s 50
by the Technical Committee at pura 2 (i) and 2 (ii) before occupying their houses.

Y

| “Deputy Commigsidner,
Ludhians

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

A copy of the above is forwarded 1o the following for information and necessary action:

| 8 Commissioner of Police, Ludhiana

2 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.

Civil Surgeon, Ludhiana

ADC, Khanna

SDM, Ludhiana (West)

ey

ﬂ%put}' Cﬂ%-

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

———

ORDER:  Constitution of Committee of Officers for conducting multi-sectoral
Inquiry into the incident of Gas Leak at Giaspura, Ludhiana today
“WOFHIng T.e. on 30.04.2023

In view of the gas leak incident that took place in Giaspura, Ludhiana at around
8.15 AM today mormning i.c. on Sunday, 30.04.2023, a Committee of the following officers is,
hereby, constituted, for conducting multi-sectoral inquiry into this incident:

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

& “Mr. Kulpreet Singh, PCS, Joint Commissioner, Municipal Corporation (MC),
Ludhiana (Mobile No, 98558-83389)
Mr. Vaibhay Sehgal, PPS, ACP (Zune-2), Ludhiana (Mobile No. 98150- 02180) >~
Mr. RK Ratra, Superintending Engineer, PPCB, Ludhiana (Mobile No 98?39:’.‘,«

50529)

: Mr. Paramjit Singh, Superintending Engineer, PPCB, Ludhiana (Mobile No.
98759-50532) e

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

-

The above-said Committee shall conduct thorough probe into the cause of the
incident and submit its report by tomorrow i.e. by Monday, 01.05.2023.

—
ADC (Gene .-l)é)
Ludhiany

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

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

action:

. Commissioner of Police, Ludhiana

2, Commissioner, Municipal Corporation, Ludhiana

3. Chief Engineer, PPCB, Ludhiana

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

compliance

31
ADC (General),
Ludhiana
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OFFICE OF THE DEPUTY COMMISSIONER - CUM -
DISTRICT MAGISTRATE, LUDHIANA

To,
ACS-cum-Financial Commissioner (Revenue),
Department of Revenue, Rehabilitation & Disaster Management,
Government of Punjab, Chandigarh

No. 5372 | MA, Dated: 02.05.2023

SUBJECT: Third & Final Report on the Gas Leak incident at Giaspura, Ludhiana
(Punjab) at around 7:30 AM on 30.04.2023 (Sunday)
Reference:  (i).  First Report on the above incident, which was sent vide No. 5331/MA
dated 30.04.2023
(ii).  Second Report on the above incident, which was sent vide No. 5357/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 Office vide this office letter bearing No. 5331/MA dated
30.04.2023 while the Second Report was sent vide letter bearing No. 5357/MA dated 01.05.2023.

. As reported in the First Report, immediately after the gas leak incidemt was
reported at around 7:30AM on 30.04.2023, senior officials of District Administration, Police
Commissionerate, Municipal Corporation (MC), Ludhiana, medical teams and forensic experts,
as well as the 13th NDRF battalion stationed at Ladowal, Ludhiana and 7th Batalion, NDRF
stationed at 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 |pm onwards on 30.04.2023
(Sunday). At 1pm 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 Ray, former Director, Indian
Institute of Petroleum (1IP) and an expert, the decontamination of the area with diluted caustic
soda 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 H;S inside the one (01) manhole near Aarti Clinic, Giaspura, was 2 PPM, while CO level was
Zero. Inside the other remaining six (06) manholes, both the H;S and CO was Zero. As per the
report of NDRF, after this, the H,S levels in the ambient air were recorded as Zero.

3. Keeping in view that the levels of H;S and CO have fallen to Zero in six (06)
manholes and 2 PPM in the 7th manhole at 4PM on 01.05.2023, 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 i.e. 25 metre radius from the
affected area for other factors aﬁmmmm—,r
ihe safely of public, and submit its report thereof to ADC, Khanna by 01.05.2023.

o rsuant 1o the issuance of the above Order, the Committee officials visited the
affected area on 01.05.2023 and inspected the three (03) buildi hare the incident bed
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 wﬂhlm neither have
vent pipes nor exhaust fans. One drainage vent was found inﬁdethcmndumfll_mmunhe
building of Aarti Clinic, which should not have been there. Furthermore, these buildings are very

S

e
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congested. In view of the above observations, the Committee made the following suggestions to
Prevent occurrence of such an incident in the future:

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

(i1). Washrooms should have exhaust fans and vent pipes so that the gases may be
discharged.

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

the affected area 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 to this
Office sent vide No. 309/5A/ADCP South Ludhiana dated 02.05.2023, has reported that an FIR
No. 112 dated 30.04.2023 w's 304 of IPC was registered at PS Sahnewal. Investigation in the
case is ongoing and all possible angles are being probed. The situation in the area is peaceful.

Keeping in view the NDRF Report as 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 police cordon - which, on the day
of the incident i.e. on 30.04.2023, was of 250 metres radius from the affected area and was
subsequently reduced to a radius of 25 metres from the affected area yesterday 1.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 10 carry out the tasks suggested by the Technical Committee at para 4 (i) and 4 (ii)
before occupying their houses.

6. In the meanwhile, it is worthwhile to mention here that the Hon'ble 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 issued an Order in Original Application No.
327/2023 dated 02.05.2023 wherein an eight-member fact-finding joint Committee to be headed
by Chairman, Punjab State PCB, has been constituted with further directions that the Committee
may meet 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 heirs of 11 persons who have died, deducting the
amounts, if any, already paid within one (01) month. The Committee has also been directed to
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.

Deputy C i >
CE"’ Lut:lwﬂ

Endst. No. 5373 /MA, Dated: 01.05.2023
A copy of the above is forwarded to the ACS to CM, Punjab, Chandigarh for kind

information, please.

Deputy Com er,
Ludhiana
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From : ngtgasieakic@gmait.com
Subject : Fwd: submission of report
Y0 : gumam <gurnamsingh, cpch@nic.in> rpbd@iitrindia.org, director@itrindia.org, Sheelendra
Pratap Singh <sheelendrailtrres.in>, PGIMER Chandigarh <pgimer@ichd.nic.in>, pvim lakshimi
<bvim_lakshmi@yahoo,com, dg ndrf <dg.ndrf@nic.in>, uttamchand2115@gmail.com, Surabhi
Malik <de.idh@punjab.gov.in>, commissionermecl@gmail.com, msppch@gmail.com

 ceeludhiana@yahoo. ppcbzol idh@gmail.com, seezoZidhppch@yahoo.com,
dﬂrmrmommh -

Cc

Ihe mail is forwarded in reference to Letter no. 14223-29 dated 20.06.2023 and email dated 22.06.2023
——— Forwarded message —-

From: Chairman PPCB <chairman. et poch®punjab.gov.in>

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

Subject: Fwd: submission of repart

To: ngtgasieakific <ngtoasieakffc@omail.com>

From: “SUNIL DUTT" tw
To: "Chairman PPCE" <

Sent: Saturday, May 20, 2023 7:04:01 PM
Subject: sibmission of report

SIR,
PLEASE SEE THE ATTACHED FILE.

o~
[om=
Azadi Ka

AmritMahotsav

W uﬁxﬁfuﬁi

Thu, Jun 22, 2023 06:24 PM

&4 attachments

Q&L&)

or e

2
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. /
k13.ndrf in
13" Bn NDRF
Ladhowal Camp
Ludhiana(Punjab)
PIN- 141008
. 11611 11/0ps NDRFI2023/15€ 2 do May 2023
Chairman
Punjab Pollution Control Board
Email - chanman ptl ppcb@punjab gov.in

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

naarey

Commandant

Encl - As stated above Commandant 13" Bn NDRF
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_ All of them were rescued and evacuated safely from incident site and handed over to
VI administration. Another team under Insp (GD) Lal Singh Sukhwal assisted civil

:t:::;stratmn In evacuating the persons of nearby houses to safer areas Details of rescued
a-

S/No |Name of rescued persons Age Sex
s Male Female
(@) |Raushan Al 48 Male -
(b) |imran Ali 17 Male -
(c) [Trannum Khatun 15 - Female
(d) ju Khatun 14 - Female
' (8  IShabnam Khatun 11 - Female
l (f) |Sabana Khatun 10 - Female
| (g) [Sabina Khatun 07 - Female

6. Commandant 13" Bn NDRF also reached at incident site at around 1200 nours and took
the stock of situation. He discussed with Commissioner Sh. Mandip Singh, Commissioner

Ludhiana, DC Mrs Shurbhi Malik, IAS and DC Corporation Mrs Shena Aggarwal, who were
present al the incident site and supervised the operation further.

T, Meanwhile as per directions of HQ DG NDRF, a team of 7" Bn NDRF strength
01 GO D4 SOs and 25 Rescuers also reached incident site at 1330 hours under supervision of
Sh. Santosh Singh, Commandant 7" Bn NDRF alongwith Gas Alert Micro - V detector

On testing through Gas Alert Micro — V detector, it was revealed that Hydrogen Sulphid gas
(H28) has contaminated the air and caused the incident. Imitally 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.

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

\3 '_I (Uﬂaﬁerifra

Commandant
Commandant 13™ Bn NDRF

e
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IASPURA, LUDHIANA (PUNJAB) ON 30 APR 2023

formation received through Sh. Sameer Verma, SP
Ludhiana (Punjab) by Sh. Uttam Chand, Commandant 13 Bn NDRF about Gas leakage incident
which happened in Giaspura, Sua Road, Ludhiana (Punjab) in whad’? 04 persons found spot
dead and 02 were seriously affected. SP asked for NDRF assistance immediately and he also

told that type of gas and source of leakage is not known till now

! Un 30 Apr 2023 at 0820 hours In

2 Accordingly, a 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 left 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 mirs 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 sub leam 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 lid of third manhole was broken NDRF team adviced
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 buildings in
which 04 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 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 suspecied o be inside the room

Matter was irformed 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 maie. one female and their 05 children aged approx 07 years to 17 years were found hiding
nside the room due to fear of incident.

1






Annexure

- OPERATION GAS LEAKAGE INCIDENT AT GIASPUR:) &

PHOTOGRAPHS O
LU ( ) ON 30 APR 2023 : 13™ BN NDRF

DHIANA (PUNJAB) O
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Day of incident, 30/04/2023 team performance, department of
health, Ludhiana , Emergency response

Dnuum“”m%m;mmtmlmﬁmmmd
'mmm'ﬂkﬂﬂoﬂﬁzmm.Emwmuﬂmmmm
immediately. Civil surgeon Ludhiana personally monitored the teams and led the way by

mmmmmmummumm Ludhtana, to be equipped lo
handle the emergency.

’

Enmﬁlmrupomo 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 trealment 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 hospltals like SPS Apolio/

Oswal Hospital. There was no hassle reporied 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 experl gave his input to evacuate the area, and assisted the
administration to take steps lo 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 ges and i's loxic nature. Kept a
constant louch with the team no 2, the team of multl-speciallst doctors for the Ireatment
of the victims established back at the base thal Is DistricUCivil Hospital Ludhiana and
gave valuable inpuls to analyze the signs and symploms of the victims and findings of

the dead bodies. Our team drew a hypothesis of Hydrogen sulfate polsoning and toxicity
of methane, etc., by 8.30 AM only,

LS

(¥ Scanned with OKEN Scanne
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r
/mmmmummuzmm. d
m.mmmwmmnpwm

Tmmhuﬂuhthmfmnofmmwm“-
mnhhbwmmmaMMumeyhm.

Team No. 02. Emergency treatment team.

m.&mmfm.mw,wm,mwumm.
Or. Amandeep Kaur, MD, Medicine, medical officer, CHC Dehion and
D:.Hmm,ﬁnc:pmw,

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

5.n0 | name Presenting Treatment | Investigations Other
symptoms and results
*1.| Unknown | 08.10 AM- Medicine/ CBC- WNL Date of
later Suffocation due to | eye/ LFT -WNL admission
identified | gas leakage, Continuous | RFT -WNL 30/04/2023,
as M. | imitation of eyes, | oxygen ECG-  SINUS | 08.10AM
Nitin blurring of vision, | inhalation, | TACHYCRDIA | CR
Kumar unresponsive, Steroids, ABG- WNL soatn,
Slo + GCS 09/15, Antibiotics S.ELECTROLYT Discharged
Parmod | E2V2MS5. and ES- WNL. 01/05/2023
Kumar, |BP 150/110 symptomatic in  stable
40/m, SP02-98 % treatment. condition.
rio PULSE 99/MIN !
Glaspura | 09.15 AM-
: 120/80, SPO2- 100

%

PULSE 105,

Now fully conscious,

alert, responsive lo

commands, irritation

in eyes minimal,

10.45 AM, GCS

M .

s, Y
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15, alert,
12.30 AM- GCS

16/15, alent, m

i

08.10 AM-
ﬁuﬂmmdun to
Qas \
Iritation of eyes,
blurring of vision,
unresponsive,
GCS 00/18,

45 | E2vawms,

BP 142/98
SPO2-88 %
PULSE 87/MIN
Rbs 220 mmol,

I

I

09.10 AM-
132/103,

SPO2- 100 %,
PULSE 87,

Now fully conscious,
alert, responsive lo
commands, irritation
In eyes minimal,

10.30 AM, GCS
08/15, alert.

12.30 AM- GCS
15/15, alert, better.

6.20 PM- stable.

Madicine/ |
eye/
Continuous

oxygen
Inhalation,
Sterolds,
Antiblotics
and

symplomatic
treatment.

LFT -WNL
RFT ~WNL
ECG-

ABG- WNL

ES- WNL,

[CBC-WNL — [Dae —of

SINUS
TACHYCRDIA

S.ELECTROLYT

- —

mmwmnpbmqumuwmmmmm“

reversal was done successfully.

munm'mmmmuunwnr.mmmmuummmuﬂm

mhmmmmmhmw
Quickly. The vast experience of our medical speciallsts and
helped thesa patients/victims tb come out of the toxic effects of

.

the probable cause very
other paramedical staff,
toxicity of gases.

-
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rgery, Assistant Civil Surgeon, Ludhiana, Our
Madicolegal team was constituted and put Into action for the necessary examination, As
Inquest papers regarding the deaths of the ten peoplg
. A board of doctors conslsting of Dr. Charan Kamal,
MD Forensic Medicine, and Toxlcology, Medical Officer, civil hospital Ludhiana, Dr.
Saurav Singla, MS. Orthopedics, medical officer Civil Hospltal 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, hemomrhagic mucosal
‘membranes, discolored brains. disco or

Siscolored brains, discolored fungs 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

for the type of gas/ poison for the Histopathology examination from the Govemment
Medical College Rajindra Hospital Patiala,

mmwmmhmw.ﬂummﬂmwﬂwm.mﬁm,
wmmmmm.mmmmmmmaww
hydrogen sulfide and the symptoms described by the patients/ victims at the hospital in
the form of headache, imitation in eyes, confusion, irritation in the oral mucosa, falling
saluration, breathlessness (and even unconsciousness in one patient were also,
suggestive of hydrogen sulfide and methane toxicity.

mwm&anmmmmm;.mmamsmhm
discussion with higher officials of the health department, the department of medical

education and research, the head of the depariments of various specialist departments
of Government Medical colleges of Patiala/ Amritsar, etc,

Thundhnﬂwaﬂnﬂanlmmﬂmemncylnmufﬂummmhdh
hmoflmpudousﬂvﬂandﬂumnphﬂmufﬂumdm

m.mmmmwumimmmnmmumm
m“nmdm.womwmumnmm.m

mwnmmamuanmmummtudunmm
mmmmnmm.
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mrm“ﬂ physicians an
did a commendable job by

In total § dead bodies were
were brought by police from

bodies was done at civil h
police with due respect. .
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d other paramedic staff of Civil Hospital, Ludhiana

W“ﬂﬁlﬂofpllllnhfnruhourl.

received al the civil hospital Ludhiana and 2 dead bodies
8PS Apollo hospital. A postmortem examination on all 11

wmmdhﬁcﬂymMMmlmﬂdm

ospital Ludhlana and dead bodles were handed over to the

Postmortem examination of 10 dead bodies was conducted on 30/04/2023, by board of

doclors and cause of death
HALATIEON

PRMR/CXL/199/73 Mr. SAURAV GOYAL

Mrs. KAMLESH
GOYAL -

PMR/CKL/197/23 Mr. ARYAN

PMR/CKL/196/23 Mrs. VARSHA DEVI

Wir, KAVILASH

PMR/CKL/194/23 Ms. KALPNA YADAY

Mr. ABHAY
WARAY AN

Vearis)s12 Monthishs— Dayslale- o o n
Year{s)j=35 Month{s}s— Dayifs)s- SUA ROAD
- ; GIASPURA
Yeur{s)=35 Month{sjs— Days(s}s- SUA RDAD
o GIASPURA
Yaur{s)=12 Month(s)s— Days(s}s- SUA RDAD

Yaar{s}a16 Manth{i}s— Caysls)s- SUA ROAD
- GIASPURA

was declared “THE CAUSE OF DEATH, IN THIS CASE, IS POISONING

i’
o W BE DECLARED AFTEK RECEIVING

Pusjah Fraane O MY

r
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Status report, 23/06/2023
\tis 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
Chemical Laboratory Kharar.

.T__.w:;.e it s it [ W],..,.,....
=

Mol AR Pes

L.M. Civil Hospit
Ludhinna,
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Emergency response team performance. department of health, Ludhiana

:“ receiving the information about the disaster at Giaspura with the incidence of

_ | toxic gas leakage at 8:00 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 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 SPS Apolla/
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 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 anc symptoms of the victims and findings of
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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 tuntil4 PM.
form of headache and confusion were

for the Minor toxicity effects in the .
e el d [tations were provided by the teams.

seen in the local population. Medicines and consu

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 received two victims and nine dead bodies during 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 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, MS General Surgery, Assistant Civil Surgeon, Ludhiana. Our
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, MS Orthopedics, medical officer Civil Hospital Ludhiana, Dr Geetanjali
Kalyan, an Emergency medical officer was framed. This team observed that all the
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\em e have almost similar findings of asphyxia due to inhalation poisoning. As they
N9 pale faces, congested conjunctivae of the eyes, hemorrhagic mucosal

MEmbr?nas. dismw brains, discolored lungs of greenish purple color, and
generaized Cyanqs:s on the dead 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 received at the civil hospital Ludhiana and 2 dead bodies
were brought by police from SPS apollo 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 respectL

And made reversion of toxicity of two victims successfully.
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Department of Fathology
Government Medieal ‘ollege, Patiala

MLC 14423
Dated- 11 05 12}

Drspatch No. . 616 m

1o, Dr Sauray Singla/ 1y CGeetanjall/ Dr Chary
MO, LMCH., Ludhiana

Subject; ""‘H'hhlk‘ll Report of viscera ( whole heart, part of both lungs, part of liver, part of

dneylol deceased Aryan s'o Kavilash Kumar, vide PMR No. PMR/CKL/19772)

¥ and brought in a seqled jar with | seal along with sealed envelope with 6 seals by SC
Deepak/3879 and received by Dr Arpita JR Pathology in the department on $/5/23,

Komal

= 0.7 em, Thickness of Right Ventricular

* pant of lung - measuring 10x6x5cm, weighing 50
ghing 50 gm. Liver: Plﬂnfiivummnrhlhluim

weighing |"ﬁlrmll'r|lw¢iﬁdplnnfhmhhidnqml'mufkiﬁnymumilixlﬂn.

50 gm. I"Mnol'kiduey measuring 3.5 x 3x I.5cm, weighing 20 gm. Spleen: Received par of
lplnnm-iq?:n!m.wilhiusum.

MICROSCOPIC WATIDN
Heart, Coronaries and Aorta: Representative sections are W"M.HLM

sections from both parts show ittense congesfion of blood vessels and interstitial edema. Part of
Kidoeys: Representative sections from both pans of kidneys show focal

g
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T Th




it
L3
fress waws,
—— Bftorar
mlhhnzz (daih)
farmr: -

Case report of Gas Leak Victims on DATED 30/04/2023
TEHT: - iy H @ 2dEfsa Hew @ miu e

?uﬂaaﬁ#%mmm»w:ﬂﬁﬁﬁﬁan_m.zuzaﬁ
mﬁammm;mmmmmnﬂm
nm.ﬁ:ham.mwm,ﬁﬂmmﬁm
ﬁmﬁﬁmm.aﬂmﬂvﬂmm&.wsﬂﬁhm
mmmmmﬂwmﬁamwmm.

fire® maws,
s le Bftorar |
o
\0

e X

L



86

FAAeef/23.22.99 firsft: 26-06-2023
e fed

fre® mews

Bftprar
femr: Case Report of Gas Leak Victims admitted at CH, Ludhiana on 30-04-2023
T fres Fews, sftmre t @ gudt nrewt Bt

Gudas felt 3 Ied nrdts niry #t @ 28 Qa3 Wt @ 3R foilee fanrg wes wet
faar famr 1 fam midt fosomene 48 . wmfiz &9 (ies) & f8d saret ot A

Guat ¥@ 7 fouve R =t 3 §u vy # § yo gu ¥ fem UsT &= 34 wed goor »3
»ETSS arewvEr BET W A 9

feg e |



87

. Gaurav, 45/ Male was admitted at CH Ludhiana vide Cr. No. 9880/23 on dated:

V]

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, 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.

. 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.

UR
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MOHANDAI OSWAL HOSPITAL

{Unit of Mohan Dal Cswal Cancer Trestment & Research Foundation) Q
{A CHARITABLE INSTITUTION)
G.T. ROAD, SHERPUR BYE PASS, LUDHIANA-141 009, PH. : 0161-2676100, 5224444, 5004534, 38, 40.
To E-mall :- contact@moh.org.in + Website :- www.moh.org.in
Civil Surgeon Office
Ludhiana

Subject:-Medical Fitness of patients admitted with Gas inhalation at Mohandai Oswal
Hospital, Ludhiana, who were discharged at stable candition withIND PHYSICAL INJURY.

This is to state that Patient-Ruby Devi, CR No-761475, Age-29/F, came to Mohandai Oswal
Hospital emergency on 30/04/2023 at around 8:30 am with history of inhalation 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 E2V2MS, vitals were BP-110/70, PR-90/min, Temp-
97.8, RR-14/min, SPO2- 96%. Patient conservatively managed and treatment incorporated
accordingly. After 30 minutes patient GCS improved to EAVSME. Patient UPT came out to be
positive in view of that Gynae consult was taken and no active intervention was advised.
Patient was managed with IV fluids, antibiotics, high flow 02 support, and other supportive
measures. On 1/05/2023 patients vitals were stable , was conscious , oriented and being
discharged in hemodynamically stable condition.

This Is to state that Patient-Rajesh Kumar, CR No-761474, Age-28/M, came to Mchandai
Oswal Hospital emergency on 30/04,/2023 at around 7:20 am with history of inhalation of
unknown gaseous substance after gas leakage at Goyal Kiryana store. At the time of
admisslon, patient was not evidenced with any physical injury. Patient became
unconscious, post inhalation, was agitated. On admission patient vitals were, BP-140/92 ,
PR-72/min , RR-20/min, 5PO2-96%, Temp-57.2. Patient conservatively managed and
treatment incorporated accordingly. Patient shifted to MICU at around 2:30pm on
30/04/2023, patient was managed with appropriate antibiotics and treatment. Patient
gradually improved, conscious, oriented hemodynamically stable and was discharged on
01/05/2023.

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

Regards

Dr Shally

Director- Medical Services

Mohandal Oswal Hospital

GT Road, Sherpur Bye Pass, Ludhiana - 141 009.

Mobile No - 9876234631 [ —~ I l
drshally@moh.org.in k :
Director e :u:cl:: .
a .
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From
Assistant Commissloner of Police
South, Ludhiana

To
Sub Divisional Magistrate (West),
Ludhiana

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

Memo M-Hﬂéﬁ&}&a&»ﬂﬂw

Sir, )
It is respectfully submitted that in this connection a criminal

case bearing FIR no. 112 dated 30.04.2023 w's 304 IPC was registered at
PS Sahnewal, District Ludhiana which is still under investigation.
Unfortunately, due to this poisonous gas tragedy, 11 persons lost their lives.
The details of those persons are as follows:

1) Navneet Kumar son of Kamodh Kumar residen! of Mohalla Samrat
Colony, Street No. 7, Sua Road, Giaspura, Ludhiana.

2) Neetu Devi wife of Nawneet Kumar resident of Mohalla Samrat
Colony, Street No. 7, Sua Road, Giaspura, Ludhiana.

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

4) Preeti wife of Saurav Goyal resident of Sua Road, Giaspura,
Ludhiana.

/7
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S) Kamlesh Goyal daughter of Ashok Goyal resident of Sua Road,
Giaspura, Ludhiana,

6) Kavilash Kumar son of Janak Dev Yadav resident of Majiama, District
Gaya,Bihar presently residing at Sua Road, Giaspura, Ludhiana.
7) Verma Devi wife of Kavilash Kumar son of Janak Dev Yadav resident

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

Giaspura, Ludhiana.

8) Abhay Narayan son of Kavilash Kumar son of Janak Dev Yadav
resident of Majiama, District Gaya,Bihar presently residing at Sua
Rﬁad;Giaspwa.Ludhlma.

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

10) Manmdmiuhﬁumademvaadavm
ﬂmmmﬁmsﬂmrpmmﬂyrﬂiﬁmmsmm.
Giaspura, Ludhiana.

11) Amit Gupta son of Hari Om Gupta resident of Sua Road,
Giaspura, Ludhiana.

wmmmmmmumwu

Mhﬂummmnngthﬂpdmnmgum&auihdim

persons are as follows:

1) Nitin Kumar son of Kishori Kumar resident of House no. B-
20/458/4/247 street no. 7, Samrat Colony, Guru TeghBahadar
Nagar, Sua Road, Giaspura, Ludhiana

2) Gourav Goyal son of Ashok Goyal resident of 458/88, Sua Road,
Giaspura, Ludhiana

(¥ Scanned with OKEN Scanner
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Siktmm\muchmhhmmmmd-m
Ludhiana

) Ralesh Kumar son of Sagar Prasad resident of Street n0. 1 8ua
Road, Giaspura Ludhiana, '

It is further submitted that in order 1o bring the true facts on record

and o find out the truth, a Judicial inquiry was ordered by the Depuly

Commissioner Ludhiana which was earier being conducted by Sml

ShivaliTiwana, PCS who has now been Iransferred and now this inquiry I8

being conducted by your goodself. Il is further submitied that in order 10

mummwummmmdmmmuham
irrwﬂalwlmwarantmmdiudgoutwmhmmm

— .

m.amdﬂimmmm__umrwummmdm

Commissioner ol Police (Investigation), Ludhiana was constiluted by the
the Commissioner of Police Ludhiana vide order bearing memo no. 1791-
95/Reader dated 01.05.2023 and this team has been specifically direcled
to conduct the investigation after examining all the aspects, circumstances
and the actual cause of this iragedy by minutely examining all the facts and

mmmmwwwHManummmmnum
hlmmmmmapnﬂmtemmminﬂiumnfmaallm
aforementioned deceased persons were conducted by the Board ol
mmhmmdmmmamiﬂmmam
mmmwmmmmmmumma

mummmmmmmummm

dg mmmﬂmummmmmmmm
— %

persons. The Special Investigation Team inspecied the piace of occurrence

and the residential houses of the deceased as well as the injured. The main

holes of the sewerage sysiem of the locality were also examined and the

o Scanned with OKEN Scanner
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electroplati
Wmm'mnummmummmmm

mw‘““mmﬂdﬁmﬂhmmmnwmﬂ
the assistance of the technical teams, SHOS of various police stations and
incharge CIA Staff, the footage of the CCTV cameras installed within the
radius of 1 kilometer of the place of occurrence were aiso minutely
examined and certain inquiries were conducted from the persons residing
in the locality. The NDRF, PPCB and the FSL teams were also summoned

at the spot and one Canny Plastic containing some chemical like liquid was

taken into possession by the NDRF and Punjab Poliution Control Board
e e B O

Team from the house i.e. Aarti Clinic where 5 persons died due 10 this
m.mmdmwmmwmmmnwm
ufﬁdalsofPunjabFnﬂttﬁmcmnulBuardandmwwludﬂnm
water were also collected by the Forensic teams which were separately
taken into possession at the spot. Apart from this, E_Dinnij lying ina _

mﬁplﬂmﬂmwmmwh@dmmmmm

the Society for PBTI, C-134, Industrial Area, Phase-8, SAS Nagar, Mohali
mmmﬁmﬂdﬁmmnimlmmm
received which has been placed on the record and which is being
wbyihasmdallnwgaﬂmﬁmfmmaﬂmumlu.m
mﬁmmpwhwm;kmmﬂﬂ for your kind
w,mmmmwmdmem.mm
wﬂmdmmmmﬂﬂmdmm,ﬂq
Pat son of Bans Raj, Hari Ram son of Ram Sanehi, Urmila Devi wife of Raj

Kumar, Guddu Kumar @ Guddu son of Davinder Prasad and Nitin Kumar

0 Scanned with OKEN Scanne
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gon of Santosh Kumar were joined in the investgation by the Spede

mew“mmﬁumwmﬂn
wragedy Were conducted from them, Certain inquiries were also conducied
from the officials of Punjab Pollution Control Board, JBR Company which

used to fift the garbage, Department of Factories and Municipal Corporafion 5
Ludhiana. Various technical and scientific issues were also discussed with

the aforementioned officials in order to detect the real cause of this tragedy

by the members of the Special Investigation Team. It is further submitied

that a team of the experts was also called from IIT Ropar at the spot by the

Special Investigation Team and certain facts of the investigation pertaining
mmmmmwﬂmmwmmmmaw

WWLMWMJBHW
hﬂﬂwmwmnmwmwwmw .,
investigation Team from all the angles.

The Special investigation Team is conducting the investigation
dhdemhalﬁnmﬂHmﬂtm
mrwmmmwmmdmmmmmmuasm !
within the ambit of law to find out the truth and to bring the real cuiprits 1o

nmﬂmummmimﬁmummmwmm
investigation of the aforementioned criminal case peraining to this

mwmhmmdlummmm
mmmmnammmmmumawum

wm‘%ﬂ;
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Municipal Corporation Ludhiana

Principal Secretary,

Department of Local Govl., Punjab,
Chandigarh.

Nu-__\_A_s_\_EI/‘i} Dated. _:3]{9_&\7_9’1-1.

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 Giaspura on 30.04.2023 and some persons died in
this gas leakage Incident. The undersigned constiture a committee vide order
No.15/PS dated 30.04.2023 fo invtestigate the incident of gas leakage happened in
Giaspura.

The investigation report submitted by the committee is attached herewith for
your kind information please.

DA/ As above
issioner,
Municipal Corporation,
Ludhiana.
No. Dated.

Copy of above is forwarded to the Chairman, Punjab Pollution Control Board
Patiala for kind information please. '

2 Copy of above is forwarded to the Deputy Commissioner, Ludhiana for
information please.

<
¢
2
<
‘

Commissioner,

Municipal Corporation,
Ludhinana.

¥/ s
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Municipal Corporation Ludhiana

Principal Secretary,

Departmenl of Local Gow., Punjab,
Chandigarh.

No. Dated.

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 Giaspura on 30.04.2023 and some persons died in
this gas leakage incident. The undersigned constiture a committee vide order

No.15/PS dated 30.04.2023 to invtestigate the incident of gas leakage happened in
Giaspura.

The investigation report submitted by the committee is attached herewith for
your kind information please.

DAJ As above

Commissioner,
Municipal Corporation,
Ludhiana.

No._ V6 \Re /o Dated._2.2)0 ¢ \202.1 .
Copy of above is forwarded to the Chairman, Punjab Pollution Control Board,
Patiala for kind information please. _
2.  Copy of above is forwarded to the Deputy Commissioner, Ludhiana for
information please.

Commissioner,
Munidgspal Corporation,
Ludhinana.
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Subject:- Regarding investigation of the untoward incident of gas leak at

Gilaspura area on 30-04-2023.

With reference 1o the matter mentioned above, a commitiee has been formed by
the Honble 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

I 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
Gwmﬂm&ﬂ:tmivmgm:mrumﬁm,mcﬁuhﬂpdepemmlmhdﬂulpﬂt
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
uﬁvﬂulhclih.aldothﬁuﬂ'mﬁ'mlhthlunjmpll Corporation O&M Department, District
Govemment officials, NDRF team, Punjab Pollution Control Board team, etc. joined them. The
Deputy Commissioner, Commissioner of Municipal Corporation, and all the teams jointly
iuqn:ledﬂi:aih:mdfmmdthutiihu!lm-nngnm:ltufmﬁ:ntgpwmmtlﬂmuppmuhnd
the site, the smell of gas became stronger. All the maintenance holes/haudis in the ares were
mapped (Annexure-B). The indicating map of the site is attached for reference (Annexure-B-1).
Itwumdmm:dudhndiufmndmtmﬂwpnmmulhluﬁofﬁu)ﬂ]{fnlddﬂnk.ﬁlma
nﬂnmmhuknmmfmmmmmwﬁthahnkmmmwhi:hwmhv:
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
Mmbhmhmlmu&mtbehuidn,ﬂnmhhﬂiormbyhumdidnmhwcﬂm
mmmmmmum“mumuwmﬂmmmmmc
cover.

3. Meanwhile, the NDRF team, along with the Municipal Corporation team and
H{:Bmmhgu&lyﬁh.ﬂwluurmﬁmmintmmhnhchmbmuﬂ
sent for testing as per the details below:

EIMMW.SMC‘MI{H}{SH, ﬁ]Mlimmmehnhul'mtinmmﬂdnpp. st.
no. 4 near transformer (B) (S1), H}Mhﬂeufmmmmdupp.ﬂ_m. 5 near Jasbir
Building material (A) (S3), iv) Maintenance hole of st. no. 4 (Sample) gali (B1) (A1), v) Gaar of
mmammmmnam-micwmm&mmmmm
huhith-np-iﬁlﬁem-ﬂ.hmunml sample). The samples have later

huhﬂﬂhﬁh“lhﬂhﬁmmatvmuusﬂmplummrwm;by
PPCB as well as MCL.

‘.
‘.
.
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4. After consultation with Director CSIR, the NDRF team started checking of gas
lmuumu*nmmﬁ-mmmmmmu
Brom Wi el '_ J c“‘ ¢ hole and in the surrounding air, just a the ground
tovel, Late mm»mm-m-umm
CSIR Depan '_ e same, and this continued throughout the night A copy of
-  the concentmation of Hydrogen Suiphide (H;S) and Carbon monoride
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EVerY 2 hours jointly by NDRF & MC teams. Wherever the gas concentration was high, caustic
soda solution Was then used 1o dilute it. The Municipal Corporation team added Caustic sods
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 1o be within permissible limits.

Details and analvsis 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 mir. 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/L.

» Itis submitted that one no. of tube well exist in this arca, upstream of this site,
- which is having approximately 0.208 cuscc water generation per day.
hhﬂﬂﬂbﬂﬂﬁmmﬂmhﬂcnumn
mﬂﬂ.ﬂ“ulﬂmﬂmmﬁ
' 4”&mmmwulwmmum

. miiMthﬂmmanhm{Tﬂc
ﬂﬂwmmhiihhhmﬂmmum“n
hh“Mhhn—mnhm system is not over loaded.

The direction of sewer is from Ashirwad Kanda towards Giaspura Chowk and this
“i“ﬁ“n“hh”mﬁ.h“n{hm:

O PR b
. h“%“““ﬂtuuﬂmﬁmhﬁm

i mahnumhuhm-ﬁdummu
' been done recently in the month of April, 2023.
_ﬁ“—h*h“ﬂtnmumwﬁﬂh
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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 matenal 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.  Itis also submitied 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
belp 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 riny season. Further this is a
regular exercise, which is done repeatedly.
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Lasues discussed In 1} ing of the lol i ituted by NG1

I4. A fact-finding committee has also been constituted in this regarding of NGT A

meeting of this committee wax held on 08-05-2023. Various issues as detailed below were
discussed there:

' Sh. Sheclendra Pratap Singh from Indian Institute of Toxicology research,
Lucknow gave his observation that H$ 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.

i 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

iii. SE, PPCB informed that industries were checked within 50 mtr, 100 mtr & 500
mitr of the site & it was found that out of total 113 industries checked, 17 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 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 unsuthorised 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).

Y
1
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v. 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.

i NGT committee then visited the area slong 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.

grr—

vii. 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, tresting it and then ensuring discharge as per the norms. It was also

3 suggested by member CPCB that audit of various electroplating industries and

JBR technologics should be conducted by Punjab Pollution Control Board to







21. It is further submitted that the officials from CPCB visited site of accident
Giaspurs, Ludhiana on 03.0.2023, namely Mr. G. Rambabu, Scientist D, Dr. Narender Sharma,
Scientist E, Mr. Kamlesh Singh, Scientist E and Mr. Nazimuddin, Scientist F and have submittcd
el report i the matter, Some of the key points are reproduced as below: (Annexure- M)

water. The ratio of Sulphur (5). Hydrosulphide (H2S) and H2S in
oint of time depends on the pH of sewer water at that time.
f“*ﬂﬂw%hnﬁmmumw
¢ effluents are also a source of sulphate (due to
ﬁum
_: metals and heavy metals are discharged in the
#Mﬂ#ﬁﬂumﬁemhm These metal
dlacid effivnts containing H2S04 andlor HC, end up
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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. W 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 Jound al

tit.  Based on the hypothesis that HS is the primary causal agent, a frontline response
of neutralizing the HyS 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)S5 (V.D ~ 17), which ix heavier than air

vi.  H25 readings will, therefore, vary across a vertical axis at ground level, | § Seet
above ground (typical level of a person lying on a bed), and at 4.5 Seet above
ground  {typical nosiril 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.*

23, Funh:r.lmdyuf:hcIilnunncmduimﬁﬁcdﬂapuhmmdmth:mlcufmm
metals in formation and acidification is as follows: (ANNEXURE- 0)

# Nickel (Ni); Nminlmmutcth!yﬁh:minchmiulmdmhdm
&fm»fmsillmmhmﬁcmﬂﬁmofnﬂphurﬂmmiug
compounds into H2S. Additionally, nickel compounds may contribute 1o the
acidification of certain environments.

» mthJ:mPhy:mhmmmHymhm
am:m.nmmﬁmmrm;mmmm
hﬂmmhﬁ;%mhﬁlm#:m
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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.

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

mterviewed, there was no report of sewer block in fast few days or months in the
area.

¥ 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 sudit 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 scems that the incident might have occurred due to some chemical resction of
some acids/ metals with naturally occurring sewer gases (H;S) sewage, which
mklhwchdm-nﬂdmmlmnfveryhjmmmmionnfﬂzswfw.
mnnpuindnfumchadin:md:duthufmepmplummumhﬁm-mm
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Jasbir Building
Material
H:s- 190

Sample taken by Ppcg at 11.30 PM
Sample taken by MCL at 11.35 pm

Transformer
H;5-195

Sample taken by PPCB at 04.30 PM

C (551
Sample taken by MCL at 04.35 P\

S5ample taken by PPCB at 12.40 PM

D (s2)
Sample taken by MCL at 12.45 PM

Sample taken by PPCB at01.40 PM | E(54)
Sample taken by MCL at 01.45 PM 1510
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ANNEXURE- B
Sample taken by PPCB at 01,00 PM
ABSS) | sample taken by McL at 01,05 pu

Sample taken by PPCB at 12.20 PM
B (51) B1IA1) | sample taken by MCL at 12.25 PM
1 {1
-
Nitco Logestic
[] Pt i,
H,5- 195

[] arti clinic
HyS - 180
Goyal Cold Sample taken by
0 U 01 orink-470| yer st 01.00 ooy
[] o2 M7
Sitara Cinema
1 | g
M, Lt
Punjab  E1 | sample taken by
Emporium MCL at 02.00 PM
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ANNEXURE- F

Giaspura Ludhiana,
i._ -+ e
sr. No. | Name of Line | Upper G.L.| Lower G.L.| Upper B.L. | Lower B.L.|  Remarks
— ES -Ir : _i
ol oA | osun | s | mese [REYICU0) |
] | $15.72(30°) 1
aoan | omsao | osuse | oses |RLEUD)
81558 (30°) !
ARAD T noo | om0 | omee  (RES8LU6) '
RIS J& 107
oA neo | e | mr :I':’ff" '[;
§ 320307 |
| 81665114 1
|« 6-AK $2110 82167 B1765
i A | 815140307 | |
| §20(17) | 1
Gl aaa | s | s | omew Pl
r : B1410(30)
T = 815.13 (107)
; 2682 | 823.00 823.20 817.26
1 - 81368 307)
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ANNEXURE- G

SUA ROAD NEAR SITARA CINEMA

CCTV AT SUA ROAD NEAR KAMAL KARYANA STORE
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thisdhmmﬁﬁﬁuhmwm‘mmmpmmﬂt&wm:ru
thrown along the Road,

No burning activity of any waste is observed in the area. Such smell was not noticed
carlier 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 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 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.

5. Sh Davinder Yaday
He lives in the area from last 28-30 years.
He 1s 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 ¢linic.

During rescuing with mouth cover, he started facing weakness and shivering and came
back after twio 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 sells 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

He lives in Jamalpur.

He received a phone call at 7:30 AM from nearby residents about the incident.
. H:mchﬂdlhcsitzmduhscwedlhlllﬂth:ﬁvcfmﬂl}rmﬂnhtnwmlﬂnlmﬂm'r
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 also felt smell. No water was in latrin / haudies of the

use.

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- I

ea3s v wiimse - o - iy Miorede, gt
OFFICE OF THE DEPUTY COMMISSIONER - CUM -
DISTRICT MAGISTRATE, LUDHIANA

ORDER:

:

Immediately afler the gas leak incident was reported st around 7:
senior officials of District Administration, Police Commissionerate,
(MC), Ludhiana, medical teams and forensic experts, as well as the 13th
stationed ot Ladowal, Ludhiana and 7th Baitalion, NDRF stationed st Bathinda rushed
#pot. The affected area was evacuated and cordoned off.

30.04.2023,

:
1}

1]

. The NDRF teams began taking readings i the affected area with the help of hand-
beld gas detoctors, especially near the seven (07) manholes from |pm onwards on 30.04.2023
(Sunday). At 1pm on 30.04.2023, the level of HyS at surfuce 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 Ray, former Director, Indian
Institute of Petroleum (IIP) and an expert, the decontamination of the area with diluted caustic
soda 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 H,$ inside the one (01) manhole near Aarti Clinic, Giaspurs, was 2 PPM, while CO level was
Zero. Inside the other remaining six (06) manholes, both the H;S and CO was Zero. As per the
report of NDRF, after this, the HyS levels in the ambient air were recorded as Zero,

2 Keeping in view that the levels of H;S and CO have fallen to Zero in six (06)
manholes and 2 PPM in the 7th manhole at 4PM on 01.05.2023, an Order constituting three (03)-
member Technical Commitiee 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 Commitiee was entrusied 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, 10 ensure
the safety of public, and submit its report thereof to ADC, Khanna by 01.05.2023,

Pursuant to the issuance of the above Order, the Commitiee officials visited the
affected ares on 01.05.2023 and inspected the three (03) buildings where the incident had
happened on 30,04.2023. The Comanities, in its report submitied on 01.05.2023, observed that
these buildings have very less or no provision of cross-ventilation. The washrooms neither have
mﬁpmmhm&dmm“whﬂnhmmufu
mwunfuﬁmm,mmumuumm.mmuuw“m
wmﬁwdmmmmmmmwwh
wwﬂﬂmmiﬂhhﬂ:

0} mmmwmﬁnhmmmﬂm»HMh
no possibility of any suffocation. _

(). wmmmm&ilﬂmpqﬂnﬂ!hmwh

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

the affected area should be provided with road gulleys or vent shafls so that the
mﬁﬂﬁnmﬁhhmﬁmnmuﬁh
road gulleys or vent pipes.

1, 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/SA/ADCP South Ludhiana dated 02.05.2023, has reported that an FIR
No. 112 dated 30.04.2023 w's 304 of [PC was registered at PS Sahnewal. Investigation in the

case is ongoing and all possible angles are being probed. The situation in the area is peaceful.

T

g
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in view the NDRF as per which the HyS levels in the ambient w

:l:-u- -ﬂ-l.ﬂ.ﬂir of the police loday mentioning that

& order situation in the affected area = the cordon s, ordered 10 be

remaved in the affected ares in Giaspura, Ludhiana with directions 10 the Corporation

&"“—'w-tuﬂnmh“-ﬁkh
Technical Committee detailed at Para 2 (iii) above.

 Furthermore, the resideats the tasks suggesied
b 8 Tkl oo prn 2 ) 2 1) b cmpying G oo

o

Endst. No. 5367 - 5371 / MA, Dated: 02.05.2023
A copy of the above is forwanded 10 the following for information and necessary action:

s o v S g
©
implementation of the suggestions of the

ed af Para 2 (T) and 2 (i) above.
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3 |Copper jms Cu) 2828 g ACAC 990,08
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5 s 209 kg AQAC 990.08
X B [on (s Fe) 13 [ ADAC 290.08
_ T |Siver (a3 Ag) BOLMDL0.5) | mghg ADAC 990.08
8 [Amenic (As) 28 g ADAC 990.08
8 [Mercury (as Hg) BOLMOLO.1) | mohyg ADAC 900 08
10 |Cadmim (as C) BOLMOLO.) | mghyg ACAL 990.08
11 [Ueaiam 1. mrighg ADAC 900 08
' 12 |Salenium (as Sa) BOLMOL05) | mphp ADAC 990.08
13 [T {as 8 BOLMDL OE) | mphyg AOAC 900.08
14 (Ao M) [T % ADAC §00.00
o BOL Beiow Dutection Limt ML Mathod Detection Lt =
mﬁbﬁz
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ANNEX% M

Report on Ludhiana gas poisoning accident

AI “I' poisoning accident that occurred on the morning of 0.04.2023 at Gisspura area in
uchiana city, in which eleven persons died instantly was covered by TV news and reported
Hﬂmuldliliulhma,_

In view of the above, « team of CPCB officers visited Ludhiana on 03.05.2023, interacted

with the oficers of Punjab Pollution Conirol Board , and also visited the site of accident i
Giaspura, Ludhiana.

As per various media reports regarding observations of various agencies involved in
investigations immediately afler the accident and the discussions held by CPCB team with
the Chief Environmental Engineer of PPCB, the cause of deaths has been linked o release of
sewer gas through the manholes in the connecting branch sewers at two places and exposure
of the eleven deceased persons to HuS in very high concentration, leading o their immediate
collapse and death.

Al the accident site, il was observed that there are branch sewer lines / sewer connections
from the two nearby houses where the deaths 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 PPCBfew hours afler the accident from the manholc near the point of accident
indicaled pH of the sewer as highly acidic and ranging between 2.5 and 2.6, It was also
reported that main sewer line ncar the poini where this incident happened was found
filled/chocked.

Presence of sulphide in sewer water as HaS is due to biochemical 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 pli 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, he metals are precipitated as metal sulphides in the sewer lines. These metal
sulphides, in the presence of acids/acid efMuents containing H:SO; and/or HCL, 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 HaS gas in very high
concentration from such sewers.

It is relevant to mention that H,S is o diprotic weak acid and even a saturated solution of H;S
is not expected (0 have a pH less than 4.0. Therefore, it may be concluded that pH level of
25-1.6 as reported in main sewer water near the houses where deaths occurred is a result of
scidic indusirial eloent &

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 HaS in

the sewer line in high concentration, leading to immediate collapse and desth of cleven
persons.

Page 10f2
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As per recent medis roports d the discusion held with Chiel Envicoamenal Engicer,
PPCB, the industries in Ludbiafs use both Hydrochloric acid and Sulphuric acid. It was lso
reported that few industries n Giaspura area have acid pickling step in their manufacturing
process. The chloride content in the main sewer water nesr the sccident was found higher in
mluwm(mwmmMijuhumﬂ
hydrochloric acid in the arva. These facts also indicate that industrial discharge is a key factor
in releasing of Ha$ in high concentrations.

The details of sewer network of Glaspura ares were not available with officers of Municipal
Corporation, who were present at the site during the visit. All the industries located along the
sewer nerwork are required 10 be surveyed by local authorities 1o identify the possible sources
of acidic and metals, heavy metals and sulphide containing industrial efMuent/waste.

Further, Hon'ble National Green Tribunal, Principal Bench has constituted 8 Joint Commitiee
with members from various agencies including CPCB 1o investigate the matier, amive at a
conclusion and take remedial measures to prevent such accidents in future.

fuy

Dr. Narender Sharma, Scientist 'E’ Nazimuddin, Scientist 'F’

Pagelofl
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ANNEXURE- N

M Gmail il Corporsion calkmeiggmel o>

Fwd: Ludhiana Gas Leak - preliminary findings and recommendations
da

m“ﬂ“mumwﬂmm ) Mﬁ;:mnuiﬂﬁl
Tl:l: WM mmim

;-—- Forwarded message —

rom: Dr. Anjan Ray <anjan.ray@ip res in>

Date: Mon, May 1, 2023, 1201 AM

Subject: Ludhiana Gas Leak - preliminary findings and recommendations

To: <commissionermci@gmai com>

Cc: Anjan Ray <director @iip.res.in>, . Anantha Ramaluishna <anantha@csio.res.in>, Kamal Kishore
<kkishore@ndma.govin>

Dr Shena Aggarwal
Ludhiana MC Commissioner

Dear Dr Aggarwal

In continuation of our discussions through the day today in the aflermath of the Ludhiana Gas Leak, | have
summarised my initial hypotheses and recommendations for consideration of the local administration and of NDMA as
follows:

1. Endence from the medical examiner and his preliminary forensic assessment suggest that the gas released
contained hydrogen sulphide (H2S) as a primary causal agent. This correlates with the foul smell noted by some
affected residents and the symploms oufined by the medical specialist

2. We cannol rule out carbon monaxide as a secondary causal agent. CO is colourless and is often found in sewer
gas composifions. An aulhoritative recent review of sewer gas composiions can be found at
hitps/iwww.sciencedirect comy/science article/piS277 2416622000808

3. Based on the hypothesis that H2S is the primary causal agent, a frontiine response of neutralising the H2S with
approprialely diluted caustic soda has been advised. This appears to be working based on feedback from the team on
the ground, as ambient H2S levels have fallen sharply after the caustic treatment.

4.1tmay be noted that sudden acidification of sewer contents (for instance, through shock discharge of acidic effluent
from any sleckropialing uni in the area) could cause a surge in H2S 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.

5. Uniike H2S, there is no way as such of neutraiising CO. However, its vapour density (~14) is close to that of air
(~14.7} and & should disperse naturally at a rate quicker than H2S (V.D ~ 17), which is heavier than air

ﬁ.%WﬂMwm.Wﬂﬂmm.uhﬂmmm level of
pmnmmmyﬂ-uummmmﬂmmmmy.ﬂhmm:n
concentration of the toxic gas being al the ground level While CO will not show much variation,

| remain &l your service for additional questions, if any.

Warm regands
Anjan
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ANNEXURE- O

PO Bomihall & sarvian of e Matanad Lilwury of Modivinn, Motiwasl It of flachlh

WARL Working Group ou the £ vehuaties of u-u—ll-o"*'""..-_"
Drasts T-mllhu-iiﬂlh on Canene: 303 (IARC Mowngrapls ou he
of Carrinogenic Riske to Humaon, Ne ool )

NICKEL AND NICKEL COMPOUNDS

Nickel and nickel compounds were cousidred by revioms LARC Workiag Grovps #1972
1975, 1979, 1982, 1987, snd 1989 (LARC, 197), 1976, 1979, 1962, 1987, 1990) Since fhal iume.
e data bave become vailable, these have been incorporated in the Monograph, aad tkes 5
tonssderabon 1a the present evaluation.

1. Exposure Data

11 identification of the agents

Synonyms, rade names, and molecubar formulse for ickel, mickel alloys, and selecied mckel
compounds are presented in Table 1.1, This |ist is not m-uimm
hcmﬁﬂ“ﬂh“wm.hlnhmth
range of mckel alloys and compounds available, ncluding some compounds that are mporian!
commercually, and those that have been tesied i binlogscal sysiems. Severnl mtermediary
compounds occur 1o refineries that canot be charactenzed, aad are tss 0ot isted

== Table 1.1

| Chemical names (CAS names ae grven in italics), synosyms,
J and molecular formulse o compositions of mickel, nickel
alloys and selected nicke| compounds.

1.2. Chemical and physical properties of the agents

Nicke! (atomic number, 28; stomic weight, $8.69) is a metal, which belongs 1o group VIIIB of
the periodic table. The most important axidation state of mckel is +2, although the +3 and +4
oxsdation states are &lso known (Tundermann ef al., 2005). Nickel resembles iron, cobalt, and
copper in its chemical propenties. However, unlike cobalt and roa, it is normally oaly stable im
aqueous solution in the + 2 oxidation state (Kerfoot, 2002). Selected chemical and physical
properties for mickel and nicke! compounds, inchuding solubility data, were presented in the
previous [ARC Monograph (LARC, 1990), and have been reported elsswhere (ATSDR. 2005).
1.3 Use of the agents

The chemical properties of nickel (i.¢. hardness, high mehing point, ductility. malleability,
somewhat feromagnetic. far conductor of heat and electricity) make it suitable 10 be combined

with otber elements 10 form many alloys (NTP, 2000; Tundermana ef ol , 2005). It impasts such
desurable properties &5 corrosion resistance, heat resistance, hardness, and sueagth

Nicke salts are used iMmMnﬂ-mlqm
Immdm-ﬁdmmnmmﬁh-dhiﬂdnﬂmlh
ceramics industry, m the mamufacture of alloy steel wd stainless steel, in the mamufacture of
mﬂshmm-ﬂh-ﬁmnfﬁd‘“ﬂﬁ-ﬂ}m
mﬂmmmnﬂtmhudmmlhm
Mun-“ihw mdustry.

loanes. 3 m-u-ny.m. hhﬂm&n:mtmhﬂi
prumary mckel consumption in 2006 (USGS, 2008). Ofthe 231000 tonses of primary nicked
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consumed in the USA in 2007, approximalely 52% was used in stainless nd alloy steel
production, 34% in noa-ferrous alloys and superalioys, 10% in electroplating, sod 4% w otber
uses End uses of nickel in the USA in 2007 were as follows: tasportation, 30%; chemical
usty. | 5% eectrical equipment, 10%; construction, 9%; fabrcated meta products, 8%
;:‘Wmmmmmm.m-dmﬂim

l

131 Metallic nickel and nickel alloys

Pure muckel mel is used o prepare nickel alloys (inchding stels). 1 is used as such for plating.
elecrofoming, coinage, electrical components, tanks, catalysts, batiery plates, sutered
components, magnets, and welding rods. Femmonickel is used t prepare sieels. Stainless and beat-
resistant sieels accounted for 93% of its end-use in 1986. Nickel-containing steels with low
nickel content (< $%) are used in construction and tool fabrication. Stainless steels are used in
general engineering equipment, chemical equipment. domestic applications, hospual equpment,
fiood processing, architecrural panels and fasteners, pollution-control equipment, cryogenic uses.
automotive parts, and engine components (IARC, 1990).

Nickel alloys are often divided into categories depending on the primary metal with which ey
are alloyed (e.g. iron. copper, molybdenum, chromium) and their nickel content. Nickel is
alloyed with iron to produce alloy steels {containing 0.3-5% nickel), stainless steels (containing
a5 much a3 25-30% nickel, although 8-10% nickel is more typical), and cast irous. Nickel-
copper alloys (e.g. Monel alloys) are used for coinage (25% nickel, 75% copper), industrial
plumbing (e.g. piping and valves), marine equipment, petrochemical equipment, heat
exchangers, condenser tubes, pumps, electrodes for welding, architectural trim, thermocouples,
desalinaton plants, ship propellers, etc. Nickel-chromium alloys (¢.g. Nichrome) are used in
many applications that require resistance 1o high tlemperatures such a5 heating elements,
fumnaces, jet engine parts, and reaction vessels. Molybdenum-containing mickel alloys and
nickel-iron—chromium alloys (e.g. Inconel) provide strength end corosion resistance over a wide
temperature range, and are used in nuclear and fosil-fuel steam generators, food-processing
equipment, and chemical-processing and heat-treating equipment. Hastelloy alloys (which
contain nickel, chromium, iron, and molybdenum) provide oxidation and corrosion resistance for
use with acids and salts. Nickel-based super-alloys provide high-temperature strength and creep,
and stress resistance for use in gas-urbine engines (ATSDR, 2005).

Otber groups of micke! alloys are used according to their specific properties for acid-resistant

equipment, beating elemenis for furnaces, low-expansion alloys, cryogenic uses, storage of
liquefied gases, high-magnetic-permeability alloys, and surgical implant prostheses.

1.3.2 Nickel oxides and hydroxides

The nicke! oxide sinters are used in the manufacture of alloy steels and stainless steels.
mmmh-ﬁwmmwymrmurmmumw
finng & mxture of mickel powder and water in air st 1000 *C (IARC, 1990). I is used lo
manufacture nickel catalysts and specialty ceramics (for porcelain enamelling of steel. in the
uwﬂtﬂwmmwhthmtmmmmnm
muu:“hﬂﬂmﬂ:ﬁ:mﬂhmﬁ:ﬁhdﬂnw&nm
samtary wase),

Ehctukduntulﬁndyﬁvud.mﬂmmuutﬁud '
nickel
hymwnﬂ:limumtﬂmmM.ﬂtn&nf
quuhwm_mmu'mc,lm.aumwnmiu
;nmummmmummu.umum
m&ﬂ;ﬂymmmpﬁﬁnupﬂhﬁuummm
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Nmumunm;.mm.uu—mumwm
(Anionsen & Meshri, 2005)

133 Nickel sulfides

Nickel sulfide 15 used a3 a catalyst in petrochemical bydrogeaation when high conceatrations of
sulfur are present in the distillates. The major use of nickel monosulfide is as an intermediate 1o
the brydrometalburgical processing of silicate-oxide nickel ores (LARC, 1990). Nickel subsulfide
i used a5 an intermediate in the primary nickel industry (ATSDR, 2005).

1.3.4. Nickel salts

m&ﬂmhmhmnum (eg as catalysts and w the formabon
of other nickel compounds), as a dye mordant, and as a sealer for anodized aluminium.

Nickel carbonate is used in the manufacture of nickel catalysts, pigments, and other nickel
compounds (¢.g. nickel oxide, nickel powder); in the preparation of coloured glass, and, as &
neutralizing compound in nickel-electroplating solutions.

Nickel ammonium sulfate is used as a dye mordant, in metal-finishing compositions, and as an
electrolyte for electroplating.

Nickel chloride is used as an intermediate in the manufacture of nickel catalysts. and to absorb
ammonis in industrial gas masks,

Nickel nitrate hexahydrate is used as an intermediate in the manufacture of nicke! catalysts and
Ni-Cd batieries.

Nicke! sulfate hexahydrate is used in mickel electroplating and nicke| electrorefining, in
‘electroless’ nicke! plating, and as an intermediate (in the manufacture of other mickel chemicals
and catalysts) (Antonsen & Meshri, 2005).

1.3.5. Other nickel compounds

The prumary use for nicke| carbonyl is as an intermediate (in the production of highly pure
mickel), & n catalyst in chemical synthesis, as a reactant in carbonylation resctions, in the
vapour-plating of nickel, and in the [abrication of nickel and nicke| alloy components and shapes.
Nickelocene is used as » catalyst and complexing agent, and nicke! titanate is used as 2 pigment
{Antonsen & Meshri, 2005 ).

No information was available to the Working Group on the use of nicke| selenides or potassium
nickelocyanate.

1.4. Environmental occurrence

Nickel and ity compounds are namurally present in the earth's crust, and sre emitted to the
atmosphere via patural sources (such as windblown dust, volcanic eruptions, vegetation forest
fires. and meseonc dust) &s well as from anthropogenic acuvities (e.g. mining, smelting, refining,
manufacture of stamless steel and other mckel-containing alloys, fossil fuel combustion. and
waste mcineration). Estimates for the emission of nicke! into the stmospbere from natunal
sources range from §.5 million kg/year i the 1980s to 30 million kg/year in the earty 19905
(ATSDR, 2005). The general population is exposed 1o low levels of nickel in ambient air, water,
food. and through tobacco consumption.

141 Matural occurrence

Hﬁd‘htﬂthimﬂh&ﬂhmm-dnﬂMM} Itis
A, b I
the mmmmuumaumammmhm
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% PUNJAB POLLUTION CONTROL BOARD
Zonal Office-1, E-648-B, Phase-V, Focal Point, Ludhiana
Tele Fax:- 0161-4673789 Website:- www.ppcb.gov.in -mall:-ppcbzmldh@_gmall com

No. 1849 Email Dated "flf}'}?"
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 I
Senior Enviro nt;ﬂllainur

Endst No......cecnns Dated...

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

S‘t"

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:S gas
from sewer line.

3. Deputy Commissioner, Ludhiana vide its letter dated 30.04.2023 has ordered for
conducting Multi Sectoral Inquiry into the incident of gas leakage with following members:
(i) Ms. Swati Tiwana, SDM (West), Ludhiana

(i}  Mr. Kulpreet Singh, PCS, Joint Commissioner, MC, Ludhiana.

(iii) Mr. Vaibhav Sehgal, PPS, ACP, Ludhiana

(iv) Er. R.K. Ratra, SEE, PPCB, Ludhiana

(v) Er. Paramjeet Singh, SEE, PPCB, Ludhiana

(vi) Mr. 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 09:00 PM, the SDM
(West) directed that a joint survey of the area be conducted around the ;i;ce 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 Control 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 detailed 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 on 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:

Total no. of Distance from point of incidence - :
| industries Upstream & downstream Upstream & downstream Upstream upto 500 mtr
visited Upto 50 mtr 50-100 mtr & downstream upto 200 mtr
Total  waten Pickling / Total water | Pickling / Total water | Pickling /
polluting electroplating | polluting | electroplating | polluting | electroplating
industries etc. industries | industries | etc. industries | industries | etc. industries
found 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. 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
dh.-charge 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 |i|u;
HaS, 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.

L 3
-
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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 intervention 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 Multi 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 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, PG/ Chandigarh,

nominee of NDRF, State PCB, District Magistrate, Ludhiana and Commissioner, Municipol

Corporation, Ludhiana. State PCB will act as nodal agency for coordination and complionce.

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
undertoking visit to concerned sites. The Committee will be free to function online or offiine as
the situation may warrant. The Committee may give its report ta 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 heirs of 11 persons who have died, deducting the amounts, if any,
already poid 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.” /

pAN
Senior Enmgkm r Seninrm %33 neer

Zonal Office-1, Ludhiana Zonal Office-2, Ludhiana
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Annexure-2

Status of Joint Surveillance ann!ﬂ :ﬁnm nd MCL at Giaspura Ludhiana E..E.omuauu

T PPCBOMcensinteam | MCLOMcerin | Total no. of Distance from point of incidence
team industries
visited Upstream & downstream Upstream & downstream Upstream upto 500 mtr
Upto 50 mitr 50-100 mtr & downstream upto 200 mtr
' Total water Pickiing / Total water Pickling / Total water Pickling /
polluting electroplating polluting electroplating etc. | polluting electroplating
P industries found | etc. industries industries found industries industries found | etc. industries
A | Er Vicky Bansal, EE. ideep, SDO e
| Er. Deepak Chadha, AE
Ramtej Sharma AE
Sh, Dashar Singh, ASD,
r. Sandeep Kumar, E Er Amandesp 6 o
Singh Grewa
Er. Jaspal Singh AEE, S0O
r. Bhisham, AEE
Er. Rajpal Gill, AEE
Sh. Sandeep Kaur, ASD,
Er. Samita, EE, Er. Amarjeet
Er. Gurinderpal Chhinna, AEE, | neia JE
r. Harpreet, AEE,
;rm._:..m::.uns.u.?




d|

Tun_.__.._

| Er. Satyajeet Attri, EE

_ Er. Amritpal Chahal, AEE,

| £ Vinod Kumar, AEE,
_ Sh. Paramjeet Singh, SA,

Er Amiritpal Singh,

sSD0

Er. Shiv Kumar EE,

Er. Jatinder Kumar, AEE,
Er, Anish Kumar, AEE,
Sh. Paramjeet Singh, 5A,

Er Amritpal Singh,

SO

Er Vicky Bansal, EE,
Er. Rubal Goyal AEE,

Er. Pritpal Kaur, AEE,
Sh. Dalvir Singh, ASO,

Er. Rajinder Singh,

JE

—
|
|

Total

113

Abstract

« Total industries visited

« 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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Subject:- 2™ Interim report of Punjab Pollution Control Board in the matter of leakage of

§3s at Guru Teg Bahadur Nagar, Sua Road, Near Indira Colony, Glaspura Ludhlana
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.

7 B 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 received 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:

No. of Residential houses visited| No. of Industries | Water polluting | Pickling/ electroplating etc.
to check Industrial actlivity found Industries found | Industries

64 23 04 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 polluting industries found|  Pickling / electroplating etc. Industries

2 2 2 |both upstream)

The process of further inspection of industries in the area is under progress.

7. The list of water polluting Industries identified on 01.05.2023, 03.05.2023 &

04.05.2023 is enclosed as Annexure-2. Further, technical and scientific 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 acid 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
not got 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
effluent into public sewer. These industries are mentioned In Table B of Annexure-2.

+ The Board is monitoring 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 perlod 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 Iindustry was allowed electric

connection without the NOC and consent & clearance certificate from Punjab Pollution
Control Board. In 2013, to facllitate the industrial growth, this mandate was walved 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 point of incident. Non availability of

ventilation pipes in the affected stretch might have led to heavy accumulation of sewer
gases such as H2S, CO, 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 H2S gas and have aggravated the situation. H2S gasis
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

Issued directions vide memo no. 10/228/2019/STE-5/594066/1 dated 10.10,2019 u/s 5 of
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8 Annexure -4,
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- g Jratory Sample E- 2097-3003/ H.O.Lab. Monitoring/2023
ﬁ:,.. f - ULR-TC7045 1 8000000006389

TM“MMﬂh
& of Gas Leskage at Sus Rosd, Giaspura,

Er. Rozert Dhamija, AEE, RO-1, Ludhiana,
Sh. Dalbir Singh, ASO & Sh. Sonu Kumar, SA

wmmw

042023
01.05.2023

01.05.2023 to 05.05.2023

As per relevant parts of 1S:3025/&Methods of APHA
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5. PS to Chairman, Punjab
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Analysis Results of Water sample collected from Sewer lines near the Incident site of GGas Leakage at Sua Road, Giaspura, Lodbiana.

* Prescribed Standards as per General Standards for Discharge of Enviroamental Pollutants Part-A: mﬂillvﬂi?%

u BDL means : Below Detection Limit.
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& 1. Golourend odour Seefof - See 6 of See 6 of
i Annaxure-| Nn:n.n - Annexure-|
LA
2, Sus sollds 100 800 1 200  (a)For process
For cooling
N-ﬂrm
10 percent
abova total
8 matter of
£ b 3. Pariculato sizaof  Shall pass 850 ~  (a)Fioatable
suspended solids  micron IB solids, max.3
Sieve mm,
{b) Sellleable
sollds, max.
) 850 microns.
I“ - ] = e e )
6. pH Value 661060 55180 651090 55190
& 8. Temperature shall not - - shell not exceed
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3
:
2

Sehcule V1 Insered by Rl 2(d) of e Bavironomat (Profocion) Second Amendasent
vide G0 02(R) dted 1905199, puliah e Ontate Mo, (74 doed 19.05.1993. Rule, 1993 aotua




I't. Parameler Standards
Inland Public” Lendfor  Marine cosstal
surface Sewers ' lrigation arean
waler i
1 2 . 1
(=) ®) () )]
7. - Ol and grense 10 10 20
mg/ Max. -
8 residual 10 - - 1.0
m!mﬂm
9. Ammonical 80 80 - 50
nitrogen (as N),
mgh Max.
10. Total Kjeidshl 100 - - 100
(as NHy)
mgh, ax .
11. Free ammonia (as 5.0 - - 50
NH,) mg/, Max.
12. Blochemical 30 350 100 100
Oxygen demand
days at 27°C)
max.
13. Chemical Oxygen 250 - - 250
Demand, mgA,
mg,
14, Arsenic (as As), 02 02 02 0.2
mg/l, max.
16.  Meroury (as Hg), 0.0t 0.01 - 0.01
mg/l, Max. ‘
18. Lead (as Pb) mg/, 0.1 {4 - 2.0
Max.
17. Cadmium (as Cd) 20 107 -
mgl, Max. o
18. Hexavalenl 0.1 20 - 10
Chromium (as
Cr+8), mg/! max.
' Substicuted by RulsZ of the (Protestion) Amendment )
ﬂhﬂ-mﬂhimm!*lﬂ:;ﬂn*hm"“u“
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Inland Marine coostal
surface aross
waler
(u) (4
19, Total chwombum (as 20 20 20
Cr.) mgh, Max.
20, Copper (as Cu) 0 30 .0
moA Max,
2%,  Zino (As Zn.) mgh, 1] 18 19
Max, " ”
22. Selenium (as Se.) 0.08 0.08 0.08
mgh, Max.
23, Nickel (as Ni) mgh, 3.0 3.0 + 6.0
Max. &
,'u T W & &
‘n LN ] L | L] -
ln 1L . . .
27. Cyanide (as CN) 02 20 02
mgl Max. .
‘“. TE . 2 =
29. Fluoride (as F) mg/ 20 15 185
e,
30. Dissolved - 5.0 - -
= s
339, oo - " -
32. Sulphide (as §) 20 - 50
mgh Max.
33.  Phenoile 1.0 5.0 50
compounds (as




(a) ‘Alpha emitter
micro  ourie/mi,

(b) Betaemittar
micro  curia/mi.

Manganese (a5

Vanadium (as V)
Nitrate Nitrogen

- e

58898 8

107 10"

10* - 10*

90% survival of  B0%
fishafter 88 survival of
bows In 100%  fishafler
afluant 86 hours

: In 100%
affluant

2 mg/l 2mgh

- 3mgA Imgh
0.2 mgh 0.2 mgA
10 mgh '

10* 10°
107 10*
90% 80% survival of
survivalof  fish efter 98
fish after  hours in 100%
98 hours efMuent
in 100%
effluent
- !W
= 3 mgh
- 0.2 mgh
o~ 20 mgh

]
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Pronax 'J-’-‘-'ﬁ:%
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i Dha
y: dariKalan, Sua Road, Ludhiang
03.05.2023
M/s Gury Nanak - Yes
E“t'm"“l- Industrial Area-C, Sua Road,
Ludhiana
16. 03.05.
052023 | w/s Anmol  Enterprises, Glaspura, - Yes
Sua Road,Ludhiana
17.
03.05.2023 | m/s Pal  Enterprises, Industrial - Yes
Area-C, Sua Road,Ludhiana
18. | 04.05.2023 | M/s e Enterprise, Giaspura, Sua Road, - Yes
Ludhiana
19. | 04.05.2023 | M/s Munna Zinc, Glaspura, Sua Road, - Yes
Ludhiana
TABLE B: Details of Water Polluting Industries (but not acid consuming / electroplating) visited on
01.05.2023, 03.05.2023 & 04.05.2023 at Giaspura Road, Ludhiana;
Sr. No. | Date of Visit | Name and address of theindustry Coordinates Pickling/
(Longitude & Electroplating
Latitude) industry etc.
1. | 01.05.2023 | M/s Star industry, Opp. Jasbir, Building 30.866405, No
Material Sua Road, Ludhiana 75905522
2. | 01.05.2023 | M/s Ganga Export International, B-291 30.866779, No
458/4/97B/3, B/s Sitara Cinema, Sua| 75.90388
Road, Ludhiana
3. 01.05.2023 | M/s Shiv Cycle Industries, St. no. 7, 30.865523, No
Makkar Colony, SuaRoad, Ludhiana 75.905118

oy
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Annexure-3

.2023, 03.05.2023 and 04.05.2023. The
ere found discharging untreated effluent

i
?'m: Sewer or not made agreement with any CETPp / re-processors or have not gottheir

effluent lifted through ceTp operator / re-p
violators and may be considered as suspects

rocessors in April, 2023 even once, are major

| S.No |

. ._-llt#

Name and address of the

Major violations
industry
| 1. M/s Guru Nanak Enterprises, | 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.
« Direction issued for closure, disconnection of
electricity and to initiate legal action.
= ] M/s Munna Zinc Plating, St. No.4, | Zinc plating unit.
Guru Amardass Colony, | ® No agreement with CETP.
Giaspura, Ludhiana » The industry has not obtained any NOC from
the Board. '
« Direction issued for closure and disconnection
of electricity.
3. M/s A.T. Wires, Giaspura, Sua |e Acid pickling
Road, Ludhiana. * Pump provided.
o 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-XXIX, |*Agreement made but no lifting of effluent
536/35/B/1/4, Glaspura, Sua during April, 2023 and previous months.
Road. Ludhiana « 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 |e Electroplating
Kharay Kanda, Sua Road, |*Agreement made but no lifting of effluent E
Industrial Area-C, Giaspura, | 9uring April, 2023,
tudhisna * No record 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,

o2y
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4% PUNJAB POLLUTION CONTROL BOA

Zonal Office-1, E-648-B, Phase-V, Focal Point, Ludhiana
Tele Fax:- 0161-4673788 Website:- www.ppcb.gov.in email:- ppcbzo 1idh@gmail.com
ﬁ 224 Speed Postonline Dated lq};ha

The SDM (West),
Ludhiana,

Subject: Analysis results in the matter of leakage of gas at Guru Teg Bhadur Nagar, Sua

Road, Near Indra Colony, Giaspura, 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, 1% and 2" interim reports on the action taken in
the matter of leakage of gas at Guru Teg Bhadur Nagar, Sua Road, Near Indra Colony,
Giaspura, 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 PPCB vide no. 10309-11 dated 03.05.2023 and 10677-81
dated 05.05.2023, were sent,

2. On 01.05.2023, samples from the branch lines of the sewer in nearby vicinity collected

by the Joint team of PPCB & Municipal Corporation, Ludhiana were collected and sent to

?_g{\ " Central lab of PPCB at Patiala. Now, the results of these samples have also been received vide

9 \ no. 10752-56, 10762-66, 10757-61, 10767-71, 10777-81, 10772-76, 10747-51 & 10742-46 all
3\0 dated 06.05.2023. Copies are enclosed as Annexure-A.

This is for your information, please.

DA/ as above Senior Eer':n"n‘?g}.%ﬂnglnur

ENdst. NO....iimisessiassisusss Dated i
A copy of the above is forwarded to the following for information:

8

The Chairman, Punjab Pollution Control Board, Patiala.
The Member Secretary, Punjab Pollution Control Board, Patiala.
The Chief Environmental Engineer, Punjab Pollution Control Board, Ludhiana.

The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-2,
Ludhiana.

DA/ as above '&'
i
Senior Envirnmental Engineer

B e
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PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN, \WW¥
NABHA ROAD, PATIALA <
WATER ANALYSIS REPORT & ™
' 1. Laboratory Sample No. E- 3009-3010/ H.0.Lab. Monitoring/2023 iy "E.UJ
ULR No. ULR-TC704518000000006394 '
2. Name of I Sewer Lines, Street No.04, Giaspura, Ludhiana
3. Name of Sample collecting Officer Er. Deepak Chadha AEE, Er. Rantej Sharma, AEE,
e Sh Dalbir Singh, ASO
4. Designation of authorizing Test - Environmental Engineer, RO-II, Ludhiana.
5. Type of Sample Grab
6. Date &Time of Sample collection 01.05.2023
7. Dut_r. &Time of Sample receipt in Lab. 02.05.2023
8. Period of Analysis 02.05.2023 to 06.05.2023
9. Test Methods As per relevant parts of 1S:3025/&Methods of APHA
Results
Sr. | Parameters From Sewer From Sewer Prescribed |
No. manhole manhole Standard
Location-1 Location-2
1 _|pH 6.8 7.0 5.519.0
2 | TDS mg/l 902 860 .
3 EC 1378 1027 -
4 | Sulphate mg/l 30 196 - |
5 | Chloride mg/l 144 134 - |
6 | COD mg/l 539 482 -
7 | Sulphide mg/| 24 2.0 -
|8 | Iron mg/l 2.6 22 3.0
Remarks: 1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Part-A:
Effluents as per Schedule-Vi (See rule 34)
2) BDL means Below Detection Limit
—-End of Report---
Endst No: /07525 & Dt. 5’4/”5/13 -

A copy of the above is forwarded to the; -
1. The Chief Environmental Engineer (Water), Punjab Pollution Control Board, Ludhiana,

A3 The Senior Environmental Engineer, Punjab Pollution Contro] Board, Zonal Office-11, Ludhiana.
3. The Environmental Engineer, Punjab Pollution Control Board, Regional Office-11, Ludhiana.
4. PA 10 Member Secretary, Punjab Pollution Control Board, Patiala,
5. PA to Chairman, Punjab Pollution Control Board, Patiala,

S VIR i K4
Pl M-
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PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN,
/ NABHA ROAD, PATIALA
WATER ANALYSIS REPORT
1. Laboratory Sample No. E- 3007/ H.0.Lab. Monitoring/2023
uur.“ No. ULR-TC704518000000006392
> of ladustry 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-11, 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 to 06.05.2023
9. Test Methods As per relevant parts of 1S:3025/&Methods of APHA
Resu
 Sr. | Parameters Sewer LineSub |  Prescribed
| No. Street No. | standard
(1 |pH 5.7 551090
|2 TDS mg/l 1138 =
[3 [EC 1532 g
|4 ! Sulphate mg/l 25 -
5 | Chioride mg/l 194 .
6 | CODmg/ 486 , =
7| Sulphide mg/l 4.2 .’ .
|8 | lronmg/l 22 ‘ 3.0
9 | Zincmg/l 0.3 15
1 10 | T.Crmg/ BDL | 2.0
11| Nickel mg/1 BDL 3.0

Remarks: 1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Part-A:
Effluents as per Schedule-V1 (See rule 3A)
2) BDL means Below Detection Limit

—End of Report—
J‘ ™
S r
Endst No: [o 2€2- C6 DL .:,,;_{sr/n._} lsNE
A copy of the above is forwarded to the: -
1. Chief Environmental Engineer (Water), Punjab Pollution Control Board, Ludhiana
“"The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-11, Ludhi

3. The Environmental Engineer, Punjab Pollution Control Board, Regional Office-11, Ludhians.
4. PA w Member Secretary, Punjab Pollution Control Board, Patiala.

5. PA 1o Chairman, Punjab Pollution Control Board, Patiala.
/
bl
Asstt. Scien Officer
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PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN, L

NABHA ROAD, PATIALA
WATER ANALYSIS REPORT
L. msﬂﬂ»&m. E- 3008/ H.O.Lab. Monitoring/2023
: ULR-TC704518000000006393
2. Name of Industry St No.06, Gurutegh Bahadur Nagar, Giaspura, Ludhiana
3. Name of Sample collecting Officer Er. Samita, EE, Er. G.S. Chinna, AEE, Er. Harpreet
. Singh, AEE, Mrs. Gurjot Kaur, SA
4. Designation of authorizing Test Enm\;l'#umu Engineer, RO-II, 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 to 06.05.2023
9. Test Methods As per relevant parts of 1S:3025/&Methods of APHA
Results
Sr. | Parameters Collected from Prescribed
| Ne. Manhole in Street No 6 Standard
(1 |pH 7.2 551090
2 TDS mg/l 625 *
3 EC 828 =
4 | Sulphate mg/l 30 2
S| Chloride mg/l __ 106 -
6 COD mg/l 922 -
7| Sulphide mg/l 26 -
8 | lronmg/l 2.0 3.0
9 | Zinc mg/l 02 5
10 | T.Crmg/l BDL 2.0
T11_| Nickel mg/ BDL 3.0

Remarks: 1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Part-A:
Effluents as per Schedule-V1 (See rule 3A)
1) BDL means Below Detection Limit

—End of Report-—
™

r
EndstNo: (075 7-4/ Dt. tﬁé/ﬂf/z_g Alps

hmg{h“ﬂhwmﬂ!:-
1. Chief Environmental Engineer (Water), Punjab Pollution Control Board, Ludhiana.
Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-11, Ludhiana.
3. The Environmental Engineer, Punjab Pollution Control Board, Regional Office-Il, Ludhiana.
4. PA 1o Member Secretary, Punjab Pollution Control Board, Patiala.
S. PA to Chairman, Punjab Pollution Control Board, Patiala.

A7
'Rl Asstt. Scientific )?‘:ur
i ﬂ% aﬁld;flﬁ

PHEE 4 &
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UNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN,
NABHA ROAD, PATIALA |326
WATER ANALYSIS REPORT 23
by B Ne. E- 3006/ H.0.Lab. Monitoring/2023
% i ‘;:IM ULR-TC704518000000006391
. Name of Industry Smart Colony, Near Indra Colony Sub-street No.02,
Giaspura, Ludhiana
3. Name of Sample collecting Officer 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-11, 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 to 06.05.2023

9. Test Methods As per relevant parts of 1S:3025/&Methods of APHA
Results

' Sr. | Parameters Sewer line Sub- | Prescribed

No. Street No.02 Standard

1 pH 7.0 5.5109.0

2| Total Dissolved Solids mg/l _ 908 -

3 | Chemical Oxygen Demand mg/| 630 - |
4 |EC 1086 - |
'5 | Sulphide mg/l 12 -
6| Chloride mg/l 130 -
7| Sulphate mg/l 20 -

'8 | lron mg/l 9.4 3.0 ]

9 [Zinc mg/l 0.8 15 |
10| Nickel my/l BDL 3.0 |
11 | Total Chrome mg/l BDL 2.0

Remarks: 1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Part-A:
Effluents as per Schedule-V1 (See rule 3A)
1) BDL means Below Detection Limit

—End of Report—

cer
4
Endst. No: [0 767 -#/ Dt. Df/¢.5’/13 Ll

A copy of the above is forwarded to the: -
1. Chief Environmental Engineer (Water), Punjab Pollution Control Board, Ludhiana.
Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-11, Ludhians.
3. The Environmental Engineer, Punjab Pollution Control Board, Regional Office-11, Ludhiana.
4. PA to Member Secretary, Punjab Pollution Control Board, Patiala.
5. PA to Chairman, Punjab Pollution Control Board, Patiala.

;-
7islas
Asstt. Scientific Officer

) il %ﬂ

PBEE & Ui &
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‘ PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN, )

b ”
NABHA ROAD, PATIALA ‘ i\Vie
WATER ANALYSIS REPORT 22( \
|. Laboratory Sample No. E- 3004-3005/ H.0. Lab. Monitoring/2023 Rf|
ULR No. ULR-TC704518000000006390
2. Name of Industry . 2 Sewer Line of Street No. 7 & 8, Giaspura, Ludhiana
3. Name of Sample collecting Officer Er. Satyajeet Atri, EE, Er. Vinod Kumar, AEE, Er
_— . Amritpal Singh Chahal, AEE & Sh. Paramjeet Singh SA
4. Designation of authorizing Test Environmental Engineer, Regional Office-II, 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 to 06.05.2023
9. Test Methods As per relevant parts of 1S:3025/&Methods of APHA
Results
Sr. | Parameters Manhole of | Manhole  of | Prescribed
No. Sewer (Gali | Sewer  (Gali | Standard
no. 07) no. 08)
1 pH 7.4 7.0 5.5109.0
12 |EC 1005 1091 -
'3 | Total Dissolved Solids mg/l 749 955 -
E Chemical Oxygen Demand mg/| 297 687 -
5 | Chloride mg/l 152 161 -
6 | Sulphate mg/] 27 77 -
7 Sulphide mg/l 1.0 56 -
|8 | lronmg/ 29 2.1 3.0
|9 | Zinc mg/l 0.2 02 E
| 10 | Nickel mg/l BDL BDL 30
11 | Total Chrome mg/l BDL BDL 2.0 *
Remarks:

]
1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Part-A:
Effluents as per Schedule-V1 (See rule 3A)
2) BDL means Below Detection Limit

---End of Report-—-

Ursch%r
L

A copy

of the above is forwarded to the: -

I. The Chief Environmental Engineer (Water), Punjab Pollution Control Board, Ludhiana.

\.2~" The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-Il, 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 to Chairman, Punjab Pollution Control Board, Patiala.

L b
Asstt, Sduﬂl‘liﬁmﬁr

L *“"M

A ?2]:.:11&

roge & w £



PUNJAB POLLUTION W
HWDL BOARD VATAVARAN BHAVAN,
i HA ROAD, PATIALA -
ATER ANALYSIS REPORT D
' 1. Laboratory Sample No. k)
e N, i E- 3003/ H.O.Lab. Moniwﬁwmz!
> Teamalbud ULR-TC70451 8000000006389
) Manhole at Meeting Point of St. No. 4 with main Sua
Eo-:l_ Village Giaspura, Tehsil Ludhiana West, Dist
3. Name of Sample collecting Officer Er. Bihsham AEE, Er. Rajpal Gill, AEE, Er. Maniderjeet
o Singh JEE
4. Des izi
ot ignation of authorizing Test Environmental Engineer, RO-11, Ludhiana
ype of Sample Grab
g. Date &Time of Sample collection 01.05.2023
! Dau: &Time of Sample receipt in Lab. 02.05.2023
g. $m|uzl of Analysis 02.05.2023 10 06.05.2023
. Test Methods As per relevant parts of 15:3025/&Methods of APHA
Results
Fﬁ:—. Parameters From manhole situated at  Prescribed |
0. Meeting Point of St. No. 4,  Standards
Makkar Colony with main Sua | |
n Road at upstream of point Zero 4
i |pH 6.8 | 551090 |
2 | TDS mgi 1005 | : J
3 | Sulphate mg/l 211 | - :
4| Chloride mg/l 158 . |
5 |EC 1218 =
1 tfﬂﬂmw 470 g
[ 7 'Sulphide mg/ 04 :
g Vi = | 48.1 1.0
P__ | Nickel mg/l RO 20
10 | Zinc mg/! 2.3 13
[11_| Chromium mg/l s =)
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Remarks: nrmw-,«ww for Discharge of Environmental Pollutants Part-A:
Effluents as per Schedule-VI (See rule 3A)
2) BDL means Below Detection Limit

—-End of Report---

Endst. No: [6F72-16 Dt DG/b‘I/}g

Ampyorm:mufmurﬂudtome:- _
i. Chief Environmental Engineer {Wne.r]. Pumalg Pollution Control Board, Ludhiana.
ﬁ Senior Environmental Engineer, Punjab Pollution Control Board, Zonal Office-I1, Ludhiana.

1. The Environmental Engineer, Punjab Pollution Control Board, Regional Office-11, Ludhiana

4 DA 1o Member Secretary, Punjab Pollution Control Board, Patiala
Asstt. tiffe Officer

5. PA to Chairman, Punjab Pollution Control Board, Patiala.
oo s

page awr d
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A
PUNJAB POLLUTION CONTROL BOARD VATAVARAN BHAVAN, (- ,}" o
. NABHA ROAD, PATIALA AR\
WATER ANALYSIS REPORT
|. Laboratory Sample No. E- 3011/ H.0.Lab. Monitoring/2023 "24%”33
ULR No. ULR-TC704518000000006395 _

2. Name of Industry AT Wires, Backside Sitara Cinema, Sua Road, Ludhiana
3. Name of Sample collecting Officer Er. Sandeep Kumar, EE, Er. Jaspal Singh, AEE,
4. Designation of authorizing Test Environmental Engineer, RO-II, 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 to 06.05.2023
9. Test Methods As per relevant parts of 18:3025/&Methods of APHA
Results

Sr. | Parameters sampling done from the Prescribed

' No. inside Houdle of the unit Standard
'1 | pH 4.5 551090

2 | TDS mgl 1451 - f

3 [EC 1746 : —

4 | Sulphate mg/l 279 . J

5 | Chloride mg/l 220 - ~

6 | CODmyl 124 = 4

7 | Sulphide mg/l 4.7 :

8 | lron mg/l 18 3.0 J

Remarks: 1) Prescribed Standards as per General Standards for Discharge of Environmental Pollutants Part-A:
Effluents as per Schedule-Vl (See rule 3A)
1) BDL means Below Detection Limit

-—End of Remﬂ-"* "‘o
Js T =N

Hlicer
EFE ]L,‘l:-
A copy of the above is forwarded to the: -

|. The Chief Environmental Engineer (Water), Punjab Pollution Control Board, Ludhiana.
~2" 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.
5 PA to Chairman, Punjab Pollution Control Board, Patiala.
A%
s\sle
Asstt. Scientific Officer .
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Endst. No: GS/M/J-J
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—
$2 PUNJAB POLLUTION CONTROL BOARD
Zonal Office-1, E-648-B, Phase-V, Focal Point, Ludhiana
Tolo Fax: 01614673789 Website:- wwaw.ppchgowin email:- ppcbzotidh@gmail.com

IT«Im 293¢ Speed PostOnline Dated &)[([a%
0

The Member Secretary,

Punjab Pollution Control Board,

Vatavaran Bhawan, Nabha Road,

Patiala,
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, 327/2023 titled as
News item published in India Today dated 30.04.2023 titled “3 minors among 11 dead in
Ludhiana gas leak, Punjab gowt. 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 circulated to its members
vide e-mail 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 observed:-

1. Formation of Hydrogen Sulphide (H,S) in Sewers

Hydrogen Sulphide is commanly known as sewer gas and is formed under 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 load leads to more generation of H2S Bas in sewer
lines.

Mechanisms for the creation and release of H,S 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 H2S Eas. 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, + organic matter + anaerobic Bacteria=» s*+ H0 + CD,
§" ¢ 2H'= HS.



167

g

-t
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,S 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
sewer lines.

4. Optimum pH for H2S generation

Nearly 90 % of Sulphide will be present as H,S at pH 6 as depicted in graph attached as Annexure-
A (Source:- Journal Presented by Jason Kone ot Queensiand Woater industry operation conference
ond exhibition, USA). This graph further depict that even at pH 5, 100% of Sulphides get converted
to H2S. This implies that majority of the Sulphides are converted to H;S at pH 6 and there is no

special requirement of very low pH for generating high concentration of H;S as all the H2S exist at
pHof5

5. Development of anaerobic conditions and ic acid in i
in sewers through Bio-chemical Oxidation as reflected from analysis results.

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 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 agqueous 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
H2S, 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.

Oy 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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.ij 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. E of Iron and other metals in H neration

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 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 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 H2S scavengers to remove sulphide from
various streams likely to contain H2S.

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 saits 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. Iron salts are used in Biogas digesters to suppress H2S
generation. These iron sulphides are very fine particles having very low sedimentation properti
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.



169

During the visits, 179 establishments including residential and commercial were inspectetl. Out of
these 179 establishments, 22 industries were found water 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.

2. 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.

3. Two caustic barrelling 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). All 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 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
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 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/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.

6. The possibility of accidental injection of industrial effluent or deliberate discharge of acidic
effluent or suspicious 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 incident area



170

upstream

, upto about 1 KM (Eastman Chowk) discharging any unethical effluent/ chemical
e1c. directly into sewer by any unsocial element.
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 would have been affected. As such, the hypothesis of industrial discharge leading
to formation of any gas could be ruled out.

8. Comments on the analysis results of the samples collected by Punjab Pollution Control
Board,

A. On the day of incident i.e.30.4.2023, samples were collected from 6 manholes of sewer
line immediate near to the affected site. The details are as under:-

Ref No. | Sampling Location | Reference w.rt zero | Time | sample
point (incident point) | no.
A From Manhole Opp. Jasbir Building | Upstream  near to | 01:00 PM | 5-3
Material Store incident point
| 8 From Manhole Near Transformer, | Immediate  Upstream | 11:30 AM | 5-1
Outside Saroj Beauty Parlour the incident point | |
12:20PM | A-1
£ From Manhole in the front of Nitco | Immediate u/s the | 04:30PM | 5.5
Logistics (P) Ltd, Near Transformer incident point
D From Manhole Opp. Aarti Clinic Opp. to the Incident | 12:40PM | 5-2
point.
E From Manhole Opposite Dharam | Immediate dfs the | 01:40PM | 5-4
Kanda near Punjab Emporium) 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 Point E (D/S) of incident point.

b. High Concentration of iron between 951-1499 mg/l is observed at Point 8,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 s the case of chlorides. Its concentration 683-1541 mg/| at B,C and D whereas on
upstream and downstream, it is 295 mg/l and 231 mg/| 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 t0 9.1 mg/l. A general trend

of reduction in the concentration of these metals is observed from upstream to
downstream.
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g Concentration of Sulphates at Point B, C and D is found between 27563849 mg/), It is
3851 mg/l at A (upstream) and only 882 mg/l downstream at E. |
h. 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,

B. On 01.05.2023, samples from 9 locations of
the periphery of 500 m u/s and 200 m d/s
Parameters when the water
samples is as below:

a) pHvaried from 5.7 to7.4
b) COD varied from 297 to 922 mg/I

c) TDS varied from 625 to 1138 mg/l

d) Chloride varied from 106-194 mg/
e) Sulphide varied from 0.4 10 12 mg/l
f) Sulphates varied from 20 10 211 mg/!
g) lronvaried from 2 t0 9.4 mg/l

h) Zinc varied from 0.2 to 2.3 mg/l

i) Nickel and Chrome were found Beyond Detectable limits.

the branch sewer lines in the adjoining streets in
were collected to check the sources of different
polluting industries were in operation. Summary at 9 points of

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
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 responsible for High Organic load at the site

a) Densely Populated Vicinity:-The Area is 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
fish/Meat shops located in the upstream of the incident point which are di

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 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
which leads to choking and heavy accumulation of organic matter.

Cluster of nearly 10
scharging the washing

10. s nsible for accumul ofH2Sina t

Initial discussions with experts revealed that in Case, waste water stream in a sewer

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 B3s. However, in case there is a built up
of organic matter due to blockage/stagnation in sewer /slow 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 H2S. Even if, the H2S

line remains
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Benerates and proper vents are av
concentrations is not

ventilation in the

¥ ailable, the chances of accumulation of H25 at such high
Possible. Inadequate vents 1o the sewer lines accompanied by no or poor

residences of affected houses mi '
Bht have aggravated the problem resulting in
the accumulation of H25§ Ras in the affected pocket. o '

:r.zguch. following might have been the main reasons for accumulation and reverse dissipation of
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 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 H2S built up was there even after caustic dosing o
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 H2S 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 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 H2S In the affected premises. Poor
ventilation system particularly in the affected houses might have affected the dissipation of H2S
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 H2S 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

fr
Professor Department of Chemical Encinesring  Theo . from Dr. Anoop Grover,

B s
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B. The report on the visit of Expert Committee comprising of Professor Sushil Mittal, Vice
Chancellor, Sard

_ ar 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.

C. The cop

les of literature obtained from various lournals/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 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 effluent as described above.
Senior Emt!a"r'{éﬂ ﬁinﬂf
Dated

A copy of the above is forwarded to the following for information, please.

DA/As above

Endst No

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.

’Bllﬂp c?'h'm-'l.

Senlor Emﬁnn’i‘u ntal Engineer
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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

NBATRRUINS SONE: Watt Iilegal Outlet for discharge of high organic

handling which leads to

loaddi i
choking of i rectly into sewer
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NO OR POOR VENTILATION IN THE HOUSES OF THE DECEASED
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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
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Thunhuhmuuth-mm::mu,lmﬂuuﬂihm
m.osmﬂ1mm.wh.mym|mmmmmmwﬂnﬂ
HMMMMMMMWMMMMM
mmmmmmmummMmm
mﬂwMﬁﬂm-MMMﬂmw&um
1 R has been told that as per the findings of NDRF and CSIO, the gas leakage sccident might

mmmwhummmmummmmmmmmm_mm

dissipated due to blockage of sewerage lines. One of the person from the deceased family

nhdmmnuphhhttmmmﬂmwumw

mummmmug.nmmmmmﬂnmmmmu
wmmmmmmmmmmumuumwm
mmmm_t_.dnth,uwﬂuﬁnnﬂuHmmﬂulhhw“
mrmmumnmmmrmmm.mﬂmhm
mﬂmhMHMMmdmtmmW
system resuiting in lack of oxygen use in cells )

2. | along with Ms. Swatl Thwana, SOM (West), Ludhlana and other administrative staff visited
hmm:lhu-ﬁnmethmbmmmmmmmm.mw
MWHMH\OMHWMWMM&M
mm.m“mmahmmmmmmm
mmmwmusmmmmmMuMhmlﬂ
ﬁmmmuuhwmﬂumnmummu

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 organic
matter which eventually lead to bio-chemical degradation with more H,S formation.
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 HaS and other gases in the sewage
system.

5. 1 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
ﬁnﬂnduﬂlﬁmumamﬂmuﬁtﬂuhﬂmmw-mﬂw
Mummﬂhmdﬂtd. Even i it is presumed that there is some untreated
industrial discharge in that particular stretch then in that case; the severity of high
concentration of HyS is not possible. If administration rmnrmndl,ﬂ:n sampling of sewer
manholes can be carried out.

6. ouwbmdwmm.dm:ﬂhmnWMhlmm.
mwu:mﬂmmm“mdumufmmm
to formation of HaS. During anaerobic digestion / fermentation, blo-chemical reactions
Mummummmmmummmmmm

m;mh&ﬂﬁw“wﬂhmtuhwmbhurkﬂwhhhm&dvm
lead to reduction in pH of slurry.
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There were many small slaughter houses, dhabas in the close vicinity of the affected site
MMH“Hl_ll_muoihmmﬂMp:ummhnum‘m
Again, this organic content is feeder 10 anaerobic digestion which ultimately lead to
formation of M5, CO and other gases.

Based upon the overall inspection of the site and subsequent interactions with all the

administrative stafl, | have some personal recommendations 1o cope up future incidents

ke this:

L While designing sewer lines, the contribution of rainwater run off should akso be
accounted for. Regular cleaning of sewer lines where there Is a poor drainage systems
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 regularty.

. Regular mock drills for gas leakage safety, fire from gas leakage would be adopted by
Mil;almwdmlfmlﬂldmlhthh.

. Mumcipal Corporation and other regulatory bodles should collaborate with institutes
of repute to develop state of the art technologies to avoid any such incident in near
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Preliminary report on the visit of the Expert Committee comprising of Professor
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 committee visited the site of the incident on 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 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. Preliminary observations of the committee are:

1. Incident happened on early morning 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 units, 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 ‘Haudi' just outside the shop
when he visited the shop. His mother and brother's wife also died on the spot when
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 Aarti Clinic,
localed next to Goyal Karyana Store. Some more people are reported to have died
near the incident site.

5. When our team visited the site, whole of the incident site was found clean and man-

hole covers of sewerage lines replaced and cleaning of the sewerage line done,
as
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Informed by the residents. Further, the residents Informed us that the main sewerage
line might have been blocked as It was cleaned with super suclion machines in the late
night on 30.4.2023. They also told us that the problem of sewerage line blockage is
common in this area.

Poor or no ventilation was found in the residences of affected persons

We were informed by the people that the cause of deaths could be inhalation of H,S,
as declared by the NDRF and district administration also.

As per the information available to us supported with Chemical Testing Reports (provided by
PPCB) of the samples reported above, following are our preliminary findings:

a

b.

Loss of life was due to inhalation of some poisonous gases like Hydrogen sulphide
{H:S) in high concentration (more than 700 ppm).

H;S is mainly generated in the sewer from the biochemical degradation of human
excreta, kitchen refuse, detergents, oil and grease, animal waste by microflora of
organisms, which are always present in the wasle agueous sireams. Where ever there
is blockage of the sewer slream or a sludge deposition in the sewer line, it leads to
anserobic conditions. Possibilities of accumulation of high concentration of HiS 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.

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 lab test reports:

1.

3

Ph. 01874-292863, 9B15653261(M)

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.

pHmndﬂiummmpmtndtnbehhmngel,ltﬂE.?hﬂuummw
downstream stretches of the sewer line, which indicates building up of anaerobic
condition only in the accident area and sustaining in adjoining pockets.

wmamlmhmwmmhhmuw
mumuua-a.aminmmmmmmm
MMMHMWHMWMWIMMH

n ‘
sewer system from the cottage
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nut-bolt making, drilling and wiro drawing Indusiry. Tho Iron o enlered In the wasle
stream got accumulatod In the offected pockel due to reasons of sludge solliing or
some other similar reasons. High concenirations of iron In the range 989-1450 mg/L
In the affected sewerage pockels as compared to 201 - 333 mg/L In the upsiream and
downsiream pockets might hawe come due to solublliity of the metal in the acidic
conditions converting mela! particios to the dissolved aqueous form. Resulls dated
1.5.2023 of adjoining streals suggest low concentraflon of Tron conteats upto a range
of 9 ppm compared to higi concentralion of iron observed In affected areas also
indicales accumulation of iron and olhers in a particular stretch. High TDS
(19426mg/L) near the incident point and low TDS (1730 mg/L) upstream supports the
above finding.

4. Presence of melals, especially iron, zinc, 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 aqueous medium or iron salls would combine with sulphide ions
(from H.S or any other source of sulphide) to immediately convert to highly stable
iron/metal sulphide through an ireversible reaction leading to the formation of
respective metal sulphides. Hence, due to above property of metals, iron, nickel, zinc,
chromiun elc. wuuﬂnwmbuamMH;Sgamﬂm.rﬂhernu:ﬂuH,s
scavengers lo remove sulphide from various streams likely to contain H,S.

5. Moreover, due to the presence of heavy metals including iron, the low BOD is likely
lo be observed due to inhibition by these metal ions.

6. In case of a waste water stream in running condition with proper ventilation of
sewerage network, the generation of H,S at high concentrations are not possible, as

ﬂmumuﬂnﬂhammﬂcmﬁﬁm:daﬂomﬂhmwh. 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.

. Meal/fish slaughtering cluster on the upstream and unauthorized eateries in front of
the incident puimcomtn rﬂghggarichﬂdﬂiﬁmigﬂhmadd“mhﬂrs
generation under anaerobic conditions in the sewer line.

&Pm:ﬁﬂyﬂaccidmtalirmulaﬁnnmmanrunkrmn i
Mmmnflhuuwerﬂnum&dmmw
poisonous gas leading to causalities. TN ot ey

-

Vice Chancelior, SBS State University, Gurdaspur
(Former Registrar & Sr Prof. Chemistry at TIET, Patiala)

Ph. 01874-292863, 9815653261(M) E-mail -vc@sbssugsp
~mmail - a.n

53888808060,

ILIE VTEN
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HYDROGEN SULPHIDE GAS IN SEWERS - THE CHALLENGES
OF ODOUR AND CORROSION

Jason Kane, Engineer, McBemns

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.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 HsS gas is detected.

This paper discusses the challenges operators face due to H,S gas, how it is generated, how III;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 strategies in 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 1o sulphuric acid which can corrode the internal walls of sewers,
manholes, pump stations and other concrete and steel structures.

H,S gas impacts include:

» 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 sit at the bottom of maintenance structures
such as tanks, wells, enclosures, pits, buildings, storage areas etc.

. H;Sgascunbeuxidiwdwithinﬂumwheulqmunﬂumpipemﬂ
resulting in the generation of sulphuric acid, which is corrosive, especially to
concrete or concrete lined pipe.

Practice has shown that very low concentrations of H,S

) gas in solution, for examp
Img/L, can produce a concentration of hundreds of ppm by volume in air This has bc:\
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 I'Fﬁl.lh}ng from H,S gas. Cesca et al. state that “The cost associated with
premature deterioration of sewer assets has been estimated at over $12.000 per km for a

hvdrogen sulphide concentration of 100 ppm in a 300 mm diameter sewer”

I%h Anmual Mﬂw Water Incha . 4
Logan Metro Indoor Sports Conmre siry Operations Conference & Exhibition

Logan 310 5 June, 2014 R
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2.1

2.2
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How is H,S Gas Generated

The following describes the 1,8 gas generation process:

Hydrogen sulphide is formed under anaerobic conditions ai low flow veloclties and
r:mmw:u Ihmqrrdmulm-Ndemﬂ
5 nverted syphons and pressure mains."(HsS Control Manual,

Senieuhmchtbnnf&nm&]

Inputs to H,S gas generation inclide available oxygen, suphates, organic matter,
inadequate slime stripping velocities, detention time, temperature (e.g. tradewastes versus
dumﬁ;mwmmmmupmtummwm

Mechanisms for the creation and release of HS 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,S gas can be measured using the following methods:

o OU's - Odour Units (ie. 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
million. H,S gas loggers and proprietry software are available for logging and
analysing data

* Sulphide concentration modelling (i.e. predictive only):;

120
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Figure 1: Predicting sulphide concentration in a sewer

—e ——.-_—j

* H.S gas dispersion modelling (i.e. predictive only) - umed measured
concentrations are predicted o e

from environmental inputs using proprietry software.
Operations Conference & Exhibition
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Health Effects of H,8 Gas

Tables | & 2 show the health effects and recommended limits for H,S gas exposure

Jable |; HS gas levels and impacts

Level in air (ppm) Tmpacts & Health Effects
L 0.008 Odour threshold (with some individual variability) :
0,008 Increasi ibility of annoyance and headache, nausea, fati
e —— Bronchial restriction in some asthmatics
4 Increased eye complaints
P 510 Minor metabolic effects
20 Neurological effects including memory loss and dizziness ==l

Table 2: Exposure limits

L Limit (ppm) Exposure Time

IL 2 30 minutes

L 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 afier a
single breath (Wikipedia, search: sewer gas, March 2014,
hitp://en.wikipedia.org/wiki/'Sewer_gas).

2.4 Removal of H,S Gas

H:S gas reduction or removal usually 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:

Liguid phase:

e Dosing to precipitate out the sulphur containing compounds. For example, dosing
lerric chlonide, where H,S gas will react with metal ions in the liquid to produce

metal sulfides that are not water soluble

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)

s Masking agents’deodonsing

Gas phase:

* Sealing the system - usually silicon based products such as Sikaflex™

* Ventilation — induct/educt of air (i.e. dilution over time)

e [Extraction - wind assisted or fan extracted

* Adsorption - activated carbon (usually impregnated for
media types include plastics, coconut husks, timber mulch

* Biological and/or chemical conversion/capture

¢ Buming off.

H2S gas removal), other

In more recent times, the followi i
Sictine. besl o sl wwﬁ red:mmp n:sl:ods have been found 1o be the most

sty Operations C “chibiti
Logan Metro Indoor Sports Centre, Logan 3 10 § Ju.._-_n;f:m s Page No. 78
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Table 3;

Accepted H »S gas reduction methods

c::nnunn Containment Trests

: u;::n nitrate anlu_ um hydroxide | Carbon filters
—pomctittsle | Sodium hydroxide il

X injection | Ferric chloride Chemical scrubbers

Reducing H.,§ Gas Generation

Some practical H.S gas reduction methods include:

Redu_ce 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 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
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

* 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
* 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, 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.

Figure 2: Typical AC Figure 3: Biotrickling Figured:  Chemical
filter & vent filter scrubber
h Annual Queensiand Waier Indhistry

' Operations Conference & Exhibition Page
"gan Metro Indoor Sports Centre, Logan 3 to 5 June, 2014 e
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Gﬂrmsitrlés mﬂ-e“is converted by microbes ilugsglphmic acid (e.g. on the pipe wall), its
fiihrﬂm];pse_ Can cause long term loss of wall thickness or even

;I]"hr:: extent of _corrosion depends on the asset type, materials, system design and
Perational decisions. Examples of H,S gas corrosion include:

* Concrete - microbial induced corrosion via acid attack (refer figure 5) o
* Asbestos cement pipe - lime leaching making pipe susceptable to cyclic failure
(refer Figure 6)

* Ferrous - found in older pipes and fittings, knifegate valves, penstocks, inlets etc.
* Plastic - not likely but some evidence of pock-marks in HDPE pipe

Figure 5: 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 include:

e (Cement mortar - trowelable or spray-on

e Epoxy spray-on

e HDPE liner

e 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 Pipe relining — CIP liners, spiral liners, structural liners
. Pa;llmgfclamping (small dia.) — internal or external (e.g. pressure main repair
bands)
Patching (large dia.) - reline shorts for large pipe
* Repair wraps e.g. resin-soaked fibreglass bandage
* Sand blasting, priming and re-coating

39th Annual Queensiand Water Industry Operations C anference & Exhibition Page No. 80
Logan Metro Indoor Sports Cenire, Logan 3 10 5 June, 2014
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Renewal or complete replaceme

v encrally an
CXPERSIVE exercise that may hwnm 4 4 result of 11,8 gas corrosion are generally

been avoided if monitoring and adequate repairs were in
sll;:: m |W ' least, @ successful repair will afford time to determine the most cost
required. was well as time 10 procure the specialist contractors that are usually

30 CONCLUSION

The role of the operator in managing the chalienges of H;S gas includes:
* Ensuring that operating and maintenance work is conducted safely when HiS gas
has the potential 10 exist

* Note any conditions or changes tha may increase the likelihood of H.S gas
generntion

* ldentify and report H,5 gas and corroded assets

* Implement a repair solution that will maintain service until rehab/renewal is done.

Key messages for the operator to consider:

How 1s H,S gas generaled

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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Sodium Chlorite
Hydrogen Sulfide Control in Wastewater

Collection Systems

Introduction

Hydrogen sulfide (HzS) 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 comrosive towards steel
and concrete. Control of H:S will result in
ncreased life and lower maintenance cost for
facilities and piping. In addition, worker safety is
of concern as hydrogen sulfide is axtremely toxic
at levels above 500 ppm, which can be reached
in confined spacas.

A number of sulfide control strategies are
available depending on the system design and
trealment goal

Application Description

Sulfide exists in wastewater in three forms:
hydrogen sulfide gas (H:S). non-volatile ionic
species hydrogen sulfide (HS') and sulfide (S%).
The ratio of each of the three species H:S, HS
and 5% is dependent on the pH. Al pH 6, 90%
of the sulfide will be present as H:S, and the
higher the H:S concentration the greater the
tendency for it to volatiize. Conversely, at pH
10, 100% of the sulfide will be presant 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 sulfale on is the dominant
mechanism for sulfide formation. In the absenca
of dissolved oxygen (DO) and in the presence of
soluble Buwological Oxygen Demand (BOD),
Desulfovibno  desulfuricans (SRB) and other

sulfate-reducing bacteria (SRB's) convert the
sulfate ion to sulfide.

Anagrobec
S50.% + Organic maiter m“um H:5 « CO;

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 lime, stream velocily, and surface
area.

Treatment Alternatives

There are two basic ways to control hydrogen
sulfide:

= Prevent sulfide formation

= Remove the sulfide after its formed

Fraventling Sulfide Formation

Inhibiting bacterial action or moderating the
vaniables affecting hydrogen sulfide generation
is often the basis for controlling hydrogen sulfide
in wastewater treatment systems. Treatment
Options include the following chemicals: Chiorine
dioxide and Nitrate.

Chiorine dioxide (CI0;) is applied at or near
the source of hydrogen sulfide.  Chiorine
dioxide, when fed at doses higher than the
rrinimummnummduuu-,rhwmgmaurﬁda
ﬂmh%hw.%mntamﬂm
bacteria creating the sulfide. Chlorine dioxide

M‘I‘mﬂrmhpmu
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oxide (NO), nitrous oxide (N:0) and other
metabolic byproducts rather than sulfide.

BOD + NO: Mz + COy
ma + + Biomass
{mo OO .
Typical field applications require a minimum of

1.5 pounds of nitrogen-oxygen (N-O) pound
of BOD. il

Removing Sulfide After its Formation
Removing the sulfide after it has been formed
can be achieved using a variety of chemicals
eithar 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 aiso promotes bio-oxidalion
of organic odors. Common trealment oplions
include: Nitrates. Sodium chlonte, Hydrogen
peroxide, and Iron Salls

Nitrate (NO,;) may alsc be effective for the
removal of existing sulfide in the presence of
bacteria thal can ulilize lhe nitrate for the
oxidation of sulfide to sulffur or sulfate.
Examples of such bactena include Thiabacillus
denitrificans, Thiomicrospira deniinficans and
Thiosphera paniotropha’ Bacteria able to utilize
nitrate for the bic-oxidation of sulfide are
naturally present in sewage systems,

Sodium chlorite (NaCIO;) is apphed at or near
the source of hydrogen sulfide. It is also applied
in wastewater systems where a retention ime of
graater than 3 hours is encounlered, such as
remote sites for long duration control. Sodium
chiorite selectively oxidizes sulfide and related
organic odors. Unlike hypochlonte, sodum
chiorte does nol react with ammonia, and doas
not form chiorinated organics.

2H:S + NaCIOz = 25° + 2Hz0 + NaCl

Typical field apphcations require a menimum of 3
mg/L of sodium chlonte per 1 mg/L of sulfide.

Hydrogen peroxide (H:0:) is applied lo the
wastewaler system usually where there is a
retention ime 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
polassium permanganate. Hydrogen peroxide
will oxidize the hydrogen sulfide present and
promote bio-oxidation of organic odors.
Hydrogen peroxide decomposes inlo oxygen
and water, environmentaily harmiess
byproducts.

H:S + Hz02 5 S°+ 2H:0 (pH < B.5)
HzS + 4H:02 3 SO + 2H;0 (pH > 8.5)

Typical field applications require 1 1o 3 mgiL
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 minules,

lron Salts are applied 10 wastewater systems
for long-duration control. Both ferrous and ferric
salls react with dissolved sulfide to form metal

mmm“m.
treatment plant. -

Ferrous Salts: Fe™ + HS' 5 FeS + H*
Ferric Salls: 2Fe™ + 3HS 9 FesSy + 3H"

%
DXY o Techoca Servce Department
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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 SLmOphere.
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 s 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,5) and CO;.

Step 2: If there is sufficient oxygen, nutrients and moisture present, colonisation of neutrophilic bacteria, can cause oxidi-
sation of Hy$ to create sulphuric acid (H;50). 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 s 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 (CsA) 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;5 from a water phase to a gaseous phase

« Biological 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 organic material and nutrients in the sewerage.

= Sulfate concentrations.

« Dissolved oxygen level in the sewerage.

= Temperature (i.e. higher lemperature 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
release of ;5 to the gaseous phase) mhnmmmmmm

Concrete Pipe Association
of Australasia admin@cpaa. asn.auwww.cpaa. asn.au
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:l‘:f’: all ‘h'd::‘“““ have an important role in contributing to the corrosion Impact on concrete pipe in sewerage waste-
+ good design, specification and manufacture, can help to mitigate the onset and the severity of sewer corrosion.

E“::h”;ﬁ mmiﬁ;m"“ has shown that corrosion is significantly reduced under the following operating conditions:

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 Lo 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,5 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 biended 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
resull 15 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 15 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 sulfunic 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 reguirements over time.

= Specifying a keyed-in plastic liner over the interior surface of the pipe to protect it from H;5 attack,
= Using concrete made with antimicrobial additives

Concrete Pipe Association
of Australasia admin@cpaa.asn.auwww.cpaa.asn.au
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The rapid chemically induced corrosion of concrete sewers at high H2S
concentration

Abstract

Concrete corosion in sewers is primarily caused by H2S in sewer atmosphere. H2S concentration can vary
from several ppm 1o 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 1o 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 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 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 1o 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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Abstract:

Concrete corrosion in sewers is primarily caused by Hs§ in sewer atmosphere. HiS
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 H3S levels. This study examined the corrosion
development in sewers with high H,S concentrations. Fresh concrete coupons, manufactured
according to sewer pipe standards, were exposed 1o 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 to 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
supported the reaction of cement with sulfuric acid formed by the chemical oxidation of H:S.
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 lo 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.

Key words: Sewer, Corrosion, Concrete, Hydrogen sulfide, Chemically Induced Corrosion
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L. Introduction

As :
s one of the most enueal components of the urban infrastructure in modern socictics, sewer

networks collect and transport sewage 1o treatment plants, preventing human exposure (0
unhygicnic sewage and related sewage-bomic discases, The prevalence of concreie corrosion
weakens the structural strength of sewers and leads 1o carly collapse of pipes (Zhang ct al

2008). The damage inflicted on many sewer networks and the cost of preventive measures is a
significant world-wide economic problem (Alexander et al. 2013, fagnw. R g
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 pipes is mainly a result of hydrogen sulfide (H:S). Ha$ is formed by
sulfate-reducing bacteria (SRB) in the anacrobic sewer biofilms/sediments. From the sewage,
HS is emitted to the sewer air, part of which is absorbed/adsorbed into the moisture layer on
the concrete walls exposed to air, here it is oxidized to sulfuric acid and causes corrosion (Li
etal 2017). H:S is ubiquitous in sewer systems, although the concentrations differ temporally
and spatially from a few ppm to several hundred ppm (Jiang et al. 2014, Wells and Melchers

2015).

Sewer concrete corrosion 1 a relatively slow process that may take years or decades 1o occur
(Joseph et al. 2012). A three-stage concept proposed by Islander et al. (1991) is widely adopted
to descnibe the corrosion development. In the initiation stage, the surface pH of the concrete is
reduced from c.a.13 to c.a. 9 by carbonation and H:S dissolution. This leads 1o the later slages
where the pH of the concrete surface is conducive for microorganisms to colonize. Depending
on the pH, both neutrophilic and acidophilic sulfide oxidizing microorganisms will biologically
oxidize sulfur compounds 1o sulfuric acid. The reaction between cementitious material and

sulfunc acid produces corrosion products like gypsum (CaSQy), resulting in the structural
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70 weakening of concrete sewers (Davis et al. 1998, Harrison Jr 1984, Islander et al. 1991, Nica

71 etal. 2000, Parker 1947). Since the biological oxidation rate is much higher than the chemical
72 oxidation rate, microbial induced sulfuric acid production is regarded as the main cause for the

73 sewer concrete corrosion (Hvitved-Jacobsen et al. 201 3).

74 Current strategies for controlling sewer corrosion are targeted to: (1) prevent H2S production
75 and its partition from the sewer liquid phase through the dosing of antimicrobials, iron salts,
76  pH elevating compounds and oxidants to the sewage; (2) reduce the HzS concentration in sewer
77 air through forced ventilation; (3) applying surface treatment on concrete sewers (Jiang €t al.
78  2015a). Corrosion resistant materials like antimicrobials, silver-loaded zeolite, and polymers
79  coatings are widely used to mitigate the corrosion of sewers (Bemdt 2011, De Muynck et al.

80 2009, Haile and Nakhla 2010, Sun et al. 2015).

81  With the increased use of corrosion-resistant materials and surface treatments in SEWers,
82  instead of reacting with concrete, the H:S in sewer air can accumulate to very high
81  concentrations. In real sewers, H2S concentrations of over 800 ppm are observed in a gravity
84  pipe (Wells and Melchers 2015). Furthermore, various factors such as high wastewater sulfate
85  concentrations, and extended hydraulic retention times can lead to high sewer H:S

86  concentrations (Lahav et al. 2004, Sharma et al. 2008).

87  To date, microbially induced sulfuric acid generation from HaS is considered as the major

88  contributing cause of sewer mass loss and structure failure.
89  The observed rapid corrosion and the formation of sulfate as the main corrosion products

90  cannot be explained by either the three-stage corrosion development model (Islander et al. 1991)
91 or the previous theory describing the initiation of corrosion (Jiang et al. 2015b Joseph et al.

92 2012). The short exposure time suggests that there was likely no development of any sulfide



204

YS 3.2 Microbial community in the corrosion layer
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In microbial induced concrete corrosion, once the pH is reduced to lower than 4, due 10 the
sulfide oxidation and acid production, acidophilic microbes usually become the dominant
species (>50%). The most typical genus of acidophilic microorganisms associated with
biogenic acid production is Acidithiobacillus including A. ferroaxidans, A. thiooxidans, 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 abundant in acidophilic communities of sewer
corrosion layers (Cayford et al. 2017, Jiang et al. 2016b, Li et al. 2017, Okabe et al. 2007,
Pagaling et al. 2014). None of these typical acidophilic sulfur-oxidizing microorganisms was
detected in the corrosion products collected from the concrete samples in this study. Therefore,
it is highly likely that biological sulfide oxidation was not playing a major role in the rapid

corrosion observed in the presence of high HS levels.
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3.3. Sulfide oxidation rates of the concrete coupons afier exposure

The SOR of the coupons prior 10 and after sterilization were quite similar for H:S
concentrations up 1o 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 HS 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.
3
A
- Badorg -
o Aher
gw
Em
8 o
c L L v
0 50 100 150 200 250
H.S (ppm]
4
k)
7

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 H,S (B).

The SOR of both coupons were below 25 mg-S m™? h*' under 10-200 ppm H:S and increased

to around 200 mg-S m~ h”' at approximately 1500 ppm HiS. The SOR observed for the
chemical oxidation process is comparable to the sulfide uptake rate (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-S m™ h' was reported for microbial
induced corrosion after 33 months exposure to HsS at 50 ppm (Sun et al. 2014) and around 100

mg-S m™ b for coupons after 17 months exposure under 25 ppm H:S (Jiang et al. 2016b). At

the exposure of 1000 ppm of H3S, a rapid consumption of H:S, 3600 mg-S m? h™' was

205
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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 above 1000 ppm HS
of this study were comparable o the uptake rate of microbes under 50 ppm (Sun ct al. 201%).

which could lead to similar magnitudes of corrosion.

Under the high levels of H:S (S00ppm-1500ppm), the SOR increased significantly along with
the increase of H:S concentration (Figure 6B). Kinetic models (i.¢. exponential, power), have
been previously used to describe the oxidation rate of sulfide in microbially induced concrete
corrosion (Esey et al. 2002, Sun et al. 2014). Firting 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 models.
the reaction order for sulfide oxidation in this study was estimated to be 2.4, which 1s higher
than the reaction order (1.5) previously reported for chemical dominated sulfide oxidation on
concrete surfaces and also higher than that reported for microbial induced sulfide oxidation on
corroding concrete surfaces (0.45-0.7) (Saioh et al. 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 HaS 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

B LE_ R W



s

)

(]

[

.
151
152
153
154

¥ Vo wewewYyYT I I W

} 207

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,
ﬂtismchmmeﬁmdbylmhupHmﬂlmdamimnummdlmrﬂf'-
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chemical oxidation of hydrogen sulfide to sulfuric acid.

* The rate of chemical sulfide oxidation increased exponentially with hydrogen sulfide
Dﬂm-ﬁmumdﬂﬁ:mldmmmyhighmﬁmm-

¢ 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. Iron salt performance is not
impacted by oxygen uptake rates but they do remove dissolved oxygen from the
water

iron Salt Properties and Dosing

Iron salts are supplied as fiquid solutions containing 5-13% ferrous or ferric iron as
either a chioride or sulfate salt. They are supplied in containers of 55 or 300 galions,
or in bulk shipments of 4,000 - 20,000 galions.
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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, Agquafin 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 (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 corrosion problems that had been observed at a pumping station in the vicinity
of Antwerp, Belgium. This contribution describes Agquafin’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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wastew :
ater is collected in a wet well which is equipped with level measurement instruments that

gl
onitor the amount of wastewater present. When full, the wastewater is pumped to a higher level

through a farce main (or pressure main or rsing main) and discharged in an inspection chamber or

manhole from which the wastewater continyes 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

Branity sewer force main Rravily sewer
pumiping manhole
station

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,5). 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

» force mains;

+ inverted siphons;

= gravity sewers with high filling degree;

+ slow-flowing, partially filled gravity sewers;

s biofilm and sediment layers found in gravity sewers;

s 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
hydrogen sulfide and the latter thus contributes to odor nuisance.
corrosion problems are dealt with.

conditions as
In this paper, however, only
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Technical Information 3.09

Elimination of Hydrogen Sulfide
from Wastewater Collectors
using Iron Salts

The occurrence of hydrogen sulfide (H;S) in sewers
is a commonly known problem. This foul-smelling,
acidic gas is produced by the biogenic decomposi-
tion of sulfurous organic and inorganic constituents

under anaerobic conditions. Hydrogen sulfide can
particularly be expected to form in combination with

long flow times, high temperatures and especially in
pressure pipelines.

Elimination of HzS in wastewater collectors



Fig. 1: Hydrogen sulfide - bisulfide — sulfide equiibnum 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 H:S, 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 (HzS),
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 H:S in an anaercbic environment are the
sulfate ons thal 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 H:S evolution
(desulfuration). Table 1 lists the typical sulfur content of
saveral foods.

2. Why is hydrogen sulfide so
dangerous?

eEven in very low concentrations (< 0.2 ppm),
H:S 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
mmﬂmhigi'lrlplkmutn{mm},
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.
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Tabie 1: Sulfur content of several foods

e Hydrogen sulfide or the sulfide ions can have a

negative impact on the process of biclogical waste-
waler 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 ailso guaranteed at the end of
the line.

Since the biogenic formation of H;S 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. 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
extremely low solubility of FeS, competitive reactions
with other constituents in the water can be ruled out.
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Table 2: Reaction equations for sulfide precipitation

5. Which KRONOS products are most
suitable for this purpose?

in principle, all KRONOS iron salts are sultable for
hydrogen sulfide elimination. The question as to which
product should be given preference is primarily gov-

emed 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 80 | canisters, 200 | drums,
1 m* containers or in bulk in road tankers. If only small
quantities are required, the product can be matered
directly from its ornginal container. T1 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

Fig 2 Underground tank al & pumping station with calch

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 paliels
The QUICKSOLV metering station is available for stor-

ing, dissolving and metering. This system is described
in detail in T1 2.01.1.

It occasionally is claimed thal it s impossible 1o elimi-
nate hydrogen sulfide using iron salts containing
sulfate. This argument seems plausible at first, but
naturally is false. The reason is that the sulfale concen-
tration in the wastewater is not the minimizing factor in
the biogenic formation of Hz5,

This means that a major surplus of sulfates is present
in virtually all types of waslewater, enabling the forma-
tion of hydrogen sulfide, and that any additional contri-
bution from the precipitant is irrelevant. The guestion
of how much sulfide can be formed in a given type of
waslewater is essentially governed by the temperature,
the volume of wastewater, the hydraulic and design-
related paramelers, as well as the concentration of
simple organic compounds, such as organic acids and
alcohols (similar o denitrification).

6. Where should the precipitant be
added?

The effect of the iron salis is based on the precipitation
of the dissolved sulfides in the water phase. This must
occur al an early stage, before the hydrogen sulfide
anters the gas phase and becomes perceptible. Points
where the following requirements can be met are suit-
able as matering points in the sewer system;

» Delivery by road tanker

e Safe slorage

# Safe handling of chemicals

<

Fig. 3. *’"’"ﬂ:hbanmanurm



Fig 4. Amangement 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 stant of a problematic sec-
tion, l.e. at a point where no degradation processes
have yet begun. It has proven effective in the case of
wastewaler pressure lines to add the iron salt directly
to the pressure line via a seeding point (e.g. tapping
sieeve, Fig. 5).

Acid-proof diaphragm pumps are used to meter the
product (T1 2.3). To adapt the added quantities to the
rate of sulfide generation, we recommend using the
pipeline dimensions and the wastewaler volume gen-
erated o 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 Adoition directly info the pressure pipeline via a
Seading point.

4

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 wastewalter 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
inta 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 H:S emissions by connecting an online H:S
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 bullding (Fig. 6),



Fig. 6 Oniine 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
wastewaler 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 empincally.

The following, pragmatic procedure has proven

successful in practice:

1. The H:S content in the collector air is measured at
neuralgic problem points over several days.

2 The iron sall 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
HzS content in the collector air. In this context, the
added quantities may have to be adapted to the
flow and dwell imes 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.

Table 3: Sample calculation for defermining quantibes lo
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,
iran sulfide does not settle in the sewer, but passes
into the treatment plant with the wastewater flow. As a
rule, this dark-black wastewater aiso 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 illusirated 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
wastewaler, 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
waslewaler 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 yat
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 vanous sulfide loads.

10. What results are available??

The effectiveness of H:S 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 H.S 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 H:zS sensor supports the establish-
ment of a controlled section and activales the dosing
pumps as needed (Fig. 8). The steepness of the rise or
fall in HzS 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 H>S sensor takes continuous readings in the gt
chamber. mm;ummwm KRONOFLOC
mmﬂmmtud The results are ilustrated

w ] |
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Fig. 9: Effect of KRONOFLOC addition as a prevenlive measure

Pressure pipeline data (Fig. 9)

Dimensions - DN 250

Voume Approx. 245 m’
Wastewater volume, Qrw | Approx. 570 m*/day
Wastewater dwell time in the 9-14 hours
| pressure pipeline
Average added quantity |30 g Fe'/m’
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Report on Ludhiana gas polsoning accident &

A gas poisoning accident that occurred on the moming of 30.04.2023 at Giaspura area in

Ludhi.nna city, in which eleven persons died instantly was covered by TV news and reported
0 national datlies the next day.

In view of the above, a team of CPCB officers visited Ludhiana on 03 05.2023, interacted

willh the officers of Punjab Pollution Cuntrol Board , und also visited the site of accident at
Giaspura, Ludhiana.

As per various media reports regarding observations of various agencies involved in
investigations immediately after the accident and the discussions held by CPCB team with
the Chief Environmental Engineer of PPCB, the cause of deaths has been linked to release of
sewer gas through the manholes in the connecting branch sewers at two places and exposure
of the eleven deceased persons to HaS in very high concentration, leading to their immediate
collapse and death.

Al the aceident site, it was observed that there are branch sewer lines / sewer connections
rom the two nearby houses where the deaths occurred that join the main sewer line that runs
helow the main road in front of these houses. The analysis report of the main sewer water
collected by PPCBfew hours afier 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
reporied that main sewcr line near the point where this incident happened was found
filled/chocked.

Presence of sulphide in sewer water as HaS is due to biochemical reduction of the sulphate
present in water. The ratio of Sulphur (S), Hydrosulphide (HS) and H.S in sewer water at any
point of time depends on the pl of sewer water at that time. Intermittent discharge of acidic
¢ffluents 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 comaining HiS04 and/or 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 H:S gas in very high
concentration from such sewers,

It 18 relevant to mention that HsS is a diprotic weak acid and even a saturated solution of HiS
is 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 industrial effluent discharge.

The above lacts 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 HaS in

the sewer line in high concentration, leading to immediate collapse and death of eleven
persons.

Page 1of2
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: Submission of reports
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Thu, Jun 22, 2023 06:13 PM

From : ngtgasieakffic@gmail.com .
Subject : Fwd: Submission of reports/documents to the “Fact Finding Joint attachments
Committee” constituted by Hon'ble NGT in OA No. 327/2023 in
Ludhiana Gas Leak Incident.
To : gumam <gurnamsingh.cpcb@nic.in>, rpbd@iitrindia.org,
director@iitrindia.org, Sheelendra Pratap Singh
<sheelendra@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
Malik <dc.ldh@punjab.gov.in>, commissionermc@gmail.com,

msppcb@gmail.com

Cc : ceeludhiana@yahoo.com, ppcbzollidh@gmail.com,
seezoZidhppcb@yahoo.com, chairmanppcb@yahoo.co.in

The mail is forwarded in reference to Letter no, 14223-29 dated 20.06.2023 and email dated
22.06.2023

Forwarded message
From: gurnam <gumamsingh.cpcb@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 in OA No. 327/2023 in Ludhiana Gas Leak Incident,

To: <ngtoasieakffic@gmail.com>

Ce: <ceelydhiana@yahoo.com>, <prcbzolidh@gmail.com>, <seezo2idhppcb@yahoo.com 5
<chairmanppcb@yahoo.co.in>, < > X >
Sir,

mmwmm«msm.mmmmm be taken into considera
further investigation in the matter. e en s

Regards,
Gurnam Singh

Regional Director
Central Pollution Control Board, sz@

RD Chandigarh
"q:.-l LT

From: ngtgasieakific@gmail.com

To: "gurnam" <gumamsingh.cpch@nic,in>

Cc: ceeludhiana@yahoo.com, ppcbzolidh@gmail.com, seez02ldhppcb@yahoo.com,
chairmanppcb@yahoo.co.in, msppcb@gmail.com, ngtgasleakific@gmail.com

Sent: Monday, May 22, 2023 10:31:29 AM

Subject: Submission of reports/documents to the "Fact Finding Joint Committee” constituted
Hon'ble NGT in OA No. 327/2023 in Ludhiana Gas Leak :nddmmg. s by

Dear Sir,
Please download the attachment for necessary action.
Regards,

Prof. (Dr) Adarsh Pal Vig

Chairman, .
Fact Finding Joint Committee
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As 2

PFCPB“ rlr:f:; mﬁfh‘.mpﬂ"‘,'“d the discussion held with Chief Environmental Engineer,

reported that fusu!e; " L_“dl'f“"‘f use both Hydrochloric acid and Sulphuric acid. It was also

process. The c:r I.T"m“ in Giaspura area have acid pickling step in their manufacturing

compariso onde content in the main sewer waler near the accident was found higher in
N to distant points (both upstream and downsiream) which may be due to use of

hydrochloric acid :
in rel [unc acid in the area. These facts also indicate that industrial discharge is a key factor
casing of Ha$ in high concentrations.

The dﬂlfls of sewer network of Giaspura area were not available with officers of Municipal

tion, who were present at the site during the visit. All the industries located along the

::‘T network are required to be surveyed by local authorities to identify the possible sources
acidic and metals, heavy metals and sulphide containing industrial effluent/waste_,

F".' her, Hon'ble National Green Tribunal, Principal Bench has constituted a Joint Commitiee
with ml?rnbers from various agencies including CPCB to investigate the matier, arrive at a
conclusion and take remedial measures to prevent such accidents in future.

Kamlesh Singh, Scientist *E”

‘“ & - .

X \ﬁ%,

Dr. Narender Sharma, Scientist 'E’ Nazimuddin, Scientist *F’

Page 2 of 2
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..._..ﬂ" Gmail ANNEXVLRE ~ o]
\ SDM LDH <sdmidhwest@@gmail.com>
Fad: § e e — -
! Whﬂl!ndrl__ﬁumul Brief report about H28 formation
Sheelend

ra Singh tﬂ-m; B R S e o 49 PM
: July@gmail.com> Fri, Jun 23, 2023 a0 7
To: sdmidhwest@gmail.com

- Forwarded message -
From: Sheelendra Singh < 1july@gmail
Date: Fri, 23 Jun 2023, 15;{)’;“"' o ]

- Sheelendra_General Brief report about H2S formation
To. <ngtgasieakffic@gmail.com>

H!Ilnﬁndlhnamudmilhﬁ.lmpoﬂrmmmyﬂd-.

Thanks and regards
Sheelendra Pratap Singh

Forwarded message ———

From: Sheelendra Singh <shilutjuly@gmail.com>
Date: Fni, 23 Jun 2023, 18:53

Subject:
To: Sheelendra Singh <shilu1july@gmail.com>

Sheelendra Pratap Singh (M. Pharm, Ph D, yefiét= warg ffg

JSPS Fellow | Member INYAS/STHUITH el | e g0

Principal ScientstyWHTH EEiEE

Toxicokinetics Laboratory/Tiaa@ I@TgATead WaNTRTen

Regulatory Toxicology Group/faf e fRAsfT= qu

CSIR - Indian Institute of Toxicology Research/ HITH 3T 3R-vREta fRnfagr srpum dwim
Lucknow-226001/F873-226001,

Mob# +318052427555
$. 8% AR Email ID: shitu1july@gmail.com

Website: www iitrindia.org

Fiips.fischolar google. com/citations Puser=KY9|7T-kKAAAAL

Ecmuzs:dr
40K
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» :
Hydrogen sulfide (H2S) is a dangerous and colorless gas that can be produced

Wn Organic matter decomposes, such as in rotting vegetation or wastewater
In a sewer system. It is highly toxic, ranking second in workplace fatalities due

10 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 syslems. 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 nf 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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avail
. able 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. Itis 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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Ventlaton: Adequate ventilation 1s crucial 10 areas wiere 25 may
accumulale, such as confinnd spaces. sewer syslems. of woistaw.iter
treatment plants. Properly designed and furctinnng ventlation ©ystems
should be installed to ensure the continuous &« hange ol ar. prever ling the
bulleun of H2S gas

Montoring Implement a comprehensive mon to ing system to cortinuonsly
Measure H2S levels o relevant areas This can mnvave the wse of jas
celesiors or sensors thal otovide realtime 3 '@ on G5 conce * ahons

Reg.tlar meniterng allows for the early detect 2 of Hel caks « ! brely

response to mitigate risks

Mantenance and Inspecton Regular mainte a2 and ~:nechior ¥ ie ver
systans, waslewater ireatment facdites. arn 35500 stoc ggquinant are
critcal 1o enlify and address potential suarces of =25 ‘eakaoa This
mciudes checking for damage loose connectans, of bibckages ‘nat can
contntite 10 gas escape

Frope: ‘Waste Management Effective waste managemant prac s can
heip nimmize H2S formation This includes prevantiog the 1 1dun of
crganic matter. contreling BOD and CG' lavels, ard impicmenting

]
stratecies 1o reguce the entry of Orgenic was!te 1nlo sewe” systems
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Pamexure -

Office of Sub Divisional Magistrate, Ludhiana (West).

To
The Deputy Commissioner,
Ludhiana. '
No.- 83237 Date - / %/7/%\3
Subject: '

Regarding payment of compensation in lieu of the deceased and injured persons
in Ludhiana Gyaspura Gas Leak Tragedy occured on 30.04.2023

With regard to subject mentioned above, it is submitted that 11 persons lost their
lives in Gyaspura Gas Leak tragedy. Out of the 11 victims, the compensation to the next of kin of
the eight deceased persons to the tune of 20 lac rupees. per victim has been disbursed and
compensation to the tune of Rs. 1 lac(Rs. 50,000 from CMRF and Rs. 50,000 from PMRF) has
been paid to. the 4 persons injured in the ﬁ-agedy (detail of which is attached), out of which
Rs.50,000/- has been paid by this office and Rs. 50,000/- has been transferred directly in the
beneficiary’s bank account. Out of the amount of compensation of Rs. 20 Lac (payable in case of
each deceased), Rs. 18 Lac has been disbursed by this office from Chief Minister Relief Fund

and balance amount of Rs. 2 Lac (in case of each deceased) has been transferred directly to the

next of kin's account by PMO.
The detail of deceased persons and their next kin and breakup of amount of

compensation and the detail of injured persons is as under :-

Sr " Name of Deceased | Name of Next of

Aniount of compensation

Bank Details [
|

1)Kavilash §/o0 Jhalak | Manorama w/o
Deo Prasad Yadav Jhalak Deo Prasad

2 ; 2) Kumari Anula w/o Yadav( Mother of

Kavilash Kavilash)

3) Kalpana D/o
Kavilash
4) Abhey S/o Kavilash

04-05-2023
i) Rs. 80 Lac vide bill
n0.230600037610049 dt. 8-7-2023

'PM Relief Fund Rs. 10 Lac

iii) Rs. 10 Lac
Total Paid to Manorama Rs. 1 Crore.

Kin
1. CM Relief Fund Rs. 90 Lac Bank Name :-
i) Rs 10 Lac vide cheque n0.882614 dt | Madhya Bihar

Gramin Bank, |
Branch Name |
Konch, Gaya, |
i Account No.

i 72440100141891

| IFSC !
| PUNBOMBGBOG6

;
s‘

2
|
f

6) Navneet Kumar i)Nandini d/o

s/o Kumod Kumar Navneet Kumar &
| 7) Neetu Devi w/o Neetu Devi
| Navneet Kumar

l
I
E 5) Aryan s/o Kavilash

5! i) Krishna Devi
mother of Navneet
Kumar

Nandini(Daughter) @ Rs. 20 Lac.

CM Relief Fund Rs. 18 Lac

i) Rs. 2 Lakh vide cheque no.
882616 dt. 04-05-23

ii) Rs. 16 lac vide bill
n0.230600037610049dt. 8-7-2023
CM Relief Fund Rs. 2 Lac

iii) Rs. 2 lac PMRF

Total paid to Nandini_Rs.20 Lac

; Name Nandini

| Bank: SBI,

| Branch Vaishali
A/c No.

| 41890060832
VIFSC
SBIN0O17445

CM Relief Fund Rs. 18 Lac
(i) Rs. 2 Lakh vide cheque no.

882617 dt. 04-05-23

ii) Rs. 16 lac vide bill
10.2306000376 10049 dt. §-7-2023
PM Relief Fuud Rs. 2 Lae

iil) Rs. 2 lac PMRF,

Fotal Paid to Krishna Rs. 20 Lac

Note :- After the death of Navneet Kumar and his wile Neetu Devi, the amount of com
disbursed in 1/2 share in favour of cach of his two heirs i.¢

Name : Krishna
Devi |
Bank: Punjab
National Bank
Branch Malahi
Akbar Sacai
Ale No,
7302000100078077 |
IFSC ,
PUNB0O730200 ;
pensation has been

- Krishna Devi(mother) @ Rs. 20 Lac, and |

e
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3..19) Amit Kumar 8/0 | i)Chander Kala CM Relief Fund Rs. 5,99.999.99 Lac | Name Chander
Hari Om Devi (mother) (i) Rs. 66,666.66 paisa vide cheque | Kala Devi
i) Muskan no, 882638 dt. 28-6-23 Bank Indian
Gupta(Wife). (i) Rs. 5,33,333.33 vide bill Bank
iii) Yashika n0.230600037610049 dt. 8-7-2023 Branch Aligarh [
(Daughter) PM Relief Fund Rs. 66,666.66 Lac IFSC
: ii))Rs. 66,666.66/- PMRF IDIBO00AS66 ,
Total Paid to Chander Kala Devi | A/c No.
Rs. 6,66.666.65/- 20311324366 |
CM Relief Fund Rs, 5,99,999.99 Lac Name Muskan -~
(i) Rs. 66,666.66 paisa vide cheque | Gupta
no. 882619 dt. 04-05-23 Bank Punjab
(ii) Rs. 5,33,333.33 vide bill National Bank
n0.230600037610049 dt. 8-7-2023 Branch Civil Lines
PM Relief Fund Rs. 66,666.66 Lac Aligarh
iii) Rs. 66,666.66 through PMRF. | IFSC Code
Total Paid to Muskan Rs. PUNB0051100
6,66,666.65/- Afc No.
: 0511000100349721
' Name Yashika
CM Relief Fund Rs. 5,99,999.99 {.ac {Minor}

| (1) Rs.66,666.66/- through F.D.R. Bank State bank of
(ii) Rs.5,33,333.33/-through F.D.R. | India j

(under process) Branch New

PM Relief Fund Rs. 66,666.66 Lac Courts Ludhiana

iii) Rs. 66,666.66/- through PMRF. | IFSC Code i

Total Paid te Yashika Rs, SBINO0OO3629 |

6.66.666.65/ A/C no. J
42060517628 {

Note - After the death of deceased Amit Kumar, the amount of compensation has been disbursed in 1/3 !
share in favour of each of his three heirs i.e. Chander Kala Devi (mother) @ Rs. 6,66,666.65/-, Muskan |
i

Gupta(Wife). @ Rs.6,66,666.65/-and Yashika(Daughter) @ Rs.6,66,666.66/-. As Yashika is minor, the
amount of compensation i.e. Rs. 6,66,666.66/- is liable to be deposited in her name in shape of F.D.R with |
condition that the F.D.R must be matured at the age of attaning of majority of Yashika. Out of the above j
amount, F.D.R. amoummg to Rs. 5,99,999.99/- has been issued in the name of Yashika. The balance

_amount of compensation i.¢ Rs. 66,666.66/- has been processed through PMRF. |

Detail of Injured:-
Sr. | Name of injured Bank Details Amt of compensation
No. > |
I'l. | Nitin Kumar S/o Kumod | Bank Name ICICI Bank Rs. 50,000 vide cheque no. 882610 |
j Kiimur Branch Name Hazipur Bihar | dt. 03-05-2023 from CMRF & Rs. |
IFSC ICIC0001339 50,000/ from PMRF.

Acount No. 050801539031

2. | Gaurav Goyal S/o
Ashok Kumar Goyal

Bank Name State Bank of India
Branch Name Giaspura Famez

Tower Ludhiana
IFSC SBIN0050925

Rs. 50,000 vide cheque no. 882611

di. 03-05-2023 & Rs. 50,000/ from
PMRF.

A/c No. 55145950540

i Rajesh Kumar S/o Sagar
Prasad

Bank Name Punjab National

Bank
Branch Name Kalsi Nagar,

TLudiana

4. | Ruby Devi w/o Hari
Chander Shah

Bank Name l’umdb National

Bank

Branch Name Samastipur
IFSC PUNBO126310

A/C 1o, 1263100100004295

Rs. 50,000 vide cheque no. 882612

dt. 03-03-2023 & Rs. 30,000/ from
PMREF.

| Rs. 50,000 vide cheque no. 882613

dt. 03-05-2023 & Rs. 50,000/~ from
PMRE.
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Detail
of Deceased. in whose case, com ensation is vet to be paid partially

' Name of D T
eceased | Name Io(f Next of Amount of compensation Bank Details
: in
1. | 1) Saurav Goyal s/o 1)Yug /o Saurav *
gsg;)tl; ?(gal - goyal and Preeti : Account detail of
1 Goyal w/o | Goyal F.D.R. PENDING [ il
D g : Yug is not available
3)/1(:::}:2(:;}\ Goyal | Gourav Goyal | CM Relief Fund Rs. 9 Lac Gourav Goval
-w/oAsho Goyal (son) i) Rs.1 Lakh vide cheque no. 882615 dt. | Bank Name State
P e Bank of [ndia,
ii) Rs. 8 Lakh vide bill no. Branch Name
230600037610049 dt. 8-7-2023 Giaspura famez
PM Relief Fund Rs. I Lac Tower Ludhiana
iii) Rs. | lac IFSC Code
Total Paid to Gaurav Rs. 10 Lac SBIN0030925
Compensation of deceased Saurav At oy 7
¥ 1 ¢ .. - e 4 §
Goyal and Preeti Goyal i.e. Rs. 40 55145950540

Lac and half share of deceased
Kamlesh Goyal ie. Rs. 10 Lac
(Total Payable to Yug Rs. 50 Lac) is
pendmg because next of kin Yug is
minor and ‘there is no natural
guardian alive ‘and bank details are
not avaz!able as per the requirement
of Bank.

- It is worth mentioning here that after the death of Saurav Goyal and his wife
Preeti Goyal, their son Yug is the only heir. So, the amount of compensation of Rs.40 lac (Rs.20

lac each) is was to be disbursed to the son Yug in shape of F.D.R as he is minor.

Besides, after the death of Kamlesh Goyal w/o Ashok Goyal, both the sons
namely Sourav Goyal (deceased) and Gourav Goyal are the heirs of deceased Kamlesh Goyal
and the amount of compensation in lieu of deceaséd Kamlesh Goyal is liable to be disbursed
amongst her both sons in equal share i.e. Rs.10 Lac each. Since her son Sourav Goyal and
daughter in law -Preeti wlo Saurav have also expired in this tragedy, Yug s/o Sourav and Preeti
becomes the heir of deceased Kamlesh Goyal in place of deceased Sourav Goyal. So, the amont
of compensation @ Rs. 10 lac has been paid to Gourav Goyal (Sbri) and Rs. 10 lac is yet to be
paid to Yug (Grandson) Thus, Rs. 10 Lac has been paid to Crourav Goyal and Rs. 50 Lac (Rs. 40
lac on acount of death of his parents Sourav Goyal and Preeti Goyal and Rs. 10 lac on account of

death, of his Grandmother Kamlesh Goyal) is liable to be paid to Yug. As Yug is minor, the

amount of compensation i.e. Rs. 50 Lac is liable to be deposited in his name in shape of F.D.R

with condition that the F.D.R must be matured at the age of attaning of majority of Yug. The

process of opening bank account and deciding
: be compiéted at the earliest. Hence it is requeste
 office to finally release the compensation amount to be paid to. Yug.

Report is submitted for further necessary action please. @/

Sub I)ivisimaai-iﬂagistmi

legal guardian is under process. The procees will

d that a time of 2 months be granted to this




