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

This list of participants is attached as Annexure-1. 

At the outset, the Member Secretary of the Board welcomed all the members 

and the participants. He appraised the members that the Hon’ble National 

Green Tribunal (NGT) initiated suo motu proceedings in the light of media 

reports of death of 11 persons, including three minors, at Ludhiana on account 

of gas leak in Giaspura area of the city on April 30, 2023. The Hon’ble NGT in 

Original Application No. 327/2023 passed orders dated 02.05.2023. The 

operative part of which is as under: 

“4. In view of above, we constitute an eight member fact-

finding joint Committee to be headed by Chairman, Punjab 

State PCB. Other members of the Committee will be Regional 

Director (North), CPCB, Industrial Toxicology Research Centre 

(ITRC), Lucknow, nominee of Director, PGI Chandigarh, 

nominee of NDRF, State PCB, District Magistrate, Ludhiana 

and Commissioner, Municipal Corporation, Ludhiana. State 

PCB will act as nodal agency for coordination and compliance. 

The Committee may meet within one week from today and 

complete its task preferably within one  month. It will be free 

to interact with any other department, institution or individual 

and undertaking visit to concerned sites. The Committee will 

be free to function online or offline as the situation may 

warrant. The Committee may give its report to this Tribunal on 

or before 30.06.2023 by e-mail at judicial-ngt@gov.in 

preferably in the form of searchable PDF/OCR Support PDF and 

not in the form of Image PDF. If any violators are identified, 

they may also be given a copy of the report for their response, 

if any, before the next date. 

5. In the meanwhile, the District Magistrate, Ludhiana may 

ensure payment of compensation @ Rs. 20 lakhs each to the 
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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“. 

2. A two-minute silence was observed in the memory of the victims of 

Ludhiana gas leak incident on 30.04.2023. The meeting proceeded 

further as per the agenda already circulated to the members. 

3. Firstly, the representatives of District Administration, Municipal 

Corporation, Ludhiana (MCL), National Disaster Response Force 

(NDRF) and Punjab Pollution Control Board (PPCB) briefed the 

Committee regarding the sequence of events of gas leak and action 

taken by the respective departments at site on the day of incidence. It 

was informed by District Administration that the area which is thickly 

populated residential area combined with commercial and industrial 

activity was cordoned off. A copy of the google map with demarcations 

of the site of incident, nearby water polluting industries and nearby 

manholes of the sewer line of the area was provided to the members.  

The affected persons were rescued & shifted to hospitals. Later in the 

day, NDRF identified that H2S gas was generated and leaked which 

caused to the casualties. The members of the “Fact Finding Joint 

Committee” deliberated the possible causes of the incident  and 

decided to visit the site of incident. 

4. The members of the Committee alongwith the Officers of  all the 

concerned departments visited the site of incident. The residential 

premises where casualties happened were visited. Municipal sewer 

line and manholes alongwith the inspection chambers (haudies) and 

connecting sewer lines from the affected houses were inspected. The 
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Committee took a thorough view of provisions of vents and Jallies with 

sewerage system and ventilation of the affected houses. A survey of 

the residential, commercial, meat shops, dhabas, industrial and other 

establishments in the area was undertaken. The Joint Committee 

members also interacted with the affected persons, their relatives and 

the eye witnesses of the area as introduced by the District 

Administration. Some videos related to the incident were also shared 

by the locals. The details are as per Annexure-2. The Chairman of the 

Committee appealed to the public in general to provide only that  

inputs which could be helpful to find out the reasons of incident. He 

also briefed the press at site.    

5. After visit at site, the Joint Committee members reassembled and 

discussed the possible reasons of generation/release of H2S gas and its 

fetal impact in that very short particular stretch in front of three 

premises, where casualties occurred. It was also deliberated why the 

gas affected the public more on one side of the road. It was noticed 

from the video clips available at site that at the time of incident there 

was considerable movement of traffic on road and it was busy morning 

time. No casualty occurred to the passer byes and the public on the 

other side of the road.  

6. It was informed by the NDRF, MCL and PPCB that samples from the 

manholes near the affected area were collected on 30.04.2023. PPCB 

has also collected samples from adjoining branch lines of sewer on 

01.05.2023 as reference points. The analysis results of the samples 

collected by PPCB were brought in the notice of the Committee. MCL 

informed that the samples were collected by them sent to PBTI and 

results are awaited. Police authorities informed that sample of un-
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known containers found at the table of Aarti Clinic and from a vacant 

plot and sent to State Forensic Lab but were not accepted for analysis. 

7. The Deputy Commissioner informed that the civil and the police 

authorities are also enquiring the cause of incidence. A Magisterial 

Enquiry is being conducted by SDM (West), Ludhiana. The police 

authorities has also constituted a SIT for investigation of the incident. 

She opined that the Facts-Finding Joint Committee constituted by the 

Hon’ble NGT has larger scientific perspective as compared to District 

and Police investigation and they will submit their reports to this 

Committee as early as possible.   

8. Committee members deliberated the requirement of extending the 

sampling of manholes of main sewer line on Sua Road (1 KM upstream 

of incident point). However, it was informed by the police authorities 

that CCTV cameras were scanned near the affected area upto Eastman 

Chowk but no suspicious activity showing any discharge into sewer line 

through tankers etc. was observed.   

9. Dr. Sheerlendra Pratap Singh, Principal Scientist, CSIR-IITR, has brought 

out that the animal waste is a major source of H2S generation so the 

slaughter houses/meat shops in the area are required to be identified. 

10. Dr. Charan Kamal, District Forensic officer from Civil Surgeon, Ludhiana 

informed that as per their investigation, the casualties are due to 

exposure of victims to high concentration of H2S and written report 

has been submitted to the District Administration.   

      After detailed discussions, it was decided as under: 

1. National Disaster Response Force (NDRF), Civil and Police 

Administration, Municipal Corporation, Ludhiana and Punjab Pollution 

Control Board shall submit their inputs and findings till date to identify 
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the causes of gas leak to the Fact Finding Committee (Member 

Secretary, PPCB) appointed by Hon’ble NGT. The District 

Administration shall also share the status reports of Civil Surgeon, 

Postmortems reports, Director of Factories, Police Department and 

from other authorities available with them. 

2. The MCL shall submit the engineering drawings of the sewerage 

system of the area with flow rates and designed hydraulic loading. The 

MCL shall also identify the establishments in the area like slaughter 

houses/meat shops, fruit ripening shops/ stores, dhabas, jewelers and 

industries etc, which have been allowed sewer connectivity alongwith 

the purpose for which it was allowed sewer connection that may have 

contributed to the organic loading of sewer or chemical load on the 

sewerage system.  

3. The Committee will meet in the next week and the respective 

departments shall be called by Committee to submit/ present updated 

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

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

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

The list of participants: 
 

Sr No Committee Member Concerned officers 

1. Mrs. Surabhi Malik, IAS 
District Magistrate Ludhiana. 
(Member) 

 Sh. Amarjit Bains, PCS 
 ADC-Khanna, Ludhiana. 

 Mrs. Swati Tiwana, PCS 
 SDM (West), Ludhiana 

 Sh. Jaskiranjit Singh, PPS 
Joint Commissioner of Police, Rural 
Ludhiana 

 Sh. Vebhav Sehgal, PPS, 
ADCP, Ludhiana 

 Sh. Harmeet Singh Hundal, PPS 

 Sh. Suhail Mir, IPS 
 

2. Dr. Shena Aggarwal, IAS 
Commissioner MC Ludhiana. 
 

 Sh. Aaditya Dachalwal, IAS 
 Additional Commissioner Municipal 
 Corporation, Ludhiana 

 Er. Ravinder Garg, 
 Superintending Engineer, Municipal 
 Corporation, Ludhiana 

3. Sh. Gurnam Singh,  
Regional Director, CPCB, 
Chandigarh 

- 

4. Er. G.S Majithia, 
Member Secretary, Punjab 
Pollution Control Board, 
Patiala 

 Er. Sandeep Bahl,  
 Chief Environmental  Engineer, PPCB, 
 Ludhiana 
 

 Er. Paramjeet Singh,  
 Senior Environmental Engineer, PPCB, 
 Zonal Office-1, Ludhiana 
 

 Er. R.K. Ratra,  
 Senior Environmental Engineer, PPCB, 
 Zonal Office-2, Ludhiana 
 

5. Sh. Uttam Chand,  
Commandant, 13 Bn NDRF, 
Punjab 

 Sh D.L Jakhar, 
Asstt. Commandant, 7th NDRF and others  

6. Dr. Lakshmi,  
PGIMER, Chandigarh 

- 

7. Dr. Shealandra Partap Singh, 
CSIR-Indian Institute of 
Toxicology Research, 
Lucknow 

- 
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Annexure-2 

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

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

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

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

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

 He and his brother are running the karyana store. At the morning 

time of incident, he was inside the shop at ground floor and rest of 

the family members were upstairs in house.  

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

increased. 

 He observed breathing problem in the shop.  

 There was a light traffic on the road.   

 He tried to came out of the shop and fell unconscious at the 

 entrance of  the shop. After that he know nothing.  

 His brother, Bhabhi and mother came down the stairs from their 

 house and died outside the shop having haudies on both ends of 

 the shop. 

 In the previous evening on 29.04.2023 there was rain and smell was 

also observed at that time but it was less. 

 Sewer blockage is not observed in the past. 
 

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

Goyal Karyana Store. 

 On the previous evening of the incident, there was rain and light 

smell of the gas was there. The smell was similar to sewer. Due to 

less smell they did not bothered. 

 Relatives of Goyal Karyana Store died and a woman came from 

opposite side of the Road and rescued an 8 months old child of the 

owner of Goyal Karyana Store. After half an hour that woman fell 

unconscious.  

 Immediate neighbors of Goyal Karyana Store tried to sprinkle water 

on the unconscious persons, but they also fell down and died. 

 Someone knocked the door of Doctor (owner of Aarti Clinic) for 

help. The Doctor came out to check the persons and felt some 

284



8 
 

smell. He returned to his house and fell unconscious in front of his 

house cum clinic.   

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

 He lives on 1st floor of Kundan Property Dealer. 

 He runs a dhabha on the other side of the Road opposite to the 

point of incident.  

 At the time of incident he was working in his dhaba and felt smell 

at 6:00 AM. 

 A lady came to Goyal Karyana Store for taking milk and started 

shouting that Gaurav has fell down. 

 To help Gaurav, he went to the Goyal Karyana Store and raised an 

alarm to  Gaurav’s mother to come down  as Gaurav has fell down. 

Gaurav’s mother, brother and Bhabhi along (with a little child) 

came down running from their house at first floor of Karyana Store.  

 Gaurav fell inside the shop near kenchi gate and his relatives fell 

down immediately near the entrance of the shop. 

 When these 04 fell down, he tried to help them. During rescue, he  

got a back stroke and rolled down to his dhaba. He sprinkled water 

on mouth and got some relief. 

 He again went to the shop to help. He picked up Rajesh who was 

unconscious, took him to Cancer Hospital by an auto. 

 His wife rescued the little baby of Goyal Karyana Store. When he 

came back from hospital, he found his wife unconscious. 

 The neighbors of Goyal Karyana Store also came for help, sprinkled 

water on the unconscious persons but they also fell down and died.  

 The smell was khatti (sour) and like rotten eggs.  

 Now his wife is fine. 

 On the previous evening there was rain and some smell was 

observed.  

 For his dhaba activities he brings water from some nearby place and 

the wastewater is thrown along the Road. 

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

 Such smell was not noticed earlier even in previous rainy seasons. 

 He remains in the shop from 6 AM to 9 PM. He never observed any 

discharge into sewer by any tanker etc. He also did not observe any 

disposal of solid waste in the sewer. 
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 He is living in the area for the last eight years and he has not noticed 

such smell or overflowing of sewer. 

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 Yadav  
 

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

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

 He made a telephone call to doctor at around 7:20 AM. But he did 

not pick the call up. 

 Then he went to the clinic and observed that the doctor with his 

family members (total 5 members) fell down on the floor. 

 He informed that he saw in the video that doctor first came to 

Goyal Karyana Store then came back in his clinic. 
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 During rescuing with mouth cover, he started facing weakness and 

shivering and came back after two hours. 

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

He also observed some blood in nose of the child. 
 

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. 

 He reached the site and observed that all the five family members 

were lying on floor inside the clinic at around 8:00 AM. 

 One milkman known to doctor tried to pull the doctor outside the 

clinic but he felt smell / unconscious and ran away from the site. 

 When he reached the site Ambulance was available on site. They 

were helping the victims. 

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

 He also felt headache. 

 When he went inside the house. He also felt smell. No water was in 

latrin/haudies of the house. 

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

upstairs. 

 Up stair residence is open. If family members did not come down 

stair then nothing would happen to them.   
 

8. Dr. Charan Kamal, District Forensic Officer, Ludhiana 

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

Ludhiana. 

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

 Dead bodies were sent to Civil Hospital Ludhiana for postmortem 

and 02 bodies were sent to Satgur Partap Singh Hospital, Sherpur. 

 H2S causes smell, irritation in eyes and headache. 

 He performed the postmortem. 
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 The symptoms in all the dead bodies were same (greenish and 

violet colour lungs).  

 Some symptoms of Methane gas were also observed in the bodies. 

 No symptoms of CO gas was observed in the dead bodies. 

 If the concentration of H2S more than 500 PPM then the casualty 

may be caused with 2-3 breaths only.  

 Smell of rotten eggs is observed from H2S when its concentration is 

less than 500 PPM. When the concentration is more than 500 PPM 

then H2S is having sweeten smell.  

 In the past he has experienced 6-7 incidents from H2S gas and all 

these incidents were happened due to sewer gases. 

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

The list of participants is attached as Annexure-1. 

At the outset, the Chairman of the Committee welcomed all the members of 

Facts-Finding Joint Committee (FFJC) and the participants. He thanked all the 

departments for their efforts being made in the matter for which purpose the 

committee has been constituted.  He informed that in compliance to the 

decision of 1st meeting, reports of National Disaster Response Force (NDRF), 

Central Pollution Control Board (CPCB) and Punjab Pollution Control Board 

(PPCB) (two reports) have been received and have been shared with the 

members of the FFJC through email. 

Member Secretary of the PPCB apprised the members regarding orders of 

Hon’ble National Green Tribunal (NGT) and the ambit & purpose of FFJC. The 

FFJC has been directed to submit its report to the Hon’ble NGT by 30.6.2023 and 

the next date of the hearing is 13.7.2023.  

Deputy Commissioner, Ludhiana apprised the committee that the draft report 

has been prepared by them and the final report after incorporating the reports 

of all the departments will be submitted by 26.6.2023. 

Regional Director, CPCB informed the committee that the earlier report 

submitted by the visiting team of CPCB is not a conclusive report. He 

categorically mentioned that the brief report is based on the pH aspect only. He 

further informed that the above report was immediate report submitted 

without considering the major factors. He apprised the committee that he was 

not the member of the visiting team, which has visited the incident site and has 

sent the report as received. He said that the possibility of legal/ illegal 

discharged by the industries cannot be ruled out but this incident is not due to 

discharge of industrial effluent. He told that as per report of NDRF, the incident 
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happened due to exposure of H2S gas, which is generated/ produced in the 

sewer due to the anaerobic digestion of organic matter. High concentration of 

H2S gas is formed due to stagnation/ chocking/ slow velocities in the sewer. 

Further, no sewer vents have been provided there in the stretch and no 

ventilation was observed in the victim houses. 

Dr. Sheelandra Partap Singh, Principal Scientist, CSIR-IITR apprised the 

committee that H2S gas in the sewer is formed due to the decay of organic 

matter. Higher the organic matter, the higher is the H2S gas formation. He 

further, told that H2S gas may have got accumulated in the sewerage system and 

have built up the pressure in the system. As the concentration of H2S gas kept 

on increasing in that particular stretch, the pressure kept on building up. And 

when the pressure became too high, H2S gas was released from the nearby 

openings from where it got easy exit. 

Sh Ravinder Khaiwal from PGI, Chandigarh endorsed the statement of Principal 

Scientist, CSIR-IITR. He also requested the committee members that in the 

report to be finalized shall also include preparedness for dealing any such kind 

of situation, in future, if any. 

Sh. Santosh Kumar, Commandant NDRF appraised that when the concentration 

of H2S gas become around 1000 ppm, it effects immediately. The concentration 

of H2S gas was not uniform. Further, H2S gas has not got released uniformly from 

the sewer. 

Police authorities informed that the samples collected by the department have 

been submitted to the PBTI but have not been analyzed yet. PBTI has asked them 

to inform the parameters for which sample is to be analyzed.  

Senior Environmental Engineer, PPCB apprised the committee that Board has 

submitted its 2nd report to the FFJC based on the literature, international 

journals and advices of the experts. The formation of H2S was due to the 

degradation of organic matter in anaerobic conditions and heavy metals do not 
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contribute to the formation of H2S gas. Rather, after reaction with H2S gas, the 

heavy metals form the metal sulphides. He informed that as per the analysis 

results of sewer samples collected, it was observed that a particular small 

stretch in front of the point of incidence did not behave in unison. Various 

parameters of the samples were high in that stretch. These facts have been 

included in the reports of PPCB. 

Superintending Engineer, Municipal Corporation, Ludhiana apprised the 

committee that sewer data has been collected from the department of Water 

Supply and Sewerage Board.  He said that the sewerage system is more than 20 

years old. He appraised that chocking/ de-chocking of sewerage in the city is the 

routine matter. However, no chocking of sewer was observed there at the time 

of incidence. He further appraised that their department has got analyzed the 

sludge sample from the inspection chambers near site of incidence, from the 

PBTI. As per the analysis report; heavy metals are reported in the private 

inspection chambers in front of Goyal Karyana Store. He further apprised the 

committee that the water closet seal (trap) was not provided in the houses of 

the deceased. He was of the opinion that if the water closet seals (traps) were 

provided then such incident might not have occurred.  

After detailed discussions, it was decided as under: 

1. The departments/ members whose reports are pending, shall submit their 

reports to the committee by 26.06.2023. 

2. The District Administration shall also include the reports of Civil Surgeon, 

Director of Factories, Police Department and from other concerned 

authorities. 

3. Police authority shall request the PBTI to analyze all the parameters listed by 

the CPCB in the Can containing unknown material recovered from M/s Aarti 

Clinic (tragedy site). 
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4. All the concerned departments shall share the remedial steps taken by them 

after the incidence on 30.4.2023. They shall also share their suggestions/ 

plans in regard to the further steps to be taken, so that no such incidence 

take place in future. 

5. For any clarification/ assistance, Er Pardeep Gupta, Chief Environmental 

Engineer, Punjab Pollution Control Board, Ludhiana (987950507) may be 

contacted. 

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

            The meeting ended with a vote of thanks. 
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To 

(GOV OE PUNJAD 

Subject 

OFFICE OF THE DEPUTY COMMISSIONER �CUM 
DISTRICT MAGISTRATE, LUDHIANA 

The Chairman, 

Fact Finding Joint Committee (FFJC) 
Chandigarh. 

No:- 8952/M.A Dated:- 29.06.2023 

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 lndia today on 30.04.2023 titled "3 minors among 11 dead in 

Ludhiana gas leak" a Fact Finding Joint Committee (FFJC) 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 
dated:- 29.06.2023 submitted the magisterial 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 

please. 

Deputy Commissioner, 

Ludhiana 
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I. 11011/11/Ops/NDRFI2023/ IS63 

Chairman 

THROUGH E-OFFICE 

Punjab Pollution Control Board 
Email - chariman.ptl.ppcb@puniab.gov.in 

ik13.ndri@gov.in 

Encl: As stated above. 

13th Bn NDRF 
Ladhowal Camp 
Ludhiana(Punjab) 
PIN- 141008 

o May 2023 

SUBMISSION OF REPORTS DOCUMENTS TO THE "FACT FINDING JOINT COMMITTEE" 
CONSTITUTED BY HON'BLE NGT IN O.A NO 327 OF 2023 IN LUDHIANA GAS LEAK INCIDENT 

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

(UttanChard) 
Commandant 
Commandant 13h Bn NDRF 
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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 type of gas and source of leakage is not known till now. 

2 Accordingly, a teanm consisting of strength 03 SOs and 28 Rescuers led by lnsp 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 HQis approx 30 Kms Team reached at incident site at 0940 hours 

3 

INPUTS AND FINDINGS OF THE INCIDENT ON GAS LEAKAGE AT 

GIASPURA, LUDHIANA (PUNJAB) ON 30 APR 2023 

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 surrourding 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: 

4. 

Appendix 

(a) 

5 

(b) 
(c) 

Phase-. To search incident site to find out victim/unconscIous perSon Phase-ll. To find out the source of gas leakage and plug it Phase-lI. To search nearby houses and lastly to carry out confirmatory search. 

A sub team entered into the 
Sh. Dev Raj, Deputy Commandant. Initially the sub team tried to find out live victms in the area but no one was found at first sight. On further search the team obsenved that the contaminated gas was passing through three manholes of sewage pipe line passing along the road They successiully plug two of them as the lid of third manhole was broken NDRF team adv:ced Municipal Committee employees to replace the broken lid and which replaced by them The leakage was reduced to somne 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 

incident area under Supervision of 

After haif an hour, sub team was replaced by other sub team and team started confirmatory search of first floor of affected buildings. The team found thata door was latched 
from inside and it was also revealed that some people were 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. 1 he 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 approx 07 years to 17 years were found hid1ng 
inside the room due to fear of incident. 

was still alive, team rescued it and handed over to civil authority 
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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 safèr areas. Details of rescued 

persons: 

SINo Name of rescued persons 

(a) 

8 

(b) 

9 

(c) 
(d) 
(e) 
(f 

(9) 

Raushan Ali 

mran Ali 
|Trannum Khatun 

Araju Khatun 
Shabnam Khatun 
Sabana Khatun 

2 

Sabina Khatun 

Age 

48 

17 
15 

14 

11 

10 

07 

Male 

Male 

Male 

Sex 

Some photographs of operation are attached as Annexure. 

Female 

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 Shurbhi Malik, AS and DC Corporation Mrs Shena Aggarwal, who were 

(Uttali enand) 

Female 

7. Meanwhile as per directions of HQ DG NDRF, 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 Sulphid gas 

(H2S) 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 

Commandant 

Female 

Teams of 13 Bn NDRF and 7h 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. 

Female 

Female 

Commandant 13h Bn NDRF 

present at the incident site and supervised the operation further. 

further investigation. 
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Annexure 

PHOTOGRAPHS OF OPERATION GAS LEAKAGE INCIDENT AT GIASPURA, 
LUDHIANA (PUNJAB) ON 30 APR 2023 : 13TH BN NDRE 
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24 

CONFECUCNERY 
GOYAL COLD DRINKS 

Wavelty 

9U159-7ASS7 
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Subject:-  Regarding investigation of the untoward incident of gas leak at 
 Giaspura area on 30-04-2023. 

 With reference to the matter mentioned above, a committee has been formed by 

the Hon'ble Commissioner through office order No. 15/PS dated 30-04-2023 to investigate the 

incident of gas leakage that occurred at Giaspura area on 30-04-2023. In accordance with the 

orders of the Hon'ble Commissioner, the committee's report is as follows: 

  Occurrence of the events 

1. Mr. Swaran Chand, ADFO, stated that on 30-04-2023 at 8:15 am, the control room 

of the Fire Brigade, Municipal Corporation Ludhiana received information about a gas leak on 

Giaspura Sua Road. After receiving the information, the fire brigade personnel reached the spot 

around 08:40 hrs and found some individuals lying unconscious in front of the Amul milk shop. 

The individuals were immediately taken to the hospital by ambulance (Annexure-'A') attached 

with photo). Subsequently, the higher officials of the municipal corporation were informed about 

the incident. 

2. The Hon'ble Deputy Commissioner and Commissioner of Municipal Corporation 

arrived at the site, and other officers from the Municipal Corporation O&M Department, District 

Government officials, NDRF team, Punjab Pollution Control Board team, etc. joined them. The 

Deputy Commissioner, Commissioner of Municipal Corporation, and all the teams jointly 

inspected the site and found that it had a strong smell of rotten eggs. When the teams approached 

the site, the smell of gas became stronger. All the maintenance holes/haudis in the area were 

mapped (Annexure-B). The indicating map of the site is attached for reference (Annexure-B-1). 

It was seen that some dead bodies found next to the personal haudi of Goyal Cold drink. Also a 

maintenance hole near transformer was covered with a broken cover, which appeared to have 

been recently broken, and the malba (debris) of that cover was lying nearby on the site (attached 

at Annexure-'C'). The visible steel reinforcement of the broken maintenance holes cover was not 

rusted. Additionally, the team observed that the private haudi of Amul Milk/Goyal Cold Drink 

shop was blue in colour from the inside, whereas the haudi of nearby houses did not have this 

blue shade. The team also noted that there was no bad smell beyond the broken maintenance hole 

cover. 

3. Meanwhile, the NDRF team, along with the Municipal Corporation team and 

PPCB team, wearing safety kits, took samples of water from maintenance hole chambers and 

sent for testing as per the details below: 

 i) Maintenance hole opp. Sitara Cinema (E) (S4), ii) Maintenance hole of main sua road opp. st. 

no. 4 near transformer (B) (S1), iii) Maintenance hole of main sua road opp. st. no. 5 near Jasbir 

Building material (A) (S3), iv) Maintenance hole of st. no. 4 (Sample) gali (B1) (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. It is submitted that various samples were sent for testing by 

PPCB as well as MCL.  
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4. After consultation with Director CSIR, the NDRF team started checking of gas 

limits in the area using gas detection kits, from around 1.30 PM onwards. The concentration of 

gases was measured inside the maintenance hole and in the surrounding air, just at the ground 

level. Later in the evening, the NDRF team was joined by Dr. Surjeet, a representative of the 

CSIR Department, Chandigarh, for the same, and this continued throughout the night. A copy of 

the readings showed that the concentration of Hydrogen Sulphide (H2S) and Carbon monoxide 

(CO) gases was very high inside these maintenance holes as detailed below. (Measurement sheets 

are attached at Annexure- 'D'). 

Measurement of gas levels at various points 

TIME & 

DATE 

A B B1 C D D1 D2 E 

CO H2S CO H2S CO H2S CO H2S CO H2S CO H2S CO H2S CO H2S 

2-3 PM 
30-04-23 

- 190 - 195 80 13 0 195 0 180 47 40 47 174 15 10 

5-6 PM 
30-04-23 

20 0 46 0 92 12 - 15 - - 29 15 47 18 - 17 

7-8 PM 
30-04-23 

0 0 80 13 20 0 17 85 46 100 296 1.5 47 17 
0-
20 

15 

10:00 PM 
30-04-23 

100 200 15 5 20 5 30 85 22 13 25 15 25 15 20 10 

12:30 AM 
01-05-23 

50 7 40 6 14 5 12 10 15 25 5 18 5 11 7 12 

2:30 AM 
01-05-23 

30 4 12 3 9 3 7 3 30 40 7 3 7 3 7 4 

4:30 AM 
01-05-23 

5 2 2 5 6 2 0 3 10 15 0 3 0 3 0 3 

6:30 AM 
01-05-23 

0 4 0 4 0 4 0 4 0 5 0 4 0 4 0 3 

10:00 AM 
01-05-23 

0 0 0 0 0 
0 
1 

0 0 2 
0 
0 

0 0 0 0 0-1  
0 
0 

4:00 AM 
02-05-23 

0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 

 

5. Thus it was observed that concentration of H2S was quite high (in the range of 174 

to 195) in maintenance holes A, B, C, D & Haudi D1, D2, which were very close to the incident 

site. As we moved farther away from the incident site, the H2S concentration was in the range of 

10-15 (E/B1). Also, the concentration of CO was high in B1, D1, D2. This shows that there was 

particularly high concentration of these poisonous gases, particularly H2S and CO at the incident 

site in a very limited area. Further, since these measurements were taken after quite some time 

had passed since the incident in the morning, it is possible that the concentration of these gases 

could have been quite high at the time of the incident, leading to such instant deaths.  

6. These were discussed telephonically with Dr. Anjan Ray, Director CSIR, who 

verbally suggested defusing/neutralizing the acidic gases with the help of a diluted caustic soda 

solution to prevent the further spread of poisonous gases through the sewer line. As per the verbal 

instructions from Director CSIR, the teams of the Municipal Corporation prepared caustic soda 

solutions and started pouring the solution into the maintenance hole chambers at around 6:30 pm. 

The exercise continued throughout the night & the readings of gas concentration were repeated 
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every 2 hours jointly by NDRF & MC teams. Wherever the gas concentration was high, caustic 

soda solution was then used to dilute it. The Municipal Corporation team added Caustic soda 

solution to the maintenance hole chambers as per requirement even during the night hours with 

the help of sewer jetting- cum- suction machine and washed the effected chambers with the help 

of fire tender. It was seen that the gas levels were steadily declining after 10 PM & came within 

permissible levels after that. These were continued to be measured till around 11.00 AM the next 

day, when the levels were found to be within permissible limits.   

  Details and analysis of the sewer condition in the area 

7. It is submitted that the sewer near the incident site was laid 20 years ago by 

Punjab Water Supply and Sewerage Board (PWSSB). The design statement showing gradient, 

slope and discharge etc. was received from the record of PWSSB. The details, along with map 

are attached at Annexure-E. As per the record, the total length of the sewer line from Eastman 

chowk to Giaspura chowk is 1800 mtr. approx.  

 The sewer in the area is 30" id is designed to take discharge of 3.56 cusec and 

designed discharge of this sewer is 7.02 cusec from Node no. N/10/1 to N/1.  

 It is submitted that one no. of tube well exist in this area, upstream of this site, 

which is having approximately 0.208 cusec water generation per day.  

 No. of water supply and sewer connections Domestic in the area are 

approximately 400 nos. and having 0.104 cusec waste water generation. 66 

nos. of disposal connections having approximately 0.197 cusec say 0.2 cusec.  

 From the above it is evident that the total waste water discharge in the area (Tube 

well and Disposal) is 0.405 cusec. So it is clear that the capacity of main sewer is much more 

than the waste water flowing in the sewer system, so the sewer system is not over loaded.  

 The direction of sewer is from Ashirwad Kanda towards Giaspura Chowk and this 

sewer is flowing by the gravity as shown in the design statement that the gradient of the sewer is 

1/2500. 

        The level of the chambers near incident site is mentioned in designed statement 

annexed at Annexure-‘F’. 

8. It is also submitted that cleaning and desilting of sewer lines is done through 

mechanised means regularly in the entire city. Almost all the major sewer lines are cleaned once 

every 3-5 years as per the norms. It is further submitted that this main sewer line was cleaned 

with super suction machines in March 2019, the photographs for the same have been attached for 

reference at Annexure-'G'. Further, in case of any problem or blockage in any particular sewer 

line, the cleaning of that line is taken as per the requirement. It was informed by the SDO-O&M, 

MCL of the area that cleaning of sewer lines on the downstream side of the affected area had 

been done recently in the month of April, 2023.  

This was also evident from the fact that the levels of sewerage flow in sewer 

maintenance hole was much below the sewer capacity & no overflowing or blockage was visible. 
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Also, the residents of the area had mentioned that there was no issue of blockage or problem in 

the sewer flow. (Annexure-'H'). 

9. It is also submitted that various gases are produced due to decomposition of 

organic material of sewages. These sewer gases naturally include H2S, which is also commonly 

known as ‘Sewer gas’, and is produced as a result of decomposition of organic matter present in 

the sewer lines. The levels of such gases may vary inside the sewer, depending on the flow and 

the organic matter. It is pertinent to mention that no instance has ever been reported where the 

naturally occurring H2S from inside the sewers has caused deaths of any person outside in the 

open.  

10.  It is also submitted that multiple techniques are usually adopted for ventilation of 

sewers, which could lead to regular discharge of the gases into the air and avoid any 

accumulation inside to higher levels.  

 Ventilating columns: The Ventilation shaft is provided along the sewer line at 

various points as per design. Ventilating shaft helps to remove the foul and 

explosive gases produced in the sewer. 

 Ventilating Manhole covers: The manhole covers are sometimes provided with the 

perforations, through which the sewer gets exposed to the atmosphere. This will 

help in achieving ventilation. 

 Road gulleys: In the areas with common storm water and sewerage system, road 

gulleys are provided, which could allow for drainage of storm water into the 

sewerage system, and also allow for back discharge of gases into the air.  

 

11. In Municipal Corporation Ludhiana there is lack of dedicated storm water system 

and generally the sludge sewer is connected with road gullies chambers for the disposal of storm 

water. So there are provision of road gullies chambers in every street and main road, connected 

with branch or main sewer line. The existence of road gullies chambers with the sewer line helps 

in the dissipation of foul gases from sewer lines and keeps the sewage ventilated. So with these 

chances of accumulation of foul gases in MC sewer is minimal.  

12. The sewer length in the area was examined and it was seen that 06 nos. of road 

gullies exist along with the maintenance hole chambers in that stretch having 150 mtr. from 

Jasbir Building material store to Sitara Cinema. And 19 nos. of road gullies already exists in the 

street opposite transformer in Street no. 04, Makkar colony. It is also mentioned that two 

additional road gully chambers were constructed from Jasbir Building material store to Sitara 

Cinema as remedial measure after the recommendation of the joint committee of MCL, PWSSB 

& Water and Sanitation Department constituted by Deputy Commissioner Ludhiana  

(Annexure- I).  

13. It is also mentioned here that the main sewer line has been cleaned as per 

requirement and the road gullies chambers are cleaned before every rainy season. Further this is a 

regular exercise, which is done repeatedly.  
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  Issues discussed in the meeting of the joint committee constituted by NGT 

14. 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 H2S 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 

found to be water polluting. Out of these 17 industries, 4 industries were at the 

downstream of the incident out of which 3 were acid consuming and 13 industries 

were found at the upstream out of which 11 was acid consuming.  

iv. SE, PPCB also informed that they had checked unauthorised industrial units 

running from houses/ residential units in the area. On checking, it was found that 

23 industries were running from 64 residential premises checked. Out of these 4 

industries were water polluting & pickling/ electroplating units, which were acid 

& metal consuming (3 upstream & 1 downstream).  

v. SE PPCB also presented samples reports of waste water collected from the 

maintenance hole chambers as attached at Annexure-'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.  

vi. NGT committee then visited the area along with the team from MCL and 

interviewed survivors and victims’ family members. The interview transcripts are 

attached at Annexure-'H'. The people interviewed informed cohesively that there 

was no report of sewer block in fast few days or months. Further, all the members 

told committee that there was a peculiar smell which they had never smelled in 

past. Further, it was pointed out that there are large no. of electroplating and 

chemical industries running in this area, which are usually discharging their liquid 

waste into the sewer. 

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

suggested by member CPCB that audit of various electroplating industries and 

JBR technologies should be conducted by Punjab Pollution Control Board to 
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check the generation of water by the industry, the treatment of the wastewater and 

the mode of disposal of waste water generated after treatment. 

 

  Checking of organic discharge from meat shops into the sewer in the area 

15. It is submitted that the special drives were conducted by the teams of O&M cell 

and Health branch of MCL on Sua Road, near Goyal Cold Drinks, Giaspura, on 8th June, 2023, 

and 22nd June, 2023. It was found that there are 06 nos. of meat shops in the vicinity of the area 

up stream of this site in approx. 150 mtr. stretch. Only one of the shops had a sewer connection 

with the possibility of its discharge into the sewer system. The approx. discharge from this shop 

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 H2S in the sewer in the area.  

16. It is further stated that on 8th June, 2023, the Health branch issued 8 challans to 

meat shops, and 20 kgs of meat recovered during the drive was destroyed. Continuing this effort, 

another special drive was conducted on 22nd June, 2023, by the teams of MCL. During this 

drive, 13 challans were issued to meat shops, and 50 kgs of meat were destroyed by the Health 

branch. Only one of those meat shops had a sewer connection, which could had caused discharge 

into sewer system. This sewer connection has now been disconnected by O&M cell MCL. 

Pictures of this special drive and the copies of the challans have been attached at Annexure-K. 

 

  Checking of water closets in the affected houses 

17. During the joint visit of MCL, PWSSB & Water and Sanitation Department, it 

was observed that the water closet was missing in the house of Aarti Clinic. It is possible that this 

could have led to the backflow of the gases from the sewer line into that house which could have 

lead to the higher concentrations there.  

 

  Chemical analysis report of the sewer samples from the area 

18. The sample reports of water collected from various maintenance hole chambers & 

sent for testing by MCL has also been received and annexed at Annexure-'L'. From the test 

reports of personal Haudi of M/s Goyal Cold Drinks, it is evident that the various metals such as 

Nickle, Zinc, Copper, Lead, Chromium, Iron, and Arsenic are very higher side. 

19. The samples of water taken from maintenance hole chambers and found high 

value of Hydrogen Sulphide. Hydrogen Sulphide is a colourless gas with the odor of rotten eggs. 

It is usually shipped as a liquid. Hydrogen Sulphide is found as a by-product of industrial and 

natural processes, and is used as a chemical reagent, in making heavy water, and is used in 

metallurgy, lubricants and cutting oils. The legal airborne permissible exposure limit (PEL) is 20 

ppm not to be exceeded at any time, and 50 ppm as a maximum peak, not to be exceeded during 

any 10-minute work period.  

20. Further, the reports of samples taken by PPCB and MC both point out to similar 

major facts that there was abnormally high concentration of acidic content (as is evident from the 
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abnormally low pH of around 2) and heavy metals in the manhole chambers and haudis in this 

localised area.  

 

  Expert opinions/ reports 

21. It is further submitted that the officials from CPCB visited site of accident 

Giaspura, Ludhiana on 03.05.2023, namely Mr. G. Rambabu, Scientist D, Dr. Narender Sharma, 

Scientist E, Mr. Kamlesh Singh, Scientist E and Mr. Nazimuddin, Scientist F and have submitted 

their report in the matter. Some of the key points are reproduced as below: (Annexure- M) 

“Presence of sulphide in sewer water as H2S is due to biochemical reduction of the 

sulphate present in water. The ratio of Sulphur (S). Hydrosulphide (H2S) and H2S in 

sewer water at any point of time depends on the pH of sewer water at that time. 

Intermittent discharge of acidic effluents from industries in mixed sewers acts as an agent 

for shifting the equilibrium. Acidic effluents are also a source of sulphate (due to 

sulphuric acid), which ultimately forms sulphide. 

Further, if industrial effluents containing metals and heavy metals are discharged in the 

sewers, the metals are precipitated as metal sulphides in the sewer lines. These metal 

sulphides, in the presence of acids/acid effluents containing H2SO4 and/or HCI, end up 

generating hydrogen sulphide (H2S) gas. 

Therefore, it can be concluded that intermittent discharge of acidic and metallic 

industrial effluent/waste into mixed sewers can be a source of sudden release of H2S gas 

in very high concentration from such sewers. 

It is relevant to mention that H2S is a diprotic weak acid and even a saturated solution of 

H2S is not expected to have a pH less than 4.0. Therefore, it may be concluded that pH 

level of 2.5-2.6 as reported in main sewer water near the houses where deaths occurred is 

a result of acidic industrial effluent discharge. 

The above facts strongly point towards the discharge of industrial effluent as the cause of 

highly acidic water in the main sewer in the area and the also the cause of release of H2S 

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

persons. 

As per recent media reports and the discussion held with Chief Environmental Engineer, 

PPCB, the industries in Ludhiana use both Hydrochloric acid and Sulphuric acid. It was 

also reported that few industries in Giaspura area have acid pickling step in their 

manufacturing process. The chloride content in the main sewer water near the accident 

was found higher in comparison to distant points (both upstream and downstream) which 

may be due to use of hydrochloric acid in the area. These facts also indicate that 

industrial discharge is a key factor in releasing of H2S in high concentrations.” 

 

22. A report has also been received from Dr. Anjan Ray, Director CSIR through his 

email dt 1.5.2023, which is as follows: (ANNEXURE- N) 
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"In continuation of our discussions throughout the day today in the aftermath of the 

Ludhiana Gas Leak, I have summarized my initial hypotheses and recommendations 

for the consideration of the local administration and of NDMA as follows: 

i. Evidence from the medical examiner and his preliminary forensic assessment 

suggests that the gas released contained hydrogen sulphide (H2S) as the primary 

causal agent. This correlates with the foul smell noted by some affected residents 

and the symptoms outlined by the medical specialist. 

ii. We cannot rule out carbon monoxide as a secondary causal agent. CO is colorless 

and is often found in sewer gas compositions. An authoritative recent review of 

sewer gas compositions can be found at 

https://www.sciencedirect.com/science/article/pii/S2772416622000808. 

iii. Based on the hypothesis that 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. I remain at your service for additional questions, if any." 

 

23. Further, a study of the literature and scientific data points out that the role of these 

metals in formation and acidification is as follows: (ANNEXURE- O) 

 Nickel (Ni): Nickel can act as a catalyst in certain chemical reactions that lead to 

the formation of H2S. It can enhance the conversion of sulphur-containing 

compounds into H2S. Additionally, nickel compounds may contribute to the 

acidification of certain environments. 

 Zinc (Zn): Zinc play a role in acidification processes, particularly in the presence 

of acidic substances. It can react with acids, forming zinc salts and releasing 

hydrogen gas, thereby contributing to the overall acidification of a system. 
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 Chromium (Cr): Chromium compounds can contribute to acidification when they 

dissolve in water, forming acidic solutions. 

 Iron (Fe): Iron is an essential component in various chemical reactions that lead to 

the production of H2S. Iron sulphide minerals, such as pyrite (FeS2), can release 

H2S when they come in contact with water and undergo chemical weathering or 

microbial activity. Iron can also participate in acidification processes, particularly 

through the formation of acidic solutions when iron compounds dissolve in water. 

 

24. Conclusion  

 The sewer system had sufficient capacity and as per the visible scenario, the 

cleaning reports of O&M branch of MCL and the feedback from the people 

interviewed, there was no report of sewer block in fast few 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 audit is also required into the treatment and discharge of wastewater of the 

more than 1000 electroplating units in the city through the CETP operated by JBR 

technologies. Without this information, it cannot be ruled out that there has been 

no illegal discharge of untreated waste of the electroplating industry (containing 

heavy metals as well) into the sewer lines of Ludhiana.  

 Also, the interviews and discussion with the people of the locality show that there 

are a lot of electroplating & other industrial units nearby, some of which could 

have been dumping its waste illegally.  

 It seems that the incident might have occurred due to some chemical reaction of 

some acids/ metals with naturally occurring sewer gases (H2S)/ sewage, which 

could have led to a sudden release of very high concentration of H2S gas for a 

short period of time leading to the death of the people instantaneously. This seems 
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ANNEXURE- A  
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ANNEXURE- B 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jasbir Building 

Material 

H2S- 190 

A (S3) 

Transformer  

H2S - 195 

 

B (S1) 
B1 (A1) 

C (S5) 
Nitco Logestic 

Pvt. Ltd.  

H2S - 195 

 

D (S2) 

Arti Clinic  

H2S - 180 

 

D1 

D2 

Goyal Cold 

Drink - 47/40 

47/174 

Punjab 

Emporium 

E (S4) Sitara Cinema 

E1 
15/10 

 

Sample taken by PPCB at 01.00 PM 

Sample taken by MCL at 01.05 PM 

 

Sample taken by PPCB at 12.20 PM 

Sample taken by MCL at 12.25 PM 

 

Sample taken by PPCB at 11.30 PM 

Sample taken by MCL at 11.35 PM 

 

Sample taken by PPCB at 04.30 PM 

Sample taken by MCL at 04.35 PM 

 

Sample taken by PPCB at 12.40 PM 

Sample taken by MCL at 12.45 PM 

 

Sample taken by 

MCL at 01.00 PM 

 

Sample taken by PPCB at 01.40 PM 

Sample taken by MCL at 01.45 PM 

 
Sample taken by 

MCL at 02.00 PM 
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ANNEXURE- C 
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ANNEXURE- D 
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ANNEXURE- E 
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ANNEXURE- F 
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ANNEXURE- G 
 

    
 

 
 
 
 

SUA ROAD NEAR SITARA CINEMA 
 

  
 

CCTV AT SUA ROAD NEAR KAMAL KARYANA STORE
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ANNEXURE- H 
Interview of Victims 

 

1.  Sh Gaurav Goyal (Mob 98738-84007) owner of Goyal Karyana Store  
 He and his brother are running the karyana store. At the morning time of incident, he was 
inside the shop at ground floor and rest of the family members were upstairs in  house.  
 He smelled a gas in the morning at 5 AM and after 7 AM it increased.  
 He observed breathing problem in the shop.  
 There was a light traffic on the road.  
 He tried to came out of the shop and fell unconscious at the entrance of the shop. After 
that he know nothing.  
 His brother, Bhabhi and mother came down the stairs from their house and died outside 
the shop having haudies on both ends of the shop.  
 In the previous evening on 29.04.2023 there was rain and smell was also observed at that 
time but it was less.  
 Sewer blockage is not observed in the past.  
 There are some chemical factories behind the incident site. The origin of gas may be due 
to dumping of acids/chemicals in the sewer system by some industries in this area. 
 

2.  Sh. Sushil Verma, owner of Kundan Property Dealer adjacent to the Goyal 
 Karyana Store.  
 On the previous evening of the incident, there was rain and light smell of the gas was 
there. The smell was similar to sewer. Due to less smell they did not bothered.  
 Relatives of Goyal Karyana Store died and a woman came from opposite side of the Road 
and rescued an 8 months old child of the owner of Goyal Karyana  Store. After half an hour that 
woman fell unconscious.  
 Immediate neighbours of Goyal Karyana Store tried to sprinkle water on the unconscious 
persons, but they also fell down and died.  
 Someone knocked the door of Doctor (owner of Aarti Clinic) for help. The Doctor came 
out to check the persons and felt some smell. He returned to his  house and fell unconscious in 
front of his house cum clinic.  
 

3.  Sh Harish Chander (Amit), dhaba owner Husband of Mrs. Rubi Devi  
 He lives on 1st floor of Kundan Property Dealer.  
 He runs a dhabha on the other side of the Road opposite to the point of  incident.  
 At the time of incident he was working in his dhaba and felt smell at 6:00 AM.  
 A lady came to Goyal Karyana Store for taking milk and started shouting that Gaurav has 
fell down.  
 To help Gaurav, he went to the Goyal Karyana Store and raised an alarm to Gaurav's 
mother to come down as Gaurav has fell down. Gaurav's mother, brother and Bhabhi along (with 
a little child) came down running from their  house at first floor of Karyana Store.  
 Gaurav fell inside the shop near kenchi gate and his relatives fell down immediately near 
the entrance of the shop.  
 When these 04 fell down, he tried to help them. During rescue, he got a back stroke and 
rolled down to his dhaba. He sprinkled water on mouth and got some  relief.  
 He again went to the shop to help. He picked up Rajesh who was unconscious, took him 
to Cancer Hospital by an auto.  
 His wife rescued the little baby of Goyal Karyana Store. When he came back from 
hospital, he found his wife unconscious.  
 The neighbours of Goyal Karyana Store also came for help, sprinkled water on the 
unconscious persons but they also fell down and died.  
 The smell was khatti (sour) and like rotten eggs.  
 Now his wife is fine.  
 On the previous evening there was rain and some smell was observed.  
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 For his dhaba activities he brings water from some nearby place and the wastewater is 
thrown along the Road.  
 No burning activity of any waste is observed in the area. Such smell was not noticed 
earlier even in previous rainy seasons.  
 He remains in the shop from 6 AM to 9 PM. He never observed any discharge into sewer 
by any tanker etc. He also did not observe any disposal of solid waste in the sewer.  
 He is living in the area for the last eight years and he has not noticed such smell or 
overflowing of sewer.  
 

4. Sh Rajesh Kumar, owner of dhaba, opposite the point of incidents Husband of 
 Mrs. Kavita Devi  
 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 Yadav  
 He lives in the area from last 28-30 years.  
 He is friend of doctor (Aarti Clinic). By habit he drinks alcohol.  
 He made a telephone call to doctor at around 7:20 AM. But he did not pick the call up.  
 Then he went to the clinic and observed that the doctor with his family members (total 5 
members) fell down on the floor.  
 He informed that he saw in the video that doctor first came to Goyal Karyana Store then 
came back in his clinic.  
 During rescuing with mouth cover, he started facing weakness and shivering and came 
back after two hours.  
 He observed small air bubble (Jhag) in the mouth of small child. He also observed some 
blood in nose of the child.  
 

6. Sh Jatinder Rai  
 He 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.  
 He reached the site and observed that all the five family members were lying on floor 
inside the clinic at around 8:00 AM.  
 One milkman known to doctor tried to pull the doctor outside the clinic but he felt smell / 
unconscious and ran away from the site.  
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 When he reached the site Ambulance was available on site. They were helping the 
victims.  
 Being family members, his mind was not working at that time.  
 He also felt headache.  
 When he went inside the house. He also felt smell. No water was in latrin / haudies of the 
house.  
 His nephew (Doctor) sleep in clinic and rest of the family sleeps upstairs.  
 Up stair residence is open. If family members did not come down stair then nothing 
would happen to them.  
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To  

   The Member Secretary, 

Punjab Pollution Control Board, 

Vatavaran Bhawan, Nabha Road, 

Patiala. 
 

Subject: Compliance of minutes of the 1st meeting of Facts-Finding Joint 

Committee constituted in OA No.327 of 2023 in re: News item 

published in India Today dated 30.04.2023 titled “3 minors among 11 

dead in Ludhiana gas leak, Punjab Govt. announce Rs. 2 lakh ex-

gratia” held on 08.05.2023 at Ludhiana. 
 

Reference: Email dated 11.05.2023. 
 

 It is submitted that 1st meeting of the Facts-Finding Joint Committee was held 

on 08.05.2023 and its minutes were circulated to its members vide e-mail dated 11.05.2023. 

During the meeting, it was decided that NDRF, Civil and Police Administration, MC , Ludhiana 

and PPCB shall submit their inputs and findings till date to identify the causes of gas leak to 

the Fact Finding Committee (Member Secretary, PPCB) appointed by Hon’ble NGT.  
 

 In compliance to the above decisions, the following reports are attached 

herewith for kind information and further necessary action by the Facts-Finding Joint 

Committee:- 
 

1. Interim report regarding inputs and findings of Punjab Pollution Control Board 

(Annexure-1) 

2. Copies of the status reports submitted to the SDM (West), Ludhiana vide no. 1849-

51 dated 04.05.2023 and 1898-1902 dated 06.05.2023(Annexure-2). 

3. Copies of the status reports submitted to the DCP (Investigation), SIT vide no. 1856-

60 dated 05.05.2023(Annexure-3). 

4. Copies of Analysis reports of samples collected by PPCB on 30.4.2023 and 1.5.2023 

(Annexure-4) 

DA/As above 

 

 

 

 

                                                                       Senior Environmental Engineer 

  

Annexure -H
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Endst No                        Dated 

 

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

1. The Chief Environmental Engineer, Punjab Pollution Control Board, Ludhiana. 

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

2, Ludhiana. 

3. The Environmental Engineer, Punjab Pollution Control Board, Regional office-2, 

Ludhiana. 

 

Senior Environmental Engineer 
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 Interim Report (As on 19.5.2023) 

to identify the causes of gas leak on 30.4.2023 

at Giaspura, Ludhiana  

 

 

 

BY  

 

Punjab Pollution Control Board 

 

 

 

Submitted to Fact Finding Joint Committee 

constituted by the Hon’ble NGT in OA No. 327 of 2023  
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Inputs and Findings of Punjab Pollution Control Board to identify the causes of 
gas leak on 30.4.2023 at Giaspura, Ludhiana 

Chronology of the Incident. 

Incidence of leakage of gas was observed from sewer line at Guru Teg Bahadur 

Nagar, Sua Road, Near Indira Colony, Giaspura Ludhiana on 30.04.2023 at around 

7:30 AM. All the concerned Departments i.e. District Administration, Municipal 

Corporation Ludhiana, Punjab Pollution Control Board, Police Department 

reached the site. Area was cordoned off by the National Disaster Response Force 

(NDRF) team and District Administration and the electric connection of the 

entire area was also disconnected. 

As per directions of the District Administration, PPCB and MCL teams collected 

Effluent samples of the sewage at upstream and downstream of the incident 

point to identify initially and promptly the nature of gas for carrying out rescue 

operations. NDRF teams also collected the sewage samples from different 

locations. NDRF Teams monitored the situation with high-tech handy sensors. 

After analysis, it was confirmed by them that the incident has occurred due to 

release of H2S gas.  

On the directions of District Administration, sewer line was stabilized by the MCL 

authorities, using caustic in the evening.  

 

A. Multi Sectoral Enquiry Ordered 

Deputy Commissioner, Ludhiana vide letter dated 30.04.2023 constituted a 

committee for conducting Multi Sectoral Inquiry (Magisterial) into the incident 

of gas leakage with following members:  

• Ms. Swati Tiwana, SDM (West), Ludhiana 

• Mr. Kulpreet Singh, PCS, Joint Commissioner, MC, Ludhiana. 

• Mr. Vaibhav Sehgal, PPS, ACP, Ludhiana 

• Er. R.K. Ratra, SEE, PPCB, Ludhiana 

• Er. Paramjeet Singh, SEE, PPCB, Ludhiana 

• Mr. Gaurav Puri, Deputy Director of Factories, Ludhiana 

 

B. Post Incident Activities 

 

CCTV cameras of the area were scanned by the Police Authorities and as 

informed, no suspicious activity was observed near the incident area upstream 
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upto about 1 KM (Eastman Chowk) discharging any unethical effluent/ chemical 

etc. directly into sewer by any unsocial element. Late Night on 30.4.2023, District 

Administration decided that a joint survey of the area be conducted around the 

place of incidence to identify the culprit, by the officers of Punjab Pollution 

Control Board along with officers of Municipal Corporation Ludhiana and Deputy 

Director of Factories to check the discharge of any industrial effluent from 

nearby industries in the sewer.  

On 01.05.2023, the joint teams of Punjab Pollution Control Board and M.C. 

Ludhiana were constituted to scan the nearby area on the upstream and 

downstream of point of incident. Joint teams scanned 500m on upstream and 

up to 200m on downstream. The abstract of visits is as under: 

Total no. of 

industries 

visited 

Distance from point of incidence 

Upstream & downstream 

Upto 50m 

 

Upstream & downstream 

50-100m 

Upstream  up to 500m 

& downstream upto 200 

m 

Total water 

polluting 

industries  

found 

Pickling / 

electroplating 

etc. 

industries 

Total 

water 

polluting 

industries 

found 

Pickling / 

electroplating 

etc. 

industries 

Total 

water 

polluting 

industries 

found 

Pickling / 

electroplating 

etc. 

industries 

113 0 0 2 0 15 14 

 

Out of the total 113 industries, 17 were found water polluting by the joint team. 

Out of these 17 industries, 4 industries were at the downstream of the incident. 

out of which, 3 were acid consuming. 13 water polluting industries were found 

at the upstream out of which 11 were acid consuming.  

None of these 13 industries was observed to be discharging any acidic effluent 

into sewer line by the joint team of PPCB / MCL at the time of visit. No acid 

consuming industry was found within 100 mtr distance from the place of 

incident. The Certificates given by the Joint Team are attached as Annexure-A. 

As per the decision of District Administration, joint teams of MCL and PPCB 

continued door to door survey on 3.5.2023 and 4.5.2023 for checking the 

residential buildings/premises and 66 establishments were visited.  

Total 22 water polluting industries visited and 7 acid consuming/ electroplating 

industries were found in violation, out of which 5 have been closed and notice 
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for closure has been issued to other 2 industries. List of industries monitored is 

attached as Annexure-B. 

C. Status of Samples Collected. 

 

On 30.4.2023, samples were collected from 6 manholes of sewer line near the 

affected site. The details are as under:-  

Ref No. Sampling Location Reference w.r.t zero 
point (tragedy point) 

Time Sample 
no. 

A From Manhole Opp. Jasbir Building 
Material Store  

Upstream 01:00 PM S-3 

B 
 

From Manhole Near Transformer, 
Outside Saroj Beauty Parlour  

Upstream  11:30 AM S-1 

12:20 PM A-1 

C From Manhole in the front of Nitco 
Logistics (P) Ltd, Near Transformer  

Immediate u/s the 
incident point 

04:30 PM S-5 

D From Manhole Opp. Aarti Clinic  Opp. to the incident 
point.  

12:40 PM S-2 

E From Manhole Opposite Dharam 
Kanda near Punjab Emporium) 

Immediate d/s the 
incident point 

01:40 PM S-4 

 

 As per the analysis results:- 

 low pH between 2.51-2.59 is observed at Point B,C and D close to incident 
site. Whereas, it is 4.41 at Point A (U/S) and 5.74 at Point E (D/S) of  
incident point. 

 High Concentration of iron between 951-1499 mg/l is observed at Point 
B,C and D. Whereas, it is found to be 333 mg/l and 291 mg/l at upstream 
and downstream respectively.  

 High Concentration of Sulphides between 56-60 mg/l is observed at Point 
B,C and D. Whereas, it is found to be 8.8 mg/l and 6.0 mg/l at upstream 
and downstream respectively. 

 Similar is the case of chlorides. Its concentration 683-1541 mg/l at B,C and 
D whereas on upstream and downstream, it is 295 mg/l and 231 mg/l 
respectively. 

 High TDS @19426 observed near the incident point whereas, It was 7706 
at upstream and 1730 at downstream. Similarly, High COD of 4280 mg/l 
was observed near incident point whereas, it was 840 mg/l on upstream 
and 1978 mg/l on downstream 
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 Concentration of Nickel is between 0.44-1.7 mg/l, whereas Zinc was found 
between 0.99-7.0 mg/l, T.Chrome concentration was observed between 
0.56 to 9.1 mg/l. A general trend of reduction in the concentration of 
these metals is observed from upstream to downstream. 

 Concentration of Sulphates at Point B, C and D is found between 2756-
3849 mg/l. It is 3851 mg/l at A (upstream) and only 882 mg/l downstream 
at E. 

 Parameters like Cadmium and Amm Nitrogen were found BDL(Below 
Detectable Limits) and Lead @ 0.51 and 0.67 mg/l is found at Point A and 
B respectively. It was BDL on rest of the points of sampling. 

On 01.05.2023, samples from 9 locations of the branch sewer lines in the 
adjoining streets in the periphery of 500 m u/s and 200 m d/s were collected to 
check the sources of different parameters when the water polluting industries 
were in operation. Summary at 9 points of samples is as below: 

 pH varied from 5.7 to 7.4 
 COD varied from 297 to 922 mg/l 
 TDS varied from 625 to 1138 mg/l  
 Chloride varied from 106-194 mg/l 
 Sulphide varied from 0.4 to 12 mg/l 
 Sulphates varied from 20 to 211 mg/l 
 Iron varied from 2 to 9.4 mg/l 
 Zinc varied from 0.2 to 2.3 mg/l 
 Nickel and Chrome were found Beyond Detectable limits. 

One more sample from an outlet maintained by an industry M/S AT Wires was 
also collected. Low levels of pH (4.5), High Level of TDS (1451 mg/l), Chlorides 
(220 mg/l), Sulphides (4.7 mg/l), Fe (18 mg/l) and Sulphate (279mg/l) sare 
observed. 
From the perusal of above results collected on 30.4.2023 from the main sewer 
line and on 1.5.2023 from the branch sewer lines, it is observed that the pocket 
between B,C and D is not behaving in unison with the rest of the sewer line of 
the area. High accumulation of various pollutants is observed in this pocket 
indicating some abnormality in front of the site of the incident.   
The Board has deliberated the analysis results with the experts in the field from 

Institutes of Repute (IoRs) and their scientific opinion has been obtained. More 

experts are being consulted.The impact of the analysis results of the samples 

collected on 30.4.2023 and 1.5.2023 and their role in formation of H2S gas in 

such a lethal concentration can be scientifically deliberated as and when 

required by the Fact-Finding Committee. 
 

567



PUNJAB 

PUNJAB POLLUTION CONTROL BOARD 
Zonal Office-1, E-648-B, Phase-V, Focal Point, Ludhiana 

Tele Fax:- 0161-4673789 Website:- www.ppcb.qov.in email:- ppcbzo1ldh@gmail.com 
No. &436 
To 

Speed PostUOnline 

The Member Secretary, 
Punjab Pollution Control Board, 
Vatavaran Bhawan, Nabha Road, 
Patiala. 

Sub:- Submission of 2nd 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 govt. announces Rs 2 lakh ex-gratia". 

Ref:- This office letter no. 2320 dated 29.05.2023. 

Dated 

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 1t 
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 (HS) 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 HzS 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 systens and primarily stems from household 
cleaning detergents. Once the anaerobic conditions reduce Sulphates to Sulphides, it reacts with 
hydrogen to produce Hydrogen Sulphide. 

SO,+ organic matter + anaerobic Bacteria-> S+ H,0 + CO, 

s+ 2H'= H,S. 
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2. Factors affecting the formation of HS 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 H2S 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 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 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 
pH of 5 

5. Development of anaerobic conditions and generation of Sulphuric acid in sceptic conditions 
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 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. 
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Low pH in the affected stretch and relatively high pH at the upstream and downstream of the 
incident site clearly shows the built up of anaerobic conditions and after affects of H2S 
generation leading to biochemical formation of sulphuric acid thereby lowering of pH in the 
affected stretch and sustaining in the adjoining pockets 

6 Effects of Iron and other metals in H2S 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 ron (1000-1500 mg/) 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 agueous medium or iron salts would combine with sulphide ions (from HS 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 point of incidence. 
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During the visits, 179 establishments including residential and commercial were inspected. 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 barreling). 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). AIl 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 q(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 
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7. 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. 

A 

upstream upto about 1 KM (Eastman Chowk) discharging any unethical effluent/ chemical 
etc. directly into sewer by any unsocial element. 

B 

C 

D 

E 

Sampling Location 

From Manhole Opp. Jasbir Building Upstream near to 01:00 PM 
Material Store incident point 
From Manhole Near Transformer, 
Outside Saroj Beauty Parlour 

From Manhole in the front of Nitco 
Logistics (P) Ltd, Near Transformer 

Reference W.r.t zero Time 
point (incident point) 

From Manhole Opp. Aarti Clinic 

Immediate Upstream 11:30 AM 
the incident point 

Immediate u/s 

From Manhole Opposite Dharam Immediate 
Kanda near Punjab Emporium) incident point 

12:20 PM 

Opp. to the incident|12:40 PM 
point. 

The analysis results are examined and observed: 

the 04:30 PM 

d/s the 01:40 PM 

Sample 
no. 

S-3 

S-1 

A-1 

S-5 

S-2 

S-4 

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/| is observed at Point B,C and D. Whereas, it is found to be 333 mg// and 291 mg/| at upstream and downstream respectively. 
c. High Concentration of Sulphides between 56-60 mg/| is observed at Point B,C and D. Whereas, it is found to be 8.8 mg/ and 6.0 mg/ at upstream and downstream respectively. 
d. Similar is 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/l 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/| was observed near incident point whereas, it was 840 mg/l on upstream and 1978 mg/| on downstream f. Concentration of Nickel is between 0.44-1.7 mg/, whereas Zinc was found between 0.99 7.0 mg/, T.Chrome concentration was observed between 0.56 to 9.1 mg/. A general trend of reduction in the concentration of these metals is observed from upstream to downstream. 

incident point 
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g. Concentration of Sulphates at Point B, C and D is found between 2756-3849 mg/l. It is 3851 mg/l at A (upstream) and only 882 mg/ downstream at E. 
h. Parameters like Cadmium and Amm Nitrogen were found BDL(Below Detectable Limits) and Lead @0.51 and 0.67 mg/l is found at Point A and B respectively. It was BDL on rest of the points of sampling. 

B. On 01.05.2023, samples from 9 locations of the branch sewer lines in the adjoining streets in the periphery of 500 m u/s and 200 m d/s were collected to check the sources of different parameters when the water polluting industries were in operation. Summary at 9 points of samples is as below: 
a) pH varied from 5.7 to 7.4 
b) COD varied from 297 to 922 mg/ c) TDS varied from 625 to 1138 mg/| d) Chloride varied from 106-194 mg/| e) Sulphide varied from 0.4 to 12 mg/| f) Sulphates varied from 20 to 211 mg/| g) Iron varied from 2 to 9.4 mg/| 

h) Zinc varied from 0.2 to 2.3 mg/ 
i) Nickel and Chrome were found Beyond Detectable limits. 

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 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. 

10. Sources responsible for accumulation of H2S in affected pocket 
Initial discussions with experts revealed that in case, waste water stream in a sewer line remains in running condition with proper ventilation of sewage network, the generation of H2S at such a lethal concentration is not possible as there would be no anaerobic conditions developed in sewer line, which is a pre-requisite for generation of H2S gas. However, in case there is a built up of organic matter due to blockage/stagnation in sewer /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 
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generates and proper vents are available, the chances of accumulation of H2S at such high concentrations is not possible. Inadequate vents to the sewer lines accompanied by no or p0or ventilation in the residences of affected houses might have aggravated the problem resulting in the accumulation of H2S gas in the affected pocket. 

As such, following might have been the main reasons for accumulation and reverse dissipation of 
H2S gasi 

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 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 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 in the 
evening. This clearly shows development of anaerobic conditions due to deposition of organic 
matter and inadequate slime stripping in the affected stretch. Dr. Charan Kamal, District Forensic 
Officer, Ludhiana told the Fact-Finding Joint Committee on 8.5.2023 that in the past, he has 
experienced 6-7 incidents from H2S gas and all the incidents were happened due to sewer gases. 

b. Reverse Ventilation of H2S Gas and Unscientific sewer connections by affected households. 

A. 

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 

The Preliminary Report along with Findings and recommendations from Dr. Anoop Grover, 
Professo, Department of Chemical Engineering, Thapar Institute of Engineering and 
Technology (TIET) is attached as Annexure B. 
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B. The report on the visit of Expert Committee comprising of Professor Sushil Mittal, Vice 
Chancellor, Sardar Beant Singh State University, Gurdaspur (Now Vice Chancello, Punjab 
Technical University) and Professor Raj Kumar Gupta, Department of Chemical Engineering, 
Thapar Institute of Technology is attached as Annexure-C. 

C. The copies of literature obtained from various Journals/papers published internationally 
supporting the above hypothesis is attached alongwith as Annexure-D. 

Thus, in view of the literature and Expert views, the Puniab 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. 

DA/As above 

Endst No 

Senior 

Dated 

A copy of the above is forwarded to the following for information, please. 
1. The Chief Environmental Engineer, Punjab Pollution Control Board, Ludhiana. 2. The Senior Environmental Engineer, Punjab Pollution Control Board, Zonal office-2, Ludhiana. 3. The Environmental Engineer, Punjab Pollution Control Board, Regional office-2, Ludhiana. 

Senior Envíronmental Engineer 
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AFFECTED STRETCH 

 

 

M/S Goyal Cold Drinks    House of the deceased 

 

                                                 M/s Aarti Clinic 
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UNAUTHORIZED MEAT/SLAUGHTERING SHOPS 

 

Cluster of meat shops are located in the upstream of the incident point 
which are discharging the washing water with high Organic loads into sewers 

 

 

 

 

             No adequate solid  waste 
handling which leads to 
choking of sewers  

 

 

 

 

                           Illegal Outlet for discharge of high organic 
loaddirectly 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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HYDROGEN SULPHIDE GAS IN SEWERS – THE CHALLENGES 
OF ODOUR AND CORROSION 

  
Jason Kane, Engineer, McBerns 
 
ABSTRACT 
 
The presence of Hydrogen Sulphide gas (H2S) 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 H2S gas in sewers, pump station wells, discharge manholes and 
treatment plants. 
 
H2S gas problems generally occur after the infrastructure has been built. Therefore, operators are 
typically the front line when odour complaints are received or H2S gas is detected. 
 
This paper discusses the challenges operators face due to H2S gas, how it is generated, how H2S 
gas corrodes our assets, odour and corrosion examples, accepted removal/treatment technologies, 
what can be done to reduce H2S gas generation and typical repair techniques. 
 
Controlling H2S 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 H2S gas occurs. Examples of H2S gas management are presented. 
Practical, low cost strategies in reducing H2S gas are also discussed. 
 
1.0 INTRODUCTION 
 

Once released from the sewage (i.e. the liquid phase), H2S gas can be toxic to sewer 
workers, even at low concentrations, and cause nuisance odours. Under certain conditions 
H2S gas can be converted to sulphuric acid which can corrode the internal walls of sewers, 
manholes, pump stations and other concrete and steel structures.  
 
H2S gas impacts include: 

� Release from the sewage at manholes, vents, pump stations and channels into the 
atmosphere, resulting in odour problems 

� H2S 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. 

� H2S gas can be oxidised within the sewer headspace on the sewer pipe wall 
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 H2S gas in solution, for example 
1mg/L, can produce a concentration of hundreds of ppm by volume in air. This has been 
observed in sewer ‘headspaces’ and wet wells.  
 
The whole of life cost of corroded sewer assets has been estimated at many thousands of 
dollars per km resulting from H2S 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 
hydrogen sulphide concentration of 100 ppm in a 300 mm diameter sewer”. 
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2.0 DISCUSSION 
 
2.1 How is H2S Gas Generated 
 

The following describes the H2S gas generation process: 
 
“Hydrogen sulphide is formed under anaerobic conditions at low flow velocities and 
warm temperatures. The rate of release is increased at points of high turbulence and at 
the outlets of inverted syphons and pressure mains.”(H2S Control Manual, Water 
Services Association of Australia) 
 
Inputs to H2S gas generation include available oxygen, suphates, organic matter, 
inadequate slime stripping velocities, detention time, temperature (e.g. tradewastes versus 
domestic sewage) and insufficient planning (e.g. catchment growth outstripping hydraulic 
capacity) 
 
Mechanisms for the creation and release of H2S 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. 
 

2.2 How is H2S Gas Measured 
 

H2S gas can be measured using the following methods: 
 

� OU’s – Odour Units (i.e. refer AS/NZS 4623) – odour sample needs to be 
captured and scientifically tested. Reported as OU/m3 

� ppmV – the volume of H2S gas in proportion to the total air volume in parts per 
million. H2S gas loggers and proprietry software are available for logging and 
analysing data 

� Sulphide concentration modelling (i.e. predictive only): 
 

 
 

Figure 1: Predicting sulphide concentration in a sewer 
 

� H2S gas dispersion modelling (i.e. predictive only) – assumed or measured 
concentrations are predicted from environmental inputs using proprietry software.  
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2.3 Health Effects of H2S Gas 
 

Tables 1 & 2 show the health effects and recommended limits for H2S gas exposure 
 

Table 1: H2S gas levels and impacts 
 

Level in air (ppm) Impacts & Health Effects 
0.008 Odour threshold (with some individual variability) 

>0.008 Increasing possibility of annoyance and headache, nausea, fatigue 
2 Bronchial restriction in some asthmatics 
4 Increased eye complaints 

5-10 Minor metabolic effects 
20 Neurological effects including memory loss and dizziness 

 

Table 2: Exposure limits 
 

Limit (ppm) Exposure Time 
2 30 minutes 

0.1 24 hours 
0.014 90 days 

 

 (Hydrogen Sulpide and Public Health, Department of Health, WA Government, 2009) 
 

Concentrations of H2S gas greater than 150 ppm become undetectable to the olfactory 
system. Concentrations greater than 300 ppm can cause loss of consciousness and death. 
Very high concentrations greater than 1000 ppm can result in immediate collapse after a 
single breath (Wikipedia, search: sewer gas, March 2014, 
http://en.wikipedia.org/wiki/Sewer_gas). 
 

2.4 Removal of H2S Gas 
 

H2S gas reduction or removal usually depends on where in the sewerage system the 
appropriate method can be applied. The H2S gas problem can be attacked in the dissolved 
or undissolved form: 
 

Liquid phase: 
� Dosing to precipitate out the sulphur containing compounds. For example, dosing 

ferric chloride, where H2S 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) 

� Masking agents/deodorising 
 

 Gas phase: 
� Sealing the system – usually silicon based products such as Sikaflex™  
� Ventilation – induct/educt of air (i.e. dilution over time) 
� Extraction - wind assisted or fan extracted 
� Adsorption – activated carbon (usually impregnated for H2S gas removal), other 

media types include plastics, coconut husks, timber mulch  
� Biological and/or chemical conversion/capture 
� Burning off. 

 

In more recent times, the following reduction methods have been found to be the most 
effective, based on longevity and not necessarily cost. 
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Table 3: Accepted H2S gas reduction methods 
 

Prevention Containment Treatment 
Calcium nitrate Magnesium hydroxide Carbon filters 
Ferric nitrate Sodium hydroxide Bio-filters 

Oxygen injection Ferric chloride Chemical scrubbers 
 

2.5 Reducing H2S Gas Generation 
 
Some practical H2S gas reduction methods include: 

 
� Reduce turbulence in MH’s and inlet structures 
� Venting – designed induct and educt ideally 
� Increase pumping frequency and/or flow 
� Improve slime stripping velocities 
� Submerge inlets where possible – discharge MH’s and wet well inlets 
� Vent outlets at high points 
� Flush mains with long detention times or low velocities 
� Reduce fats, oils and greases in wet wells 
� Choose materials to suit the amount of potential H2S 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 H2S gas producing tradewastes – high BOD, high 

temperature, high sulphur containing wastes e.g. food manufacturers 
� Monitor and track H2S 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 H2S 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  Figure 4: Chemical
 filter & vent  filter   scrubber 
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2.6 Corrosion, Prevention and Repair 
 
When H2S gas is converted by microbes to sulphuric acid (e.g. on the pipe wall), its 
corrosive effects can cause long term loss of wall thickness or even complete 
failure/collapse. 
 
The extent of corrosion depends on the asset type, materials, system design and 
operational decisions. Examples of H2S gas corrosion include: 
 

� Concrete – microbial induced corrosion via acid attack (refer figure 5) 
� 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 H2S gas 
 
2.6.1 H2S gas Corrosion Protection 
 
Protective coatings are the most common H2S gas prevention technique. Some typical 
coatings used in the water industry include: 

� Cement mortar – trowelable or spray-on 
� Epoxy spray-on 
� HDPE liner 
� Cement-based spray-on liner e.g. gunite 

 
It should be noted that the success of protective coatings is dependent on the material 
type, surface integrity and preparation.  
 
2.6.2 Repair Techniques 
 
Some proven H2S gas corrosion repair techniques include: 

� Pipe relining – CIP liners, spiral liners, structural liners 
� Patching/clamping (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 
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Renewal or complete replacement as a result of H2S gas corrosion are generally an 
expensive exercise that may have been avoided if monitoring and adequate repairs were in 
place. At the very least, a successful repair will afford time to determine the most cost 
effect renewal as well as time to procure the specialist contractors that are usually 
required.  
 

3.0 CONCLUSION 
 
The role of the operator in managing the challenges of H2S gas includes: 

� Ensuring that operating and maintenance work is conducted safely when H2S gas 
has the potential to exist 

� Note any conditions or changes that may increase the likelihood of H2S gas 
generation 

� Identify and report H2S 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 is H2S gas generated 
� What are the conditions that may increase H2S gas 
� How is H2S 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 H2S 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 (H2S) is a dense, colorless, 
strongly odorous toxic gas that corrodes 
infrastructures and impairs the performance of 
wastewater treatment operations.  
 
Hydrogen sulfide is naturally converted to 
sulfuric acid, which is corrosive towards steel 
and concrete.  Control of H2S will result in 
increased life and lower maintenance cost for 
facilities and piping.  In addition, worker safety is 
of concern as hydrogen sulfide is extremely toxic 
at levels above 500 ppm, which can be reached 
in confined spaces. 
 
A number of sulfide control strategies are 
available depending on the system design and 
treatment goal. 
 
Application Description 
Sulfide exists in wastewater in three forms: 
hydrogen sulfide gas (H2S), non-volatile ionic 
species hydrogen sulfide (HS-) and sulfide (S2-). 
The ratio of each of the three species H2S, HS- 
and S2- is dependent on the pH.  At pH 6, 90% 
of the sulfide will be present as H2S, and the 
higher the H2S concentration the greater the 
tendency for it to volatilize.  Conversely, at pH 
10, 100% of the sulfide will be present as S2-. 
Hydrogen sulfide occurs naturally through the 
anaerobic decay of organic matter and 
recognized by its characteristic rotten egg odor.  
In typical domestic wastewater, microbial 
reduction of the sulfate ion is the dominant 
mechanism for sulfide formation.  In the absence 
of dissolved oxygen (DO) and in the presence of 
soluble Biological Oxygen Demand (BOD), 
Desulfovibrio desulfuricans (SRB) and other 

sulfate-reducing bacteria (SRB’s) convert the 
sulfate ion to sulfide.  
 
 
SO4

2-  + Organic matter                                H2S + CO2 
 
 
Hydrogen sulfide formation in wastewater 
systems occurs primarily in the gelatinous slime 
layer that accumulates on pipe walls and in the 
sludge blankets of clarifiers and other solids 
processing units.  The rate of sulfide production 
is dependent upon the concentrations of sulfate 
ions, organic matter, and dissolved oxygen, as 
well as other factors such as pH, temperature, 
retention time, stream velocity, and surface 
area.   
 
Treatment Alternatives 
There are two basic ways to control hydrogen 
sulfide: 
• Prevent sulfide formation 
• Remove the sulfide after its formed 
 
Preventing Sulfide Formation 
Inhibiting bacterial action or moderating the 
variables affecting hydrogen sulfide generation 
is often the basis for controlling hydrogen sulfide 
in wastewater treatment systems.  Treatment 
options include the following chemicals: Chlorine 
dioxide and Nitrate. 
 
Chlorine dioxide (ClO2) is applied at or near 
the source of hydrogen sulfide.  Chlorine 
dioxide, when fed at doses higher than the 
minimum required to destroy hydrogen sulfide 
will remove the biofilm layer, which contains the 
bacteria creating the sulfide.  Chlorine dioxide 

Anaerobic 
Microorganisms 

(no D.O) 
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reacts more rapidly and completely than other 
available oxidizers and does not form colloidal 
sulfur.  
 
Sodium nitrate (NaNO3) is applied to retard 
septicity and promote bio-oxidation of organic 
odors in systems with a retention time greater 
than four hours.  Sodium nitrate is a biological 
approach to controlling odors in wastewater, 
providing naturally occurring facultative 
anaerobic denitrifying bacteria with a source of 
bound oxygen, which is metabolized 
preferentially over other sources of oxygen like 
sulfate.  This results in the production of nitrogen 
gas via intermediates like nitrite (NO2-), nitric 
oxide (NO), nitrous oxide (N2O) and other 
metabolic byproducts rather than sulfide. 
 
BOD + NO3

-                                N2 + CO2 + Biomass 
 
Typical field applications require a minimum of 
1.5 pounds of nitrogen-oxygen (N-O) per pound 
of BOD. 
 
Removing Sulfide After its Formation 
Removing the sulfide after it has been formed 
can be achieved using a variety of chemicals 
either alone or in combination.  The treatment 
mechanism generally employed is oxidation of 
the hydrogen sulfide to either sulfur or the 
sulfate ion.  In some cases, the chemical 
treatment program also promotes bio-oxidation 
of organic odors.  Common treatment options 
include: Nitrates, Sodium chlorite, Hydrogen 
peroxide, and Iron Salts 
 
Nitrate (NO3) may also be effective for the 
removal of existing sulfide in the presence of 
bacteria that can utilize the nitrate for the 
oxidation of sulfide to sulfur or sulfate.  
Examples of such bacteria include Thiabacillus 
denitrificans, Thiomicrospira denitrificans and 
Thiosphera pantotropha1.  Bacteria able to utilize 
nitrate for the bio-oxidation of sulfide are 
naturally present in sewage systems. 

Sodium chlorite (NaClO2) is applied at or near 
the source of hydrogen sulfide.  It is also applied 
in wastewater systems where a retention time of 
greater than 3 hours is encountered, such as 
remote sites for long duration control.  Sodium 
chlorite selectively oxidizes sulfide and related 
organic odors.  Unlike hypochlorite, sodium 
chlorite does not react with ammonia, and does 
not form chlorinated organics. 
 
2H2S + NaClO2 → 2S0 + 2H2O + NaCl 
 
Typical field applications require a minimum of 3 
mg/L of sodium chlorite per 1 mg/L of sulfide.  
 
Hydrogen peroxide (H2O2) is applied to the 
wastewater system usually where there is a 
retention time of less than 5 hours and at least 
30 minutes prior to the point where the hydrogen 
sulfide is released.  Hydrogen peroxide is a 
stronger oxidant than either chlorine or 
potassium permanganate.  Hydrogen peroxide 
will oxidize the hydrogen sulfide present and 
promote bio-oxidation of organic odors.  
Hydrogen peroxide decomposes into oxygen 
and water, environmentally harmless 
byproducts. 

 
H2S + H2O2 → S0 + 2H2O (pH < 8.5) 
 
H2S + 4H2O2 → SO42- + 2H2O (pH > 8.5) 
 

Typical field applications require 1 to 3 mg/L 
hydrogen peroxide per 1 mg/L sulfide. The 
reaction with sulfide is rapid with 90% of the 
hydrogen peroxide typically consumed within 10 
to 15 minutes. 
 
Iron Salts are applied to wastewater systems 
for long-duration control.  Both ferrous and ferric 
salts react with dissolved sulfide to form metal 
sulfide precipitates that are removed at the 
treatment plant. 
 
Ferrous Salts: Fe2+ + HS- → FeS + H+ 

 Ferric Salts: 2Fe3+ + 3HS- 
→ Fe2S3 + 3H+ 

Anaerobic 
Microorganisms 

(no D.O) 
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Important: The information presented herein, while not guaranteed, was prepared by 
technical personnel and is true and accurate to the best of our knowledge. NO WARRANTY 
OF MERCHANTABILITY OR OF FITNESS FOR A PARTICULAR PURPOSE, OR WARRANTY 
OR GUARANTY OF ANY OTHER KIND, EXPRESS OR IMPLIED, IS MADE REGARDING 
PERFORMANCE, SAFETY, SUITABILITY, STABILITY OR OTHERWISE. This information is 
not intended to be all-inclusive as to the manner and conditions of use, handling, storage, 
disposal, and other factors that may involve other or additional legal, environmental, safety 
or performance considerations, and Occidental Chemical Corporation assumes no liability 
whatsoever for the use of or reliance upon this information. While our technical personnel 
will be happy to respond to questions, safe handling and use of the product remains the 
responsibility of the customer. No suggestions for use are intended as, and nothing herein 
shall be construed as, a recommendation to infringe any existing patents or to violate any 
Federal, State, local or foreign laws. 

 

 
Typical field applications require 3-5 mg/L as Fe 
per 1 mg/L of sulfide.  
 
Further Information 
For more information contact: 

OxyChemTechnical Services Department 
6200 S. Ridge Rd. 
Wichita, KS 67215 
1-800-733-1165 option #1 
OxyChem_Tech_Service@oxy.com 
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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 atmosphere. 

The production of hydrogen sulphide and the consequential deterioration of concrete sewer pipes is first and foremost a 

function of sewer design and environmental factors. This process, known as “H2S attack”, can lead to very rapid deterioration. 

Biogenic sulphiric acid (BSA) attack is regarded as one of the most aggressive forms of attack on concrete sewer infrastruc- 

ture. This has been studied since 1945 when it was discovered that bacteria are responsible for the attack mechanism. 

Colonisation of the concrete surfaces is progressive with various strains of the same family, Thiobacilli, thriving at different 

pH levels. The final stage is the most aggressive, with acid producing bacteria thriving at pH levels less than 2 and being  

capable of generating sufficient acid to reduce the pH to 1, which is highly aggressive to all cementitious materials. 

The mechanism for this type of attack on concrete is summarised below: 

Step 1: Newly installed concrete pipe has a highly alkaline surface pH of approximately 12-13. In the wastewater, sulphate 

reducing bacteria (SRB) reside which utilise sulphates present in the wastewater as an oxygen source, reducing them to 

produce hydrogen sulphide (H2S) and CO2. 

Step 2: If there is sufficient oxygen, nutrients and moisture present, colonisation of neutrophilic bacteria, can cause oxidi- 

sation of H2S to create sulphuric acid (H2SO4). The acid reacts with the concrete pipe obvert and walls, and further lowers 

the pH. This facilitates colonisation by new strains, adapted for lower pH conditions, and so the pH gradually decreases. 

Step 3: When the pH of the concrete falls to around 4, colonisation by aggressive acidophilic bacteria occurs. These 

bacteria are capable of generating enough sulphuric acid to reduce the surface pH to 1-2 which is considered highly 

aggressive to all cementitious materials. 

Step 4: The corrosion process now results in concrete mass loss. The sulphuric acid first reacts with the calcium hydroxide 

(CaOH2) 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 (C3A) 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 H2S from a water phase to a gaseous phase 

• Biological oxidisation of H2S to sulphuric acid above the wastewater surface 

• Acid attack on the damp surfaces of the exposed interior surface of the concrete pipe 

However, not all concrete pipes will be affected by hydrogen sulphide problem. The physical factors that that may impact 

on the affect sulphide generation and corrosion include: 

• Concentration of organic material and nutrients in the sewerage. 

• Sulfate concentrations. 

• Dissolved oxygen level in the sewerage. 

• Temperature (i.e. higher temperature increase likelihood of bacterial growth rate). 

• Relative humidity (corrosion requires moisture on the pipe wall). 

• Stream velocity, surface area to volume ratio, vertical drop points, detention time. 

• Level of construction, grit and debris, surcharging. 

• Turbulence (at the point of turbulence, the water surface area for gas transfer increases often leading to a dramatic 

release of H2S to the gaseous phase) 

TECHNICAL INFORMATION FROM THE CONCRETE PIPE ASSOCIATION OF AUSTRALASIA 
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Whilst all these factors have an important role in contributing to the corrosion impact on concrete pipe in sewerage waste- 

water, good design, specification and manufacture, can help to mitigate the onset and the severity of sewer corrosion. 

Extensive field and laboratory research has shown that corrosion is significantly reduced under the following operating conditions: 

• High slopes in the network 

• High dissolved oxygen content 

• High wastewater pH 

• Surcharging of sewer networks 

• Short sewer reaches 

• High concrete alkalinity 

• Moderate operating temperatures 

Over the years considerable efforts have been dedicated to the understanding of the corrosion process, and how to better 

deal with this form of corrosion. BSA is a complex process and there is much conjecture in the literature surrounding the 

critical level of H2S concentration required to start the process, and significant knowledge gaps appear to exist particularly 

concerning concrete mix design. The test methods and parameters used have varied considerably. 

It is generally well known that blended cements containing slag (GBS), fly ash, Microsilica or silica fume, provide improved 

durability and increased resistance to chemical attack. In the late 1990’s CPAA member companies along with BRANZ and  

Auckland University developed a laboratory based sulphuric acid (inorganic or mineral) methodology to measure the rela- 

tive laboratory attack rates on various Portland cement mixes. This research work was completed in 2001 and indicated a 

superior laboratory performance of GBS blends. 

More recent research started in 2001, and still ongoing, is indicating that BSA attack is much more aggressive than chemi- 

cal sulphuric acid generally used in laboratory testing. This research indicates that relative lab mineral acid res istance of 

various cement blends is not a reliable indicator of field performance under field biogenic conditions, with the environment 

determined by the cement structure being considered to be an important parameter. The BSA mechanism reduces the pH 

level down to severe levels with some cements and blends allowing different critical levels and acid production rates. The 

result is that all cements and blends are equally vulnerable to rapid corrosion. 
 

Recommendations 

There are many factors that come in to play when determining how severe the internal exposure conditions of concrete 

sewer pipes will be. It is vitally important that designer understand what level of performance they are expecting from the 

concrete, and how best to adapt the product to the conditions. 

Recent research has indicated that there is no recognised cement blend (slag, silica fume, etc.) that can effectively resist  

biogenic sulfuric acid attack particularly when extremely high acidic environments (pH < 1.0) develop inside a concrete 

sewer pipeline. 

However, blended cements can be an excellent mechanism to provide durability provision against sulfate attack (as  

opposed to sulfuric acid attack), chloride exposure, or acidic effluent, for external pipe wall protection. 

It is recommended by the CPAA that when designing concrete sewers to resist severe H2S attack mechanism, that designers 

consider alternative solutions for the interior of the pipe to deal with the aggressive nature of this environment. This can 

include utilising the following durability provisions: 

• Increasing the total alkalinity of the concrete using appropriate materials 

• Increasing the cover of the concrete pipe, or including a sacrificial layer of concrete that won’t impact on the structural 

or durability design requirements over time. 

• Specifying a keyed-in plastic liner over the interior surface of the pipe to protect it from H2S attack. 

• Using concrete made with antimicrobial additives 
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The rapid chemically induced corrosion of concrete sewers at high H2S 

concentration 

Abstract 

Concrete corrosion in sewers is primarily caused by H2S in sewer atmosphere. H2S concentration can vary 

from several ppm to hundreds of ppm in real sewers. Our understanding of sewer corrosion has increased 

dramatically in recent years, however, there is limited knowledge of the concrete corrosion at high H2S 
levels. This study examined the corrosion development in sewers with high H2S concentrations. Fresh 

concrete coupons, manufactured according to sewer pipe standards, were exposed to corrosive 

conditions in a pilot-scale gravity sewer system with gaseous H2S at 1100 ± 100 ppm. The corrosion 

process was continuously monitored by measuring the surface pH, corrosion product composition, 
corrosion loss and the microbial community. The surface pH of concrete was reduced from 10.5 ± 0.3 to 

3.1 ± 0.5 within 20 days and this coincided with a rapid corrosion rate of 3.5 ± 0.3 mm year −1. Microbial 

community analysis based on 16S rRNA gene sequencing indicated the absence of sulfide-oxidizing 

microorganisms in the corrosion layer. The chemical analysis of corrosion products supported the 

reaction of cement with sulfuric acid formed by the chemical oxidation of H2S. The rapid corrosion of 

concrete in the gravity pipe was confirmed to be caused by the chemical oxidation of hydrogen sulfide at 
high concentrations. This is in contrast to the conventional knowledge that is focused on microbially 

induced corrosion. This first-ever systematic investigation shows that chemically induced oxidation of 

H2S leads to the rapid corrosion of new concrete sewers within a few weeks. These findings contribute 

novel understanding of in-sewer corrosion processes and hold profound implications for sewer operation 
and corrosion management. 
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21 Abstract: 
 

22 Concrete corrosion in sewers is primarily caused by H2S in sewer atmosphere. H2S 
 

23 concentration can vary from several ppm to hundreds of ppm in real sewers. Our understanding 
 

24 of sewer corrosion has increased dramatically in recent years, however, there is limited 
 

25 knowledge of the concrete corrosion at high H2S levels. This study examined the corrosion 
 

26 development in sewers with high H2S concentrations. Fresh concrete coupons, manufactured 
 

27 according to sewer pipe standards, were exposed to corrosive conditions in a pilot-scale gravity 
 

28 sewer system with gaseous H2S at 1100±100 ppm. The corrosion process was continuously 
 

29 monitored by measuring the surface pH, corrosion product composition, corrosion loss and the 
 

30 microbial community. The surface pH of concrete was reduced from 10.5 ± 0.3 to 3.1 ± 0.5 
 

31 within 20 days and this coincided with a rapid corrosion rate of 3.5  0.3 mm year -1. Microbial 
 

32 community analysis based on 16S rRNA gene sequencing indicated the absence of sulfide- 
 

33 oxidizing microorganisms in the corrosion layer. The chemical analysis of corrosion products 
 

34 supported the reaction of cement with sulfuric acid formed by the chemical oxidation of H2S. 
 

35 The rapid corrosion of concrete in the gravity pipe was confirmed to be caused by the chemical 
 

36 oxidation of hydrogen sulfide at high concentrations. This is in contrast to the conventional 
 

37 knowledge that is focused on microbially induced corrosion. This first-ever systematic 
 

38 investigation shows that chemically induced oxidation of H2S leads to the rapid corrosion of 
 

39 new concrete sewers within a few weeks. These findings contribute novel understanding of in- 
 

40 sewer corrosion processes and hold profound implications for sewer operation and corrosion 
 

41 management. 

 
43 

 

44 Key words: Sewer, Corrosion, Concrete, Hydrogen sulfide, Chemically Induced Corrosion 
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45 1. Introduction 
 
 

46 As one of the most critical components of the urban infrastructure in modern societies, sewer 
 

47 networks collect and transport sewage to treatment plants, preventing human exposure to 
 

48 unhygienic sewage and related sewage-borne diseases. The prevalence of concrete corrosion 
 

49 weakens the structural strength of sewers and leads to early collapse of pipes (Zhang et al. 
 

50 2008). The damage inflicted on many sewer networks and the cost of preventive measures is a 
 

51 significant world-wide economic problem (Alexander et al. 2013, Jiang et al. 2016a, Jiang et 
 

52 al. 2015a). In addition to enormous sewer remediation expenditure, the structural failure also 
 

53 poses potential issues of odor emission and public safety (Jiang et al. 2017). 
 

54 The corrosion of concrete pipes is mainly a result of hydrogen sulfide (H2S). H2S is formed by 
 

55 sulfate-reducing bacteria (SRB) in the anaerobic sewer biofilms/sediments. From the sewage, 
 

56 H2S is emitted to the sewer air, part of which is absorbed/adsorbed into the moisture layer on 
 

57 the concrete walls exposed to air, here it is oxidized to sulfuric acid and causes corrosion (Li 
 

58 et al. 2017). H2S is ubiquitous in sewer systems, although the concentrations differ temporally 
 

59 and spatially from a few ppm to several hundred ppm (Jiang et al. 2014, Wells and Melchers 
 

61 2015). 
 

62 Sewer concrete corrosion is a relatively slow process that may take years or decades to occur 
 

63 (Joseph et al. 2012). A three-stage concept proposed by Islander et al. (1991) is widely adopted 
 

64 to describe the corrosion development. In the initiation stage, the surface pH of the concrete is 
 

65 reduced from c.a.13 to c.a. 9 by carbonation and H2S dissolution. This leads to the later stages 
 

66 where the pH of the concrete surface is conducive for microorganisms to colonize. Depending 
 

67 on the pH, both neutrophilic and acidophilic sulfide oxidizing microorganisms will biologically 
 

68 oxidize sulfur compounds to sulfuric acid. The reaction between cementitious material and 
 

69 sulfuric acid produces corrosion products like gypsum (CaSO4), 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 et al. 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. 2013). 
 

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 H2S concentration in sewer 
 

77 air through forced ventilation; (3) applying surface treatment on concrete sewers (Jiang et al. 
 

78 2015a). Corrosion resistant materials like antimicrobials, silver-loaded zeolite, and polymers 
 

79 coatings are widely used to mitigate the corrosion of sewers (Berndt 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 H2S in sewer air can accumulate to very high 
 

83 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 H2S 
 

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

87 To date, microbially induced sulfuric acid generation from H2S 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 
 

93 oxidizing microorganisms. Instead, fast chemical oxidation of H2S to sulfuric acid might be 
 

94 the main cause of the observed fast corrosion and sulfate dominated corrosion products. 
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95 3.2. Microbial community in the corrosion layer 
 
 

96416 

96 In microbial induced concrete corrosion, once the pH is reduced to lower than 4, due to the 
 

97 sulfide oxidation and acid production, acidophilic microbes usually become the dominant 
 

98 species (>50%). The most typical genus of acidophilic microorganisms associated with 
 

99 biogenic acid production is Acidithiobacillus including A. ferrooxidans, A. thiooxidans, and A. 
 

100 caldus (Davis et al. 1998, Harrison Jr 1984, Islander et al. 1991, Jiang et al. 2016b, Parker 
 

101 1945b). In addition to Acidithiobacillus spp., Acidiphilium spp., Mycobacterium spp., 
 

102 Xanthomonadales spp, are often detected as abundant in acidophilic communities of sewer 
 

103 corrosion layers (Cayford et al. 2017, Jiang et al. 2016b, Li et al. 2017, Okabe et al. 2007, 
 

104 Pagaling et al. 2014). None of these typical acidophilic sulfur-oxidizing microorganisms was 
 

105 detected in the corrosion products collected from the concrete samples in this study. Therefore, 
 

106 it is highly likely that biological sulfide oxidation was not playing a major role in the rapid 
 

107 corrosion observed in the presence of high H2S levels. 
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108 3.3. Sulfide oxidation rates of the concrete coupons after exposure 
 
 

109 The SOR of the coupons prior to and after sterilization were quite similar for H2S 
 

110 concentrations up to 200 ppm (Figure 6). It shows clearly that sterilization of the concrete did 
 

111 not have any impact on the SOR and it confirms that the microbes on the concrete had 
 

112 negligible role in H2S oxidation. Together with the absence of sulfide oxidizing microbes in 
 

113 the corrosion layer (Section 3.2), it clearly suggests that biological sulfide oxidation is not the 
 

114 cause of the concrete corrosion and thus the SOR observed were mainly due to chemical 
 

115 4
3
6 

 
 
 
 
 
 
 
 
 
 
 

116 4
3
7 

oxidation of sulfide. 
 
 

 

117 Figure 6. Sulfide oxidation rates of concrete coupons before and after sterilization under 10-200 ppm 

118 H2S (A), and the sulfide oxidation rates of concrete coupons under 500-1500 ppm H2S (B). 
 

119 The SOR of both coupons were below 25 mg-S m-2 h-1 under 10-200 ppm H2S and increased 
 

120 to around 200 mg-S m-2 h-1 at approximately 1500 ppm H2S. The SOR observed for the 
 

121 chemical oxidation process is comparable to the sulfide uptake rate (SUR). SUR is usually used 
 

122 as a good indicator for the development and activity of sulfide oxidizing bacteria in microbial 
 

123 induced concrete corrosion. The SUR of 250 ± 5 mg-S m-2 h-1 was reported for microbial 
 

124 induced corrosion after 33 months exposure to H2S at 50 ppm (Sun et al. 2014) and around 100 
 

125 mg-S m-2 h-1 for coupons after 17 months exposure under 25 ppm H2S (Jiang et al. 2016b). At 
 

126 the exposure of 1000 ppm of H2S, a rapid consumption of H2S, 3600 mg-S m-2 h−1 was 
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127 observed in a pipe section after several months (Vollertsen et al. 2008). Under the same H2S 
 

128 concentration, the SOR measured in this study was relatively lower compared with previous 
 

129 studies reported for microbially induced corrosion. However, the SOR at above 1000 ppm H2S 
 

130 of this study were comparable to the uptake rate of microbes under 50 ppm (Sun et al. 2014), 
 

131 which could lead to similar magnitudes of corrosion. 
 

132 Under the high levels of H2S (500ppm-1500ppm), the SOR increased significantly along with 
 

133 the increase of H2S concentration (Figure 6B). Kinetic models (i.e. exponential, power), have 
 

134 been previously used to describe the oxidation rate of sulfide in microbially induced concrete 
 

135 corrosion (Æsøy et al. 2002, Sun et al. 2014). Fitting SOR results into exponential kinetics, the 
 

136 exponent showed a positive value (0.0021) (Figure 6B), which is contrary to the negative value 
 

137 previous reported for microbial corrosion (-0.0135) (Sun et al. 2014). In power kinetic models, 
 

138 the reaction order for sulfide oxidation in this study was estimated to be 2.4, which is higher 
 

139 than the reaction order (1.5) previously reported for chemical dominated sulfide oxidation on 
 

140 concrete surfaces and also higher than that reported for microbial induced sulfide oxidation on 
 

141 corroding concrete surfaces (0.45-0.7) (Satoh et al. 2009, Vollertsen et al. 2008). With the 
 

142 highest R2 (0.995) and lowest sum of residual squares (323.2), exponential kinetics best 
 

143 described the chemical sulfide oxidation on the concrete surface in this study (Table S2). The 
 

144 kinetic analysis suggested that chemical sulfide oxidation is different to the biological sulfide 
 

145 oxidation and that the SOR increases exponentially with H2S concentration, implicating that 
 

146 chemically induced corrosion will be more severe in sewers with higher H2S concentrations. 
 
 

147 Therefore, with sulfuric acid as the main product, chemically induced corrosion of concrete 

under high H2S concentration in sewers plays a critical role,especially for newly manufactured 

concrete sewers. 

 
 

148 4. Conclusions 
 
 

149 The rapid corrosion of fresh concrete within 20 days at high hydrogen sulfide concentration in 
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150 sewers was investigated. Different from previous studies, which mainly focus on microbially 
 

151 induced corrosion of concrete sewers, this was the first-ever report of chemically induced 
 

152 corrosion. This has resulted in the following key findings: 
 

153 • Hydrogen sulfide of around 1000 ppm led to fast concrete corrosion within one month, 
 

154 this was characterized by a surface pH around 3 and a corrosion rate around 3 mm year-1. 
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516 • The fast corrosion of concrete with high levels of H2S in the sewer was mainly due to the 

517 chemical oxidation of hydrogen sulfide to sulfuric acid.  

519 • The rate of chemical sulfide oxidation increased exponentially with hydrogen sulfide 

520 concentrations and this could induce potentially high corrosion rates. 

 
521 

 
• These novel findings of in-sewer corrosion processes hold profound implications for 

522 sewer operation and corrosion management. The chemically induced corrosion of newly 

523 manufactured concrete sewers would be critical when high H2S concentrations occur in 

524 the sewer atmosphere, especially at certain corrosion hot spots. 

 
525 
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Experiences with iron chloride dosing to control sulfide-induced 

corrosion problems in sewers 

Brecht Donckels*, Greet De Gueldre, Marjoleine Weemaes 

Research and Product Development Division, Aquafin N.V., Belgium 

Abstract: 

Dosing iron salts is one way of dealing with sulfide-induced corrosion problems in sewers. By 

dosing iron salts such as FeCl2 and FeCl3, the dissolved sulfide molecules present in the 

wastewater chemically react with Fe++(+) to form elemental sulfur (S0) and iron sulfide (FeS). 

These products precipitate and thereby the amount of sulfide available for release to the 

sewer atmosphere decreases.  

After a test phase on-site, this control measure was implemented in full-scale to deal with 

sulfide-induced corrosion problems that had been observed at a pumping station in the vicinity 

of Antwerp, Belgium. This contribution describes Aquafin’s experiences with this control 

measure and elaborates on how the effectiveness was tested and evaluated prior to a full-

scale application. Further, it describes how the dosage was implemented in full-scale and 

presents the results obtained so far. To conclude, the pros and cons of this control measure 

are discussed based on our experiences so far. 

Keywords: hydrogen sulfide, biogenic sulfuric acid corrosion, sewer, iron chloride dosing 
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Introduction 

Aquafin was established in 1990 by the Flemish government and is responsible for the design, 

construction, operation and pre-financing of the supra-municipal wastewater treatment 

infrastructure of Flanders, which is the northern part of Belgium residing approximately six million 

inhabitants. Basically, this means that cities and municipalities are responsible for their own sewer 

systems, but their sewer networks connect to Aquafin’s collector (or interceptor) sewers that 

transport the wastewater to the wastewater treatment plant.  

Anno 2011, Aquafin’s assets include 247 wastewater treatment plants, 1174 pumping stations and 

approximately 4735 km of collector sewers. The wastewater collection system, which covers the 

majority of Aquafin’s assets and still expands at a rate of approximately one km per day, is the main 

focus of this paper. More precisely, this paper deals with the problems wastewater service providers 

around the world are facing that can be appointed to the presence of hydrogen sulfide in the 

wastewater collection system.  

To introduce the terminology used in this paper, the different parts of a conventional wastewater 

collection system are shown schematically in Figure 1. Wastewater from the households is mainly 

and preferably transported through gravity sewers, but it is often not possible to reach the 

wastewater treatment plant in this manner. Therefore, pumping stations are needed, where the 
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wastewater is collected in a wet well which is equipped with level measurement instruments that 

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

through a force main (or pressure main or rising main) and discharged in an inspection chamber or 

manhole from which the wastewater continues its path through gravity sewers. This is typically 

repeated until eventually the wastewater arrives at the wastewater treatment plant. Needless to say 

that the sewer system is hardly ever a linear system, and often many sewer pipes are connected with 

each other to form a complex network with many branches.  

 
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 (H2S). 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;  

• biofilm and sediment layers found in gravity sewers; 

• wet well of pumping stations and other places where the wastewater stands still for a 

significant amount of time.  

After being emitted to the sewer atmosphere, hydrogen sulfide will initiate a process called biogenic 

sulfuric acid corrosion. The concrete sewer pipes corrode and lose their mechanical strength. In 

addition, malodorous compounds are typically formed under the same anaerobic conditions as 

hydrogen sulfide and the latter thus contributes to odor nuisance. In this paper, however, only 

corrosion problems are dealt with.  
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Elimination of Hydrogen Sulfide 
from Wastewater Collectors 
using Iron Salts 

 
 

 
 

The occurrence of hydrogen sulfide (H2S) 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. 
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Fig. 1: Hydrogen sulfide – bisulfide – sulfide equilibrium as 
a function of pH value 

Table 1: Sulfur content of several foods 

 
1. What leads to the formation of 
hydrogen sulfide? 

The hydrogen sulfide and other sulfides initially exist 
in dissolved – relatively harmless – form as H2S, HS– 

or S2– depending on the pH value of the wastewater 
(Fig. 1). The more acidic the environment, the more 
the equilibrium shifts towards hydrogen sulfide (H2S), 
which then escapes from the water phase in the form 
of a gas. In principle, hydrogen sulfide can form in any 
kind of wastewater. The main source of sulfur in the 
formation of H2S in an anaerobic environment are the 
sulfate ions that enter the municipal sewage flow in 
high concentrations from tap water (desulfurication). 
In addition, wastewater with a high protein content, 
such as occurs in the food industry, for example, tends 
towards rapid decomposition and strong H2S evolution 
(desulfuration). Table 1 lists the typical sulfur content of 
several foods. 

2. Why is hydrogen sulfide so 
dangerous? 

● Even in very low concentrations (< 0.2 ppm), 
H2S can be detected by its “smell of rotten eggs”, 
causing severe odour problems. 

● At higher concentrations, the gas becomes an 
increasing threat to health, and at upwards of about 
300 ppm has a potentially lethal effect. 

● Hydrogen sulfide leads to corrosion in the sewer 
system and causes high repair costs (cover photo). 
Its severely corrosive effect – especially on concrete 
– results from the fact that the hydrogen sulfide oxi- 
dises on the surface of the components exposed to 
the sewer atmosphere to form sulfuric acid. 

● Hydrogen sulfide or the sulfide ions can have a 
negative impact on the process of biological waste- 
water treatment. 

 

3. How can the formation of hydrogen 
sulfide be prevented? 

Because hydrogen sulfide only forms under strictly 
anaerobic conditions, changing the environment by 
any kind of oxygen supply would, in principle, be a 
method for preventing sulfide formation. However, it 
must always be ensured in such cases that an ade- 
quate oxygen supply is also guaranteed at the end of 
the line. 

Since the biogenic formation of H2S often cannot be 
prevented – even when using oxidative control meas- 
ures – it is necessary to apply elimination methods, 
including targeted precipitation of the sulfides using 
iron salts. 

4. Why are iron salts so well-suited to 
eliminating hydrogen sulfide? 

Bonding H2S with iron salts is based on the high affinity 
of iron for sulfides. Regardless of the compound form 
or valence of the iron, iron sulfide always forms in the 
presence of sulfides (FeS; Table 2). On account of the 
extremely low solubility of FeS, competitive reactions 
with other constituents in the water can be ruled out. 

Beer 

Whey 

Potatoes 
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Coffee, instant 

Maize 

Rice 

Fish 

160 mg S/kg 

250 mg S/kg 

340 mg S/kg 
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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 suitable for 
hydrogen sulfide elimination. The question as to which 
product should be given preference is primarily gov- 
erned by local conditions with regard to logistics and 
handling. 

The primary candidates are: 

1. KRONOFLOC ferrous chloride solution as a 
ready-to-use liquid precipitant with 8.7% Fe2+. 

The product is delivered in 60 l canisters, 200 l drums, 
1 m³ containers or in bulk in road tankers. If only small 
quantities are required, the product can be metered 
directly from its original container. TI 2.03 provides 
information on the transport, storage and metering of 
KRONOFLOC delivered in bulk. 

2. FERRIFLOC ferric chloride sulfate solution with 
12.3% Fe3+. 

Delivery and storage are the same as for 
KRONOFLOC. 

 
 
 
 
 

 
Fig. 2: Underground tank at a pumping station with catch 
basin 

3. QUICKFLOC ferrous sulfate as a solid precipi- 
tant with 17.8%  Fe2+. 

The product is delivered in 25 kg bags on 1 t pallets. 
The QUICKSOLV metering station is available for stor- 
ing, dissolving and metering. This system is described 
in detail in TI 2.01.1. 

It occasionally is claimed that it is impossible to elimi- 
nate hydrogen sulfide using iron salts containing 
sulfate. This argument seems plausible at first, but 
naturally is false. The reason is that the sulfate concen- 
tration in the wastewater is not the minimizing factor in 
the biogenic formation of H2S. 

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

6. Where should the precipitant be 
added? 

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

● Delivery by road tanker 

● Safe storage 

● Safe handling of chemicals 
 
 
 
 
 
 

 
Fig. 3: Metering station in a manhole 

Fe2+ + S2–
 → FeS↕ 

2 Fe3+ + 3 S2– → 2 FeS↕ + S 
 

2 Fe(OH)3+ H2S → S + 2 Fe(OH)2 + 2 H2O 
(Reaction 1) 

Fe(OH)2 + H2S → FeS↕ + 2 H2O 
(Reaction 2) 

620



4  

 
 

Fig. 4: Arrangement for preventive metering 
 
 

The high speed of reaction of sulfate precipitation with 
iron salts supports two metering options: 

a) Preventive metering (Fig. 4): 

The iron salt is added at the start of a problematic sec- 
tion, i.e. at a point where no degradation processes 
have yet begun. It has proven effective in the case of 
wastewater pressure lines to add the iron salt directly 
to the pressure line via a seeding point (e.g. tapping 
sleeve, Fig. 5). 

Acid-proof diaphragm pumps are used to meter the 
product (TI 2.3). To adapt the added quantities to the 
rate of sulfide generation, we recommend using the 
pipeline dimensions and the wastewater volume gen- 
erated to calculate the dwell time of the wastewater 
between inflow and outflow. The quantity of iron salt 
added is preferably adapted to the expected sulfide 

 
 
 

Fig. 5: Addition directly into the pressure pipeline via a 
seeding point. 

concentration by a measurement curve controller (e.g. 
PLC). If necessary, the system should also account for 
rain events. 

Premature addition need not be feared, since the prod- 
ucts of hydrolysis (hydroxides) of the iron can also 
bond the hydrogen sulfide (Table 2). 

b) Addition upstream of the emission point: 

The spontaneous reaction between the dissolved iron 
and the dissolved sulfides takes only a few seconds, 
but can be observed by watching the wastewater rap- 
idly turn black. For this reason, it is also effective to add 
the iron salts a short distance upstream of the emission 
point – i.e. into wastewater that has already begun to 
degrade. Basically, any turbulent outflow of anaero- 
bic wastewater at the end point of pressure lines, for 
example, should be avoided. In practice, this can be 
achieved by shifting the pressure line outlet to below 
the water level while at the same time adding iron salt 
just upstream from the end of the wastewater line or 
into the wastewater pumping station. 

An arrangement of this kind makes it possible to estab- 
lish a controlled section for sulfide precipitation, similar 
to online phosphate precipitation. Continuously mon- 
itoring H2S emissions by connecting an online H2S 
sensor to the metering pump can help to reliably main- 
tain target values, e.g. a maximum allowed workplace 
concentration (MAC) of 10 ppm in the coarse and fine 
screening building (Fig. 6). 

Switch cabinet 

Precipitant tank 

Check valve 
shaft 

Influent 
wastewater 

Pump station Inductive 
flowmeter 
shaft 

Metering shaft 
with leakage 
monitoring 
(Fig. 5) 

Bypass 

Wastewater pressure pipe 
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Fig. 6: Online addition upstream of the emission point Table 3: Sample calculation for determining quantities to 
be added 

 

7. How much has to be added? 

a) Theory: 

The dissolved sulfides in the wastewater can be 
determined analytically as S2- e.g. according to DIN EN 
38 405. 

If data on the concentration of dissolved sulfides in the 
wastewater are available, and the wastewater flow rate 
is known, a simple calculation can be used to deter- 
mine the quantity to be added (Table 3). 

b) Practice: 

In practice, however, data are usually only available for 
the hydrogen sulfide concentration in the gas phase. 
But even these values support a fairly good estima- 
tion of the required quantities. The actual quantities 
required can then be determined empirically. 

The following, pragmatic procedure has proven 
successful in practice: 

1. The H2S content in the collector air is measured at 
neuralgic problem points over several days. 

2. The iron salt solution is added at suitable dosing 
points upstream of the measurement points, using a 
typical standard quantity of 15 g Fe/m³ wastewater. 

3. The quantity added is adapted in accordance with 
the results of gas analysis, based on the residual 
H2S content in the collector air. In this context, the 
added quantities may have to be adapted to the 
flow and dwell times in the sewer system. 

4. When adding quantities online, the times at which 
the metering pumps are switched on and off, and 
the steepness of the metering curve, must be 
adapted to the target value. 

8. What happens to the precipitated 
sulfides?? 

The virtually insoluble iron sulfide is a very fine solid 
with poor sedimentation properties. In other words, 
iron sulfide does not settle in the sewer, but passes 
into the treatment plant with the wastewater flow. As a 
rule, this dark-black wastewater also passes through 
the primary sedimentation stage; only in the biological 
stage of the treatment plant is it oxidised, thus being 
made available for simultaneous phosphate precipita- 
tion. This double precipitation effect is illustrated sche- 
matically in Fig. 7. 

The black discoloration of the treated wastewater 
inflow provides clear, visual proof that H2S elimination 
has taken place. The iron method is not well accepted 
by receiving treatment plants that have no biological 
stage, i.e. no oxidative decolouration. 

On account of the high buffer capacity in the untreated 
wastewater, this condition is never reached as a rule 
when using common added quantities. 

Existing or expected 
sulfide concentration 4 mg S2–/l 

in the problematic area 
of the collector  4 g S2–/m3 

Wastewater inflow 
(e.g. wastewater pump capacity) 50 m3/h 
 
Iron concentration in 
the precipitant (KRONOFLOC)  8.7 % Fe2+ 

Density of KRONOFLOC 1.37 g/cm3 

Molar mass sulfur 
Molar mass iron 

32.06 
55.85 

0.004 · 55.85 · 50 
= 3.0 l KRONOFLOC/h 

32.06 · 0.087 · 1.37 

 

Addition of precipitant Control unit 
 
 
 
 
 

H2S sensor 

 
Anaerobic wastewater 

 
 
 

Water level 

Pipe end submerged 
at all times 
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Pumpstation Abwasserkanal Vorklärung Belebungsbecken Nachklärung 

Primärschlamm 
mit FeS 

Überschussschlamm 
mit FePO4 

Eisensalz-Lösung 

 
 

Fig. 7: Hydrogen sulfide elimination with sulfide and phosphate precipitation 

 

9. What else needs to be considered 
for the successful implementation of 
hydrogen sulfide elimination? 
Using iron salts to precipitate the sulfides dissolved in 
wastewater is a very reliable elimination process. The 
special feature of this method is that the iron salt must 
be added at a point where no hydrogen sulfide is yet 
present. Therefore, selecting a suitable dosing point 
is of fundamental importance for the applicability and 
success of the method. 

In addition to being located upstream of the problem 
area, the dosing point must also offer the technical 
means for safe storage and handling of the precipitants. 
Several metering points are often required, depending 
on the design of the collector system and the affected 
sewer sections. 

The efficiency of the process ultimately depends on 
how successfully the quantity of iron salt added can be 
adapted to the various sulfide loads. 

10. What results are available?? 
The effectiveness of H2S elimination with iron salts is 
illustrated below on the basis of two practical exam- 
ples. 

1. Use of KRONOFLOC in a 5 km pressure 
pipeline. 

To avoid H2S emissions, KRONOFLOC is added at the 
inlet of a pressure pipeline as a preventive measure 
(Fig. 9). 

2. Use of KRONOFLOC to maintain the MAC in a 
grit chamber. 

The signal from an H2S sensor supports the establish- 
ment of a controlled section and activates the dosing 
pumps as needed (Fig. 8). The steepness of the rise or 
fall in H2S concentration determines the added quan- 
tity. 

Phases with low H2S loads (e.g. rainy weather) are 
detected and the required quantity of precipitant auto- 
matically reduced (Fig. 10). 

 
 
 
 
 

Fig. 8: An H2S sensor takes continuous readings in the grit 
chamber. The signal is processed and the KRONOFLOC 
metering pumps activated. The results are illustrated 
in Fig. 10. 

Pump station Sewer Primary settling tank Activated sludge tank Post-clarifier 

Fe2+  + S2– ´ FeS, 

Primary sludge 
with FeS 

4 FeS + 9 O2 + 4 HPO42– ´ 
4 FePO4 + 4 SO42– + 2 H2O Excess sludge with 

FePO4 

Iron salt solution 

623



7  

H2S ppm 

12 

10 MAC: 10 ppm 

8 

6 

4 

Pump on: e. g. 2.5 ppm 
2 

Pump off: e. g. 1.5 ppm 

0 
8.00am 9.00am   10.00am 11.00am 12.00am   1.00pm 2.00pm   3.00pm   4.00pm Time 

 
 

Fig. 9: Effect of KRONOFLOC addition as a preventive measure 
 
 

Pressure pipeline data (Fig. 9) 

Dimensions DN 250 

Volume Approx. 245 m3
 

Wastewater volume, QTW Approx. 570 m3/day 

Wastewater dwell time in the 
pressure pipeline 

9 –14 hours 

Average added quantity 30 g FeII/m3
 

 
 

 

Fig. 10: Typical curve of H2S concentration with controlled, online addition of iron salts to maintain the MAC value in a grit 
chamber 

H2S ppm emission from pressure pipeline 

300 
12:30 pm: 
Dosing start 

250 

Approx. 9:00 pm: 
Treated wastewater discharged 

200 

150 

100 

50 

0 

1.00pm   3.00pm   5.00pm 7.00pm 9.00pm 11.00pm 12.00am 2.00am   4.00am   6.00am   8.00am Time 
2.00pm   4.00pm   6.00pm   8.00pm 10.00pm 12.00am 1.00am   3.00am 5.00am 7.00am 
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This information is intended to serve as a guide for consumers, but is not necessarily complete and given without warranty. Compliance with 
statutory obligations must be ensured in all events, also with regard to the proprietary rights of third parties. 

Consult our Safety Data Sheets before using any of our products. 
 

KRONOS INTERNATIONAL, Inc. 
KRONOS ecochem 
Peschstr. 5 · D-51373 Leverkusen 
Tel. +49 214 356-0 · Fax +49 214 44117 
Email: kronos.ecochem@kronosww.com 
www.kronosecochem.com © KRONOS 2017 
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Ø   Hydrogen  sulfide  (H2S)  is  a  dangerous  and  colorless  gas  that  can  be  produced  

when  organic  matter  decomposes,  such  as  in  rotting  vegetation  or  wastewater  

in  a  sewer  system.  It  is  highly  toxic,  ranking  second  in  workplace  fatalities  due  

to   gas   inhalation   after   carbon  monoxide   and   is   often   recognized   by   its   foul  

smell,  similar  to  rotten  eggs.  

  

Ø   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.  

  
  

Ø   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.  

  

Ø   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.  

  
  

Ø   Due   to   its  density,  hydrogen  sulfide   is  slightly  heavier   than  air,   causing   it   to  

accumulate  in  subsurface  spaces  such  as  basements,  underground  chambers,  

or   sewer   systems.   This   makes   these   areas   particularly   susceptible   to   high  

concentrations  of  hydrogen  sulfide  gas  

  

Ø   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.  

  

Ø   Heavy   rainfall   can   cause   turbulent   flow   in   sewer   systems,   leading   to   the  

disturbance  of  settled  sediments.  Sewer  sediments  often  contain  accumulated  

organic  matter  and  sludges   that  serve  as  a  nutrient  source   for  SRBs.  When  

these  sediments  are  stirred  up,  it  can  promote  increased  bacterial  activity  and  

H2S  production.  

  

Ø   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.  

  

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

trimmings,  blood,   and  other   byproducts.  These  organic  materials   are   rich   in  

proteins   and   can   contribute   to   the   production   of   H2S   when   they   undergo  

decomposition.  If  a  meat  shop  is  located  in  close  proximity  to  a  sewer  system,  

the  organic  waste  from  the  shop  can  enter  the  sewer  lines,  providing  a  readily  
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available   food   source   for   sulfur-­reducing   bacteria.   This   can   enhance   the  

microbial   activity   responsible   for   the   conversion   of   sulfate   ions   to   sulfide,  

thereby  increasing  the  potential  for  H2S  formation.  

  

Ø   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.  

  
  

Ø   The  combined  effect  of  heavy  rainfall  and  the  presence  of  a  nearby  meat  shop  

can  lead  to  an  elevated  risk  of  H2S  formation  in  the  sewer  system.  It  is  important  

to  monitor  and  manage  these  factors  effectively  to  prevent  the  accumulation  of  

H2S   gas,   which   can   pose   significant   health   hazards   to   workers   and   the  

surrounding  environment.  Implementing  proper  waste  management  practices,  

ensuring   proper   ventilation,   and   conducting   regular   maintenance   and  

inspections  can  help  mitigate  the  risks  associated  with  H2S  in  such  scenario.  

  

Ø   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.  

  

Ø   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,   controlling   BOD   and   COD   levels,   and   implementing  

strategies  to  reduce  the  entry  of  organic  waste  into  sewer  systems.  
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