[image: Description: logo.gif]                   BUREAU OF INDIAN STANDARDS
AGENDA




33rd Meeting
of
Water Quality for Industrial Purposes Sectional Committee, CHD 13

Date/day		: 13-12-2024/Friday
Time			: 10:30 AM
Venue              	: Virtual
Meeting Link            https://bismanak.webex.com/bismanak/j.php?MTID=ma70af2d1516eb16094b301eefd292bfa 
Meeting Id                 : 2516 201 2291
Password                   : CHD13@2024

Chairman		: Shri K P Bhattacharyya, BARC
Member Secretary	: Ms. Shubhanjali Umrao, BIS
ITEM 1 WELCOME AND OPENING REMARKS
1.1 Welcome of the Chairperson and members by BIS.
1.2 Opening remarks by the Chairman CHD 13.
ITEM 2 CONFIRMATION OF THE MINUTES OF THE 32th MEETING
2.1 Minutes of the virtual 32nd meeting of Water Quality for Industrial Purposes Sectional Committee, CHD 13 held on 04.07.2024 at BIS, New Delhi were circulated to the members via BIS Standardization portal dated 12.07.2024. However, no comments were received on the same.

The Committee may CONFIRM the Minutes, as circulated.
ITEM 3 SCOPES AND COMPOSITION OF THE SECTIONAL COMMITTEE CHD 13
3.1 SCOPE: To formulate Indian Standards on terminology, specifications, method of tests, codes of practices and guidelines for: 

a. Quality criteria of water for different industries.
b. Treatment of industrial water based on various end uses.
c. Issues related to industrial water chemistry such as scaling, fouling, corrosion and its remedial measures.

The Committee may NOTE.
3.2 COMPOSITION OF THE SECTIONAL COMMITTEE, CHD 13

3.2.1 The composition of CHD 13, and Panels ALERT PANEL CHD 13: P1, ALERT PANEL CHD 13: P2, ALERT PANEL CHD 13:P3 along with the participation level of member Organization in last three meetings of CHD 13 is given at Annex I.

                                                                                                                                     
The Committee may REVIEW.

The Committee may REVIEW the composition keeping in view the participation level & contribution of the member organization in the last three meetings. The Committee may also co-opt new organizations that are capable of contributing in the new technologies/areas of work relevant to CHD 13.

3.3 Co-Option Request
3.3.1 The Co-option request has been received on BIS Standardization Portal from Shri. Amit Kumar for participation in standardization work of CHD 13 as individual capacity. The resume is enclosed.


The Committee may REVIEW and ADVISE.

3.3.2 The Co-option request has been received on BIS Standardization Portal from Shri. Suresh Sundaramurthy for participation in standardization work of CHD 13 as individual capacity. The resume is enclosed.


The Committee may REVIEW and ADVISE.
[bookmark: _GoBack]
ITEM 4 ISSUES ARISING OUT OF PREVIOUS MEETING

	Sl. No.
	Indian Standard/Amendments/ New Subjects
	Decision taken in previous meeting
	Present Status

	4.1
	IS 14199 : 1995 Steam purity - Methods of sampling and test
	· The Committee decided to circulate editable copy of IS 14199 along with the comments received from Shri. Ankit Verma and Shri. VP Ghodmare to CHD 13: P1 for resolution of comments and preparation of revised draft. 
· Further, the Committee decided that after incorporating the editorial changes in the revised draft, it may issue into wide circulation draft for a period of 60 days. 
· The comments received on the WC Draft will be deliberated and discussed in CHD 13: P1. 
· However, in case no comments are received the draft may be finalized and sent for printing after seeking approval from the Chairperson.
	· The comments received on IS 14199 have been circulated to CHD 13 P1 for resolution of comments and preparation of revised draft.


The Committee may ADVISE.


	4.3
	IS 3328: 1993 Quality tolerances for water for swimming pool
	· The Committee after deliberating agenda item 4.3 The Committee decided to once again request Shri Vishal Gandhi, CPCB to provide the revised draft of IS 3328 within a period of 1 week.
· Simultaneously the Committee also decided to allocate the work of preparation of revised draft to DR. Renu Saraf, Ion Exchange and provide revised draft within period of 15 days.
· The draft received from Shri. Vishal Gandhi and Dr. Renu Saraf will be issued into wide circulation for 60 days after incorporating the editorial changes.
	· As decided in the last meeting, pdf was shared with Shri Vishal Gandhi and Dr Renu Saraf to prepare the revised draft.
· The revised draft has been received from Shri Vishal Gandhi and is enclosed below:


· The comments have been received from Dr Renu Saraf are enclosed below:


The Committee may ADVISE.





ITEM 5 PUBLISHED STANDARDS
	Sl. No.
	IS No. and Title
	Current Status

	5.1
	IS 1813 : 2024
Treatment of water for marine boilers — Code of practice (first revision)
	· The standard has been published.


The Committee may NOTE

	5.2
	IS 10496 : 2024
Feed water, boiler water and condensate water for high pressure boilers — Specification (first revision)
	· The standard has been published.


The Committee may NOTE

	5.3
	IS 13119 : 2024
Ammonium bifluoride — Specification (first revision)
	· The standard has been published.


The Committee may NOTE




ITEM 6 DRAFT STANDARDS/AMENDMENTS UNDER PRINTING
	Sl. No.
	IS No. and Title, Document No.
	Current Status

	6.1
	CHD/13/25774
IS 13624 Methods of sampling and analysis of water formed deposits guidelines (first revision)
	· In the last meeting, committee noted that draft has completed wide circulation period and committee decided that in case comments are received on WC draft will be taken up in the next sectional Committee. However, in case no comments have received the draft will be finalized and sent for printing after seeking approval from the Chairperson.
· No comments have been received during the wide circulation.
· The finalized draft standard is under print.

The Committee may NOTE.




ITEM 7 DRAFT STANDARDS/AMENDMENTS FOR APPROVAL FOR FINALIZATION

	Sl. No.
	IS No. and Title, Document No.
	Decision of the Committee in Previous Meeting
	Current Status

	7.1
	CHD/13/24671
IS 10392 : 1982
Specification for feed water and boiler water for low and medium pressure boilers (first revision)
	· The Committee noted that the additional comments from Dr A Lawrence were received during 3rd meeting of CHD 13: P1 held on 19.06.2024, and these comments were shared with shri. Anil Khera for incorporation in WC draft.
· During the meeting the Committee members reviewed the draft prepared by Shri. Anil Khera and decided to share the draft with experts from NTPC and BHEL and CHD 13: P1 for seeking their comments on the revised draft after incorporating the technical changes for period of 21 days. The comments will be discussed in CHD 13: P1.
· After resolution of comments by CHD 13: P1 the draft may be finalized and sent for printing after seeking approval from the Chairperson.
	· The comments received on IS 10392 have been circulated to CHD 13 P1 for resolution of comments and preparation of revised draft.

The Committee may ADVISE




ITEM 8 DRAFT STANDARDS/AMENDMENTS UNDER PREPARATION
 
	Sl. No.
	Indian Standard/Amendments/ New Subjects
	Decision taken in previous meeting
	Present Status

	8.1
	IS 8188 : 1999
Treatment of water for cooling towers - Code of practice (first revision)
	· The Committee decided to share the draft received from Shri. Anil Khera, Ion Exchange Ltd. with Panel members for detailed deliberation and discussion on revised draft. 
· On the basis of recommendation of CHD 13: P1, the draft may be issued into wide circulation for 60 days.
· The comments received on WC draft shall be taken up by CHD 13: P1. However, in case no comments are received, it may be finalized for printing after taking the approval from the Chairperson.
	· The draft is yet to be circulated.

The Committee may ADVISE.

	8.2
	Specification for Condensate Feed Water and Steam once through supercritical boilers
	· The Committee decided to share the working draft prepared by Shri. Ankit Verma, NTPC to the Committee members for period of 21 days. 
· The comments received on P-Draft will be taken by Alert Panel CHD 13: P1. However, in case no comments are received it will be issued into wide circulation after period of 2 months.
	· The draft is yet to be circulated.

The Committee may ADVISE.



Item 9 PROGRAM OF WORK
The program of work of Water Quality for Industrial Purposes, CHD 13 is given: 


The Committee may NOTE.
Item 11NWIP received 
A request has been received from Excel Industries Limited to initiate the formulation of a standard for Etidronic Acid, also known as 1-Hydroxyethylidene-1,1-diphosphonic Acid, under the scope of Water Quality for Industrial Purposes, CHD 13. This standard aims to prescribe prescribes the requirements and the methods of sampling and test for 1-Hydroxyethylidene 1,1 diphosphonic Acid (HEDP).
The New Work Item Proposal (NWIP) submitted by the proposer was reviewed and scrutinized by the Member Secretary. During this review process, it was noted that additional information and supporting documentation were required to proceed further with the development of the standard.
Subsequently, the proposer has provided the necessary data to support the formulation process. The following documents have been submitted for further evaluation:
1. Comprehensive working document detailing requirements, packaging and labelling and test methods as per which requirements. 
2. Background literature review done report including information such as Manufacturing Base/User Industries of this in India, Information regarding Testing Facilities in India for the specified products along with the parameters they test, and Information on Grade if available for product.

These enclosed documents provide detailed insights into the technical aspects of Etidronic Acid, facilitating informed discussions and decisions regarding the standard formulation process.


[bookmark: _MON_1794906088]
The Committee may ADVISE.


Item 12 Comments received on IS 12084 Morpholine - Specification (First Revision)
The following comments have been received on IS 12084 from BASF: 
 
	Sr. No.
	Characteristics
	BIS Method of test/ IS reference number
	Comments received from BASF
	Required additional data

	1
	Purity (as Morpholine)
	IS 12084 Annexure-B
	Purity by
Gas Chromatography
	Method validation data attached


	2
	Boiling range
	IS 5298
	OECD Guideline 103, Dynamic method
	PDF copy of the method attached


	3
	Chloride (as CI)
	IS 3025 (part 32)
	Potentiometric method
	Method validation data attached



 
A copy of all the reference documents are attached.






The Committee may ADVISE.

Item 11 DATE AND PLACE OF NEXT MEETING

Item 12 ANY OTHER BUSINESS
image3.emf
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CURRICULUM VITAE 
 


SURESH SUNDARAMURTHY, PhD 
(SURESH S.) 


 
October 2024 


Gender: Male 
Place of Birth: Puducherry (Pondicherry), India 
Address: Associate Professor & Head, Department of Chemical Engineering, 
Maulana Azad National Institute of Technology Bhopal-462 003, M.P., India 
Phone: +91 9244184604, Office: +91 755-4051806 
Email: sureshpecchem@gmail.com, ssureshchemengg@gmail.com, sureshs@manit.ac.in 
Profile website: https://manit.irins.org/profile/61748  


 
EDUCATION AND WORK EXPERIENCE  


 
PhD (Chemical Engineering), Indian Institute of Technology Roorkee, 2010 
M.E (Chemical Engineering), Annamalai University Tamil Nadu, 2006 
B.Tech (Chemical Engineering), Pondicherry Engineering College, Pondicherry University, 2004 
P.G. Diploma (Industrial Safety) Annamalai University, Tamil Nadu (Distance Course), 2005 
 
Head of the Department, MA-NIT Bhopal (April 2024-Present) 
Associate Professor, MA-NIT Bhopal (December 2023-Present) 
Convenor & Faculty In-charge: Central Research Facility, MA-NIT Bhopal (2019-Present) 
Head of the Department, MA-NIT Bhopal (January 2019-October 2019) 
Departmental Coordinator, MA-NIT Bhopal (July 2013-January 2016) 
Assistant Professor, MA-NIT Bhopal (August 2010-December 2023) 
Postdoctoral Researcher, Centre for Discovery & Innovation, CUNY USA (2017-2018) 
Visiting Faculty, Asian Institute of Technology Thailand (January-May 2016) 
Visiting Fellow, International Centre for Mater. Sci., JNCASR Bangalore (Dec. 2011-Feb. 2012) 
Research Fellow, Indian Institute of Technology Kanpur (February-July 2007) 
Research Fellow, Pollution Control & Energy Technol., Pondicherry University (June 2006-Jan. 2007) 
 
 PATENTS, AWARDS, AND HONORS  
1. Indian Patent: Silica-Titanium Dioxide doped Photocatalyst, and a Reactor Vessel for Effluent 


Treatment. Indian Patent No. 1599/MUM/2015 dated 18/04/2015 and Published on 21/10/2016 in 
The Patent Office Journal Issue No. 44/2016 (Applicant: MA-NIT Bhopal, Inventor: S. Suresh)   


2. Indian Patent: Pyrolysis system for thermal decomposition of biomass (Inventors: Ajoy Debbarma & 
Suresh Sundaramurthy; Applicants: Rain Forest Research Institute, Jorhat (Assam) & Maulana Azad 
National Institute of Technology Bhopal), Design No. 375152-001 dated 25.01.2023. 


3. Indian Patent: Edible coating composition and the method of preparation thereof  (Inventors: 
Surinder Singh, Daijit Kaur, Suresh Sundaramurthy, Raj Kumar, Sushil Kumar Kansal; Applicants: 
Panjab University, India; and Maulana Azad-National Institute of Technology Bhopal). Application 
Number-202311010558, Filing Date-16/02/2023. Published; 26/2023 dated 30/06/2023 


4. Indian Patent: Carbon Doped Silica-Nanostructured Cu/CuO catalyst for plasma conversion of CO2 
to CO. (Applicants: MA-NIT Bhopal & ONGC Energy Centre Trust, New Delhi, Inventors: Suresh 
Sundaramurthy, Sasikumar Chandrabalan, Jyoti Verma, Komal Singh, Ravi), Patent Application no. 
20231101572, Filing Date-9/03/2023 


5. Indian Patent: IoT device for measuring water pollutants Level. Sapana Madan, Suresh 
Sundaramurthy, T. Kumuthavalli, Meenakshi K, Ashish Kumar Ratha, Anju, Manasi Vyankatesh 
Ghamande, Jigneshkumar Amathalal Chauhan. Application No. 427239-001. Filing Date-16/08/2024 


6. Indian Patent: A process to convert Necromass residual biomass to biochar using indigenously 
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designed double barrel Pyrolysis device (Inventors: Ajoy Debbarma & S. Suresh) 
7. Indian Patent: Novel plasma reactor for CO conversion. Under review (Applicant: MA-NIT Bhopal 


& OECT (ONGC Energy Centre) New Delhi, Inventors: S. Suresh and C. Sasikumar), 2022.   
8. Indian Patent: Wastewater treatment and Energy generation through MFC using Nanoelectrodes 


Under review (Applicant: MA-NIT Bhopal, Inventors: S. Suresh and Samatha Singh), 2022. Under 
process. 


9. Technology synchronized & commercialization in progress: “Liquid biofertilizer via aminoacid 
from cowdung and human hair” with Bhopal Municipal Corporation (Nagar Nigam). 


10. Principal Advisor: WTL-Clean & Renewable Energy Pvt Ltd (USA) 
11. Fellow Member: Society of Energy Engineers and Managers, India 
12. Certified Renewable Energy Professional Preparatory Training: Association of Energy Engineers 


(AEE), USA, 2017 (Preliminary)  
13. SERB Indo-US Postdoctoral Research Fellowship: Science and Engineering Research Board 


(SERB) and Indo-US Science and Technology Forum (IUSSTF), Department of Science and 
Technology, Government of India, Fulbright House, New Delhi, July 2016.  


14. Bharat Excellence Award: Friendship Forum, New Delhi, August 2016. 
15. Best Poster award: in the 103rd Indian Science Congress, University of Mysore, 3-7th January 2016. 
16. 4th IGCW-2015 award in the Knowledge Community & Academic Research category: Industrial Green 


Chemistry World (IGCW 2015), organised by Green ChemisTree Foundation, Mumbai, India, 
December 2015. 


17. Short term Visiting Faculty: Ministry of Human Resource Development, Department of Higher 
Education, Government of India, August 2015. 


18. IEI Young Engineers Award: Institute of Engineers, Kolkata, India, August 2015. 
19. Rashtriya Gaurav Award: India International Friendship Society, New Delhi, 2015. 
20. Award of Member: National Innovation Club by Rashtrapati Bhavan-The President of India, New 


Delhi, March 2015. 
21. Prof R C Singh Memorial Medal: 28th Indian Engineering Congress, Institution of Engineers India 


(IEI), 2013. 
22. Visiting Research Fellowship: Jawaharlal Nehru Centre for Advanced Scientific Research, 


International Centre for Materials Science, Bangalore, Dec. 2011-Feb. 2012.  
23. Young Scientist Award by Government of Uttarakhand, 2009 
24. Junior and Senior Research Fellowship: Ministry of Human Resource Development (MHRD), 


Department of Education, Government of India, New Delhi, July 2007-July 2010. 
25. Best Fielder in the cricket (sport club): Association of Chemical Engineering Students, Pondicherry 


Engineering College, Puducherry, 2004. 
26. Best Performer Award: Association tudents, Pondicherry Engineering Sof Chemical Engineering  


.2004-2003Puducherry,  ,College  
27. Winner-up Cricket Team Shield: Pondicherry Region Zonal Level–Schools Games and Athletics 


Competitions ducation conducted by Eone), Z-IV( Department, Government of Pondicherry, 
Puducherry, 1997-98. 


 
PROJECT FUNDING (RESEARCH<CONSULTANCY<OTHER)  


1. R&D Project: Treatment of industrial wastewater using sequential batch reactor (SBR) - 45 Lacs, 
MHRD (Grant-Aid-Scheme), 2010-2012.  


2. R&D Project: Extraction of fibres from raw sisal plants-15.45 Lacs, Handloom and Handicraft Rural 
Development Department, Government of Madhya Pradesh, 2011-2013. 


3. R&D Project: Development of Novel separation Processes, MHRD-MANIT Bhopal-50 Lacs, 2011-
2012. 


4. R&D Project: Treatment of industrial wastewater using photocatalysis process, MPCST, MP Govt.-
5.45 lacs, 2012-2015. 


5. R&D Industrial Project: Treatment of brine sludge using combined adsorption-Electro-chemical 
methods, TEQIP & Grasim Industry, Nagda, Madhya Pradesh, 14.45 lacs, 2012-2015. 


6. R&D Project: Machining and analysis of various parameters of nanocomposites prepared from 
industries wastes for various applications, MPCST, MP Govt, India-5 lacs, 2015-2017.  
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7. R&D Project: New carbon-based nanocomposites (biochar) from waste biomass and carbon cloth: 
Experimental and modelling studies to adsorption of H2S, HCHO from air, sensing of H2S and 
ammonia gases, and photo-oxidation/CO2 reduction. SERB/IUSSTF, DST, 40000USD, 2016-2018.  


8. R&D Project: Selective Conversion of CO2 to CO using an Inexpensive Nano-porous carbon doped 
oxides through plasma/photocatalysis, ONGC Energy Centre, New Delhi-14.86 lacs (2016-2018).  


9. R&D Industrial Consultancy Project: Adequacy and Performance Assessment of Existing Effluent 
Treatment Plant, GAIL (India) Limited, Madhya Pradesh-11.80 Lacs (January 2019-June 2019). 


10. R&D Project: Process optimization indigenously developed catalysts in plasma assisted photo-catalytic 
reactor and regeneration of catalysts, ONGC Energy Centre, New Delhi-10.6375 Lacs (2019-2021). 


11. R&D Project: Development of process and technology for value added products from segregated 
biocrude (in collaboration with Central Institute of Agricultural Engineering Bhopal), Ministry of 
Agriculture. (April 2019 to July-2022). 60 Lacs. 


12. R&D Industrial Project: Water Quality monitoring and assessment of Central Effluent Treatment Plant 
(CETP), Indore, Madhya Pradesh-22 Lacs (2021-July 2022). 


13. R&D Industrial Project: Strategical survey and assessment of air pollution in the non-attainment cities 
of Madhya Pradesh, India  sponsored by M/s Center for Study of science, Technology and Policy, 
Bangalore-560094, Karnataka. 23.5 Lacs. 2021-2022.  


14. R&D Project: Development and optimization of bio-char enriched super compost from forest 
necromass for enhanced soil carbon sequestration, MoES, India- 16.494 lacs collaboration with Rain 
Forest Research Institute, Jorhat, Assam (2018-May 2023).  


15. R&D Consultancy Project: Environmental Monitoring of quality of Surface water, Ground water, Soil, 
Air & Noise around Mahakal Temple Ujjain at regular interval. Ujjain Smart City Limited. 29.4 Lacs. 
2022-2023.  


16. Consultancy work: Chemical analysis of biochar and dental materials. M/s Anant Urja Pvt Ltd, Bhopal. 
0.1955 Lacs, 2019. 


17. Consultancy work: Testing of iron bars, M/s Bansal Industries, Bhopal. 0.59 Lacs. 2023 
18. Consultancy work: Chemical analysis of TMT Fe500, M/s NTPC Khargon. 0.385 Lacs. 2023 
19. Consultancy work: Vetting of hydraulic design and drawings of various components. M/s  LCC Project 


Ltd, Gujarat. 14.9624 Lacs. 2023 
20. Consultancy work: Testing of wood waste to know ratio of carbon and oil. M/s GCM Carbon Pvt. 


Ltd, Raisen, Madhya Pradesh. 0.3 Lacs. February, 2024 
21. Consultancy Project: Source Apportionment of PM2.5 & PM10 of Jabalpur City for Identification of 


Major Sources, Jabalpur Municipal Corporation under National Clean Air programme (NCAP) scheme, 
MoEF &CC, GoI-93.88 Lacs. 2022-2024. Ongoing. 


22. Consultancy Project: Source Apportionment of PM2.5 & PM10 of Ujjain City for Identification of Major 
Sources, M.P. Pollution Control Board under National Clean Air programme (NCAP) scheme, MoEF 
&CC, GoI-68.73 Lacs. 2023-2025. Ongoing. 


23. R&D Project: Development of Carbon Nanofiber Materials From Cow-Dung/Bio-Sludges for Smart 
Fabric Textile and Selective CO2/H2 Energy Storage Applications (in collaboration with CSIR-AMPRI 
Bhopal). NTTM, Government of India. 77 Lacs. 2023-2025. Ongoing. 


24. R&D Project: Identification and treatment study of heavy metals and chlorinated by-products using 
fish scale morphological changes with sedimentation analysis for Upper Lake of Bhopal. MPCST. 9.22 
Lacs. 2023-2024. Ongoing.  


25. R&D Project: Enhanced selective recovery of selenium and tellurium from copper anode slime using 
secondary mineral waste. 32 Lacs. 2024-2027. Ministry of Mines, Government of India. Ongoing. 


26. R&D Project: Enhance Air Quality through Source Apportionment of PM2.5 & PM10 of Dewas City 
for Identification of Major Sources, Dewas Municipal Corporation under National Clean Air 
programme (NCAP) scheme, MoEF &CC, GoI-Rs.81,87,725 Lacs. 2024-2026. Ongoing. 


27. R&D Project: Enhance Air Quality through Source Apportionment of PM2.5 & PM10 of Sagar City for 
Identification of Major Sources, Sagar Municipal Corporation under National Clean Air programme 
(NCAP) scheme, MoEF &CC, GoI-Rs.98.13,225 Lacs. 2024-2026. Ongoing. 


28. R&D Project: Integrating Vastu and Sustainability in Indian Temple Architecture: A Synergy between 
Ancient Wisdom and Contemporary Modernism. Indian Council of Social Science Research, Govt. of 
India. Grant No. ICSSR-VB2024-1049. Rs.20,67,600. 2024-2025. Ongoing. 
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29. Consultancy Project: Municipal Solid Waste Quantification, Composition and Characterization study 
at Ujjain. Ujjain Smart City Limited (USCL) under CITIIS 2.0 scheme. Rs. 18,43,750/-. September,2024 
Ongoing. 


30. Consultancy Project: Vetting of sewerage DPR for ward No. 1 to 60 of Gwalior City. Rs.. 17, 70,000/-
. October, 2024. Ongoing. 


31. R&D Project: Pilot plant for hydrogen generation from biomass char through steam gasification and 
its storage by nanocarbon integrated metal hydride composite (in collaboration with Central Institute 
of Agricultural Engineering Bhopal). Rs. 2.59 Crore. DST. Submitted. 2024 


32. R&D Project: Synthesis of bio-derived high porous carbon-MOF composite for advanced hydrogen 
storage applications (in collaboration with Central Institute of Agricultural Engineering Bhopal). 
MNRE, Government of India. 1.0453 Crores. April, 2024. Submitted. 


33. R&D Project: Advanced Numerical Modelling and Additive Manufacturing of Acoustic Metamaterials 
for Aeronautical Noise Reduction. Aeronautics Research & Development Board, DRDO. Submitted, 
2024. Total budget: 95.97 Lakhs 


34. R&D Project: Technical Textiles and Management Centre of Excellence, National Technical Textile 
Mission (NTTM), Ministry of Textile, Govt. of India. Total budget: 342.788 Lakhs. Submitted, 2024. 


35. R&D Project: Development of lightweight greenhouse gas sensors for Atmospheric Science studies. 
ISRO. Rs. 19,75 Lacs. Submitted. August 2024 


36. R&D Project: Pollution to Solution Integrated Carbon Capture and Utilization in the Cement Industry. 
Rs. 47,00,000. DST. Submitted. 


37. R&D Project: Development of high energy Graphene/Borophene based Self-Powered 
Piezoelectric/Triboelectric Nanogenerator Integrated Energy Storage Devices (in collaboration with 
CSIR-AMPRI Bhopal). DST, Government of India. Rs.98,25,336/-. July 2024. Submitted. 


38. R&D Project: Development of process and technological package for effective use of Agro-residues 
and Municipal Solid waste and with Coal in Thermal Power Plants. Rs.53,67,648/- Submitted to Central 
Power Research Institute. August 2024. 


39. R&D Project: Development of a novel solar dryer based on Nano-enhanced Phase Change Material as 
thermal storage for agricultural-based food applications. Submitted to DST. Rs. 48,35,480/- October 
2024. 


40. R&D Project: Design of Emergent van der Waals Heterostructure for High performance and Flexible 
Optoelectronic Devices. Submitted to DST. Rs. 1,37,67,962/-October 2024. 


41. R&D Project: Cost-effective process for energy production and energy saving materials from MSW 
waste plastic and pine litter.  Submitted to NMHS, MoEF&CC. Rs. 137.54 Lacs. October, 2024 
 
 


TEACHING AND RESEARCH GUIDANCE  


• Chemical Reaction Engineering, Process Dynamic and Control, Bio-energy Engineering, Biochemical 
Engineering, Bioprocess Engineering, Green Technology, Environment Pollution Control, Process 
Safety and Disaster Management, Advance Separation Processes.  


• Supervisor and co-supervisor for about 250 (B.Tech students + project students); 66 M.Tech scholars 
and 08 PhD scholars 


 
List of Ph.D. Thesis topics: 


1. Rajesh Babu Katiyar, Optimization of Engineering & Process Parameter for Vermi-composting. 
Co-Supervisor: Dr. A.K. Sharma 


2. Kamlu Ram Gota, Study of Photocatalytic degradation of Phenolic Wastewater 
3. Saraswati Rana, Treatment of Phenolic and Textile wastewater by using Biological and 


Physicochemical Methods 
4. Rajani Bharati, Synthesis of Nano-catalysts for Treatment of Petroleum Refinery Wastewater 
5. Anuj Kumar Verma, Synthesis, characterization and application of fly ash based filler and pigment 


for paper industry. Co-Supervisor: Dr. Dinesh Mohta  
6. Anshika Rani, Experimental and Computational investigation of hybrid single slope solar stills. Co-


Supervisor: Dr. Anil Kumar 
7. Samatha Singh, Development of low-cost microbial fuel cell for energy generation from wastewater 
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8. Satyam Mishra, Multicomponent adsorption of nitrate and associate ions from aqueous solution. 
Co-Supervisor: Dr. MS Chauchan 


9. Abhishek Mathur, Development of graphene based nanocomposite for environmental application 
(in progress) 


10. Rakesh Kumar Chand, Air Pollutions Modelling and their source appointment study in the Ujjain 
City. Co-Supervisor: Dr. A.K. Sharma (in progress) 


11. Manoj Kumar Gandwane, Pollution abatement through membrane technology. Co-Supervisor: Dr. 
V.K. Bulasara (in progress) 


12. Jyoti Verma, Policy Evaluation and Performance Assessment for Clean and Green Sustainable 
energy Practices (in progress) 


 
 
 
List of completed and Ongoing M.Tech. Thesis: 


S.No. Name of students Title of thesis Year of 
Award 


Name of Co-Supervisor 


1.  Piyush Pratap Singh  Optimization of 1-2 Propane, diol using Box 
Behnken Design 


2014 Dr C. Sumana, IICT 
Hyderabad 


2.  Satyendra Singh  


 


Kinetic study of esterification with ethylene 
glycol & acetic acid in presence of Para toluene 


sulphonic acid 


2014 Dr. K. Yamuna Rani, IICT 
Hyderabad 


3.  Shashank Tiwari  


 


Simulation of postulated methanol pool fire in a 
nuclear fuel sub-assembly cleaning facility 


2015 - 


4.  Goldy Shah  


 


Removal of petroleum hydrocarbon from 
different oily sludge by various treatment 


methods 


2015 Prof. Amit Dubey 


5.  Mona Sakena  


 


Adsorption of phenol onto waste granular 
activated carbon from water purifier cartridge: 


Batch and Column study 


2015 - 


6.  Sanjay Singh  


 


Simulation of different type of distillations 
columns for production of Methy-Tert-Butyl-


Ether by using ASPEN Plus software 


2015 - 


7.  Anil Kumar  


 


Photodegradation of phenol, catechol and 
hydroquinone pollutants from aqueous solution 


2015 - 


8.  Sharad Suryawanshi  Removal of zinc onto synthesised zeolite from 
aqueous solution 


2015 Prof. A.K. Sharma 


9.  Swati Rawat  Fly ash: A suitable material for warm based 
technology 


2015 Prof. A.K. Sharma 


10.  Shivali Sahota Biological pre-treatrment of water hyacinth for 
biogas production 


2015 Dr. Khushali Meneria 


11.  Mohit Jain Preparation of rubber-sisal fibre nano 
composites 


2015 Dr. M.K. Pradhan 


12.  Khusboo Kumari  Hybrid anaerobic digestor with MFC 2016 - 


13.  Kuldeep Sahu  Design of RBC for degradation of wastewater 2016 - 


14.  Snigdha Mandal  Design of controller for MFC and Pipeline 
corrosion system 


2016 - 


15.  Deepak Rangare  Synthesis of DMC additives by using carbon 
based nanocatalyst for fuel application 


2016 Prof. Amit Dubey 


16.  Ashwin Kumar  Design of controller for solar dryer 2016 - 
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17.  Krishna Kumar P Modelling of Pyrolysis 
Process for Thermochemical Conversion of 


Human Hair to Biofuel 


2016 Prof. Prashant Baredar 


18.  M.K. Faheema  Inherent radiant heat exposure protection in a 
tank farm 


2017 Dr. Bharat Modhera 


19.  Neha Maheshwari Preparation of ceramic membrane based on fly 
ash for oil-water emulsion separation 


2017 Dr. C. Sasikumar 


20.  Kunjan Junghare  Carbon sequestration followed by micro algae via 
biodiesel production 


2017 Prof. Prashant Baredar 


21.  Nikhil Kumar  


 


Selective conversion of CO2 to CO using an 
inexpensive nanoporous CeO2 doped with SiO2 


through thermal/plasma photocatalysis 


2017 Dr. C. Sasikumar 


22.  Prashant Srivastava Treatment of Diary Wastewater through RBC  2018 Prof. A.K. Sharma 


23.  Mayank Raguwanshi Process optimization of CO2 conversion through 
developed indigenously plasma assisted 


photocatalysts 


2019 - 


24.  Niteesh Singh Removal of fluoride from drinking water by 
using adsorption process 


2019 Prof. Mukul Kulshrestha 


25.  Sanjeev Verma Production of biogas from water hyacinth and 
parthenium hysterophorus  


2019 Prof. Prashant Baredar 


26.  Anoop Meleri Optimization and process parameters of CO2 
conversion using Plasma assisted photocatalyst 


system 


2020 - 


27.  Preety Kumari Biosynthesis catalysis for sonocatalytic 
technology  


2020 - 


28.  Sujit Das Fractional distillate products and Value added 
chemicals from Biocrude 


2020 - 


29.  Saurabh Jain Adsorption of Fluoride through water hyacinth 
adsorbents 


2020 Prof. Mukul Kulshrestha 


30.  Sandeep Rheology properties of different liquid streams 2020 Dr. H.L. Tiwari 


31.  Kapil Newar Microreactor with Microbubble mechanism  2021 Dr. Rajeev Parmar 


32.  Anjali Prasad Adsorptive removal of Hexavalent Chromium by 
Cupric oxide-impregnated Sugarcane Bagasse 


2022 Dr. Sunder Lal Pal 


33.  Archa S Vasanthan  Column Adsorption study of Carbon dioxide 
using carbon aerogel prepared from waste tissue 


paper and polyvinyl alcohol 


2022 Prof. MS. Chauhan 


34.  Haroon Haridas Adsorbent development is a solution for waste 
mattress disposal: characterisation and 


performance evaluation for sulphate ion 
adsorption 


2022 Prof. MS. Chauhan 


35.  Nihar Adsorptive removal of Eriochrome Black T dye 
using Tin Oxide loaded walnut shell activated 


carbon 


2022 Prof. MS. Chauhan 


36.  Utkash Baranwal Utilization of brewery spent grain into value 
added products through ultrasonic assisted 


extraction technique  


2022 Prof.A.K. Sharma 


37.  Sagar Tapdiya Modelling and Simulation of multiple slope solar 
dryer 


2022 Prof. Prashant Baredar 


38.  Priya Singh Biochemical characterization of phytochemicals 
from Eucalyptus and cinnamon plants 


2022 Dr. Khushali Meneria 


39.  Kajal Tiwari Conversion of agrowaste residue into sodium 
silicate: Green Route towards pollution 


abatement  


2023 Dr. H.S Kaur  
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40.  Meenu Singh Preparation of Nano Scale Activated 
Corn Based Biosorbent For Efficient Removal 


of Hydroxychloroquine 


2023 Dr. H.S Kaur  


41.  Dr. Aiman Haider A Comparative evaluate the remineralizing effect 
of dentifrices on eroded primary teeth 


enamel by two pediatric liquid medicaments 
through scanning electron microscope: An in-


vitro study 


2021 Dr. Babita Niranjan 


42.  Dr. Priyanka 
Khadatkar 


A Comparative evaluation of fluoride release and 
rechargeability in conventional GIC (Type II), 


pediatric GIC (Type IX), and Cention-N: An in-
vitro study 


2022 Dr. Babita Niranjan 


43.  Dr. Pragya Kumari Comparative evaluation of microleakage of two 
different types of restorative materials in primary 
and permanent posterior teeth: An invitro-study  


2022 Dr. Arpana Bansal 


44.  Dr. Jyoti Sarathe Comparative evaluation of surface hardness and 
surface roughness of heat polymerized 


polymethyl methacrylate acrylic resin immersed 
in different disinfectant solution: An invitro-


study  


2022 Dr. G.S. Chandu 


45.  Mohini Utilization Of Waste Diaper, Paddy Straw And 
Saw Dust for Oyster Mushroom Cultivation: A 


Solution Towards Sustainable 
Development 


2023 Dr. H.S Kaur 


46.  Harisahmad Adsorption of sulphide ion onto activated waste 
cloth from aqueous solution 


2023 Dr. H.S Kaur 


47.  Ayush Singh Comparison of Different Models for 
Estimation of Monthly Solar Radiation at 


Bhopal, M.P. (India) Region 


2023 Prof. Prashant Baredar 


48.  Sheetal Mathur Environmental impact assessment of carbon-
based anode for sodium ion battery 


2023 Prof. Prashant Baredar 


49.  Aditya Kumar Development of Bentonite based flat ceramic 
membrane for recovery of spent caustic from 


industrial green liquor of pulp and paper industry 


2023 Prof. MS. Chauhan 


50.  Sumit Sahu Rick husk ash bricks stabilized with cowdung 
and fly ash: An eco-friendly alternative to burnt 


clay bricks  


2023 Prof. MS. Chauhan 


51.  Prakamya Tiwari Emission inventory and quantification of air 
pollution load in Indore City 


2023 Prof.A.K. Sharma 


52.  Pranjal Parihar Emission inventory and quantification of air 
pollution load in Ujjain City 


2023 Prof.A.K. Sharma 


53.  Prasoon Lodhi Emission inventory and calculation of pollution 
load in Jabalpur City 


2023 Prof.A.K. Sharma 


54.  Rachana Devi Evaluation and statistical analysis of indoor 
environmental quality parameters in MANIT 


campus, Bhopal (India) 


2023 Prof.A.K. Sharma 


55.  Saral Nigam Spatial and temporal variation of NOx and SOx 
concentration in ambient air of Madhya Pradesh, 


India 


2023 Prof.A.K. Sharma 


56.  Nidhi Bhardwaj Development of nano-PCM materials for 
thermal application  


2023 Prof. M.M. Malik 


57.  Praful Choudhary Optimizing oyster mushroom cultivation for 
mitigating food and flora scraps  


2024 Dr. H.S Kaur 


58.  Kuldeep Yadav Extraction of sodium silicate from agro waste 
used as coagulant  


2024 Dr. H.S Kaur 


59.  Shikha Shipra Utilization of peanut hulls, disposable face 
masks, and wheat straw as substrate for Oyster 
Mushroom cultivation: A comparative analysis 


2024 Dr. H.S Kaur 
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60.  Prashant Sompura Synthesis and characterization of activated 
carbon from palash tree barks and activated 


carbon/metal oxide composite for 
supercapacitor electrode 


2024 Prof. M.M. Malik 


61.  Om Prabhu 
Buddeker 


Magnetite doped nanocellulose fiber and 
pyrolytic carbon based triboelectric 


nanogenerator 


2024 Prof. M.M. Malik 


62.  Anchal Mishra Estimation of Emission inventory and windrose 
diagram for Jabalpur city 


2024 Prof.A.K. Sharma 


63.  Mayank Upadhyay  Study of Road dust generation in Ujjain City  for 
air pollution load analysis 


2024 Prof.A.K. Sharma 


 
DETAILS OF PUBLICATIONS  


 
 
In Brief:  
Patent 
published 
02+04 


Book series 
07+10 


Book chapter 
27+04 


Journal 
120+08 


Presentation/Proceedings  
77+02 


Invited Talk 
54 


A selection of recent journal publications, artistic productions, books, including book and report excerpts. See all publications in 
the database (Profile website: https://manit.irins.org/profile/61748) 
(http://scholar.google.co.in/citations?user=WgcujRQAAAAJ) & (Researcher ID: http://www.researcherid.com/rid/F-3102-
2012) 
 
 
 
SELECTED BOOKS/PROCEEDINGS  


1. Suresh S, Sundaramoorthy S, “Green Chemical Engineering: An introduction to Catalysis, Kinetics 
and Chemical processes”, CRC Press, Taylor & Francis Group, (ISBN: 9781466558830), 1st 
Edition, pp. 1-530, 2015. 


2. Suresh S, Keshav A. “Textbook of Separation Processes”, Studium Press (India) Pvt. Ltd (ISBN: 
978-93-80012-32-2), 1-459, 2012. 


3. Suresh S., Anil Kumar, Ashish Shukla, Renu Singh, CM Krishna. Biofuels and Bioenergy, Springer 
Proceedings in Energy, Springer International, (ISBN: 978-3-319-47255-3), 2017, pp 1-197.  


4. Suresh S, Sudhakar K., “Global Scenario in Environment and Energy”, BS Publisher (India), Pvt. 
Ltd, (ISBN: 978-81-7800-286-6), 1-424, 2013.  


5. Suresh S, Shrivastava M, Srivastava E., “Emerging trends in Agriculture, Horticulture and 
Environment Engineering” Janparishad press and MANIT Bhopal (ISBN: 978-93-5196-081-
2), 1-302, 2014. 


6. Suresh S, Tiwari, H.L., Jaiswal, R.K., “Hydraulics, Water Resources, Coastal and Environmental 
Engineering”, Excellent Publishing House Pvt. Ltd (ISBN: 978-93-84935-04-7), 1-1432, Vol I 
and II, 2014. 


7. Suresh S, Shrivastava M, Srivastava S., “Environmental Friendly Agriculture & Horticulture in 
planning of a smart city” Saksham Publisher Pvt. Ltd (ISBN: 978-93-5196-081-2), 1-202, 2015. 


8. S Singh, Suresh Sundaramurthy, Alex O. Ibhadon, Faisal Khan, S K Kansal, SK Mehta, Energy 
Materials: A Circular Economy Approach. CRC Press, Taylor & Francis Group ISBN: 
9781003269779), 1-398, March 2024  


9. Suresh S, Sundaramoorthy S, “Green Chemical Engineering: An introduction to Catalysis, Kinetics 
and Chemical processes”, CRC Press, Taylor & Francis Group, 2nd  Edition, pp. 1-530, 2023. 
(under review). 


10. Suresh Sundaramurthy, Sarika Verma, Avanish Kumar Srivastava, Advanced Materials and 
Conversion Technologies for Personal Protective Equipment Used in the COVID-19 Pandemic, 
SpringerNature, August 2024. Page no. 1-203. ISSN 2524-5384 


11. Sachin Kumar, Suresh Sundaramurthy, Deepak Kumar, Anuj K. Chandel, Clean energy transition-
via-biomass resource utilization: A way to mitigate Climate Change. SpringerNature, September 
2024. Page no. 1-327. ISSN 1865-3529. 
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12. Suresh Sundaramurthy, S.P. Singh, Anuj Kumar Verma, Mohamad Jawaid, Eldon R. Rane, Black 
Liquor Waste Management in the Pulp and Paper Industry, SpringerNature (Accepted), 
September 2024. 


13. Suresh Sundaramurthy, Sakthivel Sundaresan, SK. Swain, Industrial Decarbonization and the 
Energy Transition. Elsevier, Accepted, 2024.  


14. Suresh Sundaramurthy, Sasan Zahmatkesh, Mu. Naushad, Nadeem A Khan, Afzal Husain Khan 
Bio-composites and Nanomaterials: A Circular Economy Approach. Elsevier, Accepted.  


15. Uttpal Anand, Meththika Vithanage, Suresh Sundaramurthy, Microplastic and Nanoplastic 
Contaminants: Detection and Management Strategies in Soil and Air. Elsevier, Accepted 2027. 


16. Suresh Sundaramurthy, Arumugam A, Deepak Kumar, SK. Swain, Lignin to Biohydrogen: A 
Circular Economy and Sustainable Approach to Decarbonization, John Wiley Science, Accepted. 


17. Suresh Sundaramurthy, Anuj Kumar Verma, Arisutha Suresh, Saaskshy Agrawal, Paper Industry 
Waste Processing: A Circular Economy Approach, Taylor & Francis Group, Accepted. 


18. Sasan Zahmatkesh, Dai-Viet N. Vo, Suresh Sundaramurthy, Mohammad Reza Sarmasti Emami, 
Plate heat exchanger enhancement techniques: in support of the energy transition and a circular 
economy. Elsevier, Accepted. 


19. Suresh Sundaramurthy, Jyoti Verma, Moonis Ali Khan, Marta Otero, Byong-Hun Jeon, Synergistic 
effects of biotechnological processes and carbon trading in hydrocarbon industries. Elsevier 
(Accepted) 2024. 


20. Bhoomika Yadav, Suresh Sundaramurthy,  Smart and microbial attached materials for industrial 
effluent treatment: An Energy recovery and circular economy approach. AAP-CRC, Taylor & 
Francis Group (Accepted), 2024. 


21. Anuj K Chandel, Suresh Sundaramurthy, Biorefineries in Circular Bioeconomy-Reactor 
Configurations Analysis. Springer (Accepted), 2024 


22. Suresh Sundaramurthy, Manoj Kumar Jindal, Clean Energy from Biological Wastewater 
Treatment: A Circular Economy Approach. Apple Academic Press, CRC Press-Taylor & Francis 
Group, (under review) 2024. 


23. Suresh Sundaramurthy, Bhoomika Yadav, Kamal Krishna Kar, Sustainable supercapacitors and 
battery electrode materials from waste-derived for energy and semiconductor sectors: A Circular 
Economy Approach. Elsevier (under review) 


24. Suresh Sundaramurthy, Bhoomika Yadav, Maulin P Shah, S. Arisutha, Development of sustainable 
bio-electrochemical system from recyclable renewable wastes: A Circular Economy Approach. 
Wiley (Under Review), 2024 


25. Suresh Sundaramurthy, Jyoti Verma, Sasan Zahmatkesh, An engineered platform for sustainable 
biofuels and intermediates from CO2 and Biomass. Wiley (under review). 


26. Suresh Sundaramurthy, Sarika Verma, Maulin P Shah, Sustainable Technical textile biocomposites 
for sensors and energy storage: A Circular Economy Approach. Oxford Press (under review).  


27. Suresh Sundaramurthy, Bhoomika Yadav, Smart materials, Synthesis and   Applications: The prime 
framework of Industry 5.0 Technologies, Cambridge Press (under review). 


28. Sakthivel Sundaresan, Suresh Sundaramurthy, Anuj Kumar Chandel, Jaya Shankar Tumuluru, 
Green Energy Frontiers: Electrolyser Technologies, CO2 Capture, and Fuel Innovations. ACS 
(under review) 


29. Saaskshy Agrawal, Suresh Sundaramurthy, Maulin P Shah, Trends and strategies in the effluent 
treatment of pulp and paper industry: The supportive framework for industrial revolution 5.0 
Technologies. Elsevier (under review) 


30. Saaskshy Agrawal, Suresh Sundaramurthy, Quality improvement and Management in pulp and 
paper industry. AAP-CRC, Taylor & Francis Group (under review). 


31. Suresh Sundaramurthy, Moonis Ali Khan, Natural and Anthropogenic Solid Wastes – A Future 
Horizon Towards Clean and Sustainable Energy. RSC (under review) 2024. 


32. Suresh Sundaramurthy, Manoj Kumar Jindal, Greywater Management for Rural Areas: A Step 
Toward Sustainability. 


33. Suresh Sundaramurthy, YK. Saxena, VC Srivastava, Rajasri Yadavalli, Industrial Pollution 
Abatement, Safety, Disaster Management and Recycling of Renewable Waste for the Circular 
Economy. Reference book. Cambridge Press (under review). 
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SELECTED BOOK/PROCEEDING CHAPTERS 
1. S Suresh, Srivastava V.C., Mishra I.M. “Oxygen Mass Transfer in Bioreactors” Elsevier, 


Comprehensive Biotechnology, Vol. 2, 947-956 (ISBN: 978-0-08-088504-9), 2011. 
2. S Suresh*, Arisutha S, “Membrane Contactor Technology-An introduction and case study of 


fertilizer industry effluent, Chapter 20. In: Fertilizer Technology I: Synthesis, Studium Press (India) Pvt. 
Ltd, (ISBN: 978-1-62699-044-9), 1-694, 2015. 


3. Shuchi Mittal, Anviti Chaurasiya, Khushboo Kumari, S. Arisutha and S Suresh*, Bioconversion 
of temple/floral wastes using anaerobic digester. Chapter 9. In: Hydrogen Energy and Advanced 
Materials proceedings, BS Publications Press (India) Pvt. Ltd, (ISBN: 978-93-5230-085-3), pp.78-84, 
2015. 


4. Abhinav Rai, Sachin Koshti, S. Arisutha and S Suresh*, Integrated Microbial fuel cell:  An 
Experimental Approach. Chapter 10. In: Hydrogen Energy and Advanced Materials proceedings, BS 
Publications Press (India) Pvt. Ltd, (ISBN: 978-93-5230-085-3), pp.85-91, 2015. 


5. Suresh S, “Mixing in Shake Flask Bioreactor” In book: Encyclopedia of Industrial Biotechnology: Bioprocess, 
Bioseparation, and Cell Technology, John Wiley & Sons, Inc. (ISBN: 9780470054581), 1-16, 2016. 


6. Rajani Bharati, S Suresh*, Synthesis of ZnO based nanocatalyst with palash flower powder for 
degradation of phenol. In book: Recent Advances in Chemical Engineering, Springer Singapore, (ISBN: 
978-981-10-1632-5), pp.177-184, 2016. 


7. Sachin Koshti, Abhinav Rai, Arisutha S,  S.Suresh*. Optimization of Engineering and Process 
Parameters for Electro-Chemical Treatment of Textile Wastewater. In book: Materials, Energy and 
Environment Engineering, Springer (ISBN: 978-981-10-2674-4), pp. 299-307, 2017. 


8. Rajani Bharti, Chandrakant Thakur, S. Suresh*, Nanomaterials and food processing wastewater, 
chapter, In: In book: Water Purification, Edition: 1, Chapter: 14, Academic Press, Elsevier, (ISBN: 
978-0-128-04300-4) pp. 479-514, 2017. 


9. Singh S, S.Suresh*, Review on Microbial Fuel Cell Energy Enhancement Using Nano Materials. 
In: Biofuels and Bioenergy, Springer Proceedings in Energy, Springer International, (ISBN: 978-3-319-
47255-3), 2017. 


10. Shivali Sahota, Jaspreet Singh, Pawan Kumar, S.Suresh*, Khushhali Pandey, Nano Devices for 
Contaminant Detection, chapter, In: Nanotechnology Applications in Food: Flavor, Stability, Nutrition and 
Safety, Academic Press, Elsevier, (ISBN: 978-0-128-11943-3), 16th chapter, pp 335-343, 2017. 


11. S.Suresh*,  V.C. Srivastava, S. Sakthivel, and Arisutha S, Kinetic modeling of ethanol production 
for Substrate-Microbe system. Book In: Biorefining of Biomass to Biofuels-Opportunities and Perception, pp 
361-372, vol.4,  Springler-Verlag (Germany), (ISBN: 978-3-319-67678-4), 2018. 


12. S.Suresh*, S. Sakthivel, Selvaraju N, Biodiesel-Technical viability for India. In: Biorefining of Biomass 
to Biofuels-Opportunities and Perception, pp.343-359, vol.4, Springler-Verlag (Germany), (ISBN: 978-
3-319-67678-4), 2018. 


13. Suresh K, S.Suresh*, Application of Fly ash for Oil-in-Water Emulsion Separation, In Book: 
Handbook of Nanomaterials and Nanocomposites for Energy and Environmental Applications, Springer-
Nature (Switzerland AG),  pp 1-28, (ISBN: 978-3-030-11155-7),  2021. 


14. Patra S., S.Suresh*, Application of different Porous Materials, In Book: Handbook of Nanomaterials 
and Nanocomposites for Energy and Environmental Applications, Springer-Nature (Switzerland AG), pp 
1-17, (ISBN: 978-3-030-11155-7),  2021.  


15. Indrajit Pal*, S. Suresh*, Integrated water management model for Costal Resilient City Planning 
for Hydro-Meteorological Hazards–a case study of 2015 Chennai Flood (INDIA). In Book: APRU 
Sustainable Cities and Landscapes Handbook, Taylor & Francis (Routledge), U.K, (ISBN: 9781003033530). 
March 2022, pp1-17. 


16. S. Suresh, Tabassum-Abbasi, Tasneem Abbasi, N. Ramesh and S. A. Abbasi, Evaluation of a pilot-
scale SHEFROL unit set up for rapid, inexpensive and clean-green treatment of greywater. In 
Book: Advances in Behavioral Based Safety. Springer-Nature, 2022 (ISBN: 978-981-16-8270-4), June 
2022, pp.211-218. 


17. Bhagat M, S Singh, S Suresh*, S. Arisutha, S Verma, S K Kansal, Utilization of value-added 
products from Fly Ash - an Industrial Waste, Book Chapter, In: Advanced Materials from 
Recycled Waste, Elsevier, 2022. ISBN 9780323856058 


18. Rizwan A, Bhagat M, S Singh, S Suresh*, S. Arisutha, S Verma, S K Kansal, Agricultural waste: 
An Exploration of the Innovative Possibilities in the Pursuit of Long-Term Sustainability. Book 
Chapter, In: Advanced Materials from Recycled Waste, Elsevier, 2022. ISBN 9780323856058  
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19. Vijayalakshmi Gosu, Gayatri Rajpur, Uttam Singh, Meena Nemiwal, S. Suresh and Verraboina 
Subbaramaiah, Photocatalytic Degradation of Organic Pollutants by Using Efficient 
Nanomaterials. Book 7th Chapter, In: Applications of Advanced Nanomaterials in Water 
Treatment, CRC Press, Taylor & Francis. 2022. ISBN 9781003252931  


20. S Singh, S.Suresh*, Diksha, Mohd. Aseel Rizwan, Mamta Bhagat, Sarika Verma, S. Arisutha, S.K. 
Kansal, Cellulosic Bioethanol production from liquid wastes using enzymatic valorisation. In Book: 
Volume II-Enzymes in Valorization of waste, CRC Press, Taylor & Francis. 2022. ISBN 
9781032035093.  


21. Amish Mishra, Sai Babu Chanda, Ramesh Kumar Nayak, Akshaya Kumar Rout & S. Suresh. 
Development and Characterization of Nano-SiO2-Enhanced Polymer Nanocomposites. In Book: 
Recent Advances in Materials and Manufacturing Technology. Springer Proceedings of ICAMMT 
(Lecture Notes in Mechanical Engineering) 2023. ISBN 978-981-99-2920-7  


22. Satyam Mishra, MS Chauhan, Suresh Sundaramurthy, Vinay Raj, Ankur Vishwakarma, Umare 
Shubhangi Niranjan, Waste to Wealth: A Philosophy of Zero Waste. In Book: From Waste to 
Wealth. Springer nature singapore. 2024. ISBN: 9789819975518 


23. Sriparna Paul, Kamna Chaturvedi,  Suresh Sundaramurthy*, Medha Mili, Harsh Bajpai, Versha 
Parmar, Ranjeet Bhopche,  Mohd. Akram Khan, A K Srivastava, Sarika Verma. A review on 
radiation shielding materials based on low-strength chemical wastes and nanomaterials. In book: 
Advanced Radiation Shielding Materials. Elsevier, 1st Edition-January 19, 2024. pp.246-269. ISBN: 
9780323953863/9780323953870 


24. Dhangar, M., Chaturvedi, K., Paul, S., ...Khan, M.A., Suresh Sundaramurthy*, Verma S. 
Advanced smart textiles for ultraviolet radiation-shielding applications—A review. In book: 
Advanced Radiation Shielding Materials. Elsevier, 1st Edition-January 19, 2024. pp.323-336. ISBN: 
9780323953863/9780323953870 


25. Ramkishor Anant, Abhishek Tiwari, Suresh Sundaramurthy*, Vaibhav Vijay and Gaurav Singh, 
Synthesis Approaches, Designs and Processing Methods of Two Dimensional Nanomaterials. 
Wiley Scrivener. 47-82, 2024 


26. Suresh Sundaramurthy*, Surinder Singh, Polymer Nanocomposite Films and Coatings for 
Antimicrobial and Antifungal Applications. In book: Polymer Nanocomposite Films and Coatings: 
Processes, Fundamental Properties and Applications. Elsevier, January 2024. ISBN: 
9780443191404 


27. Ramkishor Anant, Suresh Sundaramurthy*, Surinder Singh, Regulatory, Health, Safety and 
Environmental Concerns of Polymer Nanocomposite Films and Coatings. In book: Polymer 
Nanocomposite Films and Coatings: Processes, Fundamental Properties and Applications 
Elsevier, January 2024. ISBN: 9780443191404  


28. Nagendranatha Reddy, Divyamshu Surabhi, Matta Chenna Keshava Charan, Reena Pravallika 
Balia, Hamsini Katla, Kavya Pasirika Pathipaka, Rajasri Yadavalli, Bishwambhar Mishra, Sanjeeb 
Kumar Mandal, Suresh Sundaramurthy, Aerobic and anaerobic digestion of textile industry 
wastewater. CRC Press Taylor & Francis Group.  October 2024. ISBN: 9781032463582 


29. S. Sakthivel, R. Prasanna Venkatesh, Suresh Sundaramurthy*, Chapter: Sustainable Approach on 
COVID-19’s Plastic Waste and Mitigation Strategy. In: Advanced Materials and Conversion 
Technologies for Personal Protective Equipment Used in the COVID-19 Pandemic, 
SpringerNature, August 2024. ISSN 2524-5384 


30. Gagan Kant Tripathi, Shikha Katre, Pradeep Khiriya, Priyavand Bundela, Purnima Swarup Khare, 
Priyanka Dixit & Suresh Sundaramurthy. Highly Efficient Materials from Used PPEs: Perspective 
and Zero Waste Strategies.  In: Advanced Materials and Conversion Technologies for Personal 
Protective Equipment Used in the COVID-19 Pandemic, SpringerNature, August 2024. ISSN 
2524-5384 


31. Sriparna Paul, Manish Dhangar, Kamna Chaturvedi, Harsh Bajpai, Naved Siraj, Ranjan Kumar 
Mohapatra, Suresh Sundaramurthy, S. Arisutha, Bandana Jethy, Bibekananda Naik, Mohd. Akram 
Khan, A. K. Srivastava & Sarika Verma. State-Of-The-Art Review on Efficacy of Various 
Disinfection Techniques of the Abandoned PPE Waste. In: Advanced Materials and Conversion 
Technologies for Personal Protective Equipment Used in the COVID-19 Pandemic, 
SpringerNature, August 2024. ISSN 2524-5384 


32. Gagan Kant Tripathi, Ambikesh Soni, Pratiksha Singh, Priyavand Bundela, Pradeep Khiriya, 
Purnima Swarup Khare, Priyanka Dixit & Suresh Sundaramurthy Advanced Conversion 
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Technologies for PPEs and Their Recent Research Trends. In: Advanced Materials and 
Conversion Technologies for Personal Protective Equipment Used in the COVID-19 Pandemic, 
SpringerNature, August 2024. ISSN 2524-5384 


33. Abhishek Mathur, Suresh Sundaramurthy*, Jhinuk De, Gautam Kumar, Soft Sensors: Design, 
and Fabrication for Environmental Monitoring. In: Advanced Materials and Conversion 
Technologies for Personal Protective Equipment Used in the COVID-19 Pandemic, 
SpringerNature, August 2024. ISSN 2524-5384 


34. Tie-zhen Ren, Meng-jie Cui & Suresh Sundaramurthy, Functional Carbon-Based Material as an 
Efficient Water Splitting Catalysts. In: Advanced Materials and Conversion Technologies for 
Personal Protective Equipment Used in the COVID-19 Pandemic, SpringerNature, August 2024. 
ISSN 2524-5384 


35. Gagan Kant Tripathi, Vedika Khare, Priyavand Bundela, Pradeep Khiriya, Purnima Swarup Khare, 
Priyanka Dixit & Suresh Sundaramurthy Impact of PPEs Waste Generation During COVID-19 
Pandemic on the Environmental Sustainability and Its Economic Aspects in India and Worldwide. 
In: Advanced Materials and Conversion Technologies for Personal Protective Equipment Used in 
the COVID-19 Pandemic, SpringerNature, August 2024. ISSN 2524-5384  


36. Jyoti Verma, Yatish T. Shah, Suresh Sundaramurthy*, S. Arisutha. Chapter: Insights into Next-
generation Biofuel Strategies and Policy Considerations in India. In: Clean energy transition-via-
biomass resource utilization: A way to mitigate Climate Change. SpringerNature, September 
2024. ISSN 1865-3529. 


37. S. Suresh*, S. Arisutha, Kamna Chaturvedi, Sarika Verma, Waste feathers as a resource, its 
availability and the recent technology in the production of new thermal insulation materials. In: 
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University, India. Dec.27-30, 2009. 


71. S Suresh,  VC Srivastava, IM Mishra, Modelling of binary adsorption of Aniline and Phenol onto 
granular activated carbon 4th Uttarakhand state Council for Science and Technology (UCOST), Pantnagar, 
Uttarakhand, India. Nov. 10-12, 2009. 


72. S Suresh,  VC Srivastava, IM Mishra, Kinetic study on removal of catechol (C) and resorcinol (R) by 
Granular Activated Carbon (GAC), 4th Uttarakhand state Council for Science and Technology (UCOST), 
Pantnagar, Uttarakhand, India. Nov. 10-12, 2009. 


73. S Suresh,  VC Srivastava, IM Mishra, A review of variables affecting the oxygen transfer rate (OTR)/kLa 
in bioreactors. AChemE 2009, organized by Department of Chemical Engineering, Thapar University 
of Engineering & Technology Patiala, India. Feb 27-28, 2009. 


74. S Suresh,  VC Srivastava, IM Mishra, Modeling of bioreactor for the production of L-glutamic acid 
using Corynebacterium glutamicum fermentation. 61st Annual Session of IIChE & CHEMCON-2008, 
Chandigarh, India. Dec. 27-30, 2008. 


75. S Suresh,  VC Srivastava, IM Mishra, Comparison of techniques for the determination of the OTR/kLa 
in bioreactors. 61st Annual Session of IIChE & CHEMCON-2008, Chandigarh, India. Dec. 27-30, 2008. 


76. S Suresh,  VC Srivastava, IM Mishra, Novel (Shaken) Bioreactors: Application to Biotechnology and 
Chemical Engineering. “Recent Advances in Chemical Engineering Operation and Process in Chemical and Allied 
industries” on organized by Guru Ghasidas University, Bilaspur, Chhattisgarh, India. Feb.5-6, 2008. 


 
 
CONTINUING EDUCATION PROGRAMS/CONFERENCE ORGANIZED 


1. Coordinator, GIAN course on “Water-Food-Energy-Environment-Health Nexus for Sustainable 
Development Goals”, October 21-26, 2024, sponsored by MoE, GoI. 


2. Organizing secretary, Students Symposium on “Recent Advancement in Chemical Technology and 
Research” (REACTOR 2024), April 6-7, 2024, in association with ChESA & IIChE students 
chapter, Department of Chemical Engineering, Maulana Azad National Institute of Technology 
Bhopal, India. 


3. International Water Conference for Sustainable Development Goals (IWCSDG-2024), March 22-
23, 2024. Jointly organized by Department of Civil and Chemical Engineering, Maulana Azad 
National Institute of Technology Bhopal, India. 


4. International Conference on Polymer Materials and Advanced Technology (PMAT-2024), 21th–
23rd February 2025. Jointly organized by Department of Chemical Engineering, Maulana Azad 
National Institute of Technology & CIPET Bhopal, India. 


5. STTP on Air Pollution: Monitoring, Modelling and Decision Making. 5th–8th June 2024. Jointly 
organized by Department of Civil and Chemical Engineering, Maulana Azad National Institute of 
Technology Bhopal, India. 


6. STTP of Hands-on-Training in Polymers and Technology for Teachers and Researchers, 16th–20th 
November 2024. Jointly organized by Department of Chemical Engineering, Maulana Azad 
National Institute of Technology & CIPET Bhopal, India. 


7. Coordinator, S Suresh, Ashish K Pradhan, D Anjali, Vinita Mahindra, Sarika Verma. One day 
workshop on “In-depth insights of Intellectual Property Rights” under Azadi Ka Amrit Mahotsav 
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campaign-celebration of “Rashtriya Boudhik Sampada Mahotsav” organized by MANIT Bhopal 
and CSIR-AMPRI Bhopal, 29th July 2023.  


8. Coordinator, GIAN course on “Biocomposite and Innovative materials”, January 25-29, 2022, 
sponsored by MHRD, GoI. 


9. SCHEMCON2021 on “Globally Advancement in Technology for Environment 2021 (GATE 
2021)”, October 22-23, 2021, Organized by Department of Chemical Engineering, MANIT & 
IISER Bhopal, sponsored by IIChE Kolkata. 


10. National Conference on “Recent Research on Biomass to Biofuels” December 28-30, 2020, 
Organize by Energy Centre & Department of Chemical Engineering, MANIT Bhopal. 


11. Coordinator,  STTP on Advanced Methods of Materials Characterisation and Surface analysis 
(AMCSA2021) organized by Chemical Engineering Department, MANIT Bhopal during Feb.27-
03 March, 2021. 


12. Coordinator, International webinar on “CO2 Reduction Processes for Future Energy 
Development” (CO2-RPFED 2020), 23-24th October 2020, sponsored by ONGC-Energy Centre 
Trust, New Delhi in association with ChESA & IIChE students chapter, Department of Chemical 
Engineering, Maulana Azad National Institute of Technology Bhopal, India. 


13. Coordinator,  STTP on Challenges and Opportunities in Designing Nanoarchitectonics of 
Nanoporous Carbon Materials for Industrial Applications (NANCM2020) organized by Materials 
& Metallurgical Engineering Department, MANIT Bhopal during 16th -20th September, 2020. 


14. Organizing secretary, Students Symposium on “Recent Advancement in Chemical Technology and 
Research” (REACTOR 2020), February 27-29, 2020, sponsored by TEQIP-III in the aegis of 
Institute Diamond Jubilee Celebration in association with ChESA & IIChE students chapter 
n, Department of Chemical Engineering, Maulana Azad National Institute of Technology Bhopal, 
India. 


15. Coordinator, Short-term training program on “Recent Advancement in Chemical Engineering and 
Material Sciences (RACEMS 2019)”, 25th-29th December, 2019, self-sponsored, Department of 
Chemical Engineering, Maulana Azad National Institute of Technology Bhopal, India. 


16. Conference chair & Coordinator: Biofuels and Bioenergy: International conference and Exhibition, 
23-25 February, 2016, Jointly organized by Department of Chemical Engineering, MANIT Bhopal, 
India and WEENTECH, Coventry, UK. 


17. Organizing Secretary, 3rd International Conference on “Environmental Friendly Agriculture and 
Horticulture in Planning of a Smart City”, MANIT, Janparishad and SusTanCon (USA), Bhopal, 
Dec.12-14, 2015. 


18. Joint organizing secretary, 4th National Convention on Hydrogen Energy and Advanced Materials, 
November 28-29, 2015, MANIT Bhopal in association with University of Kerala. 


19. Coordinator, International Yoga day workshop, June 21, 2015. 
20. Joint organizing secretary, International Conference on “Hydraulics, Water Resources, Coastal and 


Environmental Engineering”, MANIT Bhopal, Dec.18-20, 2014. 
21. Organizing secretary, International Conference on “Emerging trends on Agriculture, Horticulture 


and Environmental Engineering”, MANIT and Janparishad, Bhopal, Nov.8-10, 2014. 
22. Coordinator, Short-term training program on “Green Chemistry and Engineering: Past, Present 


and Future”, 30th July-4th June, 2014, sponsored by TEQIP-II, Department of Chemical 
Engineering, Maulana Azad National Institute of Technology Bhopal, India. 


23. Coordinator, Short-term training program on “Bio-energy conversion technologies”, 24-28 
December, 2013, sponsored by TEQIP-II, Department of Chemical Engineering, Maulana Azad 
National Institute of Technology Bhopal, India. 


24. Program convenor, 1st International Conference on “Global Scenario in Environment and Energy” 
(ICGSE2 2013) sponsored by TEQIP-II, MANIT Bhopal, March14-16, 2013. 


25. Coordinator, Short-term course on “Green Catalysis For Industrial Applications”, 07-11 May, 
2012, Department of Chemical Engineering, Maulana Azad National Institute of Technology 
Bhopal, India. 


26. Coordinator, Two weeks Workshop on “Heat Transfer”, Nov’ 29-Dec’ 10, 2011, Under the 
National Mission on Education through ICT (MHRD, Govt. of India) & IIT Bombay. 


27. Coordinator, Short-term course on “Recent Trends in Industrial Pollution and Energy 
Management”, 09-13 May, 2011, Department of Chemical Engineering, Maulana Azad National 
Institute of Technology Bhopal, India. 
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ANY OTHER RELEVANT ON ACADEMIC STANDING  


 
SKILLS AND DEVELOPMENT 


1. Strong knowledge and research experience in heterogeneous catalysis and electrocatalysis, 
proficient in preparation, characterization and evaluation of heterogeneous catalysts; 


2. Strong background in in-situ fabrication and characterization of carbon based nano-particles/ 
nanomaterials; 


3. Laboratory developed: Momentum and Mass Transfer graduate Lab, Mechanical & Advanced 
Material Technology Operation graduate Lab, Green Catalysis and Process Technology Research 
Lab, Analytical and Simulation Lab, Biochemical and Bioenergy Engineering Research Lab, 
Industrial Pollution Abatement Research Lab. 


4. Familiar with HPLC-MS, TLC, GC-MS, FT-IR, AAS, ICP, UV-vis, XRD, XPS, TPR/TPD, BET, 
Particle size analyzer, TGA-DSC, SEM-EDAX, TEM, AFM, Raman spectra and CHNS analyzer 
techniques. 


5. Excellent abilities in manipulating computers; C++, MATLAB, ASPEN PLUS, MINITAB 
6. Internship Certificate Course on Process Safety and Environment (Air, Water and Solid) – 


Fundamentals and Management, April 10th-March 30th 2021, Indian Chemical Society, Kolkata. 
7. Technical Skill Certificate Course on International Waste to Energy, October 18th-November 


1st 2022, Zhejiang University, China. 
8. Certificate course on Hazardous Waste Management Training, CCNY, CUNY, New York, USA, 


Office of Environmental Health and Occupational Safety (EHOS), 4th April, 2017.  
9. Certificate course on Laboratory Certificate of Fitness Training, CCNY, CUNY, New York, 


USA, Office of Environmental Health and Occupational Safety (EHOS), 5th April, 2017. 
10. Certificate course on OSHA Laboratory Safety Standards Training, CCNY, CUNY, New York, 


USA, Office of Environmental Health and Occupational Safety (EHOS), 21st February 2017.  
11. Training of Trainers Program on Urban Climate Change Adaptation and Resilience, Asian 


Institute of Technology Thailand organized by USAID Adapt Asia-Pacific and AIT, March 7-11, 
2016. 


12. Certificate course on Solving challenges of chemistry through analysis, Indian Institute of 
Technology Kanpur, May 2007 to June 2007.  


13. Industrial Training at Indo-Gulf Fertilizers Ltd., (Aditya Birla group) Jagdishpur (U.P.), India, 
March-2007 to April 2007. 


14. Industrial Training at SKOL Breweries Pvt Ltd, Puducherry, India, June – 2003.        
15. Certificate course on Advanced Diploma in Computer Application, CSC Education, Puducherry, 


2001. 
16. Certificate course on Typewriting (Grade Level), Board of Tamil Nadu, India, 1999. 
17. Excellent interpersonal and communication skills. 
18. Good abilities in search, tidying up and writing literatures for research including both English and 


Tamil documents. 
 
 
OTHER PROFESSIONAL EXPERIENCES 


• International Expert/Reviewer: 5-Year assessment of research chair for the National 
Research Foundation: Prof VI Okudoh, (Boipelo Setshedi, University of Cape Town, South 
Africa), March 2024 


• AICTE Expert: scrutiny of documents and to assess infrastructure facilities of the 
institutions, March 2024-till date Review Editor for 


• Associate Editor: Bioenergy and Biofuels-Frontiers in Energy Research, April 2024-till date 
• Editorial Board Member: Nature Scientific Reports Journal, September 2024 to till date 
• Convenor & Faculty In-charge: Central Research Facility, MANIT Bhopal, 2019-till date. 
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• Coordinator: IIChE Students Chapter at MANIT Bhopal, Indian Institute of Chemical 
Engineers (IIChE), Kolkata, 2019-till date. 


• Expert/Chairperson in the Chemical Engineering Division: Evaluation of research 
projects/works at 39th M.P. Young Scientist Congress & Science Festival, February 21-23, 
2024 organized by MPCST Bhopal & Hosted by MITS Gwalior. 


• Third Party Auditor/Technical Expert: Legacy waste dumpsite remediation, urban 
administration and development (UAD) Bhopal, December 2023-till date. 


• Technical Expert: Inspection of scientific machines, Madhya Pradesh Cooperative Dairy 
Federation Limited (MPCDF), Bhopal, November 2023-till date. 


• Expert Member: National Clean Air Programme (NCAP), Ministry of Environment, Forest 
& Climate Change, Government of India, August 2021-till date.  


• Guest Editor of Special issues: “Challenges in managing groundwater resources and human 
health risk assessment of emerging groundwater contaminations”. Springer: Environmental 
Science and Pollution Research & “Biomass-related Carbon Capture”. Elsevier 
(ScienceDirect):  Carbon Capture Science & Technology. 


• International Expert/Reviewer: 5-Year assessment of research chair for the National 
Research Foundation: Prof EWJ Van Steen, (University of Cape Town, South Africa), 2022 


• External Member in Board of Studies (BOS) in Petrochemical Department, UIT-RGPV, 
Bhopal, August 2023 


• Minor degree Expert, Petrochemical Department, UIT-RGPV, Bhopal, September 2023 
• MANIT Appreciation letter: Recognition of participation in the discussions and 


contribution in designing the implementation strategy for the recommendations of Prof. 
Dhande Committee for aiming MANIT Bhopal to achieve Center of Academic Excellence. 


• Technical Committee: 8th International Conference on Advances on Clean Energy Research 
(ICACER 2023), Barcelona, Spain, Technical Co-Sponsor: Universitat Politècnica de 
Catalunya BarcelonaTech (UPC), Spain, 28-30 April 2023. http://www.icacer.com  


• Invited Speaker: 2nd International Conference on Renewable and Sustainable energy 
conference, Crowne Plaza Rome - St. Peter's, an IHG Hotel, Rome, Italy March 13-15, 2023. 
https://www.albedomeetings.com/2023/renewablemeet  


• Session Chair: International Conference on Advances in Chemical and Materials Sciences 
(ACMS-2022), Organized by Indian Institute of Chemical Engineers Kolkata, February 24-26, 
2022  


• Organizer & Moderator, International invited talk on “Soft Composite materials for 
biomedical applications”. Prof. Vinu Unnikrishnan, West Texas A&M University, USA at 3rd 
October, 2020 


• Organizer & Moderator, Dr. S. Sakthivel, Assistant General Manager, Technology Group, 
TATA Consulting Engineers Ltd. Mumbai, India on “Process Engineering Methodology" at 
31st October, 2020. 


• Organizer & Moderator, Academia-Industry Interaction on “Entrepreneurship and start-up, 
Opportunities in Carbon and Allied Industry” organised by ChESA & IIChE-MANIT 
Students Chapter, Department of Chemical Engineering, MANIT Bhopal, 9th December 2022. 


• Organizer & Moderator, “Felicitation of GATE2023 rankers” organised by ChESA & 
IIChE-MANIT Students Chapter, Department of Chemical Engineering, MANIT Bhopal, 
20th March 2023. 


• National Scientific Committee: Third International Conference on Advances in Materials 
Science 2022 Dr. Vithalrao Vikhe Patil College of Engineering, Ahmednagar, State- 
Maharashtra, India, 8-9 December, 2022 


• Board of Studies Expert, Sai Sathya University, Sehore, February 2022-till.  
• B.Tech students Examiner: LNCT Bhopal, May 2022 
• PhD thesis Examiner, Anna University, Villupuram Campus, Tamil Nadu, 15th June, 2022. 
• PhD thesis Examiner, VFSTR University, Vadlamudi, Andra Pradesh, 2nd  May, 2022. 
• PhD thesis Examiner, Anna University, Trichy Campus,  Tamil Nadu, 05th April, 2022. 
• PhD thesis Examiner, Anna University, Trichy Campus, Tamil Nadu, 30th August, 2021. 
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• PhD thesis Examiner, VFSTR University, Vadlamudi, Andra Pradesh, 11th May, 2021. 
• International Expert Member: Annual Evaluation of Academic and Research Report at 


School of Chemical and Biological Engineering, Seoul National University, South Korea 
January, 2021.  


• Conference session chair & technical advisory committee: International Conference on 
Recent Innovation in Cleaner Technologies, 8-9th, March 2021, MNIT Jaipur.  


• Expert Member: Screening-cum-Technical committee, M.P.PCB Bhopal, February, 2020-till 
date. 


• Advisory Committee: STTP on Process Modelling & Simulation of Micro and Macro (Steady 
State & Dynamic) Models, 17-22nd February 2020 organised by Rajiv Gandhi Proudyogiki 
Vishwavidyalaya under TEQIP-III, Bhopal. 


• Technical Committee: 4th International Conference on Advances on Clean Energy Research, 
April 5-7, 2019, hosted by the University of Coimbra, Portugal. 


• Technical Committee & session chair: National Conference on Advances in Chemical 
Engineering and Science, March 7-8, 2019, hosted by the Department of Chemical 
Engineering, Indian Institute of Science Education and Research Bhopal. 


• Technical Committee: 2nd International Conference on New Energy and Environment 
Engineering, May 3-5, 2019, hosted by the Nanyang Technological University, Singapore. 


• Expert Member: Selection committee of SRF under sponsored project at CIAE Bhopal, 27th 
May, 2019. 


• Catalysts Committee: International Conference on Applied Catalysis & Chemical 
Engineering, April 8-10, 2019, Dubai, UAE. 


• Technical Committee: 3rd International Conference on Advances on Clean Energy Research, 
April 6-8, 2018, hosted by the Barcelona, Spain. 


• National Technical Committee: Global Conference on Renewable Energy, 19-21st October 
2015, organized by Department of Mechanical Engineering, NIT Patna, India and 
WEENTECH, Coventry, UK. 


• International Technical Committee: International Seminar on Renewable Energy and 
Sustainable Development, 15-17th June 2015, organized by College of Science and Technology, 
Royal University of Bhutan, Bhutan and WEENTECH, Coventry, UK. 


• Editor/Associate Editor: Int. J. Frontier Technol., Int. J. Chem. Res., Int.J. Knowledge Eng., 
Int. J. Frontier Technol., Academic Journals Online. J. Ecol. Environ. Sci., Int. J. Chem. 
Technol. Res. 


• Peer Reviewer: ACS Applied Bio Materials, Chem. Eng. J, Ind. Eng. Chem. Res., J. Hazard. 
Mater, CLEAN - Soil, Air, Water, Can. J. Chem. Eng., Bioremed. J, Braz. J. Chem.Eng., Int. J. 
Environ. Res., J. Ind. Eng. Chem., Sep. Sci. Tech., Chem. Eng. Commun., J. Integrative 
Environ.Sci., Exp.Therm.  Fluid Sci., J. Inst. Eng. (India): Series E, Adsorp., Int.J. Chem. Res., 
Environ. Eng. Manage. J., International Energy Journal, Indian Society of Agricultural 
Engineers, Journal of Materials Science: Materials in Electronics, Regional Energy Resources 
Information Center, Asian Institute of Technology and other reputed Journals.  


• Expert member: Faculty promotion/CAS scheme at Ujjain Engineering College, April 2018. 
• PhD thesis Examiner, Anna University, Chennai, Tamil Nadu, September, 2018. 
• External Examiner: MTech theses at NIT Raipur, Chhattisgarh, India, June, 2016.  
• Board of Studies Expert, Sai Sathya University, Sehore, India. 2015-2017, 2019-2021. 
• Student Project Examiner, Indian Institute of Industrial Engineering, Mumbai, India, 2016. 
• Technical Committee Member: International Conference on “Environment and 


Agriculture in the UN Sustainable Development Goals” organized by Janparishad, MANIT, 
JMBVSS and SusTranCon (USA), and will be held in Bhopal (India) on 17-19th December, 
2016. 


• Advisory Committee Member: National Seminar On “Green Techno–economical 
approaches in development of Smart City: Role of Science & Technology” organized by 
Department of Chemical Engineering, Indore Institute of Science & Technology, Indore, 
India, 17–18th  November, 2016. 
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• Advisory Committee Member: National Workshop  On “Advances on Waste Valorization: 
New Horizons for Sustainable Society” organized by Department of Chemical Engineering, 
Indore Institute of Science & Technology, Indore, India, October 21-22nd, 2016. 


• Event Judge: ANVESHAN-Solid Waste Management model presentation, Technosearch 
2K16 and PURGE in association with Bhopal Municipal Corporation, M.P, India, October 
21-22nd 2016. 


• Advisory Board Member: National Conference on “Bioresources as a key to value added 
products” organized by Department of Biotechnology, Institute of Engineering & 
Technology, Mangalayatan University, Aligarh, UP, India, April 29-30th 2016. 


• Technical Committee Member: International Conference on Advances on Clean Energy 
Research, Bangkok, Thailand, April 16-18th 2016.  


• Editor, International Journal of Frontier in Technology (MANIT Journal), May 2014-Jan 
2017. 


• Institute level solid waste management committee member, December 2014 onwards. 
Solid waste management through urban development, national green tribunal. 


• Warden, New Hostel (Energy Centre), MANIT Bhopal, July 2012-July 2013. 
• Warden, Hostel No.8, MANIT Bhopal, July 2013-July 2014. 
• In-charge Head in launching academic programme–M.Tech. (Chemical Process Design), 


B.Tech syllabus committee member, MANIT, Bhopal, India. (28th senate meeting approved, 
2012) 


• BOS Coordinator & Convenor: Approved  senate (36th senate meeting Item S-27.2017-1-
5.3) vide official order ((No. Admi/18-19/1224 dated 25/03/2019) changed name of M.Tech 
course title (M.Tech in Chemical Engineering). 


• Annual Report faculty coordinator, Department of Chemical Engineering, MANIT, 
Bhopal, India, June 2019-June 2021. 


• DRPC Coordinator, Faculty Convener, Chemical Engineering Association and IIChE 
students chapter coordinator, Departmental Infrastructure coordinator, Departmental library 
coordinator, B.Tech project coordinator, Board of Studies (BOS) member, Examination 
coordinator, Convocation coordinator, Department of Chemical Engineering, MANIT, 
Bhopal, India. 


• CAD laboratory: Computers with all latest facilities designed from R & D project. 
• Industrial Pollution Abatement and Mass Transfer laboratories faculty In-charge and its 


manual framed, Department of Chemical Engineering, MANIT, Bhopal, India. 
• Heat transfer laboratory: Experimental conducting in-charge, Department of Chemical 


Engineering, MANIT, Bhopal, India. 
• Observer for various National levels Examination JEE, NET (UGC), 21st National Children 


Science Congress, MPCST Bhopal, India. 
• External examiner at Ujjain Engineering College, Ujjain, M.P, MITS, Gwalior, M.P, IPS 


Academy, Indore, M.P, SAMRAT Ashok Technological Institute, Vidisha, M. P, India, LNCT, 
Bhopal, Sai Sathya University, Sehore, Indian Institute of Industrial Engineering, Mumbai, 
India. 


• Subject expert at LNCT, Bhopal, M.P., for faculty recruitment, 2015. 
• Technical Committee: International Conference on Green Computing and Technology, 


Organized by the SIES Graduate School of Technology, September 05 -06, 2013, Navi 
Mumbai. 


• Organizing Committee: Third IFIP International Conference on Bioinformatics, Organized 
by Department of Mathematics, MANIT Bhopal, September 23 -26, 2013. 


• Organizing Committee: 1st International Conference on Mechanical Engineering: Emerging 
trends for sustainability, Organized by Department of Mechanical Engineering, MANIT 
Bhopal, January 29-31, 2014. 


• Executive Member-Association of Chemical Engineering Students, 2003-2004, Pondicherry 
Engineering College (PEC), Puducherry, India. 
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• Head–Engineering Advising committee- J-O-U-R-N-E-Y-Multipurpose Social Service & 
Society Development Centre, 2006-2008, Puducherry, India. 


 
PUBLICATION INTENDED FOR PROFESSIONAL COMMUNITIES  
1. Suresh S, Tiwari, H.L., Mittal, S.K., Desmukh T.S., Sharma, A.K., Jaiswal, R.K., 19th International 


conference on Hydraulics, Water Resources, Coastal and Environmental Engineering, Conference 
Souvenir, pp.150+xvii, Dec 18-20, 2014. 


2. Suresh S, Industrial Pollution Abatement and Mass Transfer laboratories manual framed, Department 
of Chemical Engineering, MANIT, Bhopal, India. 


3. Suresh S, Fuel Processing and Technology laboratory manual framed, Department of Chemical 
Engineering, MANIT, Bhopal, India. 


4. Suresh S, Modelling and Simulation laboratory manual framed, Department of Chemical Engineering, 
MANIT, Bhopal, India. 


 
PUBLICATION INTENDED FOR THE PUBLIC LINKED TO THE APPLICANT’S RESEARCH 
1. Suresh S, Abbasi S A, Gajalakshmi S, Nothing fancy, two aquatic plants do the trick, The Hindu and 


Dinamalar (India's National Newspaper), Wednesday, Jun 14, 2006.   
2. Suresh S, Abbasi S A, Technology for wastewater treatment, Technology Scan-TECH MONITOR, A 


National Magazine, July-Aug, 2006: 9-10. 
3. Suresh S, Laboratory scale biogas technology, The Patika (India’s National Newspaper), Saturday, Sep 


15, 2012 
4. Suresh S, Demonstration of Laboratory scale biogas technology, Telecasted on Doordarshan National 


TV, Saturday, Sep 15, 2012. 
5. Suresh S, Krishnakumar, Baredar, P, About curious on amino acids from hair waste, The Patika (India’s 


National Newspaper), Saturday, Feb 14, 2021 
 
PUBLIC ARTISTIC AND DESIGN ACTIVITIES 
1. Rana G, Suresh S, Adsorption column model for water treatment by using activated campus waste, 


Student Technosearch, MANIT Bhopal, India, March 2011.  
2. Ravi Tripathi, Suresh S. Production of electricity using low-cost biomass, Techfest, Indian Institute of 


Technology, Bombay, India. Jan. 2011. 
3. Sachin, Rai, Electrochemical treatment model, presented at International conference on on Advances 


in Chemical Engineering (ICACE2015), organized by Department of Chemical Engineering, NITK, 
20-22th December 2015. 


4. Suresh S, Arisutha S. Modeling and parameter optimization of biogas production from sisal leaf residue, 
palash leaf litter and bamboo chips, 103rd Indian Science Congress 2016, Indian Science Congress 
Association and University of Mysore, Mysore from 3-7 January 2016. 


 
AUDIOVISUAL MATERIAL, ICT SOFTWARE 


Suresh S, Heat Transfer course material presentation taught under the National Mission on Education 
through ICT (MHRD, Govt. of India) & IIT Bombay, Nov’ 29-Dec’ 10, 2011. 


 
INVITED TALKS 


1. Waste-to-Wealth: Lab models, Products, and Technologies, National Institute of Technical 
Teachers' Training & Research (NITTTR), Bhopal, 26th September 2024. 


2. Chemical Engineering Concepts, Operations and Processes.  Govt. Polytechnic College, 
Rajgarh, 25th  September 2024 


3. Chemical Engineering Concepts and Approaches, Petrochemical Engineering UIT-RGPV, 
Bhopal, 18th April, 2024  


4. Empowering the Future: Harnessing Novel Catalysts and Clean Technologies for Green 
Hydrogen Production. International conference on catalysis for clean energy technologies and 
sustainable development, Punjab University, 5th April 2024 


5. Advancing Sustainable Materials: Innovations in Energy Production and Storage. National 
Conference on Biotechnological Advancements for Sustainable Environment. organized by 
School of Biotechnology and Chemical Engineering, Vel Tech High Tech Dr. Rangarajan Dr. 
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Sakunthala Engineering College, Avadi, Chennai, sponsored by Science and Engineering 
Research Board (SERB), DST New Delhi. 4th April, 2024 


6. AI/ML-Assisted Technology: Future Vision in Chemical Engineering. eSTC-Future Prospects 
in Chemical Engineering: AI/ML, Microfluidics, Bioprocess Engineering, Green Technology 
(FPCE-2024), Chemical Engineering Department, NIT Hamirpur, 3rd April  2024. 


7. Wastewater/Sludge treatment and Resource recovery: Current trends, Challenges and 
Potential solutions. ATAL-AICTE FDP on Treat Water and Save Environment: Recent 
Trends and Advancement in Treatment of Effluent Water, IPS Academy, Indore, 7th March,  
2024  


8. Engineering solution for a sustainable world (Vision India 2047-Viksit Bharat), World 
Engineering Day 2024 celebration at The Institution of Engineering (India), MP State Centre, 
Bhopal. Date of talk: 4th March 2024  


9. Indigenous ChemTech innovation (Transformation India 2047): National Science Day-2024, 
Department of Biosciences & Incubation Centre, Barkatullah University, 28th February 2024 


10. Energy Transition, Decarbonisation and Environmental Sustainability. ATAL-AICTE FDP 
on Clean Energy Technologies for Sustainable Development, School of Energy & 
Environment Management, RGPV Bhopal , 12th February, 2024 


11. Photocatalysts and Degradation: Central Effluent Treatment Plant. Sustainable solutions to 
the Industrial water Management, The Institution of Engineering (India), MP State Centre, 
Bhopal Date of talk: 6th February 2024  


12. Understanding HPLC/GC-MS analysis methods: Key Principles and Applications. eSTC-
Principles of Analytical Instruments for Chemical and Environmental Engineers, Chemical 
Engineering Department, NIT Hamirpur, 19th January 2024. 


13. Green Energy Technologies for achieving carbon neutrality, Department of Green Energy 
Technology, Pondicherry University, 12th January 2024. 


14. Green Sustainable Materials from waste biomass for different Applications, Department of 
Mechanical Engineering, VFSTR University, Vadlamudi, Andra Pradesh, 2nd January 2024. 


15. Bio-composite and innovative materials: Recent advancement and Challenges, Department of 
Mechanical Engineering, VFSTR University, Vadlamudi, Andra Pradesh, 24th April 2023. 


16. Microbial Fuel Cell for Hydrogen Production, Department of Chemical Engineering, VFSTR 
University, Vadlamudi, Andra Pradesh, 25th April 2023. 


17. Green Technologies and Processes for achieving carbon neutrality. National Workshop on 
“Carbon neutrality for sustainable development: Challenges and Advances” 13th March 2023 
organized by IPS Academy Institute of Engineering & Science, Indore sponsored by Science 
and Engineering Research Board (SERB), DST New Delhi. 


18. Waste-to-energy conversion technology and process design-via-Industrial Practices. ATAL 
faculty development Program on “Waste to Wealth: Emerging Trends in Green Energy for 
Sustainable Development, School of Biotechnology and Chemical Engineering, Vel Tech High 
Tech Dr. Rangarajan Dr. Sakunthala Engineering College, Avadi, Chennai. 10th December, 
2022. 


19. Decarbonization and Energy transition: Driving force for Green Hydrogen, 26th Regional 
Conference of Orissa Chemical Society & 7th National Conference on “Recent Advancement 
in Materials Sciences”, Department of Chemistry, Veer Surendra Sai University of Technology, 
Sambalpur, Odisha, 18th November, 2022. 


20. Integrated Water Management Model for Coastal Resilient City for Hydro-Meteorological 
Hazards, Expert Lecture at AICTE-FDP “Disaster Risk Management (6-11 December, 2021), 
Anna University, Trichy campus (8/12/2021) 


21. Successful Journey & Sequence A Research Project Proposal, Petrochemical Engineering UIT-
RGPV, Bhopal, 13th November, 2021 


22. Plasma catalysis: a feasible solution for carbon dioxide valorization? at FDP “Carbon dioxide 
as a working fluid for future energy requirements (25-29 October, 2021) , NIT Andhra Pradesh 
(28/10/2020) 


23. Metal oxide based materials for energy application, Short Term Training Programme 
(Synthesis, Characterization and performance of Advanced materials) from April 26th-May 01, 
2021, MANIT Bhopal. 13th May 2021. 
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24. Biomass energy conversion technology via value added products and chemicals, 
AICTE sponsored Short Term Training Programme (Energy (Non-Conventional 
Sources of Energy) from April 26th-May 01, 2021, Beant College of Engineering & 
Technology, Gurdaspur, Panjab. 27th April 2021. 


25. Photocatalysts and Degradation, TEQIP sponsored STTP on Inter Disciplinary Aspects of 
Nanotechnology, School of Nanotechnology-RGPV Bhopal, 23-25 March 2021. 


26. Technical skills perspectives for Teachers, Scientists and Scholars, AICTE-ISTE sponsored 
STTP on theme “The Impact of Faculty Development on Teaching Skills and research 
scholars for Technical Perspectives, Sri Satya Sai University of Technology and Medical 
Science, Sehore, 10th  March 2021. 


27. Chemical Reaction Engineering Concept in Central Effluent Treatment Plant, AICTE 
sponsored Short Term Training Programme (Energy and Environmental Pollution) from 01st 
March-6th March 2021, Beant College of Engineering & Technology, Gurdaspur, Panjab. 03rd 


March 2021. 
28. Practical HPLC Methodology and Applications. Expert Lecture at Advanced Methods of 


Material Characterization and Surface Analysis (AMCSA-2021), MANIT Bhopal 28th Feb 
2021. 


29. Teaching Experimental Design Using a GC-MS Analysis. Expert Lecture at Advanced 
Methods of Material Characterization and Surface Analysis (AMCSA-2021), MANIT Bhopal 
28th Feb 2021. 


30. Low Cost Catalysis, Kinetics & Reactor Modelling: Discussion towards reduction of CO2, H2S 
and CH2O. Expert Lecture at International Webinar on “CO2 Reduction processes for future 
energy development” (CO2-RPFED 2020), MANIT Bhopal (24/10/2020) 


31. Mesoporous Materials: Concept to Prototype Applications. “Challenges and opportunities in 
designing Nanoarchitectonics of Nanoporous carbon materials for industrial application 
(NANCM– 2020)” MME., Dept. (19/09/2020) 


32. Process Calculation and advances in refinery operations, UIT-RGPV Bhopal on 19th  October 
2020 


33. Synthesis of Mesoporous Material and Applications, Expert Lecture at Online FDP on 
“Nanotechnology and Nanomaterials for Interdisciplinary Applications (NNIA– 2020)” 
Mech., Dept. (30/07/2020) 


34. Chemical and Bio-Reaction Engineering: A Perspective, 13th June 2020, hosted by Department 
of Biotechnology and Chemical Engineering, Vel Tech High Tech Dr. Rangarajan Dr. 
Sakunthala Engineering College, Chennai Tamilnadu. 


35. Fundamentals and Application of Radiation Heat transfer, 9th December 2019, hosted by the 
Automotive Engineering Centre, Faculty of Mechanical Engineering, Universiti Malaysia 
Pahang, Malaysia. 


36. Chemical Engineering & Technology Industrial Application, 30th November 2019, hosted by 
School of Engineering of Sri Satya Sai University of Technology & Medical Sciences, Sehore. 


37. N-Tanks in series model applied for wastewater treatment, National Conference on Advances 
in Chemical Engineering and Science, March 7-8, 2019, hosted by the Department of Chemical 
Engineering, Indian Institute of Science Education and Research Bhopal.  


38. Sludge-to-Energy Technologies, International workshop on Advances in Energy and 
Environmental Sciences for Sustainable Development, Rabindranath Tagore University, 
Bhopal, September 27-28, 2018. 


39. Design of reactors using MATLAB, ASPEN PLUS and CFD TOOLS: A Fundamental View, 
Modeling using Computational Fluid Dynamics and Matlab  (MCFDM-2016)”, Department 
of Chemical Engineering, NIT Raipur, India, 27th June – 1st July, 2016. 


40. Water Treatment by Adsorption and coagulation process, Environmental Engineering and 
Management, Asian Institute of Technology, Thailand, 19th April 2016. 


41. Modeling and parameter optimization of biogas production from sial leaf residue, palash leaf 
litter and bamboo chips, 103rd Indian Science Congress 2016, Indian Science Congress 
Association and University of Mysore, India, 3-7th January 2016. 


42. Methane sensing nanomaterials-From Concept to Prototype. STTP on “Nano-manufacturing 
and nanotechnology organized by Department of Mechanical Engineering, MANIT Bhopal 
during 21-25th December 2015. 
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43. Grassroots Renewable Innovation in Green Technologies. National Workshop on 
Breakthrough Energy Technologies and Challenges for Sustainable Development” 29-30, 
October 2015, Indore Institute of Science & Technology, Indore, India. 


44. Process Innovation and Patenting of Photoreactor Technology, Short term course “Role of 
New Product Development and Intellectual Property Rights in Global Competitiveness”, 14-
18, October 2015, Department of Mechanical Engineering, MANIT Bhopal. 


45. Green Technology- A Chemical Engineering Perspectives, 48th Engineers Day, on the theme 
of “Engineering Challenges for Knowledge Era”, IEI (India), MP state centre, 15th Sep’ 2015. 


46. Green Technology for Sustainable Environment”, Green Chemistry and Engineering for 
Sustainable Environment, Institute of Engineering and Science, IPS Academy, Indore M.P., 
21-22 August 2014. 


47. Searching for Suitable Green Technologies to Sustainable Environment, 2nd International 
Conference on Emerging Trends in Agriculture, Horticulture and Environmental Engineering, 
Noor-Us-Sabah, Bhopal, 15-17 November 2014. 


48. Utilization of Agricultural Residues (Waste-to-Energy). International conference on 
Sustainable Agriculture, Horticulture & Environmental Development, a Global Concern, 
Janparishad, Bhopal, 21-23, Feb. 2014. 


49. Biochemical Conversion of Agricultural Residues. International conference on Sustainable 
Agriculture, Horticulture & Environmental Development, a Global Concern, Janparishad, 
Bhopal, 21-23, Feb. 2014. 


50. Biomass to biofuel. TEQIP sponsored Short-term training program on “Bio-energy 
conversion technologies”, Department of Chemical Engineering, MANIT, 24-28 December, 
2013. 


51. Separation of ammonia from fertilizer effluent using hollow fibre membrane technology. 
TEQIP sponsored faculty development program on “Reverse Osmosis - Principle and 
Applications”, Department of Chemical Engineering, PEC Puducherry, June17-21, 2013. 


52. Modeling the performance of the anaerobic digester systems for biogas energy production. 
“Two days workshop on Emerging technologies for conversion of biomass to biofuels”, 
Department of Energy, MANIT Bhopal, 22-23, Sep’ 2012. 


53. Treatment of industrial wastewater using sequential batch reactor: A preliminary study, 3rd 
National Conference on “Urban & Industrial Waste Management 2012, June 29, 2012, 
Ahmedabad, India 


54. Catalytic Conversion of Plastic Waste to Fuels, in the short term course on” Green Catalysis 
For Industrial Applications”, 07-11 May, 2012, Department of Chemical Engineering, Maulana 
Azad National Institute of Technology Bhopal, India. 


55. Zeolites synthesis and its application as adsorbent, in the short term course on” Green 
Catalysis For Industrial Applications”, 07-11 May, 2012, Department of Chemical 
Engineering, Maulana Azad National Institute of Technology Bhopal, India. 


56. Production of bio-diesel by using micro–algae: challenges and Future Prospects. Short term 
course on Recent trends in Industrial Pollution and Energy Management, MANIT Bhopal, 09-
13th May, 2011. 


57. Micro–Algae as a source of Bio diesel: Challenges and Future Prospects. Institution of 
Engineers (IE), Bhopal, India. Jan. 8-9, 2011. 


 
COURSES ATTENDED/TRAINING 
1. Bureau of Indian Standards (BIS) Annual Convention for MoU Partners for Chemical Engineering 


Discipline, Dharamshala, H.P. 23-24 Aug 2024. 
2. CPCB sponsored raining programme on Soil Pollutants Impact Assessment and Remediation of 


Contaminated Sites” organized at ICAR-Indian Institute of Soil Science, Bhopal, 23-25 May, 2023.   
3. 91st ACS Colloid & Surface Science Symposium, The City College of New York, Jul 9-12, 2017. 
4. Seminar on “Nanostructured and Nanocomposite Polymer Films and Membranes” delivered by Prof. 


Stephen Martin, Virginia Tech, organized by Department of Chemical Engineering, CCNY, CUNY, 
New York, USA, 8th May 2017. 


5. Seminar on “Advanced rheology measurements for hydrates and CMP slurries” delivered by Prof. 
Matthew Liberatore, University of Toledo, organized by Department of Chemical Engineering, CCNY, 
CUNY, New York, USA, 1st May 2017. 
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6. Seminar on “Fluid Catalytic Cracking― Challenges and Opportunities for Catalyst Design” delivered 
by Dr. Lucas Dorazio, BASF Corporation, organized by Department of Chemical Engineering, CCNY, 
CUNY, New York, USA, 3rd April 2017. 


7. Seminar on “Building Better Biofilms: Chemical Interactions and Structure-Function Relationships in 
Bacterial Communities” delivered by Prof. Allon Hochbaum, University of California, Irvine, organized 
by Department of Chemical Engineering, CCNY, CUNY, New York, USA, 27th March 2017. 


8. Seminar on “Controlling Catalysis with Visible Light” delivered by Prof. Tomislav Rovis, Columbia 
University, organized by Department of Chemistry and Biochemistry, CCNY, CUNY, New York, 
USA, 20th March 2017. 


9. Seminar on “Development of Experiment and Theory to Detect, Predict, and Visualize Ligand Phase 
Separation on Metal Nanoparticles” delivered by Prof. David Green, University of Virginia, organized 
by Department of Chemical Engineering, CCNY, CUNY, New York, USA, 27th February 2017. 


10. Seminar on “Collaboration for Innovation” AIT Solutions, Thailand, 12-13th May 2016. 
11. Seminar on “Water Environment Engineering in China: Creative innovation towards the future” 


delivered by Prof. Xiaochang Wang, School of Environment & Municpal Engineering, Xian University 
of Architecture & Technology, China, organized by Environmental Engineering and Management, 
Asian Institute of Technology (AIT), Thailand, 17th March 2016. 


12. Training program on “Urban Climate Change Adaptation and Resilience” organized by AECOM, East-
West Centre, and the Asian Institute of Technology Thailand, 7-11th March 2016. 


13. Seminar on “Advanced Technology and Innovation for sanitation: solar toilets and safe effluent reuse 
by UV by Prof. Karl G. Linden, University of Colorado at Asian Institute of Technology (AIT), 
Thailand, 10th March 2016. 


14. Seminar on “Biomass supply chain sustainability in India” delivered by Prof. Sadhan Kumar Ghosh, 
University of Jadhavpur, Kolkata, India, organized by Asian Institute of Technology (AIT), Thailand, 
8th March 2016. 


15. Seminar on “Using DNA to conserve and protect Tropical Forest” delivered by Prof. Andrew Lowe, 
Professor and Director, Centre for conservation Science & Technology, University of Adelaide, 
Australia, organized by Energy Engineering Field, Asian Institute of Technology (AIT), Thailand, 1st 
March 2016. 


16. Seminar on “Hazard risks” delivered by Dr. Indrajit Pal, Disaster Preparedness, Mitigation and 
Management division, organized by Energy Engineering Field, Asian Institute of Technology (AIT), 
Thailand, 13th February 2016. 


17. Seminar on “Why Fukushima-1 accident happened?” delivered by Dr. Noritaka Yusa, Associate 
Professor, Department of Quantum Science and Energy Engineering, Graduate School of Engineering, 
Tohoku University, organized by Energy Engineering Field, Asian Institute of Technology (AIT), 
Thailand, 23rd February 2016. 


18. Seminar on “Electricity Access in Developing World” delivered by Dr. Govinda R. Timilsina, Senior 
Research Economist, World Bank, organized by Energy Engineering Field, Asian Institute of 
Technology (AIT), Thailand, 9th February 2016. 


19. 103rd Indian Science Congress, University of Mysore, 3-7th January 2016. 
20. 4th IGCW Two day Symposium on Industrial Green Chemistry World (IGCW 2015), organised by 


Green ChemisTree Foundation, Mumbai during 3-4th December, 2015. 
21. Seminar on “Research on CO2 to Methanol”, organized by ONGC, New Delhi, during 29th September 


2015. 
22. International conference on Sustainable Agriculture, Horticulture & Environmental Development, a 


Global Concern, 21-23, Feb. 2014, Janparishad, Bhopal. 
23. TEQIP sponsored short term training program on “Recent advances in Renewable Energy Systems” 


21-25th October, 2013, Department of Energy, MANIT Bhopal 
24. TEQIP sponsored faculty development program on “Reverse Osmosis - Principle and Applications” 


June17-21, 2013, Department of Chemical Engineering, PEC Puducherry 
25. AICTE sponsored faculty development program on “Computational techniques and its applications in 


Engineering research” May 27- June 7, 2013, Department of Mechanical Engineering, PEC 
Puducherry, India. 


26. TEQIP sponsored faculty development program on “Green Manufacturing and Material Processing” 
June 10-14, 2013, Department of Mechanical Engineering, PEC Puducherry 
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27. Two days National Workshop on “Recent Trends in Renewable Energy”, 09-10, Nov, 2012, 
Department of Mechanical Engineering, MANIT Bhopal. 


28. Two days National seminar on “Energy, Environmental and Sustainability”, 1-2 March, 2012, 
Department of Energy, MANIT Bhopal. 


29. Two days Workshop on “Writing Effective Conference Papers”, 18-19 Feb. 2012, Under MHRD, 
Govt. of India & IIT Bombay, MANIT Bhopal. 


30. ISTE Workshop for Coordinators On Heat Transfer, Under the National Mission on Education 
through ICT (MHRD, Govt. of India), IIT Bombay, Sep 12-16, 2011 


31. Green technology towards low carbon society, MANIT, Bhopal, March 30, 2011 
32. Cleaner technology, short-term course, CPCB-IIT Roorkee, Feb., 23-25, 2011. 
33. National conference on genomics: Tool for Bioprospecting, Department of Bioinformatics, MANIT, 


Bhopal, Nov 20-21, 2010. 
34. International conference and exhibition on Oil and Gas, Petrotech2010, ONGC, New Delhi, Oct 31-


Nov 03, 2010. 
35. Science and Technology for Sustainable Development of India, Department of Electrical Engineering, 


MANIT, Bhopal, Aug 13-14, 2010. 
36. Use of sophisticated instruments like GC-MS/GC, HPLC, CHNS, AOX analyzer, CPCB and IIT 


Roorkee, Feb 15-19, 2010. 
37. Safety, Health and Environment Management in Hydrocarbon Industry, Petroleum Federation of 


India, Petrotech Society and IIT Roorkee, Jan 22-24, 2008. 
38. Pollution Control Techniques for Distillery Waste, CPCB and IIT Roorkee, March 3-5, 2008. 
39. Hazardous Waste, Batteries Waste and E-Waste Management, CPCB and IIT Roorkee, Nov 13-15, 


2008. 
40. Computational Fluid Dynamic, QIP Short term course. AICTE and IIT Roorkee, June 16-27, 2008. 
41. Environment, Health and Safety Management in Process Industries, CPCB and IIT Roorkee, Oct 20-


22, 2008. 
42. Recent Trends in Environmental Management Strategies in Petroleum, Petrochemical and Fertilizer 


Industries, CPCB and IIT Roorkee, Feb 11-13, 2008. 
43. Municipal Solid Waste-Planning, Collection, Handling and Disposal, IIT Roorkee, Dec 4-8, 2007. 
44. National Science Day celebrations “Nurture Nature for our future”, organized by Pondicherry  


University, Puducherry, India, 28th February, 2006. 
45. National level Technical symposium “INChES 2006” Department of Chemical organized by IIChE,  


Engineering, Annamalai university, Tamil Nadu, April, 2006. 
46. National Seminal on “Protein Engineering” (NSPE), organized by Department of Chemical 


Engineering, Annamalai university, Tamil Nadu, 7-8th March, 2005. 
47. UGC Refresher course on Industrial Biotechnology, University Grant Commission and Annamalai 


University, Nov 3-27, 2004. 
48. Workshop on “Energy Management” organized by Indian Institute of Chemical Engineers (IIChE), 


Pondicherry Regional Chapter (PRC) and Department of Chemical Engineering, Pondicherry 
Engineering College, Puducherry, India, 8th February 2003. 


49. National Seminar on “Clean & Sustainable Technology”, organized by IIChE – PRC and Department 
of Chemical Engineering, Pondicherry Engineering College, Hotel Annamalai International, 
Puducherry, India, 10th-11th October, 2003. 


50. National Level Students Technical Department of    Symposium “Tie lines 2002”, organized by 
llege, Puducherry, India, 2002.Chemical Engineering, Pondicherry Engineering Co  


 
INDUSTRIAL/FIELD VISITS 
1. Navin Fluorine International Ltd, Dewas-Madhya Pradesh, 2024  
2. Hindustan Electrode Graphite Ltd, Mandideep-Madhya Pradesh, 2023  
3. Central Effluent Treatment Plants, Indore-Madhya Pradesh, 2020 
4. Gas Authority of India Limited (GAIL), Vijayapur-Madhya Pradesh, 2019 
5. New York Wastewater Treatment Plant, USA, 2018 
6. The King’s Royally Initiated Laem Phak Bia Environmental Research and Development Project, 25th 


March 2016. 
7. AIT Wastewater treatment plant. Thailand, 23rd March 2016. 
8. Cho Heng Rice Vemicelli Co Ltd. Thailand, 18th March 2016. 
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9. Akkhie Prakarn Co., Ltd. Thailand, 15th March 2016. 
10. Banwa-Hi Tech Industrial Estate wastewater Treatment plant, Thailand, 15th February 2016. 
11. Nonthaburi Municipality, Nonthaburi Province, Thailand, 11th February 2016. 
12. Bhopal Municipal Corporation, Bhopal, M.P., India, 2015. 
13. Pilot scale gasifier plant, near Law college, Bhopal, M.P., India, 2014. 
14. Pilot scale Biogas plant (10m3/45m3), Sharda Vihar school campus, Bhopal, M.P., India, 2014. 
15. Central Institute of Agricultural Engineering, New Delhi, 2014. 
16. Ordnance Factory, Itarsi, M.P., India, 2014. 
17. Central Institute of Polymer Engineering & Technology, Bhopal, M.P., India, 2014. 
18. SOM Distillery Industry, Bhopal, M.P, India, 2013, 2021 
19. Lupin & Lupin Pharmaceutical Industry, Bhopal, M.P., India, 2013. 
20. Pollution Control Board, Bhopal, M.P., India, 2013. 
21. Grasim Industry, Nagda, M.P., India, 2013. 
22. Solid waste dumping yard, Banpura, Bhopal, M.P., India, 2013. 
23. Pilot scale gasifier plant, Manna Village, Bhopal, M.P., India, 2012. 
24. Agrawal Paper Mill and Agro Industry, Vidhisa, M.P., India, 2011. 
25. Modi Sugar Industry, UP, India, 2009. 
26. Municipal Wastewater Treatment Plant, Haridwar, Uttarakhand, India, 2009. 
27. Central Pollution Control Board, New Delhi, India, 2009. 
28. Engineers India Limited, New Delhi, India, 2009. 
29. Indo-Gulf Fertilizers Ltd., (Aditya Birla group) Jagdishpur (U.P.), India, 2007. 
30. Hindustan Lever Limited, Vadamangalam, Puducherry, India, 2004. 
31. Shashan and Chemfab chemicals Industries, Kalapet, Puducherry, India, 2004. 
32. Anglo-French Textile Industry, Puducherry, India, 2004. 
33. Sica Breweries, Puducherry, India, 2003. 
34. Leather/Biofiber Industry, Karaikal, Puducherry, India, 2003. 
35. Henkel India Ltd, Karaikal, Puducherry, India, 2003. 
36. , Tamil Nadu, India, 2003.Grasim Cements Industry, Ariyalur  
37. Pondicherry Co-operate Sugar Mill Ltd, Lingareddipalayam, Puducherry, 2003. 
38. Jyothy laboratories Ltd, Puducherry, 2003. 
39. Caplin Point Laboratories Ltd, Puducherry, 2002. 
40. Chennai Petroleum Corporation Limited, Chennai, India, 2002. 
 
RESEARCH INTERESTS 
New sorbents & Catalysts, Reactor Design, Environmental Biotechnology, Wastewater Treatment, Waste-
to-Energy, Nanoengineered Materials, Biofuels and Intermediates from CO2 and Biomasses, Green 
Hydrogen, Decarbonization and Energy Transition, Technical Textiles, Gas separation, Air Pollution 
Abatement, Sensing of toxic gases, Process Safety & Disaster Management  
 
TEACHING INTERESTS 
• Chemical Reaction Engineering 
• Momentum, Heat and Mass Transfers 
• Process Control and its dynamics 
• Transport Phenomena 
• Process Modelling and Simulation 
• Environmental Pollution Control and Process Safety  
• Water Quality and Management 
• Bio-energy Engineering 
• Biochemical/Bioprocess Engineering 
• Advance Separation Processes 
• Polymer Technology 
• Fuel Processing and Technology 
• Trends in Healthcare and Technology 
• CFD Multiphase reactors/Industrial catalysis 
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• Green Chemistry and Clean Production Technology 
• Advance Analytical Techniques 
• Advance Materials characterization Techniques 
 
PROFESSIONAL ASSOCIATIONS 
• Society of Energy Engineers & Managers (Life Fellow: F-219317421001) 
• The Institution of Engineers (India) (Life Fellow: F-1305057)  
• Indian Institute of Chemical Engineers (LM-33054) 
• Solar Energy Society of India (LM 1723) 
• Indian Society for Technical Education  (LM 79801) 
• Chemical Research Society of India (LM 1648) 
• Catalysis Society of India (LM 283) 
• Indian Water Resources Society  (LM 107219) 
• International Congress of Chemistry and Environment  (LF/S-48) 
• The Biotech Research Society (LM 1292) 
• Materials Research Society of India (LMB2409) 
• The Indian Science Congress Association (L26682) 
• Indian Water Works Association  ((LM 8224) 
• Institution of Public Health Engineers (LM 1629) 
• Indian Society of Hydraulics (LM 1119) 
• Biogas Forum India (LM 397) 
• Indian Institution of Industrial Engineering  (SM 10874) 
• American Chemical Society (SM 5678412300) 
• American Institute of Chemical Engineers (SM 9900154227) 
• Indian Carbon Society (LM 601) 
• Indian Society of Remote Sensing (LM 6265)  
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                                                                                                                                                 IS 3328 : 1993

                                                               Indian Standard

                       

                        QUALITY TOLERANCES FOR WATER FOR

                                             SWIMMING POOLS



                                                 ( First Revision )





Water Sectional Committee, CHD 013     



FOREWORD



This Indian Standard ( First Revision ) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Sectional Committee had been approved by the Chemical Division Council.



Swimming pools may be divided into natural pools and artificial pools. For the natural swimming pools, it is not possible to lay down uniform standards because of the considerable variability in the quality of such waters. The artificial pools are either of fill-and-empty type or of continuous circulation type. The fill-and-empty type of pools is not favoured now because of the attendant accumulation of impurities.



This standard is intended to assist public health bodies and other organizations in maintaining a level of quality of water in swimming pools considered safe from the point of view of health and hygiene.



This standard was first published in 1965. Based on the experience gained over the years, the concerned technical committee responsible for the formulation of this standard decided to revise it. In this revision, requirements for total dissolved solids and chlorides have been incorporated besides, giving reference to the latest method of tests.



For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 1960 ‘Rules for rounding off numerical values ( revised)’. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.



























                                         AMENDMENT NO. 1 JULY 2010

                                                                   TO

                     IS 3328 : 1993 QUALITY TOLERANCES FOR WATER

                                            FOR SWIMMING POOLS

     

                                                                  ( First Revision )



(Page 1, clause 2) — Delete ‘3025 : 1964 Methods of sampling and test (physical and chemical) for water used in industry’ and insert the following after ‘3025 (Part 32) : 1988 Methods of sampling and test (physical and chemical) for water and wastewater: Part 32 Chlorides (first revision)’ under IS No. and Title:



‘IS 3025 (Part 53) : 2003 Methods of sampling and test (physical and chemical) for water and wastewater: Part 53 Iron (first revision)



IS 3025 (Part 55) : 2003 Methods of sampling and test (physical and chemical) for water and wastewater: Part 55 Aluminium (first revision)



IS 3025 (Part 63) : 2007 Methods of sampling and test (physical and chemical) for water and wastewater: Part 63 Oxygen absorbed in 4 hours (first revision)’



                        (Page 1, clause 3.2, line 3) — Delete ‘IS 3025 : 1964 and’.



                    [Page 2, Table 1, Sl No. (III), col 4] — Substitute ‘IS 3025 (Part 55) : 2003’ for ‘31 of IS 3025 : 1964’.



                     [Page 2, Table 1, Sl No. (v), col 4] — Substitute ‘IS 3025 (Part 63) : 2007’ for ‘51 of IS 3025 : 1964’.



                    [Page 2, Table 1, Sl No. (viii), col 4] — Substitute ‘IS 3025 (Part 53) : 2003’ for ‘32 of IS 3025 : 1964’.



                    (Page 2, clause 4.1, line 3) — Substitute ‘IS 3025 (Part 1) : 1987’ for ‘2 of IS 3025 : 1964’.



                    (Page 2, clause 5.1, line 2) — Delete ‘IS 3025 : 1964’.





(CHD 13)









                                                                   































                                                                     Indian Standard 



                    QUALITY TOLERANCES FOR WATER FOR

                                          SWIMMING POOLS



                                              ( First Revision )



1 SCOPE



This standard prescribes the quality tolerances for water used in swimming pools of continuous circulation type.



2 REFERENCES



The following Indian Standards listed below are the necessary adjuncts to this standard: 



               IS No.                                                       Title



      1622 : 1981                                  Methods of sampling and

                                                           microbiological examination

                                                           of water (  first revision )



     3025 : 1964                                  Methods of sampling and test

                                                          ( physical and chemical ) for

                                                           water used in industry



      3025                                            Methods of sampling and test

    ( Part 4 ) : 1983                             ( physical and chemical ) for

                                                          water and wastewater: Part 4

                                                          Colour ( first revision )



       3025                                          Methods of sampling and test

       (Part 5 ) : 1983                         ( physical and chemical ) for

                                                         water and wastewater: Part 5

                                                         Odour ( first revision )

       3025                                          Methods of sampling and test

       ( Part 8 ) : 1984                         ( physical and chemical ) for

                                                         water and wastewater: Part 8

                                                         Taste rating ( first revision )

        3025                                         Methods of sampling and test

       ( Part 10 ) : 1984                       ( physical and chemical ) for

                                                         water and wastewater: Part 10

                                                         Turbidity ( first revision )	

        3025                                          Methods of sampling and test 

        ( Part 11 ) : 1983                      ( physical and chemical ) for 

                                                         water and wastewater: Part 11

                                                         pH value ( first revision )

        3025                                          Methods of sampling and test

       ( Part 16 ) : 1984                       ( physical and chemical ) for

                                                          water and wastewater: Part 16

                                                           Filterable residue ( total 

                                                          dissolved solids ) ( first revision ) 

 

       3025                                          Methods of sampling and test

      (Part 23 ) : 1986                        ( physical and chemical ) for

                                                         water and wastewater: Part 23

                                                         Alkalinity ( first revision )

        

          3025                                       Methods of sampling and test

       ( Part 26 ) : 1986                       ( physical and chemical ) for

                                                          water and wastewater: Part 26

                                                          Chlorine, residual ( first revision )

 

       



       3025                                           Methods of sampling and test

       ( Part 32 ) : 1988                       ( physical and chemical ) for

                                                          water and wastewater: Part 32

                                                          Chloride ( first revision )



       7017 : 1973                               Method of calorimetric determination

                                                         of traces of heavy metals by dithizone





3 TOLERANCES



3.1 Physical



3.1.1 Clearness



The water shall be clear odourless and colourless and shall be sufficiently clear at all times when the pool is in use to pass the following test:



Place a black disc, 150 mm in diameter and fixed to a white background, on the bottom of the pool at the deepest point. The disc shall be clearly visible from the side walks of the pool at all distances up to 9 meters in a line drawn across the pool through the said disc.



3.2 Chemical



The water shall comply with the chemical tolerances prescribed in Table 1. Tests shall be carried out as prescribed in IS 3025 : 1964 and various parts of IS 3025. Reference to relevant clauses of this standard is given in co1 4 of the Table.



3.3 Bacteriological



3.3.1 Standard Plate Count



The standard plate count of the sample, determined as prescribed in Annex A, shall be not more than 100 per millilitre.





                             Table 1 Chemical Tolerances for Water for Swimming Pools

                                                             ( Clauses 2.2 and 5.1 )



		Sl No.

  

(1)



		Characteristic

        

          (2)

		Tolerance

       

         (3)

		Method of Test, 

      Ref to IS

         (4)





		i)

		pH value

		 7.5 to 8.5 ( see Note )

		3025 ( Part 11 ) : 1983



		ii)

		Total alkalinity ( as CaCO3 ), mg/l, Max

		 50 to 500 ( see Note )

		3025 ( Part 23 ) : 1986



		iii)

		Aluminium ( as Al ), mg/l, Max

		          0.1

		31 of IS 3025 : 1964



		iv)

		Total residual chlorine, mg/l

a) At inlet, Max

b) At outlet, Min

		

           0.5

            0.2

		3025 ( Part 26 ) : 1986



		v)

		Oxygen absorbed in 4 hauls at 27°C. mg/l , Max

		            1.0

		51 of IS 3025 :1964



		vi)

		Total dissolved solids, mg/l, Max

		          1 500

		3025 ( Part 16 ) : 1984



		vii)

		Chloride ( as Cl ), mg/l, Max

		           500

		3025 ( Part 32 ) : 1988



		viii)

		Iron, mg/l, Max

		             0.1

		32 of IS 3025 : 1964



		ix)

		Heavy metals ( as Pb ), mg/l, Max

		             0.1

		IS 7017 : 1973



		x)

		Colour, Hazen units, Max

		             10

		IS 3025 ( Part 4 ) : 1983



		xi)

		Turbidity, NTU, Max

		             10

		IS 3025 (Part 10 ) : 1984



		xii)

		Odour

		        Odourless

		IS 3025 (Part 5) : 1983



		xiii)

		Taste

		        Palatable

		IS 3025 ( Part 8 ) : 1984







    NOTE ― Too low an alkalinity and low pH are the most common causes of complaints of taste, odour and eye irritation. At pH lower than 7.5, there is an increased tendency for formation of dichloramine and nitrogen chlorides or similar compounds which cause eye irritation.





Comments of CPCB on the the revision of IS 3328:1993 Quality Tolerances for Water for Swimming Pools:

· The acceptable levels of free chlorine in public and semi-public pools may not exceed 3 mg/l.

(The active available disinfectant in the water is referred to as ‘residual’ or, in the case of chlorine, ‘free’ to distinguish it from combined chlorine (which is not a disinfectant)).



· Disinfectant Chlorine dioxide breaks down to chlorite and chlorate, which will remain in solution; the WHO health-based drinking-water provisional guideline value for chlorite is 0.7 mg/l (based on a tolerable daily intake TDI of 0.03 mg/kg of body weight) (WHO, 2004). This may also be considered for inclusion because water can be ingested by swimmers and pool users.



· pH range may be maintained between 7.2 and 8.0. The pH should be maintained between 7.2 and 7.8 for chlorine disinfectants and between 7.2 and 8.0 for bromine-based and other non-chlorine processes. 



· The common metals in pool water are Fe and Cu which occur naturally in well water and are also found in municipal water in lower amounts. However, the source of heavy metal Pb in the pool water may please be specified which is included in the Chemical Tolerances for Water for Swimming Pools.



· Apart from the above, Frequency of analysis must be included i.e. how often the water quality of various parameters is tested, as it ensures that the water quality is regularly assessed, and any change or issues are promptly identified and addressed.



· Ultraviolet disinfection technology is also adopted in swimming pools as the UV light at specific wavelength (254 nm) inactivates the microorganisms including bacteria, viruses and protozoa by damaging their DNA, therefore, UV dosing may also be included in Chemical Tolerances for Water for Swimming Pools.



Reference:

· WHO guidelines for safe recreational water environments VOLUME 2 SWIMMING POOLS AND SIMILAR ENVIRONMENTS. 

https://www.who.int/publications/i/item/9241546808



3.3.2 Coliform Organisms



When tested as prescribed in IS 1622 : 1981, not more than 10 percent of 10-ml portions of the sample tested over a period of one month shall show the presence of any coliform organism. If any Most Probable Number ( MPN ) result is more than 10 per 100 ml, a fresh sample shall be tested within 24 hours. The two consecutive results shall not show MPN index of coliform organism of more than 10 per 100 ml.



4 SAMPLING



4.1 Representative test samples of water shall be drawn as prescribed in 2 of IS 1622 : 1981, and 2 of IS 3025 : 1964.



5 TEST METHODS



5.1 Test shall be carried out as prescribed in IS 1622 : 1981, IS 3025 : 1964 and in Annex A. Reference to the relevant clauses of IS 1622 : 1981 and Annex A, is given in co1 4 of Table 1 and 3.3.1.





ANNEX A

( Clause 3.3.1 and 5.1 )



DETERMINATION OF STANDARD PLATE COUNT



A-l APPARATUS



A-l.1 Dilution Bottles and Tubes



Bottles or tubes if resistant glass, preferably pyrex, closed with glass stoppers, rubber stoppers, or screw caps equipped with liners that do not produce toxic or bacteriostatic compounds on sterilization shall be used. Cotton plugs shall not be used as closures. Graduation levels shall be indelibly marked on the side of dilution bottle.  



A-l.2 Autoclaves



Of sufficient size and shall keep uniform temperature within the chamber up to and including the sterilizing temperature of 121°C. They shall be equipped with an accurate thermometer located so as to register the minimum temperature within the sterilizing chamber, a pressure gauge and properly adjusted safety valves.



A-l.3 Pipettes



l-ml, straight-sided delivery pipettes. The tips shall be unbroken.



A-l.4 Petri Dishes



Of 100 mm diameter and 15 mm depth. The bottom of the dishes shall be free from bubbles and scratches and shall be flat so that the medium shall be of uniform thickness throughout the plate.



A-l.5 Incubator



Maintaining a uniform and constant temperature of 35.0 ± 0.5oC at all times in all parts. The use of water-jacketed or anhydric type with thermostatically controlled low-temperature electric heating units and equipped with mechanical means of circulating air shall be preferred. The incubators shall have sufficient

space to accommodate the culture racks and plates, with at least 2.5 cm space between adjacent stacks and between walls and stacks. They shall be provided with accurate thermometers and a daily record of the temperature shall be maintained.



A-l.6 Colony Counter



An approved counting aid, such as Quebee colony counter. If such a counter is not available, then counting may be done with a lens giving a magnification of 1.5 diameters. In order to ensure uniformity of conditions during counting, illumination equivalent to that provided by the Quebee colony counter shall be employed.



A-2 REAGENTS



A-2.1 Buffered Dilution water



Dissolve 34.0 g of potassium dihydrogen phosphate ( KH2PO4 in 500 ml of distilled water, adjust to pH 7.2 with 1 M sodium hydroxide solution and make up to 1 litre with distilled water. Add 1.25 ml of the above solution to 1 litre of distilled water. Dispense in amounts that provide 99 ± 2 ml, or 9.0 ± 0.2 ml, after autoclaving for 20 minutes.



A-2.2 Tryptone Glucose Extract Agar Medium



Add 3 g of beef extract, 5 g of glucose, and 15 g of agar of each litre of distilled water. Heat to boiling until1 all ingredients are dissolved. Make up lost weight with hot distilled water. Adjust the reaction so that the pH reading after sterilization will be between 6.8 and 7.0. Bring to a boiling temperature, stirring vigorously. Make up lost weight with hot distilled water and clarify. Distribute to the desired containers and sterilize in the autoclave at 121°C. When the pressure reaches zero, remove the medium from the autoclave and cool quickly to avoid decomposition to sugars. Store the medium in a melted condition in a container which provides for maintenance of a temperature of 43 to 45°C.



A-3 STERILIZATION OF APPARATUS



A-3.1 Dilution Bottles or Tubes Sterilize the bottles or tubes in the autoclave at 121°C for 15 minutes after the temperature reaches 121°C.



A-3.2 Petri Dishes



Wrap the petri dishes in kraft paper and sterilize in the hot-air oven at 160°C for one hour.



A-3.3 Pipettes



Place the pipettes in copper, stainless steel or aluminium cylinders with cover or individually wrapped in paper and sterilize in the hot-air oven at 160°C for one hour.



A-4 PROCEDURE



A-4.1 Dilution



Fill the dilution bottles or tubes with proper amount of buffered dilution water so that after sterilization they contain the desired quantity with a tolerance of 2 percent. The exact amount of water to be placed in the bottle may be determined only by experiment with the particular autoclave in use. Only buffered dilution water is to be used for dilution. Tap water or distilled water shall not be used.



A-4.1.1 Shake the sample bottle vigorously 25 times. Transfer with a sterile pipette 10 ml, 1 ml or 0.1 ml of the sample to the proper dilution bottle, tube or petri dish as required. Shake each dilution bottle or tube vigorously 25 times after the addition of portion of the sample and before a second dilution or sample is removed.



A-4.2 Plating



The amount of the sample taken should be such as will give 30 to 300 colonies on a plate. Ordinarily, it is not desirable to plate more than 1 ml of water in a plate; therefore, when the total number of colonies developing from 1 ml is less than 30, it is obviously necessary to record the result as observed, disregarding the general rule given above. Take 1 ml, 0.1 ml or other appropriate volume of the sample dilution for plating in petri dish. Add not less than 10 ml of liquefied tryptone glucose extract agar medium at a temperature of 43 to 45oC to water in the petri dish. Flame the lips of all test tubes or flasks used for pouring the medium. Lift the cover of the petri dish just enough for the introduction of either pipette or the culture medium. Mix thoroughly the medium and sample and uniformly spread over the bottom of the petri dish by tilting and rotating the dish. Solidify all plates as rapidly as possible after pouring and place them immediately in the incubator. Not more 20 minutes shall elapse between plating and pouring.



A-4.3 Incubation



Incubation shall be done at 35.0 ± 0.5%. Incubate for 24 ± 2 h. Invert the glass covered petri dishes in the incubator. Place the dishes in the incubator as prescribed in A-1.5.



A-4.4 Counting



In determining the standard plate count, only such plates should be considered which sow 30 to 300 colonies except as provided in A-4.2. Counting shall be done with an approved counting aid ( A-1.6 ).



A-4.4.1 If the same amount of water has been planted in 2 or more replicate plates and of these one shows colonies within the limits mentioned in A-4.4 while others show less than 30 or more than 300 colonies, the results recorded shall be the average of all the plates planted with this volume of sample.



A-4.4.2 In order to avoid fictitious accuracy and yet expense the numerical results by a method consistent with the precision of the technique employed, the recorded number of bacteria per millilitre shall be reported as follows:



                Up to 100          To the nearest unit

                More than 100 To the nearest 5 units



Counts shall be designated as the standard plate count at 35°C.  
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                                                               Indian Standard

                       

                        QUALITY TOLERANCES FOR WATER FOR

                                             SWIMMING POOLS



                                                 ( First Revision )





Water Sectional Committee, CHD 013     



FOREWORD



This Indian Standard ( First Revision ) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Sectional Committee had been approved by the Chemical Division Council.



Swimming pools may be divided into natural pools and artificial pools. For the natural swimming pools, it is not possible to lay down uniform standards because of the considerable variability in the quality of such waters. The artificial pools are either of fill-and-empty type or of continuous circulation type. The fill-and-empty type of pools is not favoured now because of the attendant accumulation of impurities.



This standard is intended to assist public health bodies and other organizations in maintaining a level of quality of water in swimming pools considered safe from the point of view of health and hygiene.



This standard was first published in 1965. Based on the experience gained over the years, the concerned technical committee responsible for the formulation of this standard decided to revise it. In this revision, requirements for total dissolved solids and chlorides have been incorporated besides, giving reference to the latest method of tests.



For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 1960 ‘Rules for rounding off numerical values ( revised)’. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.



























                                         AMENDMENT NO. 1 JULY 2010

                                                                   TO

                     IS 3328 : 1993 QUALITY TOLERANCES FOR WATER

                                            FOR SWIMMING POOLS

     

                                                                  ( First Revision )



(Page 1, clause 2) — Delete ‘3025 : 1964 Methods of sampling and test (physical and chemical) for water used in industry’ and insert the following after ‘3025 (Part 32) : 1988 Methods of sampling and test (physical and chemical) for water and wastewater: Part 32 Chlorides (first revision)’ under IS No. and Title:



‘IS 3025 (Part 53) : 2003 Methods of sampling and test (physical and chemical) for water and wastewater: Part 53 Iron (first revision)



IS 3025 (Part 55) : 2003 Methods of sampling and test (physical and chemical) for water and wastewater: Part 55 Aluminium (first revision)



IS 3025 (Part 63) : 2007 Methods of sampling and test (physical and chemical) for water and wastewater: Part 63 Oxygen absorbed in 4 hours (first revision)’



                        (Page 1, clause 3.2, line 3) — Delete ‘IS 3025 : 1964 and’.



                    [Page 2, Table 1, Sl No. (III), col 4] — Substitute ‘IS 3025 (Part 55) : 2003’ for ‘31 of IS 3025 : 1964’.



                     [Page 2, Table 1, Sl No. (v), col 4] — Substitute ‘IS 3025 (Part 63) : 2007’ for ‘51 of IS 3025 : 1964’.



                    [Page 2, Table 1, Sl No. (viii), col 4] — Substitute ‘IS 3025 (Part 53) : 2003’ for ‘32 of IS 3025 : 1964’.



                    (Page 2, clause 4.1, line 3) — Substitute ‘IS 3025 (Part 1) : 1987’ for ‘2 of IS 3025 : 1964’.



                    (Page 2, clause 5.1, line 2) — Delete ‘IS 3025 : 1964’.





(CHD 13)









                                                                   































                                                                     Indian Standard 



                    QUALITY TOLERANCES FOR WATER FOR

                                          SWIMMING POOLS



                                              ( First Revision )



1 SCOPE



This standard prescribes the quality tolerances for water used in swimming pools of continuous circulation type.



2 REFERENCES



The following Indian Standards listed below are the necessary adjuncts to this standard: 



               IS No.                                                       Title



      1622 : 1981                                  Methods of sampling and

                                                           microbiological examination

                                                           of water (  first revision )



     3025 : 1964                                  Methods of sampling and test

                                                          ( physical and chemical ) for

                                                           water used in industry



      3025                                            Methods of sampling and test

    ( Part 4 ) : 1983                             ( physical and chemical ) for

                                                          water and wastewater: Part 4

                                                          Colour ( first revision )



       3025                                          Methods of sampling and test

       (Part 5 ) : 1983                         ( physical and chemical ) for

                                                         water and wastewater: Part 5

                                                         Odour ( first revision )

       3025                                          Methods of sampling and test

       ( Part 8 ) : 1984                         ( physical and chemical ) for

                                                         water and wastewater: Part 8

                                                         Taste rating ( first revision )

        3025                                         Methods of sampling and test

       ( Part 10 ) : 1984                       ( physical and chemical ) for

                                                         water and wastewater: Part 10

                                                         Turbidity ( first revision )	

        3025                                          Methods of sampling and test 

        ( Part 11 ) : 1983                      ( physical and chemical ) for 

                                                         water and wastewater: Part 11

                                                         pH value ( first revision )

        3025                                          Methods of sampling and test

       ( Part 16 ) : 1984                       ( physical and chemical ) for

                                                          water and wastewater: Part 16

                                                           Filterable residue ( total 

                                                          dissolved solids ) ( first revision ) 

 

       3025                                          Methods of sampling and test

      (Part 23 ) : 1986                        ( physical and chemical ) for

                                                         water and wastewater: Part 23

                                                         Alkalinity ( first revision )

        

          3025                                       Methods of sampling and test

       ( Part 26 ) : 1986                       ( physical and chemical ) for

                                                          water and wastewater: Part 26

                                                          Chlorine, residual ( first revision )

 

       



       3025                                           Methods of sampling and test

       ( Part 32 ) : 1988                       ( physical and chemical ) for

                                                          water and wastewater: Part 32

                                                          Chloride ( first revision )



       7017 : 1973                               Method of calorimetric determination

                                                         of traces of heavy metals by dithizone





3 TOLERANCES



3.1 Physical



3.1.1 Clearness



The water shall be clear odourless and colourless and shall be sufficiently clear at all times when the pool is in use to pass the following test:



Place a black disc, 150 mm in diameter and fixed to a white background, on the bottom of the pool at the deepest point. The disc shall be clearly visible from the side walks of the pool at all distances up to 9 meters in a line drawn across the pool through the said disc.



3.2 Chemical



The water shall comply with the chemical tolerances prescribed in Table 1. Tests shall be carried out as prescribed in IS 3025 : 1964 and various parts of IS 3025. Reference to relevant clauses of this standard is given in co1 4 of the Table.



3.3 Bacteriological



3.3.1 Standard Plate Count



The standard plate count of the sample, determined as prescribed in Annex A, shall be not more than 100 per millilitre. 



3.4 : IEI comments: Along with above method for standard Plate count, IS 1622: 1981 3.3.2 Membrane Filter Technique for testing of Coliform should also be incorporated  Annex B









                             Table 1 Chemical Tolerances for Water for Swimming Pools

                                                             ( Clauses 2.2 and 5.1 )



		Sl No.

  

(1)



		Characteristic

        

          (2)

		Tolerance



(3)

		Method of Test, 

      Ref to IS

         (4)





		i)

		pH value

		7.5 to 8.5 ( see Note )

		3025 ( Part 11 ) : 1983



		ii)

		Total alkalinity ( as CaCO3 ), mg/l, Max

		50 to 500 ( see Note )

		3025 ( Part 23 ) : 1986



		iii)

		Aluminium ( as Al ), mg/l, Max

		0.1 

		31 of IS 3025 : 1964



		iv)

		Total residual chlorine, mg/l

a) At inlet, Max

b) At outlet, Min

		

0.5

0.1

		3025 ( Part 26 ) : 1986



		v)

		Oxygen absorbed in 4 hauls at 27°C. mg/l , Max

		1.0

		51 of IS 3025 :1964



		vi)

		Total dissolved solids, mg/l, Max                       

		1 500

		3025 ( Part 16 ) : 1984



		vii)

		Chloride ( as Cl ), mg/l, Max

		500

		3025 ( Part 32 ) : 1988



		viii)

		Iron, mg/l, Max

		0.1

		32 of IS 3025 : 1964



		ix)

		Heavy metals ( as Pb ), mg/l, Max

		0.1

		IS 7017 : 1973



		x)

		Colour, Hazen units, Max

		10

		IS 3025 ( Part 4 ) : 1983



		xi)

		Turbidity, NTU, Max

		10

		IS 3025 (Part 10 ) : 1984



		xii)

		Odour

		Odourless

		IS 3025 (Part 5) : 1983



		xiii)

		Taste

		Palatable

		IS 3025 ( Part 8 ) : 1984







    NOTE ― Too low an alkalinity and low pH are the most common causes of complaints of taste, odour and eye irritation. At pH lower than 7.5, there is an increased tendency for formation of dichloramine and nitrogen chlorides or similar compounds which cause eye irritation.



 





















 IEI COMMENTS ON TABLE NO: 1: The following characteristic to be added in the IS guide along with technical clarifications .  we should  discuss with CHD13 committee . 

		Sr No 

		Characteristic

		Existing Tolerance Limit

		IEI Suggested Tolerance Limit

		Technical clarifications



		





1

		pH

		7.5 – 8.5

		7.5-8

		· Very High/Low pH can lead to Corrosion & Scaling damaging Swimming Pool Surface/ Equipment’s. 

· High pH inhibits the activity of Chlorine to disinfect the water 

· Low/high pH may irritate the swimmer 



		2

		Calcium, mg/l

		--

		100-400

		· Ca should be around 100-400 ppm max. 

· high Ca can lead to scale formation & low Ca with low pH can lead to corrosion



		3

		Total Alkalinity 

		100-500

		80-200

		Low Level of Alkalinity 

1. Can lead to pH Bounce 

2. Low alkalinity can cause the pH to lower and create problems like corrosion

High Level of Alkalinity 

1. Can lead to scaling 

2. Turbid/cloudy water

3. High Alkalinity leads to high pH

4. High pH may inhibit Chlorine activity 



		4

		Phosphate, mg/l

		--

		0.1

		High Levels of Phosphate & Nitrate

1.  can promote algal Growth 

2. Increased chlorine demand 



		5

		Nitrate - N, mg/l

		--

		10

		



		6

		Aluminum ( as Al ), mg/l, Max

		0.1 

		0.03

		Drinking Limit of Al is 30 ppb











3.3.2 Coliform Organisms



When tested as prescribed in IS 1622 : 1981, not more than 10 percent of 10-ml portions of the sample tested over a period of one month shall show the presence of any coliform organism. If any Most Probable Number ( MPN ) result is more than 10 per 100 ml, a fresh sample shall be tested within 24 hours. The two consecutive results shall not show MPN index of coliform organism of more than 10 per 100 ml.



4 SAMPLING



4.1 Representative test samples of water shall be drawn as prescribed in 2 of IS 1622 : 1981, and 2 of IS 3025 : 1964.



5 TEST METHODS



5.1 Test shall be carried out as prescribed in IS 1622 : 1981, IS 3025 : 1964 and in Annex A. Reference to the relevant clauses of IS 1622 : 1981 and Annex A, is given in co1 4 of Table 1 and 3.3.1.





ANNEX A

(Clause 3.3.1 and 5.1 )



DETERMINATION OF STANDARD PLATE COUNT



A-l APPARATUS



A-l.1 Dilution Bottles and Tubes



Bottles or tubes if resistant glass, preferably pyrex, closed with glass stoppers, rubber stoppers, or screw caps equipped with liners that do not produce toxic or bacteriostatic compounds on sterilization shall be used. Cotton plugs shall not be used as closures. Graduation levels shall be indelibly marked on the side of dilution bottle.  



A-l.2 Autoclaves



Of sufficient size and shall keep uniform temperature within the chamber up to and including the sterilizing temperature of 121°C. They shall be equipped with an accurate thermometer located so as to register the minimum temperature within the sterilizing chamber, a pressure gauge and properly adjusted safety valves.



A-l.3 Pipettes



l-ml, straight-sided delivery pipettes. The tips shall be unbroken.



A-l.4 Petri Dishes



Of 100 mm diameter and 15 mm depth. The bottom of the dishes shall be free from bubbles and scratches and shall be flat so that the medium shall be of uniform thickness throughout the plate.



A-l.5 Incubator



Maintaining a uniform and constant temperature of 35.0 ± 0.5oC at all times in all parts. The use of water-jacketed or anhydric type with thermostatically controlled low-temperature electric heating units and equipped with mechanical means of circulating air shall be preferred. The incubators shall have sufficient

space to accommodate the culture racks and plates, with at least 2.5 cm space between adjacent stacks and between walls and stacks. They shall be provided with accurate thermometers and a daily record of the temperature shall be maintained.



A-l.6 Colony Counter



An approved counting aid, such as Quebee colony counter. If such a counter is not available, then counting may be done with a lens giving a magnification of 1.5 diameters. In order to ensure uniformity of conditions during counting, illumination equivalent to that provided by the Quebee colony counter shall be employed.



A-2 REAGENTS



A-2.1 Buffered Dilution water



Dissolve 34.0 g of potassium dihydrogen phosphate ( KH2PO4 in 500 ml of distilled water, adjust to pH 7.2 with 1 M sodium hydroxide solution and make up to 1 litre with distilled water. Add 1.25 ml of the above solution to 1 litre of distilled water. Dispense in amounts that provide 99 ± 2 ml, or 9.0 ± 0.2 ml, after autoclaving for 20 minutes.



A-2.2 Tryptone Glucose Extract Agar Medium



Add 3 g of beef extract, 5 g of glucose, and 15 g of agar of each litre of distilled water. Heat to boiling until1 all ingredients are dissolved. Make up lost weight with hot distilled water. Adjust the reaction so that the pH reading after sterilization will be between 6.8 and 7.0. Bring to a boiling temperature, stirring vigorously. Make up lost weight with hot distilled water and clarify. Distribute to the desired containers and sterilize in the autoclave at 121°C. When the pressure reaches zero, remove the medium from the autoclave and cool quickly to avoid decomposition to sugars. Store the medium in a melted condition in a container which provides for maintenance of a temperature of 43 to 45°C.



A-3 STERILIZATION OF APPARATUS



A-3.1 Dilution Bottles or Tubes Sterilize the bottles or tubes in the autoclave at 121°C for 15 minutes after the temperature reaches 121°C.



A-3.2 Petri Dishes



Wrap the petri dishes in kraft paper and sterilize in the hot-air oven at 160°C for one hour.



A-3.3 Pipettes



Place the pipettes in copper, stainless steel or aluminium cylinders with cover or individually wrapped in paper and sterilize in the hot-air oven at 160°C for one hour.



A-4 PROCEDURE



A-4.1 Dilution



Fill the dilution bottles or tubes with proper amount of buffered dilution water so that after sterilization they contain the desired quantity with a tolerance of 2 percent. The exact amount of water to be placed in the bottle may be determined only by experiment with the particular autoclave in use. Only buffered dilution water is to be used for dilution. Tap water or distilled water shall not be used.



A-4.1.1 Shake the sample bottle vigorously 25 times. Transfer with a sterile pipette 10 ml, 1 ml or 0.1 ml of the sample to the proper dilution bottle, tube or petri dish as required. Shake each dilution bottle or tube vigorously 25 times after the addition of portion of the sample and before a second dilution or sample is removed.



A-4.2 Plating



The amount of the sample taken should be such as will give 30 to 300 colonies on a plate. Ordinarily, it is not desirable to plate more than 1 ml of water in a plate; therefore, when the total number of colonies developing from 1 ml is less than 30, it is obviously necessary to record the result as observed, disregarding the general rule given above. Take 1 ml, 0.1 ml or other appropriate volume of the sample dilution for plating in petri dish. Add not less than 10 ml of liquefied tryptone glucose extract agar medium at a temperature of 43 to 45oC to water in the petri dish. Flame the lips of all test tubes or flasks used for pouring the medium. Lift the cover of the petri dish just enough for the introduction of either pipette or the culture medium. Mix thoroughly the medium and sample and uniformly spread over the bottom of the petri dish by tilting and rotating the dish. Solidify all plates as rapidly as possible after pouring and place them immediately in the incubator. Not more 20 minutes shall elapse between plating and pouring.



A-4.3 Incubation



Incubation shall be done at 35.0 ± 0.5%. Incubate for 24 ± 2 h. Invert the glass covered petri dishes in the incubator. Place the dishes in the incubator as prescribed in A-1.5.



A-4.4 Counting



In determining the standard plate count, only such plates should be considered which sow 30 to 300 colonies except as provided in A-4.2. Counting shall be done with an approved counting aid ( A-1.6 ).



A-4.4.1 If the same amount of water has been planted in 2 or more replicate plates and of these one shows colonies within the limits mentioned in A-4.4 while others show less than 30 or more than 300 colonies, the results recorded shall be the average of all the plates planted with this volume of sample.



A-4.4.2 In order to avoid fictitious accuracy and yet expense the numerical results by a method consistent with the precision of the technique employed, the recorded number of bacteria per millilitre shall be reported as follows:



                Up to 100          To the nearest unit

                More than 100 To the nearest 5 units



Counts shall be designated as the standard plate count at 35°C.  





































Annexure B  :  IS1622-1981 , 3.4.: Membrane Filter(MF) technique
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group organisms ( either presumptive, confir-
med, or completed ) resulting from the
multiple portion decimal dilution planting
should be computed as combination of the
positives and recorded in terms of the Most
Probable Number. The Most Probable Num-
ber for a variety of planting series and results

is given in Appendix B.

3.3.2 Membrane Filter (MF) Technique

3.3.2.1 Outline of the method — The mem-
brane filter technique in water analysis is
becoming more and more popular due to its
advantages over the mult tube dilution tech-
nique. Results are obtained within 24 or
48 hours as compared to 48 to 96 hours by
multi tube dilution technique, Much larger
volume and hence more representative sample
can be tested. Results are obtained with
much greater precision and require less labora-
tory space, cquipment is not bulky and
involves less labour. The limitations of this
technique are few, Samples with high turbi-
dity and less indicator bacterial count will be
difficult to examine., Samples having high
number of non-indicator organisms will give
less count.

3.3.2.2 Description of MF assembly

a) There are many varieties of MF assem-
blies, The common onec is millipore
standard hydrosol filter holder. Most
components are made of stainless steel,
These are locking ring, fine mesh stain-
less steel screen for supporting the filter
membrane and the funnel assembly.

b) Only those filter membranes may be
used which have been found, through
complete laboratory tests certified by
manufacturer, to provide full bacterial
retention, stability in use, freedom from
chemicals inimical to the growth and
development of bacteria, and satisfactory
speed of filteration, They should pre-
ferably be gridmarked in such a way
that bacterial growth is neither inhibi-
ted nor stimulated along the grid lines.
The membrane filters of 47 mm in dia-
meter and 0-45 micron pore size is used.

) Absorbent pads for nutrients should con-
sist of discs or filter paper or other mat-
erials known to be of high quality and
free of sulphites or other substances that
could inhibit bacterial growth. These
should be approximately 45 mm in dia-
meter and of thickness sufficient to
absorb 1:8 to 2'2 ml of nutrient.

d) Sterilization of filter assembly, filters and
absorbent pads is carried out at 1-02 +
003 kg/cm® gauge pressure ( 15 4- 05 psi
gauge pressure, 120°C temperature appr-
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oximately ) for 15 minutes, After
sterilization, inmediately release steam
in the autoclave by opening the outlet,

3.3.2.3 Selection of sample size — The size
of the sample is governed by the expected
bacterial density. An ideal quantity should
result in the growth of 20 colonies and not
more than 200 colonies of all types. Always,
filter sample in duplicate. If water is heavily
contaminated use less quantity of water. When
less than 20 ml is to be filtered, dilute the portion
to a minimum of 30 ml before filtration,

3.3.2.4 Filtration of sample — Using sterile
forceps, place a sterile filter over the porous
plate or stainless steel mesh of the apparatus,
grid side up. Place the funnel unit carefully
over the receptacle and lock it in place. Then
pass the sample through the filter under
vacuum. Rinse the filter by filtration, two to
three times with 20 to 30 ml of sterile buffer
water. Unlock the assembly, remove the filter
by sterile forceps and place it on the sterile pad
or agar with a rolling motion to avoid the
entrapment of air.,

3.3.2.5 Medium — Medium used for enu-
merating coliforms by membrane filter tech-
nique is known as M. Endo broth, The
composition of the medium is given below:

Tryptone or polypeptone 100g
Thiopeptone or thiotone 50g
Casitone or Trypticase 50¢g
Yeast extract 1-5g
Lactose 125 ¢
Sodium chloride 50¢g
Dipotassium  hydrogen

phosphate 4375 g
Potassium dihydrogen 1-375 g

phosphate
Sodium lauryl sulphate 005¢g
Sodium desoxycholate 0lg
Sodium sulphite 2:lg
Basic fuchsin 105 g

Dissolve the above ingredients in 1 000 ml
of distilled water containing 20 ml of ethyl
alcohol ( 95 percent ). Heat the medium to
boiling point. Do not heat for a long time or
do not submit to steam under pressure. The
final pH should be between 7.1 to 7.3,

3.3.2.6 Procedure — Saturate the pad in a
small petridish with M. Endo broth and place
the filter on it, Remove excessive medium by
tilting. Invert the plates and incubate at 37°C
for 24 hours under humid chamber. All
colonies which produce a dark red colony with
a metallic shine within 24 hour incubation are
considered members of coliform group and
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are counted. The count is made by a low
power stereo microscope,

Coliform colonies
Coliform density counted x 100

( coliforms/100 m! ) = Volume in ml of the

sample filtered
3.3.3 Test for Faecal Coliforms

3.3.3.1 General — This procedure is used to
differentiate coliforms of faecal origin from
those of non-faecal origin. Faecal coliforms are
those coliforms which can ferment lactose at
44°5°C within 24 4 2 hours with the produc-
tion of gas. Use brilliant green bile lactose
broth medium for this test.

3.3.3.2 Subculture all presumptive positive
tubes of the coliform test, at the end of 24 and
48 hours into BGB medium ( see 3.3.1.1c)
and incubate at 44°5°C for 24 hours in a water-
bath, Gas formation within 24 hours is con.
sidered a positive reaction for faecal coliforms.

3.3.4 Test for E. Coli

3.3.4.1 E. Coli is one of the members of
faccal coliforms which ferments lactose with
the production of gas at 44*5°C within 24 hours,
as well as produce indole from tryptophone
at 44'5°C within 24 hours, Subculture from
all the positive tubes of BGB broth at 44'5°C
( faecal coliforms ) into tubes of peptone water,
Incubate at 44-5°C for 24 4- 2 hours. At the
end of the incubation period, test for indole
production by adding a few drops of Kovac’s
reagent. Positive test will give pink colour
while negative test will give yellow colour.

3.3.5 Delayed Incubation Method ( Total coli-
Sforms )

3.3.5.1 General — The delayed incubation
MF method is useful in survey, monitoring or
emergency situations when the single step coli-
form test cannot be performed at the sampling
sitc or when time and temperature limits for
sample storage cannot be met, The advantages
are: a) The method permits confirmation and
biochemical identification of organisms as
necessary; and b) The method eliminates field
processing and equipment needs.

The coliform bacteria can be kept for up to
72 hours with little effect on final counts,
However, it is desirable that the holding period
should be kept to the minimum, The applic-
ability of the delayed incubation procedure for
specific water source should be determined by
comparative test procedures with conventional
methods. The delayed incubation procedure
is not a substitute for the immediate incubation
test and should be used only when other
alternatives are not applicable.

3.3.5.2 Principle — A specific volume of
water sample is filtered through membrane

1511622 - 1581

filter. The filter retaining the micro-organisms
is placed on an absorbent pad saturated with
M-Endo preservative medium or M-Coliform
Holding Broth in a tight-lidded petridish and
transported from field site to the laboratory,
The holding medium maintains the viability
of the coliform organisms and generally does
not permit visible growth during transport. In
the laboratory the filter is transferred to
M-Endo growth medium and incubated at
35°C for 18-24 h. Sheen colonies are counted
as total coliforms/100 ml.

3.3.5.3 Media

a) M-Endo holding medium is prepared
by adding 32 ml of solution benzoate
solution ( 12 percent) per 100 ml of
M-Coliform broth, prepared as given
below. 4 ml of the cycloheximide solu-
tion may be added if required,

i) M-Coliform broth

Tryptone or polypeptone 100 g
Casitone or Trypticase 50g
Lactose 12:5 ¢
Dipotassium  hydrogen 4375 g
phosphate
Sodium laury! sulphate 0075 g
Basic fuchsin 105 g
Thiopeptone or thiotone 100 g
Yeast extract 1'5¢g
Sodium chloride 50g
Potassium dihydrogen 1'375 g
phosphate
Sodium desoxycholate 010 g

Add 48 g of this medium to 1 litre of labor-
atory pure water containing 20 ml of 95 percent
ethanol, Dentured alcohol should not be used.
Heat in boiling water bath for solution. Store
prepared medium in the dark at 4°C, Discard
the unused medium after 96 hours.

ii) Sodium banzoate solution — Dissolve 12 g
of sodium banzoate in about 85 ml of
laboratory pure water, then bring to
100 ml final volume. Sterilize by auto-
claving or filteration, Discard the sclu-
tion after 6 months,

iii) Cycloheximide solution (optional) — Pre-
pare an aquecous solution containing
1-25 grams of cycloheximine/100 ml
laboratory pure water. Store solution
in referigerator and discard after
6 months.

Note — Cycloheximide is used for samples that
have shown problems of overgrowth with fungi. It
is a powerful skin irritant and should be Landled
with care.
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BUREAU OF INDIAN STANDARDS


Program of Work


CHD 13 : Water Quality For Industrial Purposes


Scope: To formulate Indian Standards on terminology, specifications, method of tests, codes of
practices and guidelines for: a. Quality criteria of water for different industries. b. Treatment
of industrial water based on various end uses. c. Issues related to industrial water chemistry
such as scaling, fouling, corrosion and its remedial measures. 


Liaison: 


Published Standards


S.No IS No. TITLE Reaffirm M-Y No. of Amds Eqv.
1 IS 10391 : 1982


Reviewed In : 2022
Code of Practice for Chemical


Cleaning of Boilers
January, 2022 1 Indigenous


2 IS 10392 : 1982
Reviewed In : 2022


Specification for Feed Water and
Boiler Water for Low and Medium


Pressure Boilers


January, 2022 1 Indigenous


3 IS 10496 : 1983
Reviewed In : 2022


Specification Feed Water, Boiler
Water and Condensate for High


Pressure Boilers


January, 2022 1 Indigenous


4 IS 10496 : 2024 Feed Water, Boiler Water, and
Condensate Water for High


Pressure Boilers - Specification
(First Revision)


- Indigenous


5 IS 1069 : 2021 Quality Tolerances for Water for
Storage Batteries - Specification


(Third Revision)


- Indigenous


6 IS 1070 : 2023 Reagent Grade Water Specification
(Fourth Revision)


- Indigenous


7 IS 11671 : 2022 Glossary of Terms Relating to
Boiler Water (First Revision)


- Indigenous


8 IS 11970 : 2023 Guide for Condensate Polishing
Power Plant (First Revision)


- Indigenous


9 IS 12084 : 2018


Reviewed In : 2023


Morpholine - Specification (First
Revision)


November, 2023 1 Indigenous


10 IS 12085 : 2020 Cyclohexylamine for Boiler Water
Treatment - Specification ( First


Revision )


- - Indigenous


11 IS 12086 : 2020 Hydrazine Hydrate - Specification
( First Revision )


- - Indigenous


12 IS 12479 : 2023 Methods for Analysis of Solvent
Systems Used for the Removal of


Water Formed Deposits (First


- Indigenous
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Revision)
13 IS 13119 : 1991


Reviewed In : 2024
Ammonium bifluoride -


Specification
March, 2024 - Indigenous


14 IS 13119 : 2024 Ammonium Bifluoride -
Specification (First Revision)


- Indigenous


15 IS 13268 : 2023 Demineralization Plant-Guidelines
(First Revision)


- Indigenous


16 IS 13624 : 1993
Reviewed In : 2019


Methods of Sampling and Analysis
of Water Formed Deposits -


Guidelines


February, 2019 - Indigenous


17 IS 13643 : 2022 Test for Corrosivity of Solvent
used for Removal of Water


Formed Deposits (First Revision)


- Indigenous


18 IS 14199 : 1995
Reviewed In : 2022


Steam Purity - Methods of
Sampling and Test


January, 2022 - Indigenous


19 IS 15573 : 2018


Reviewed In : 2023


Polyaluminium Chloride (First
Revision)


February, 2023 2 Indigenous


20 IS 1680 : 2022 Code of Practice for Treatment of
Water for Low and Medium


Pressure Land Boilers (Fourth
Revision) 


- Indigenous


21 IS 17394 : 2020 Selection of Chemical Coagulant
and Disinfectant in a Water


Treatment Plant â€” Guidelines


- Indigenous


22 IS 17735 : 2021 Aluminium Chlorohydrate —
Specification


- Indigenous


23 IS 1813 : 1961
Reviewed In : 2019


Code of Practice for Treatment of
Water for Marine Boilers


February, 2019 1 Indigenous


24 IS 1813 : 2024 Treatment of water for marine
boilers - Code of Practice (First


Revision)


- Indigenous


25 IS 201 : 2022 Quality Tolerances for Water for
Textile Industry (Third Revision)


- Indigenous


26 IS 2724 : 2017


Reviewed In : 2022


Quality Tolerances for Water for
Pulp and Paper Industry (First


Revision)


March, 2022 - Indigenous


27 IS 2725 : 2022 Quality Tolerances for Water for
Rayon-Manufacturing Industry


(First Revision)


- Indigenous


28 IS 2859 : 1977
Reviewed In : 2024
Reaffirmed but not


taken up for revision


Code of Practice for Treatment of
Water for Locomotive Boilers


(First Revision)


February, 2024 - Indigenous


29 IS 3328 : 1993
Reviewed In : 2019


Quality Tolerances for Water for
Swimming Pools (First Revision)


February, 2019 1 Indigenous


30 IS 4221 : 2022 Quality Tolerances for Water for
Tanning Industry (First Revision)


- Indigenous


31 IS 4343 : 2023 Code of Practice for Treatment of
Water for High Pressure Boilers


(Second Revision)


- Indigenous


32 IS 4700 : 1968
Reviewed In : 2022


Quality Tolerances for Water for
Fermentation Industry


January, 2022 1 Indigenous


33 IS 7932 : 2024 Boiler Water Treatment
Compounds - Specification


- Indigenous


34 IS 8188 : 1999
Reviewed In : 2020


Treatment of Water for Cooling
Towers - Code of Practice (First


Revision)


October, 2020 1 Indigenous
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35 IS 8914 : 2022 Quality Tolerances for Water for
Vitreous Enamel Industry (Second


Revision )


- Indigenous


Standards under Development


  Projects Approved


SI. No. Doc No. Title
No Records Found


  Preliminary Draft Standards


SI. No. Doc No. Title
No Records Found


  Drafts Standards in WC Stage


SI. No. Doc No. Title
No Records Found


  Draft Standards Completed WC Stage


SI. No. Doc No. Title
1 CHD 13 (24671)    Specification for feed water and boiler water for low and medium pressure boilers First Revision


  Finalized Draft Indian Standard


SI. No. Doc No. Title
1 CHD 13 (25774) Revision


of: IS 13624:1993
  Methods of Sampling and Analysis of Water Formed Deposits - Guidelines First Revision


  Finalized Draft Indian Standards under Print


SI. No. Doc No. Title
No Records Found


Total Published Standards:32  Total Standards Under development:2


  Aspect Wise Report
 Product : 14


 Code of Practices : 13
 Methods of Test : 4


 Terminology : 1
 Dimensions : 0


 System Standard : 0
 Safety Standard : 0


 Others : 0
 Service Specification : 0
 Process Specification : 0


 Unclassified : 0


  Annexure-I :List of Indian Standards Withdrawn/Superseded


SI. No. IS No. & Year Title
1 IS 10127 : 1982   Guidelines for utilization and disposal of solid wastes from coal mining and washery industries
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2 IS 10152 : 1982   Guidelines for utilization and disposal of solid wastes from paper industry


3 IS 10193 (Part 1) : 1982   Limits for ambient air quality Part 1 Sulphur dioxide and particulate matter


4 IS 10693 (Part 1) : 1983   Limits for emission of particulate matter from cement plants Part 1 Kilns


5 IS 10693 (Part 2) : 1987   Limits for emission of particulate matter from cement plants Part 2 Mills


6 IS 11247 : 1985   Limits for emission from iron and steel plants


7 IS 12282 : 1988   Limits for emission for carbon black industry


8 IS 12283 : 1988   Limits for emission from calcium carbide industry


9 IS 13967 : 1993   Environmental management systems


10 IS 1620 : 1961   Methods of test chemical for industrial water


11 IS 1621 : 1963   Methods of sampling of industrial water for physical and chemical tests


12 IS 2296 : 1982   Tolerance limits for inland surface water subject to pollution


13 IS 2488 (Part 1) : 1966
Reviewed In : 1999


  Methods of Sampling and Test for Industrial Effluents Part I


14 IS 2488 (Part 4) : 1974   Methods of Sampling and Test for Industrial Effluents - Part IV


15 IS 2490 (Part 1) : 1981   Tolerance limits for industrial effluents discharged into inland surface waters Part 1 - General
limits


16 IS 2490 (Part 2) : 1974   Tolerance limits for industrial effluents Part 2 - Distillery industry


17 IS 2490 (Part 3) : 1985   Tolerance limits for industrial effluents Part 3 - Tanning industry


18 IS 2490 (Part 4) : 1974   Tolerance limits for industrial effluents discharged into inland surface waters Part 4 - Strawboard
industry


19 IS 2490 (Part 5) : 1974   Tolerance limits for industrial effluents discharged into inland surface waters Part 5 -
Electroplating industry


20 IS 2490 (Part 6) : 1985   Tolerance limits for industrial effluents Part 6 - Dyestuff and dye intermediate manufacturing
industry


21 IS 2490 (Part 7) : 1976   Tolerance limits for industrial effluents discharged into inland surface waters Part 7 - Coke ovens


22 IS 2490 (Part 8) : 1985   Tolerance limits for industrial effluents Part 8 - Phosphatic fertilizer industry


23 IS 2490 (Part 9) : 1977   Tolerance limits for industrial effluents Part 9 - Nitrogenous fertilizer industry


24 IS 2490 (Part 10) : 1985   Tolerance limits for industrial effluents Part 10 - Rubber producing industry


25 IS 3306 : 1974   Tolerance limits for industrial effluents discharged into public sewers


26 IS 3307 : 1977   Tolerance limits for industrial effluents discharged on land for irrigation purposes


27 IS 4733 : 1972
Reviewed In : 1992


  Methods Of Sampling And Test For Sewage Effluents


28 IS 4764 : 1973   Tolerance limits for Sewage Effluents discharged into inland surface waters First Revision


29 IS 5061 (Part 1) : 1978   Guide for treatment and disposal of effluents of pulp paper and board industries Part 1 - For mills
with chemical recovery system


30 IS 5183 : 1977   Guide for treatment of effluents of tanning industry
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31 IS 7453 : 1974   Guide for treatment of effluents of electroplating industry


32 IS 7968 : 1976   Tolerance limits for industrial effluents discharged into marine coastal areas


33 IS 8635 : 1977   Limits for gaseous emission from sulphuric acid and phosphatic fertilizer industries


34 IS 8636 : 1983   Limits for gaseous emission from petroleum refineries


35 IS 8829 : 1978   Guidelines for micrometeorological techniques in air pollution studies


36 IS 9005 : 1978   Limits for gaseous emission from nitric acid and nitrogenous fertilizer industries


37 IS 9233 (Part 1) : 1985   Limit for gaseous emissions from man-made fibre plants Part 1 Cellulose fibres


38 IS 9533 : 1980   Guidelines for selection of methods of urban solid wastes disposal


39 IS 9622 : 1980   Guide for management of solid wastes


  Annexure-II :List of Indian Product Standards


SI. No. IS No. & Year Title
1 IS 10392 : 1982


Reviewed In : 2022
  Specification for Feed Water and Boiler Water for Low and Medium Pressure Boilers


2 IS 1069 : 2021
 ISO/TR 22201-3:2016


  Quality Tolerances for Water for Storage Batteries - Specification Third Revision


3 IS 1070 : 2023   Reagent Grade Water Specification Fourth Revision


4 IS 12084 : 2018


Reviewed In : 2023


  Morpholine - Specification First Revision


5 IS 12085 : 2020   Cyclohexylamine for Boiler Water Treatment - Specification First Revision 


6 IS 12086 : 2020   Hydrazine Hydrate - Specification First Revision 


7 IS 13119 : 2024   Ammonium Bifluoride - Specification First Revision


8 IS 15573 : 2018


Reviewed In : 2023


  Polyaluminium Chloride First Revision


9 IS 17735 : 2021
 ISO 3585:1998


  Aluminium Chlorohydrate Specification


10 IS 2724 : 2017


Reviewed In : 2022


  Quality Tolerances for Water for Pulp and Paper Industry First Revision


11 IS 2725 : 2022
 ISO 17664-1:2021


  Quality Tolerances for Water for Rayon-Manufacturing Industry First Revision


12 IS 3328 : 1993
Reviewed In : 2019


  Quality Tolerances for Water for Swimming Pools First Revision


13 IS 4700 : 1968
Reviewed In : 2022


  Quality Tolerances for Water for Fermentation Industry


14 IS 7932 : 2024   Boiler Water Treatment Compounds - Specification
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Water Quality for Industrial Purposes Sectional Committee , CHD  13

FOREWORD

(Formal clauses shall be  added later)

Indian Standard





 1 - हाइड्रॉक्सीएथिलिडीन 1,1 डाइफोस्फोनिक एसिड

तकनीकी  विशिष्टि 

( पहला पुनरीक्षण )

Indian Standard 

1 – HYDROXYETHYLIDENE 1,1 DIPHOSPHONIC ACID

 Technical  Specification



(पहला पुनरीक्षण )





 SPECIFICATION 

( First Revision )





General information related to product

1-Hydroxyethylidene 1,1 Diphosphonic acid (HEDP) is an organophosphonic acid which is widely used as anti-scaling and corrosion inhibitor. It can chelate with ions of Ca, Mg, Fe, Cu, and Zn ions to form stable chelating compounds. It can dissolve the oxidized materials on these metals’ surfaces also. HEDP shows excellent scale and corrosion inhibition effects under temperature 250℃. HEDP has good chemical and thermal stability and can demonstrate its properties  under high pH value , hard to be hydrolyzed, and does not photo hard to be decompose.d under ordinary light and heat conditions. Its acid/alkali and chlorine oxidation tolerance are better than that of other organophosphonic acids and (salts). HEDP can react with metal ions in water system to form hexa-element chelating complex, with calcium ion in particular. Therefore, HEDP has good antiscale  and visible threshold effects. When built together with other water treatment chemicals, it shows good synergistic effects. It works on principles of inhibition, precipitation and chelation or sequestration. 



Few lines on reason for formulation of standard on this subject

This product 1-Hydroxyethylidene 1,1 Diphosphonic acid (HEDP) HEDP is widelycommonly used for manufacture of cosmetics, water treatment chemicals, dishwashers, soaps, detergents, textile auxiliaries, oil fields etc. This product finds widespread applications for treatment of drinking water, domestic and industrial cleaning, cooling and boiler water treatment. Due to the above reasons and to create awareness This standard is being formulated for information on this product, as a reference for manufacturers and end users.in commercial and domestic consumers, formulation of the standard is required.





Information on considerable assistance drawn from publications if any

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2:2022 ‘Rules for rounding off numerical values (second revision)’. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.








1 SCOPE

This standard prescribes the requirements and the methods of sampling and test for 1-Hydroxyethylidene 1,1 diphosphonic Acid (HEDP).





2 REFERENCE



The following standards contain provisions, which through reference in this text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:



		IS No. 

		Title





		

IS 3025; Part 4 (1983) 2nd Revision.

		Methods for Sampling and Test : (Physical and Chemical) for Water and Waste water. Part: 4 Colour.



		IS 4730 (1994). 1st Revision.

		Methods for Determination of Density of Liquids.



		IS 4309 (1979), Reaffirmed 2004. 1st Revision.

		Methods of Measurement on Direct Reading pH meters.



		IS 3025 (Part 32), 1988. Reaffirmed 2004. 1st Revision.

		Methods for Sampling and Test : (Physical and Chemical) for Water and Waste water. Part: 32 Chloride.



		IS 3025 (Part 53), 2003. 2nd Revision.

		Methods for Sampling and Test : (Physical and Chemical) for Water and Waste water. Part: 53 Iron.



		IS 798, 1986. Method ‘C’. 3rd Revision.

		Orthophosphoric Acid : Specifications.



		IS 3025 (Part 4), 1983. Reaffirmed 2002. 2nd Revision.

		Methods for Sampling and Test : (Physical and Chemical) for Water and Waste water. Part: 4 Colour.



		IS 2088:1983; 3rd Revision.

		Methods for Determination of Arsenic.



		IS 1070:1992. Reaffirmed 2004; 3rd Revision.

		Reagent Grade Water : Specifications







3 REQUIREMENTS



3.1 Description 

The material shall be in the form of Colorless to Pale Yellow Clear Liquid, miscible with all proportion of water.



3.2 The material shall also comply with the requirements given in Table 1 when tested in accordance with the methods prescribed in Annex A. Reference to the relevant Annex A is given in Col 4 of the table.



Table 1 Requirements for 1-Hydroxyethylidene 1,1 diphosphonic Acid



(Clauses 3.2)



		Sl. No.

		Characteristic 

		Requirement

		Method of Test (Ref to C.L. No. in Annex A)



		(1)

		(2)

		(3)

		(4)





       

		Sl.1

		Description

		Colorless to Pale Yellow Clear Liquid

		IS 3025; 

Part 4 (1983)Visual



		12

		Active Acid Content as HEDP %

		60.0   ( Min.)

		A-2Inhouse method.



		23

		Sp. Gravity at 257 °C

		1.440 ±  0.012

		IS 4730 (1994).A-3



		34

		pH ( 1% Ssolution.)

		Less than 2.0 (Max.)

		IS 4309 (1979), Reaffirmed 2004.A-4



		45

		Chloride as Cl %

		0.10  ( Max0.1 (Max.).)

		IS 3025 (Part 32), 1988. Reaffirmed 2004.A-5



		56

		Iron as Fe ppm

		220.0 (Max.   ( Max.)

		IS 3025 (Part 53), 2003.A-6



		67

		Ortho phosphorous acid as H3PO3 %

		2.0 (Max.)1.0  ( Max.)

		Inhouse method.A-2



		7

		Orthophosphoric acid as H3PO4%

		0.40 (Max.)

		IS 798, 1986. Method ‘C’.



		88

		Sequestrationering value at pH – 11 (as CaCO3) mg/gram of product.

		5000.0  ( Min.)

		Inhouse method.A-7



		99

		Color APHA

		450 ( Max.)

		IS 3025 (

Part 4), 1983. Reaffirmed 2002.A-8



		10

		Arsenic Content (as As), ppm.

		10 (Max.)

		IS 2088 : 1983.












4 PACKING AND MARKING



4.1 Packing

The material shall be packed in a 40 kgs / 65 kgs HDPE Carboy, 250 Kgs HMHDPE drums, IBC units and ISO Tanks. UN approved for Oocean Ccarriage.



4.2 Marking 



4.2.1 BIS Certification Marking

4.2.1 Each container shall bear legibly and indelibly the following information: 

a) Name of the material; 

b) Name of the manufacturer and his recognized trade-mark, if any; 

c) Gross and Net mass; 

d) Date of Manufacture; and 

        e) Batch number.

f) Lot number for Export.



4.2.2 BIS Certification Marking

The product(s) conforming to the requirements of this standard may be certified as per the conformity assessment schemes under the provisions of the Bureau of Indian Standards Act, 2016 and the Rules and Regulations framed thereunder, and the products may be marked with the standard mark.

5 SAMPLING



The method of drawing representative samples of the material and the criteria for conformity shall be as prescribed in Annex B.
























































ANNEXURE : A

(Clause 3.2 and Table 1)





METHODS OF TEST FOR 1 – HYDROXYETHYLIDENE 1,1DIPHOSPHONIC ACID

A-1 QUALITY OF REAGENTS 

Unless otherwise specified, pure chemicals and distilled water (see IS 1070) shall be used in tests. 

NOTE : ‘Pure chemicals’ shall mean chemicals that do not contain impurities which affect results of analysis. 

A-2 DETERMINATION OF ACTIVE ACID CONTENT AS HEDP1 – HYDROXYETHYLIDENE 1,1DIPHOSPHONIC ACID %:

A-2.1 The method, is based on estimation of Total Phosphorous content (Organic & Inorganic) by colorimetric method and Inorganic Phosphorus by Iodometry. The organic phosphorous is multiplied by factor get the product purity.



A-2.1 DETERMINATION OF TOTAL PHOSPHOROUS % : PART  A.

A-2.1.1 Reagents



A-2.1.1.1  Ammonium Molybdate tetra hydrate (Solid)



A-2.1.1.2  Ammonium Metavanadate (Solid)



A-2.1.1.3  Hydrogen Peroxide 50% v/v

A-2.1.1.4  Potassium  Dihydrogen Phosphate, KH2PO4 (Solid)

A-2.1.1.5  Iodine Solution 0.1 N

A-2.1.1.6  Standard Sodium Thiosulphate Solution 0.1 N

A-2.1.1.7 Dilute Sodium Bicarbonate Solution. 5 % (m/v)

A-2.1.1.8 Dilute Sulphuric Acid.  25 % (v/v)

A-2.1.1.9 Concentrated Sulphuric Acid. 98% 

A-2.1.2.0 Starch Indicator Solution. 1 % (m/v)



REAGENT PREPARATION :



Preparation of Ammonium Molybdenum Vanadate solution :

Step 1: Dissolve 20.0 gms of Ammonium Molybdate tetra hydrate in 200 ml Distilled water (Solution: A)

Step 2: Dissolve 1.0 gm of Ammonium Metavanadate in 125 ml Distilled water. Cool and add 225 ml of 70% Perchloric Acid. (Solution: B)

Step 3: Gradually add ‘Solution A’ to ‘Solution B’ with constant stirring. Make up to the mark with distilled water in a 1000ml volumetric flask.






STANDARD PHOSPHATE SOLUTION: (1 ml = 0.5 mg. Phosphate)

Preparation of Solution (1 ml = 0.5 mg. PO4):

Weigh accurately 0.716 gms of Potassium Dihydrogen Phosphate, KH2PO4 (previously dried in an oven at 100-110 °C.) and pour it in a 1000ml Volumetric flask. Add about 100ml water and swirl until it dissolves completely. Make up to the mark with distilled water. Shake well to make the solution homogenous.



A-2.1.32  Instrument

A-2.1.32.1  UV Spectrophotometer : Any model of Spectrophotometer capable of producing visible ray of light.



A-2.2 PROCEDURE :



1. Weigh about 1gm of 1-Hydroxyethylidene 1,1 diphosphonic acid sample in 250ml conical flask. 

2. Add 12.5ml Conc. Sulphuric acid and oxidize for 90 minutes on a hot plate or any suitable media. 

3. Let it cool to room temperature.

4. Add 15ml of Hydrogen Peroxide (50%v/v) dropwise and further oxidize for 60 minutes until a clear colorless solution is formed.

5. Let it cool to room temperature.

6. Pour the entire contents of the conical flask in a 1000ml volumetric flask and rinse the conical flask with distilled water.

7. Add all the rinsed water from the conical flask to the volumetric flask and make up to 1000ml.

8. Take 1 ml diluted sample in 100ml volumetric flask and add 25 ml Ammonium Molybdenum Vanadate solution make up to 100ml with distilled water.

9. Standard: To 1 ml of above standard add 25 ml of Ammonium Molybdenum Vanadate solution and make up to 100ml with distilled water.

10. Blank: Same as above without sample.

11. Keep it for 30 min and then take for Absorbance at 400nm.  



A-2.3 CALCULATION :alculation

          	                                                                   		Abs. (S)  x  M (Std.)  x 100  x  30.97     

       a)  Total Phosphorous content %m/m (PART A)   =  ------------------------------------------------------

				 	Abs. (Std.) x M (S) x 95

                                                                                                                 	

 Where,

 Abs. (S)      	=    Absorbance of Sample

 Abs. (Std.)   	=    Absorbance of Standard.

 M (S)       	=    Mass of Sample in mg.

 M (Std.)     	=    Mass of Standard in mg.



A-2.11   DETERMINATION OF ORTHOPHOSPHOROUS ACID (O.P.A) : PART B.

PRINCIPLE :

Orthophosphorous Acid is Oxidized by Iodine to Orthophosphoric Acid. Excess Iodine is titrated with Standard Sodium Thiosulphate Solution.

 H2O  + I2 ----------------   2 HI  + [O]

 H3PO3 + [O] ---------------  H3PO4

 2 Na2S2O3 + I2 ------------ Na2S4O6 + 2 NaI






A-2.22 PROCEDURE

1. Weigh about 1 gm of 1-Hydroxyethylidene 1,1 diphosphonic Acid sample in stoppered iodometric  flask  containing  about  50  ml of distilled water.  

2. Add  50  ml   Dilute  Sodium  Bicarbonate Solution with shaking. 

3. Then add 10  ml  Iodine  Solution by volumetric pipette with constant shaking.   

4. Stopper  the  flask.  Add distilled water on the collar of the flask.  Keep it  for  45  minutes in dark place.  

5. Then give washings of distilled water  to  stopper and collar of the flask.  

6. Add 25 ml. of Dilute Sulphuric  Acid  slowly with constant shaking.  

7. Titrate against Standard  Sodium  Thiosulphate  Solution. 

8. When solution becomes pale yellow add Starch as  indicator.   

9. End point will be blue to Colourless.  Carry out a blank with reagents. 



A-2.33 Calculation

                                                  		  			(B1 - V1) x N1 x 4.1

Ortho Phosphorous Acid Content (O.P.A.), % m/m. (PART B) = 	--------------------------

                                             	     					M

Where

B1  =  Volume in ml of Standard Sodium Thiosulphate Solution required for blank titration.

V1  = Volume in ml of Standard Sodium Thiosulphate Solution required for titration of material.

N1  =  Normality of Standard Sodium Thiosulphate Solution.

M   =  Mass in gram of the material taken for the test.



PART B - DETERMINATION OF ORTHOPHOSPHOROUS ACID (O.P.A)

METHOD II

PRINCIPLE :

Orthophosphorous Acid is Oxidized by Iodine to Orthophosphoric  Acid. Excess Iodine is titrated with Standard Sodium Thiosulphate Solution.



H2O  + I2 ----------------   2 HI  + [O]

H3PO3 + [O] ---------------  H3PO4

2 Na2S2O3 + I2 ------------ Na2S4O6 + 2 NaI



REAGENTS :

Iodine Solution 0.1 N

Standard Sodium Thiosulphate Solution 0.1 N

Acetic Acid 1:1

HCl 1:1

NaOH 20%

Buffer Solution 

(138 gm sodium dihydrogen orthophosphate in 800 ml distilled water adjust pH=7.3 with 20% NaOH dilute to 1 litre).

Starch Indicator Solution. 1 % (m/v)



PROCEDURE :

Weigh accurately 2 gm sample in Iodometric flask (250 ml).  Add 25-30 ml distilled water and add 25 ml of buffer solution (PH7.3) to adjust pH to add 0.1N Iodine as per demand with interval of 10 ml.   Keep flask in dark for 30 min. 

After 30 minutes add 30 ml 1: 1 Acetic Acid and titrate the solution with 0.1N Sodium thiosulphate till the brown colour becomes faint.  Then add starch indicator (5ml). Solution will turn to blue colour. 

Titrate against 0.1N Na2S2O3 till the blue colour disappears.  Note down the reading.(B) 

Carry out blank without sample. Note down the reading. (A)



CALCULATION :

                                                  			

	 	      

                                      Blank (A) – Burette Reading (B)x N of Sodium thiosulphate  x 41 x 100

H3PO3 content % =           ---------------------------------------------------------------------------

			                               1000 x wt of the sample	





A-2.3 DETERMINATION OF ACTIVE CONTENT AS HEDP % : PART C.



Calculation

(from Part B) Ortho Phosphorous Acid Content (O.P.A.) % x 0.3776 = Part D

Organic Phosphorus % = Total Phosphorus (from Part A) - (from Part D).  

HEDP % (Part C) = Organic Phosphorus x 3.3225.





A-3 DETERMINATION OF SPECIFIC GRAVITY 

Refer IS method: IS 4730 (1994).



A-3.1 Apparatus

A-3.1.1 Glass cylinder 100 ml capacity

A-3.1.2 Certified Hydrometer Class A	

A-3.2 Procedure

Take a dry 100 ml capacity Glass cylinder and fill with 1-Hydroxyethylidene 1,1 diphosphonic Acid. Take a Certified Hydrometer Class A having range of 1.400 to 1.500 and insert in the glass cylinder. 

After the hydrometer gets stable take reading of specific gravity also note down the temperature.



A-3.3 Calculation

A-3.3.1 None





A-4  DETERMINATION OF pH 



Refer IS method: IS 4309 (1979), Reaffirmed 2004.










A-4.1  Instrument

A-4.1.1  pH Meter 

A-4.2 PROCEDURE

1. Take 1.0 gm sample of 1-Hydroxyethylidene 1,1 diphosphonic Acid  in 250 ml beaker. 

2. Add 100 ml distilled water. 

3. Mix it properly and Check the pH of the above solution on calibrated pH meter.

4. Record the reading after the display is constant.





A-5  DETERMINATION OF CHLORIDE CONTENT

Please refer : IS 3025 (Part 32) 1988; Reaffirmed 2004.

Sample quantity can be decided based on Chloride content of the sample from Historical results.

A-5.1.1 Reagents :

A-5.1.1.1  Standard Silver Nitrate solution - 0.1 N

A-5.1.1.2 Nitric acid solution - 2.0 N



A-5.1.2 Apparatus :

A-5.1.2.1 Autotitrator

A-5.1.2.2 Electrode (6.0404.100 combined massive Ag electrode)

A-5.1.2.3 Magnetic stirring bar



A-5.2  TENTATIVE FILE PARAMETERS FOR TITRIMETRIC ANALYSIS :

          

          >Titration parameters     

          -Measureable Point Density    4

          -Minimum Increment             10 ul

          -Titration rate                        	Max. ml./min.

          -Signal drift                     	50 mV/min.

          -Equilibrium time            	26 s

          -Start Volume                        	OFF

          -Pause                             	0 s

          -Measurable input                  1

          -Temperature                  	25° C.

          >Stop Conditions           	Relative.

          -Stop Volume		30 ml.

          -Stop U                            	OFF MV

          -Stop End Point                      	1 

          -Filling rate                      	Max. ml./min.

          >Statistics

          -Status                            	OFF

          >Evaluation

          -EPC                                	5

          -EP recognition               	All

          -Fix EP1 U                      	OFF MV

          -PK/HNP                         	OFF

         >Preselection

          -Req. ident.                      	id1

          -Req. sample. size           	Value

          -Activate pulse                	OFF







5.0  PROCEDURE : 



5.1     Weigh  accurately about 50  gm. of the sample in a  100  ml. glass   beaker add 50 ml D.I. water.  Add 2 ml. (2N.)  HNO3 solution. Insert the magnetic stirring bar in the beaker and keep it on magnetic swing out stirrer.



5.2     Take 0.1 N. AgNO3 burette set of Autotitrator.    



5.3     Wash electrode and burette tip with D.I. water and clean with moist cloth.



5.4      Insert the electrode and burette tip into sample beaker with precaution that magnetic stirring bar will not touch to  the electrode and burette tip. 



5.5     Switch  on  the  stirrer  and  stir  a  sample  in  solvent   (D.I. Water) for 2 min. before titration.



5.6 Switch  on  the Autotitrator and operate  on  keyboard, Press user  method, recall    method enter and select 'Chloride'  file in method name and enter. Check parameters of Chloride  file  and then proceed. 



5.7 Press  start key, give identification Batch No./ Ch. No.  and enter.



5.8 Give  sample  size i.e. actual wt. taken of sample  in  gm. & enter, titration will start automatically. After completion of titration results are displayed  &  also printed   on  paper.(keep the printer on.)



5.9    Calculations   are  based  on  following  formula   fed   to  Autotitrator.








A-5.2 PROCEDURE :  

Weigh  about 50  gm. sample of 1-Hydroxyethylidene 1,1 diphosphonic Acid  in a  clean and dried 250 ml. glass beaker. 

Add 50 ml D.I. water for dilution.  

Add 2 ml of 2N HNO3  solution. 

Insert the magnetic stirring bar in the beaker, and keep it on magnetic swing out stirrer. 

Take 0.1 N. AgNO3 burette set of Autotitrator. 

Wash electrode and burette tip with D.I. water and clean with moist cloth.

Insert the electrode and burette tip into sample beaker with precaution that magnetic stirring bar will not touch to the electrode and burette tip. 

Switch  on  the  stirrer  and  stir sample in solvent (D.I. Water) for 2 min. 

Before titration, Switch  on  the Autotitrator and operate through the  keyboard, Press user  method to select the method and recall. 

Select the appropriate file in method name and enter. 

Check parameters as mentioned above in the method file and then proceed after verification. 

Press start key, give identification Batch No. and enter.

Give sample size i.e. actual wt. taken of sample in gm. and enter, titration will start automatically. 

After completion of titration results will be displayed. 

Print the results if a printer is attached to the autotitrator, or note manually.

Calculations   are  based  on  following  formula   fed   to  Autotitrator.



A-5.3  CALCULATION   : 

                                                  

                                 	         		EP1 x CO1 x CO2 

          Chloride as Cl, % by mass.	=     ----------------------------    

                                   				COO         

                                               

Where, 

EP1 = Volume in ml. delivered from burette tip for titration.

CO1 = Concentration of 0.021 N. Silver Nitrate solution.

CO2 = Factor for Chloride = 3.546   

COO = Weight of sample.      

          








A-6  DETERMINATION OF IRON (as Fe)         

Please refer: IS 3025 (Part 53); 2003.  

A-6.1.1 Reagents

A-6.1.1.1 Concentrated Sulphuric Acid AR

A-6.1.1.2 Dilute Thioglycolic Acid 10 % (v/v)

A-6.1.1.3 Ammonia Solution AR

A-6.1.1.4 Ammonium Ferric Sulphate. AR [NH4Fe(SO4)2.12H2O ]

A-6.1.1.5 Dilute Hydrochloric Acid  1:1 (v/v).

A-6.1.1.6 Concentrated Hydrochloric Acid AR.

A-6.1.1.7 Dilute Citric Acid Solution 20 % (m/v)

A-6.1.1.8 Standard Iron (Fe) Solution [1 ml = 0.02 mg. of Fe

A-6.1.1.9 Perchloric Acid (70.0 %) AR / GR.

Preparation of Stock Solution [1 ml = 1 mg. of Fe.]

Weigh  accurately  8.64  gm.   Ammonium  Ferric Sulphate in  beaker. dissolve  it in 100 ml.  concentrated hydrochloric  Acid.   Transfer this solution in 1 ltr. volumetric flask.  Then dilute it up to  the mark with distilled water.

 Preparation of Standard Solution [1 ml  =  0.02 mg. of Fe.]

Pipette  out  20  ml.  of above stock solution of  Iron  in  1  Ltr. Volumetric flask. Dilute it up to the mark with distilled water. 

A-6.2 PROCEDURE :



PREPARATION OF SAMPLE SOLUTION : 



1. Weigh  about 5  gm  sample of 1-Hydroxyethylidene 1,1 diphosphonic Acid in a 250 ml conical flask and about 25 ml of distilled water.

2. Add 2.5 ml of concentrated Sulphuric Acid and 5ml of  Perchloric  Acid.  

3. Add few glass beads and oxidize it on hot plate.

4. Continue oxidation and observe that the solution changes to yellow color initially. 

5. Continue heating till yellow color disappear.

6. Allow it to cool to room temperature.

7. Add small quantities of water to rinse the conical flask and transfer the  entire solution  into  100  ml  volumetric  flask. Gradually add 5 ml of dilute Hydrochloric  Acid,  followed by 2 ml of dilute Citric acid Solution and 5 ml of dilute Thioglycolic Acid.

8. Finally add 25% v/v Ammonia  Solution  while  stirring  until the solution becomes Alkaline. (Visually check using a Litmus Paper).  

9. Make up the volume to 100 ml with distilled water. 

10. For development of color, allow the sample solution to stand for 45 min.






PREPARATION OF STANDARD SOLUTION : 



1. Take 1 ml standard solution of Fe (1 ml = 0.02 mg of Fe) in a 100 ml volumetric flask and add 25 ml distilled water.

2. Gradually add 5 ml of dilute Hydrochloric  Acid,  followed by 2 ml of dilute Citric acid Solution and 5 ml of dilute Thioglycolic Acid.

3. Finally add 25% v/v Ammonia Solution while stirring until the solution becomes Alkaline. (Visually check using a Litmus Paper).  

4. Make up the volume to 100 ml with distilled water. 

5. For development of color, allow the standard solution to stand for 45 min.



PREPARATION OF REAGENT BLANK SOLUTION: 



1. Take 25 ml of distilled water.

2. Gradually add 5 ml of dilute Hydrochloric Acid,  followed by 2 ml of dilute Citric acid Solution and 5 ml of dilute Thioglycolic Acid.

3. Finally add 25% v/v Ammonia  Solution  while  stirring  until the solution becomes Alkaline. (Visually check using a Litmus Paper).  

4. Make up the volume to 100 ml with distilled water. 

5. For development of color, allow the Reagent blank solution to stand for 45 min.



6. After 45 minutes of standing, take the reagent blank, standard and sample solutions for analysis.

7. Switch on the UV Spectrophotometer and allow it to stabilize and then set wavelength to 535 nm.

8. Using the reagent blank, set the absorbance of the UV Spectrophotometer to Zero. 

9. Take the reading of standard and sample solutions and record the readings. 



A-6.3 CALCULATION :

                             	         Absorbance of Sample x Weight of Standard (in mg) x 100 x 10000

Iron (as Fe), in ppm =  -----------------------------------------------------------------------------------------

                                      	                 Absorbance of Standard x Weight of Sample (in mg) 	

A-6 DETERMINATION OF IRON ( as Fe )     ( Method I)      



1.0   	PRINCIPLE :

 In ammonical medium, ammonium thioglycolate reacts with ferric ion to  yield a soluble red, purple anionic complex (Fe (OH) (SCH2COO)2.  The  reaction  is carried out in alkaline medium.  Precipitation of  metal  hydroxides is prevented by addition of citrate.



2.0   	REAGENTS :

2.1   	Concentrated Sulphuric Acid AR

2.2  	Dilute Thioglycolic Acid 10 % (v/v)

2.3   	Ammonia Solution AR

2.4   	Ammonium Ferric Sulphate. AR [NH4Fe(SO4)2.12H2O ]

2.5   	Dilute Hydrochloric Acid  1:1 (v/v).

2.6   	Concentrated 

2.7   	Dilute Citric Acid Solution 20 % (m/v)

2.8   	Standard Iron (Fe) Solution [1 ml = 0.02 mg. of Fe.]



2.9.1 	Preparation of Stock Solution [1 ml = 1 mg. of Fe.]

Weigh  accurately  8.64  gm.   Ammonium  Ferric Sulphate in  beaker. dissolve  it in 100 ml.  concentrated hydrochloric  Acid.   Transfer this solution in 1 ltr. volumetric flask.  Then dilute it up to  the mark with distilled water.

2.9.2 	Preparation of Standard Solution [1 ml  =  0.02 mg. of Fe.]

Pipette  out  20  ml.  of above stock solution of  Iron  in  1  Ltr. Volumetric flask. Dilute it up to the mark with distilled water. 

2.10  	Perchloric Acid (70.0 %) AR / GR.





3.0 PROCEDURE :

3.1 	SAMPLE : Weigh  accurately about 5  gm of sample in 250 ml conical flask and about 25 ml of distilled water.   Add 2.5 ml of concentrated Sulphuric Acid and  5  ml  of  Perchloric  Acid  Add  few  glass beads  and  oxidize  it  on  hot  plate  till  the  solution  becomes first yellow colour appear, continue heating till yellow colour diappear.   Cool it.  Add little quantity of water & transfer  the  solution  into  100  ml  volumetric  flask. Add gradually 5 ml. dilute Hydrochloric  Acid,  2 ml.  dilute citric Acid Solution, 5 ml. dilute Thioglycolic Acid  and add  Ammonia  Solution  while  stirring  till  the  solution  becomes Alkaline  (Check with Litmus Paper).  Then make the volume to 100  ml. with distilled water. Allow to stand for 45 min.



STANDARD : Take 1 ml standard  ( 1 ml = 0.02 mg of Fe )   in separate 100 ml volumetric flask. Add 25 ml distilled water. .Add gradually 5 ml. dilute Hydrochloric  Acid,  2 ml.  dilute citric Acid Solution, 5 ml. dilute Thioglycolic Acid  and add  Ammonia  Solution  while  stirring  till  the  solution  becomes Alkaline  (Check with Litmus Paper).  Then make the volume to 100  ml. with distilled water. Allow to stand for 45 min.



3.2 Blank procedure as above without sample



After 45 min. check the absorbance of sample solution & std against 100 % transmittance of blank reagent at 535 nm on spectrophotometer Or UV spectrophotometer. 





4.0   	CALCULATION :



                             	               O.D. of Sample X Wt of std (mg) X 100 X 10000

Iron (as Fe), ppm  =     ----------------------------------------------------------------

                                      	                  O.D of Std X Wt of Sample (mg) 	









A-6- DETERMINATION OF IRON (as Fe)     (Method II)      



		

Apparatus and equipments:          

(1) Spectrophotometer

(2) Glass Cuvettes

(3) pH meter

(4) 150 ml beaker

(5) 100 ml volumetric flask.



Reagents:          

1.5 % O-Phenanthroline in absolute Alcohol, 20% Hydroxylamine Hydrochloride in distilled water, 1:1 HCl, 1:1 NH4OH, AR – Grade Ferric Ammonium Sulphate.



Procedure:       (A) Calibration Procedure for Iron

01. Standard Iron Solution: - Weigh accurately 0.864g AR FAS and add 10 ml conc. HCl dilute to 1 liter in volumetric flask up to the mark with distilled water.  This solution corresponds to 1ml = 0.1mg Fe. (i.e.100ppm) OR transfer 10 ml BDH Ferric Chloride standard solution (1000 ppm) to 100 ml, vol. Flask and make up to the mark with de-ionized water (1ml = 100 mg Fe.)

02. Using a micropipette add 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0, 2.5 ml of either Fe standard Solution into separate 150 ml Glass beakers. (These solution represent 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0 and 2.5 mg/ml Fe. Add approx 50 ml distilled water to each beaker. Adjust pH to 1.6 – 2.0 by 1:1 HCl.

03. Add 2.0 ml 20% Hydroxylamine Hydrochloride & 2.0 ml 1.5% O-Phenanthroline and mix thoroughly.

04. Adjust pH to 5.5 using 1:1 NH4OH solution.  Heat each solution gently to the boil, and     let the solution boil for 20-25 minutes.

05. Cool each sample for 15 mins. Then transfer carefully without loss to 100 ml    volumetric flask.  Cool in a 20oC water bath.  Dilute to the mark with distilled water and measure the Absorbance @ 510 nm.

06. Blank determination: Repeat the above steps omitting the standard iron solution. Use this solution to set the UV Spectrophotometer at 0.00 Absorbance. @ 510 nm Wavelength.

07. Measure the Absorbance of each standard solution of Iron & plot a graph of abs(y) v/s concentration (mg/ml of iron solution) & find out the Factor of solution.

08. Measure the Absorbance of each standard solution of Iron & plot a graph of concentration (X-Axis) v/s absorbance(Y-Axis) & find out the Factor of solution 






                                                             Absorbance (Y2 – Y1)              

                                                Slope = ------------------------------------

                                                                 Concentration (X2 – X1)   

                

                                                 1 

                       Factor = ------------------   

    			  Slope

   	

      												

(B) Determination of Iron content in Sample 

   

01. Weigh accurately in a 150 ml beaker 2.00 + 0.1 gm of sample and add approximately 25 ml of distilled water.

02. Adjust the pH of the solution to less than 2.0 with 1:1 HCl

03. Add 2.0 ml of 20% hydroxylamine hydrochloride and 2.0 ml of 1.5% O- Phenanthroline solution and mix thoroughly.

04. Adjust the pH to 5.5 with 1:1 NH4OH.  Rinse the electrode with a minimum of distilled water. Adjust the total volume of beaker to 80 – 90 ml by distilled water. Heat the solution gently to the boiling and boil for 25 minutes. The heat will accelerate the Colour development to the maximum intensity and will show less change with time. 

05. Allow the solution to cool for about 15 minutes or until the solution has reached room    temperature. Transfer the cooled solution quantitatively to 100 ml volumetric flask & dilute to the mark. (If you found slight turbidity, you may warm the solution and dilute to the mark and take reading immediately.) 

06. Prepare a blank solution by repeating the above procedure but omitting sample. Use this to set zero Absorbance for UV Spectrophotometer @ 510 nm.

07. Measure the concentration (i.e. Absorbance X Factor) of the sample.

08. Clean the Spectronic cuvette with sufficient amount of water, wipe it with a tissue paper and replace in the Cuvette stand after use.

                      

	

                                                  	



Calculations:      			                                Conc. of Fe x 1000

		               Iron (Fe) content in ppm   =      ------------------------  	

                                   		                                              wt of sample

				

			(Conc. of Fe= Absorbance X factor of solution)



Results:  		Express the results as ppm Fe in the sample.
















A-7  DETERMINATION OF SEQUESTERING VALUE :

A-7.1  	REAGENTS 

A-7.1.1 Dilute Sodium Carbonate Solution 2 % (m/v).

A-7.1.2 Standard Calcium Acetate Solution 0.25 M.

A-7.1.3 Sodium Hydroxide Solution 1.0 N.

A-7.1.4 Acetic Acid Solution 1.0 N.



A-7.2    PROCEDURE :

Weigh about 1.0 gm sample in a 250 ml beaker.

Dissolve  it  in  50  ml  of distilled water and  adjust  the  pH  with  1.0 N Sodium  Hydroxide Solution to 8.0

Add 10 ml of Dilute Sodium Carbonate Solution.   

Adjust to pH 11 with 1.0 N Sodium Hydroxide Solution.

Make up the total volume with distilled water to about 100 ml. 

Titrate with 0.25M Standard Calcium Acetate, taking care to add the titrant solution in increments of 0.5ml.   

While adding 0.25M Standard Calcium Acetate to the sample do not stir the solution.   

After each incremental addition of 0.5ml 0.25M Standard Calcium Acetate, stir the solution well.

During the titration observe the pH and maintain it at 11, by addition of 1.0N Sodium Hydroxide Solution.

End point is achieved through the appearance of a distinct and permanent turbidity in the solution.

Carry out a parallel blank, with 100ml distilled water and all the reagents and procedure.

A-7.3 CALCULATION :                                            

                                                                                (V - B ) x Mo x 100

Sequestering value at pH 11        =          ----------------------------------------------

                               					M



Sequestering value at pH 11 is milligrams of Calcium Carbonate (CaCO3) sequestered per gram of product.

 Where,

V  =  Volume in ml. of Standard Calcium Acetate Solution required for the titration of the material.

B  = Volume in ml. of Standard Calcium Acetate Solution required for the blank titration.

Mo =  Molarity of Standard Calcium Acetate Solution. 

M  =  Mass in grams of the material taken for the test.  








A-8  DETERMINATION OF COLOR APHA

Please refer: IS 3025 (Part 4), 1983. Reaffirmed 2002.



A-8.1  	REAGENTS 

A-8.1.1 Potassium chloroplatinate (K2PtCl6) AR/GR     

A-8.1.2 Cobalt chloride (CoCl2.6H2O) AR/GR

A-8.1.3 Hydrochloric Acid AR/GR



REAGENTS PREPRATIONS

PREPARATION OF STANDARD STOCK SOLUTION:    

Take accurately 0.1245 gm. Potassium Chloroplatinate in  100 ml clean and dry volumetric flask.

Add accurately 0.1 gm Cobalt chloride & 10 ml concentrated HCl in the same volumetric flask.

Dissolve it completely. 

Make up the solution to 100ml by distilled water.

Dilute  the  stock  solution  as  required  for  the  color standard which is to be matched.



		APHA COLOUR STANDARDS       

		STOCK SOLUTION, ml

		WATER, ml





		5

		1

		99



		10

		2

		98



		15

		3

		97



		20

		4

		96



		25

		5

		95



		30

		6

		94



		35

		7

		93



		40

		8

		92



		50

		10

		90



		60

		12

		88



		70

		14

		86



		100

		20

		80



		150

		30

		70



		200

		40

		60



		250

		50

		50



		300

		60

		40



		400

		80

		20



		500

		100

		0









A-9  DETERMINATION OF ARSENIC CONTENT

Please refer: IS 2088: 1983.

A.8.1 APPARATUS:



A.8.2.1 Volumetric flask (100 ml) capacity

A.8.2.2 Nessler tube (50 ml) capacity



A-8.2 PROCEDURE

Take  the sample  in  one Nessler tube and standard color solution in another tube. 

Visually check, the nearest APHA value of the sample matching with the standard.

Record the APHA value of the sample.



A-8.3 CALCULATION

       

A-8.3.1 NONE





A-9 DETERMINATION OF ARSENIC (as As)              

1.0   	PRINCIPLE :

Degrade  the  sample  with  cooled  distilled  water, acidify  the degraded  sample  with hydrochloric acid, and then  add  potassium iodide  &  stannous  chloride   to   obtain arsenic .Reduce  the resulting  pentavalent arsenic to trivalent arsenic, add  zinc to generate  arsenic  hydride, absorb the generated  arsenic  into  a solution of Silver Diethyldithiocarbamate & Brucine in chloroform, and  determine  the absorbance of the reddish  purple  solution produced.

2.0   	REAGENTS :

2.1    	Concentrated Sulphuric Acid AR.

2.2    	Saturated Ammonium Oxalate Solution.

2.3    	Potassium Iodide Solution (20 % m/v) Freshly prepared

2.4    	Lead Acetate solution (10 % m/v)

2.5    	Stannous Chloride Solution (4 % m/v)

Dissolve 4 Gram Stannous Chloride in concentrated Hydrochloric Acid. &  transfer  all  solution in 100  ml  volumetric  flask. Dilute  the  solution up to the mark with concentrated Hydrochloric Acid.

2.6    	Dilute Hydrochloric Acid Solution (1:1)

2.7    	Zinc pallets.

2.8    	Chloroform AR/GR

2.9    	A solution of Silver Diethyldithiocarbamate

Dissolve 0.25 gram of Silver Diethyldithiocarbamate & 0.1 gram of Brucine in Chloroform. Transfer all solution in 100 ml volumetric flask. . Dilute the solution up to the mark with Chloroform.

2.10   Standard Arsenic Solution (1ml = 0.005 mg)

Preparation of Stock Solution (1 ml = 0.1 mg)

Dissolve 0.132 gram of Arsenic Trioxide in Sodium Hydroxide Solution (0.1  N),&  add distilled water to make 500 ml .Next  add  Sulphuric Acid Solution (0.1 N) to make the solution Slightly acidic. Transfer this solution in 1000 ml of volumetric flask. And dilute it upto the mark with distilled water. Shake well.



Preparation of Working Standard Solution (1 ml = 0.005 mg)

Pipette out 5 ml of above stock solution of Arsenic in a 100 ml volumetric flask. Dilute it up to the mark with distilled water.  



3.0   	PROCEDURE :

Weigh  accurately about 1 gram sample in a conical flask  containing 25  ml distilled water. Add 10 ml Concentrated Sulphuric Acid,10  ml Saturated Ammonium Oxalate Solution .Heat the solution until a  fume of  sulphuric Acid is produced. cool it to room  temperature. Transfer the  solution  into bottle which is used for generation  of  Arsenic Hydride .This bottle marked as `A'.

Similarly carry out all abovementioned procedure in another conical flask  as  a  reagent  blank using  the  same  reagent  but  without sample. The concentrated solution transfer into another bottle  which is used for generation of Arsenic Hydride. This bottle marked as `B'.  

Pipette out 2 ml of Standard Arsenic Solution (1 ml =0.005 mg as As) in a  third bottle which is used for generation of Arsenic  Hydride.Add about  25  ml of distilled water & 10 ml of  Concentrated  Sulphuric Acid.This bottle marked as `C'.

To  each  bottle(Marked as `A',`B',`C') add 40 to  50  ml  distilled water, 2 ml of Hydrochloric Acid Solution (1:1), 15 ml of  Potassium Iodide Solution 20 %(m/v)   &  5 ml of solution of Stannous Chloride Solution 4 %(m/v).Shake the bottle gently and allow to stand for  10 minutes.

Put  about 3.0 grams of Zinc quickly in all bottles &  then  Connect the bottles for generation of Arsenic hydride & an aboserber tube of Arsenic   hydride   containing  5  ml  of  a  solution   of   Silver Diethyldithiocarbamate. The  cotten plug( previously soaked  in  Lead Acetate  Solution  & then dried) kept _”in one end  of  absorber  tube which is to be connected to a bottle.   

Place  the bottles in waterbath at about 25 °C & allow to stand  for about one hour.	

Absorb  the  resulting  arsenic hydride into a  solution  of  silver Diethyldithiocarbamate and  produce a colour. Transfer this solution of silver diethyldithiocarbamate  in 10 ml volumetric flask & dilute upto the mark with chloroform.   

Adjust  the  spectrophotometer to read zero optical density  (100  % transmittance) at 510 nm with the reagent blank solution. Measure the optical  density  (or percent transmittance) of standard  &  sample arsenic solution.



4.0   	CALCULATION :

                           	O.D.(s)         M (std.)            

Arsenic Content, = -------------- x -------------  x  100  x  10000

ppm                  	 O.D.(std.)      M (s)



 Where,

 O.D.(s)     =  Optical density of sample.                             

 O.D.(std.) =  Optical density of standard.

 M (std.)    =  Mass of standard in mg.

 M (s)        =  Mass of sample in mg.

                                                   










ANNEX B 

( Clause(Clause 5 )5) 

SAMPLING OF 1 – HYDROXYETHYLIDENE 1,1DIPHOSPHONIC ACID

B-1 GENERAL REQUIREMENTS 

For general requirements of sampling, the methods given in IS 8883 may be followed. 

B-2 SCALE OF SAMPLING 

B-2.1 Lot 

In any consignment, all the drums, carbuoys car containers of the same size and of the same batch of manufacture shall constitute a lot. If a consignment is known to consist of different batches of manufacture or different sizes of containers, the containers belonging to the same batch and same size shall be grouped together and each such group shall constitute a separate lot. 

B-2.2 For ascertaining the conformity of the material in a lot to the requirements of this specification, tests shall be carried out for each lot separately. For this purpose, the number of containers to be selected from a lot shall be in accordance with Table 2.

Table 2 Scale of Sampling

( Clause B-2.2 )2.2) 

___________________________________________________

		Sl.l No. 

		Lot Size 

		Number of r Containers /Carbuoys/ Drums to be Selected 





		(1) 

		   (2) 

		(3) 



		i) 

		Up to 20 

		3 



		ii) 

		21 to 50 

		4 



		iii) 

		51 to 100 

		5 



		iv) 

		100 and above 

		6





____________________________________________________



_____________________________________________________





B-2.3 The containers shall be selected from the lot at random and in order to ensure the randomness of selection, the method given in IS 4905 may be followed. 



B-3 CRITERIA FOR CONFORMITY 

B-3.1 The material shall be visually examined for the requirements given in 3.1 of this standard. 

B-3.2 From each of the containers selected, adequate material shall be collected for determining the assay percentage. 

B-3.3 On the basis of the test results of all the containers, the average (X) and range (R) shall be calculated as follows: 



                         Sum of the test result

Average (X) = -------------------------------

                           Number of tests



Range (R) =   Difference between the maximum and the minimum of the test results.









		                         Sum of the test result

Average (X) = -------------------------------

                           Number of tests 





		

Range (R) =   



		

Difference between the maximum and the minimum of the test results. 









B-3.4 The lot shall be declared as conforming to the requirements of this standard, if: 

X ― 0.6 R > the minimum requirements as given in Table l.











--End of Document--
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To,

Ms. Shubhanjali Umrao

Scientist "C"

Member Secretary 

CHD 13, Water Quality for Industrial Purpose.

Bureau of Indian Standards

9 Bahadur Shah Zafar Marg 

New Delhi-110002



Sub. : Joint Submission of Draft Indian Standard for 1-Hydroxy ethylidene 1, 1 diphosphonic acid (HEDP)

CAS: 2809-21-4.



Respected Madam,

We are sending herewith the details required by BIS for Draft Indian Standard for product 1-Hydroxy ethylidene 1,1 diphosphonic acid. (HEDP); CAS : 2809-21-4.

1. Manufacturing Base/User Industries of the chemical in India in following format:



		Product

		Manufacturing Firm

		Name of Experts from firm

		Email

		Contact Details



		1 – Hydroxy ethylidene 1,1 diphosphonic acid. (HEDP)

CAS : 2809-21-4

		Aquapharm Chemicals Private Limited

Plot No. K2/4, K3/1, K3/2 &K3/3,

Additional Mahad Industrial Area
M.I.D.C., Mahad, Dist. Raigad - 402302,
Maharashtra

		Mr. Sanjay Jadhav

		jadhav.s@aquapharm.net

		9850583966



		

		

		Dr. Deepak Rane

		rane.deepak@aquapharm.net

		9869529609



		

		M/s. 

Excel Industries Limited

D-9 , Lote Parashuram, Industrial Area, Taluka Khed, Dist. Ratnagiri, Maharashtra 415722, Maharashtra

		Dr. Krishnendu Sil

		krishnendu.sil@excelind.com

		9860237331



		

		

		Mr. Balkrishna Phuke

		balkrishna.phuke@excelind.com

		7721083649





 



2. Information regarding Testing Facilities in India for the specified product along with the parameters they test.

		Testing Facility

		Parameter it test



		Adarsh Scientific Research Centre and Testing Lab Pvt. Ltd.

C/o. D.D. Vispute College of Pharmacy, Gut. No. 104, 

Devad – Vichumbe, New Panvel, Dist. Raigad 410206.



Email : asrctl@gmail.com; Telephone : 9833193902.



Accreditations: 

FSSAI, NABL (TC-10632); FDA (Form 37); FDA Cosmetics (Cos-23); 

BIS (OSL-7175806).

		Their facility is capable for analysis of Chemicals, Food and Pharmaceuticals.



All the parameters mentioned in the Draft Document, can be analysed here.





 

Hope to get your feedback soon.



Regards

Mr. Sanjay Jadhav and Dr. K.Sil
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OECD GUIDELINES FOR THE TESTING OF CHEMICALS 
 


Vapour Pressure 
 
 
INTRODUCTION 
 
1. This guideline is a revised version of the original Guideline 104 which was initially adopted in 
1981 and subsequently updated in 1995.  One additional method, Effusion method: isothermal 
thermogravimetry, is included in this version.  The original guideline was developed based on the EC 
method “Vapour Pressure” published in 1992 (1) and in 2001 an additional method designed for chemicals 
with very low pressures (down to 10-10 Pa) was proposed by BASF.  In the light of needs for methods 
especially in relation to obtain vapour pressure for substances with low vapour pressure, other methods of 
this guideline are re-evaluated with respect to other applicability ranges. 
 
INITIAL CONSIDERATION 
 
2. At the thermodynamic equilibrium, the vapour pressure of a pure substance is a function of 
temperature only.  The fundamental principles are described elsewhere (2) (3). 
 
3. No single measurement procedure is applicable to the entire range of vapour pressures from less 
than 10-10 to 105 Pa.  Eight methods for measuring vapour pressure are included in this guideline which can 
be applied in different vapour pressure ranges.  The various methods are compared as to application and 
measuring range in Table 1.  The methods can only be applied for compounds that do not decompose under 
the condition of the test. In cases where the experimental methods cannot be applied due to technical 
reasons, vapour pressure can also be estimated and a recommended estimation method is set out in the 
Annex. 
 
DEFINITIONS AND UNITS 
 
4. The vapour pressure of a substance is defined as the saturation pressure above a solid or liquid 
substance. 
 
5. The SI unit of pressure, which is the pascal (Pa), should be used.  Other units which have been 
employed historically are given hereafter, together with their conversion factors: 
 


1 Torr = 1 mm Hg = 1.333 × 102 Pa 
1 atmosphere = 1.013 × 105 Pa  
1 bar = 105 Pa  


 
 The SI unit of temperature is the kelvin (K).  The conversion of degrees Celsius to kelvin is 
according to the formula: 
 
 += tT 273.15 
 
where, T is the kelvin or thermodynamic temperature and t is the Celsius temperature. 
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Table 1 
 


Substances 
Measuring method 


Solid Liquid 


Estimated 
repeatability 


 
Estimated 


reproducibility 
 


Recommended  
range 


Dynamic method 
Low 


melting 
Yes 


up to 25% 
1 to 5% 


up to 25% 
1 to 5% 


103 Pa to 2x103 Pa 
2x103 Pa to 105 Pa 


Static method 
 


Yes Yes 5 to 10% 5 to 10% 
10 Pa to 105 Pa 


10-2 Pa to 105 Pa1 
Isoteniscope method  Yes Yes 5 to 10% 5 to 10% 102 Pa to 105 Pa 
Effusion method: vapour pressure 
balance 


Yes Yes 5 to 20% up to 50% 10-3 to 1 Pa 


Effusion method: Knudsen cell Yes Yes 10 to 30% -- 
10-10 to 1 P 


 
Effusion method: isothermal 
thermogravimetry 


Yes Yes 5 to 30% up to 50% 10-10 to 1 Pa 


Gas saturation method Yes Yes 10 to 30% up to 50% 10-10 to 103 Pa  
Spinning rotor method Yes Yes 10 to 20% -- 10-4 to 0.5 Pa 
 
REFERENCE SUBSTANCES 
 
6. Reference substances do not need to be employed.  They serve primarily to check the 
performance of a method from time to time as well as to allow comparison between results of different 
methods. 
 
PRINCIPLE OF THE TEST 
 
7. In general, the vapour pressure is determined at various temperatures.  In a limited temperature 
range, the logarithm of the vapour pressure of a pure substance is a linear function of the inverse of the 
thermodynamic temperature according to the simplified Clapeyron-Clausius equation: 
 


 constant
RT


Hv
p +∆=


3.2
log  


 
where: 
 p   =  the vapour pressure in pascals; 
 ∆Hv  = the heat of vaporisation in J mol-1; 
 R  = the universal gas constant, 8.314 J mol-1 K-1; 
 T  = the temperature in K.  


                                                      
1 When using a capacitance manometer 
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DESCRIPTION OF THE METHODS 
 
Dynamic method (Cottrell’s method) 
 
Principle 
 
8. The vapour pressure is determined by measuring the boiling temperature of the substance at 
various specified pressures between roughly 103 and 105 Pa.  This method is also recommended for the 
determination of the boiling temperature.  It is useful for that purpose up to 600 K.  The boiling 
temperatures of liquids are approximately 0.1 °C higher at a depth of 3 to 4 cm than at the surface because 
of the hydrostatic pressure of the column of liquid.  In Cottrell’s method (4) the thermometer is placed in 
the vapour above the surface of the liquid and the boiling liquid is made to pump itself continuously over 
the bulb of the thermometer.  A thin layer of liquid which is in equilibrium with vapour at atmospheric 
pressure covers the bulb.  The thermometer thus reads the true boiling point, without errors due to 
superheating or hydrostatic pressure.  The pump originally employed by Cottrell is shown in figure 1.  The 
tube A contains the boiling liquid.  A platinum wire B sealed into the bottom facilitates uniform boiling.  
The side tube C leads to a condenser, and the sheath D prevents the cold condensate from reaching the 
thermometer E.  When the liquid in A is boiling, bubbles and liquid trapped by the funnel are poured via 
the two arms of the pump F over the bulb of the thermometer. 
 
   Figure 1          Figure 2 


      
 
  Cottrell pump (4) A: Thermocouple 
    B: Vacuum buffer volume 
    C: Pressure gauge 
    D: Vacuum 
    E: Measuring point 
    F: Heating element c.a. 150 W 
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Apparatus 
 
9. A very accurate apparatus, employing the Cottrell principle, is shown in figure 2.  It consists of a 
tube with a boiling section in the lower part, a cooler in the middle part, and an outlet and flange in the 
upper part.  The Cottrell pump is placed in the boiling section which is heated by means of an electrical 
cartridge.  The temperature is measured by a jacketed thermocouple or resistance thermometer inserted 
through the flange at the top.  The outlet is connected to the pressure regulation system.  The latter consists 
of a vacuum pump, a buffer volume, a manostat for admitting nitrogen for pressure regulation and 
manometer. 
 
Procedure 
 
10. The substance is placed in the boiling section. Problems may be encountered with non-powder 
solids but these can sometimes be solved by heating the cooling jacket.  The apparatus is sealed at the 
flange and the substance degassed. Frothing substances cannot be measured using this method. 
 
11. The lowest desired pressure is then set and the heating is switched on.  At the same time, the 
temperature sensor is connected to a recorder. 
 
12. Equilibrium is reached when a constant boiling temperature is recorded at constant pressure.  
Particular care must be taken to avoid bumping during boiling. In addition, complete condensation must 
occur on the cooler.  When determining the vapour pressure of low melting solids, care should be taken to 
avoid the condenser blocking. 
 
13. After recording this equilibrium point, a higher pressure is set.  The process is continued in this 
manner until 105 Pa has been reached (approximately 5 to 10 measuring points in all).  As a check, 
equilibrium points must be repeated at decreasing pressures. 
 
Static method 
 
Principle 
 
14. In the static method (5), the vapour pressure at thermodynamic equilibrium is determined at a 
specified temperature. This method is suitable for substances and multicomponent liquids and solids in the 
range from 10 to 105 Pa and, provided care is taken, also in the range 1 to 10 Pa. 
 
Apparatus 
 
15. The equipment consists of a constant-temperature bath (precision of ± 0.2 K), a container for the 
sample connected to a vacuum line, a manometer and a system to regulate the pressure.  The sample 
chamber (figure 3a) is connected to the vacuum line via a valve and a differential manometer (U-tube 
containing a suitable manometer fluid) which serves as zero indicator.  Mercury, silicones and phthalates 
are suitable for use in the differential manometer, depending on the pressure range and the chemical 
behaviour of the test substance.  However, based on environmental concerns, the use of mercury should be 
avoided, if possible. The test substance must not dissolve noticeably in, or react with, the U-tube fluid. A 
pressure gauge can be used instead of a U-tube (figure 3b).  For the manometer, mercury can be used in the 
range from normal pressure down to 102 Pa, while silicone fluids and phthalates are suitable for use below 
102 Pa down to 10 Pa. There are other pressure gauges which can be used below 102 Pa and heatable 
membrane capacity manometers can even be used at below 10-1 Pa. The temperature is measured on the 
outside wall of the vessel containing the sample or in the vessel itself. 
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Procedure 
 
16. Using the apparatus as described in figure 3a, fill the U-tube with the chosen liquid, which must 
be degassed at an elevated temperature before readings are taken.  The test substance is placed in the 
apparatus and degassed at reduced temperature. In the case of a multiple-component sample, the 
temperature should be low enough to ensure that the composition of the material is not altered.  
Equilibrium can be established more quickly by stirring. The sample can be cooled with liquid nitrogen or 
dry ice, but care should be taken to avoid condensation of air or pump-fluid. With the valve over the 
sample vessel open, suction is applied for several minutes to remove the air. If necessary, the degassing 
operation is repeated several times. 
 
   Figure 3a             Figure 3b 


 
 
17. When the sample is heated with the valve closed, the vapour pressure increases.  This alters the 
equilibrium of the fluid in the U-tube. To compensate for this, nitrogen or air is admitted to the apparatus 
until the differential pressure indicator is at zero again. The pressure required for this can be read off the 
manometer or an instrument of higher precision. This pressure corresponds to the vapour pressure of the 
substance at the temperature of the measurement. Using the apparatus described in figure 3b, the vapour 
pressure is read off directly. 
 
18. The vapour pressure is determined at suitably small temperature intervals (approximately 5 to 10 
measuring points in all) up to the desired temperature maximum. 
 
19. Low-temperature readings must be repeated as a check. If the values obtained from the repeated 
readings do not coincide with the curve obtained for increasing temperature, this may be due to one of the 
following situations: 
 


i. the sample still contains air (e.g. in the case of highly viscous materials) or low-boiling 
substances which is or are released during heating; 


1: Test substance 
2: Vapour phase 
3: High vacuum valve 
4: Pressure gauge 
5: Pressure indicator 
4: U-tube (auxiliary  
       manometer) 
5: Manometer 
6: Temperature bath 
7: Temperature 
       measuring device 
 


1: Test substance 
2: Vapour phase 
3: High vacuum valve 
4: U-tube (auxiliary manometer) 
5: Manometer 
4: Pressure gauge 
5: Pressure indicator 
6: Temperature bath 
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ii. the substance undergoes a chemical reaction in the temperature range investigated (e.g. 


decomposition, polymerization). 


 
Isoteniscope Method 
 
Principle 
 
20. The isoteniscope (6) is based on the principle of the static method.  The method involves placing 
a sample in a bulb maintained at constant temperature and connected to a manometer and a vacuum pump. 
Impurities more volatile than the substance are removed by degassing at reduced pressure.  The vapour 
pressure of the sample at selected temperatures is balanced by a known pressure of inert gas. The 
isoteniscope was developed to measure the vapour pressure of certain liquid hydrocarbons but it is 
appropriate for the investigation of solids as well. The method is usually not suitable for multicomponent 
systems. Results are subject to only slight errors for samples containing non-volatile impurities. The 
recommended range is 102 to 105 Pa. 
 
Apparatus 
 
21. An example of a measuring device is shown in figure 4.  A complete description can be found in 
ASTM D 2879-86 (6). 
 
Procedure 
 
22. In the case of liquids, the substance itself serves as the fluid in the differential manometer.  A 
quantity of the liquid, sufficient to fill the bulb and the short leg of the manometer, is put in the 
isoteniscope.  The isoteniscope is attached to a vacuum system and evacuated, then filled by nitrogen.  The 
evacuation and purge of the system is repeated twice to remove residual oxygen. The filled isoteniscope is 
placed in a horizontal position so that the sample spreads out into a thin layer in the sample bulb and 
manometer.  The pressure of the system is reduced to 133 Pa and the sample gently warmed until it just 
boils (removal of dissolved gases).  The isoteniscope is then placed so that the sample returns to the bulb 
and fills the short leg of the manometer.  The pressure is maintained at 133 Pa.  The drawn-out tip of the 
sample bulb is heated with a small flame until sample vapour released expands sufficiently to displace part 
of the sample from the upper part of the bulb and manometer arm into the manometer, creating a vapour-
filled, nitrogen-free space. The isoteniscope is then placed in a constant temperature bath, and the pressure 
of nitrogen is adjusted until it equals that of the sample. At the equilibrium, the pressure of nitrogen equals 
the vapour pressure of the substance. 
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     Figure 4 


   
     (Dimensions in mm)  
 
23. In the case of solids and depending on the pressure and temperature ranges, manometer liquids 
such as silicon fluids or phthalates are used. The degassed manometer liquid is put in a bulge provided on 
the long arm of the isoteniscope. Then the solid to be investigated is placed in the sample bulb and is 
degassed at elevated temperature. After that the isoteniscope is inclined so that the manometer liquid can 
flow into the U-tube. 
 
Effusion method: vapour pressure balance (7) 
 
Principle 
 
24. A sample of the test substance is heated in a small furnace, placed in an evacuated bell jar.  The 
furnace is covered by a lid which carries small holes of known diameters. The vapour of the substance, 
escaping through one of the holes, is directed onto a balance pan of a highly sensitive balance which is also 
enclosed in the evacuated bell jar. In some designs, the balance pan is surrounded by a refrigeration box, 
providing heat dissipation to the outside by thermal conduction, and is cooled by radiation so that the 
escaping vapour condenses on it. The momentum of the vapour jet acts as a force on the balance. The 
vapour pressure can be derived in two ways: directly from the force on the balance pan and also from the 
evaporation rate using the Hertz-Knudsen equation (2): 
 


 
M


RT
Gp


3102 ×= π
 


 
where: 
 
  G = evaporation rate (kg s-1 m-2); 
  M = molar mass (g mol-1); 
  T = temperature (K); 
  R = universal gas constant (J mol-1 K-1); 
  p = vapour pressure (Pa). 
  
The recommended range is 10-3 to 1 Pa. 


A: Pressure control 
B: 8 mm OD Tube 
C: Dry nitrogen in pressure system 
D: Sample vapour 
E: Small tip 
F: Liquid sample 
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Apparatus 
 
25. The general principle of the apparatus is illustrated in figure 5. 
 


Figure 5 


 
 
  A: Base plate  F: Refrigeration box and cooling bar 
  B: Moving coil instrument  G: Evaporator furnace 
  C: Bell jar  H: Dewar flask with liquid nitrogen 
  D: Balance with scale pan   I: Measurement of temperature of sample  
  E: Vacuum measuring device   J: Test Substance 
  
Effusion method: Knudsen cell 
 
Principle 
 
26. The method is based on the estimation of the mass of test substance flowing out per unit of time 
of a Knudsen cell (8) in the form of vapour, through a micro-orifice under ultra-vacuum conditions.  The 
mass of effused vapour can be obtained either by determining the loss of mass of the cell or by condensing 
the vapour at low temperature and determining the amount of volatilized substance using chromatography.  
The vapour pressure is calculated by applying the Hertz-Knudsen relation (see paragraph 24) with 
correction factors that depend on parameters of the apparatus (9). The recommended range is 10-10 to 1 Pa 
(10)(11)(12)(13)(14). 
 
Apparatus 
 
27. The general principle of the apparatus is illustrated in figure 6. 
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Figure 6 


 
 1: Connection to vacuum  7: Threaded lid 
 2: Wells from platinum resistance thermometer  8: Butterfly nuts 
  or temperature measurement and control  9: Bolts 
 3: Lid for vacuum tank 10:  Stainless steel effusion cells 
 4: O-ring 11:  Heater cartridge 
 5: Aluminum vacuum tank  
 6: Device for installing and removing the effusion cells 
 
Effusion method: isothermal thermogravimetry 
 
Principle 
 
28. The method is based on the determination of accelerated evaporation rates for the test substance 
at elevated temperatures and ambient pressure using thermogravimetry (10)(15)(16)(17)(18)(19)(20). The 
evaporation rates vT result from exposing the selected compound to a slowly flowing inert gas atmosphere, 
and monitoring the weight loss at defined isothermal temperatures T in Kelvin over appropriate periods of 
time. The vapour pressures pT are calculated from the vT values by using the linear relationship between 
the logarithm of the vapour pressure and the logarithm of the evaporation rate. If necessary, an 
extrapolation to temperatures of 20 and 25°C can be made by regression analysis of log pT vs. 1/T. This 
method is suitable for substances with vapour pressures as low as 10-10 Pa (10-12mbar) and with purity as 
close as possible to 100% to avoid the misinterpretation of measured weight losses. 
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Apparatus 
 
29. The general principle of the experimental set-up is shown in figure 7. 
 


Figure 7 


 


 
 
 
30. The sample carrier plate, hanging on a microbalance in a temperature controlled chamber, is 
swept by a stream of dry nitrogen gas which carries the vaporized molecules of the test substance away. 
After leaving the chamber the gas stream is purified by a sorption unit. 
 
Procedure 
 
31. The test substance is applied to the surface of a roughened glass plate as a homogeneous layer. In 
the case of solids the plate is wetted uniformly by a solution of the substance in a suitable solvent and dried 
in an inert atmosphere. For the measurement, the coated plate is hung into the thermogravimetric analyzer 
and subsequently its weight loss is measured continuously as a function of time. 
 
32.  The evaporation rate vT at a definite temperature is calculated from the weight loss ∆m of the 
sample plate by: 


   vT =
⋅


∆m


F t
  (g cm-2 h-1)  


 
where F is the surface area of the coated test substances, normally the surface area of the sample plate, and 
t is the time for weight loss ∆m. 
 







 OECD/OCDE 104 
 


 11/18


33. The vapour pressure pT is calculated on the basis of its function of evaporation rate vT : 
 
   log pT = C + D  log vT  
 
where C and D are constants specific for the experimental arrangement used, depending on the diameter of 
the measurement chamber and the gas flow rate. These constants must be determined once by measuring a 
set of compounds with known vapour pressure and regressing log pT vs. log vT (11)(21)(22). 
 
34. The relationship between the vapour pressure pT and the temperature T in Kelvin is given by: 
 
   log pT = A + B  1/T  
 
where A and B are constants obtained by regressing log pT vs. 1/T. With that equation, the vapour pressure 
can be calculated for any other temperature by extrapolation. 
 
Gas saturation method (23) 
 
Principle 
 
35. Inert gas is passed, at ambient temperature and at a known flow rate, through or over a sample of 
the test substance, slowly enough to ensure saturation. Achieving saturation in the gas phase is of critical 
importance. The transported substance is trapped, generally using a sorbent, and its amount is determined. 
As an alternative to vapour trapping and subsequent analysis, in-train analytical techniques, like gas 
chromatography may be used to determine quantitatively the amount of material transported. The vapour 
pressure is calculated on the assumption that the ideal gas law is obeyed and that the total pressure of a 
mixture of gases is equal to the sum of the pressures of the component gases. The partial pressure of the 
test substance, i.e. the vapour pressure, is calculated from the known total gas volume and the weight of the 
material transported. 
 
36. The gas saturation procedure is applicable to solid or liquid chemicals. It can be used for vapour 
pressures down to 10-10 Pa (10)(11)(12)(13)(14). The method is most reliable for vapour pressures below 
103 Pa.  Above 103 Pa, the vapour pressures are generally overestimated, probably due to aerosol 
formation. Since the vapour pressure measurements are made at ambient temperatures, the need to 
extrapolate data from high temperatures is not necessary and high temperature extrapolation, which can 
often cause serious errors, is avoided. 
 
Apparatus 
 
37. The procedure requires the use of a constant-temperature box. The sketch in Figure 8 shows a 
box containing three solid and three liquid sample holders, which allow for the triplicate analysis of either 
a solid or a liquid sample. The temperature is controlled to ±0.5°C or better. 
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Figure 8 


 
38. In general, nitrogen is used as an inert carrier gas but, occasionally, another gas may be required 
(24). The carrier gas must be dry. The gas stream is split into 6 streams, controlled by needle valves 
(approximately 0.79 mm orifice), and flows into the box via 3.8 mm i.d. copper tubing. After temperature 
equilibration, the gas flows through the sample and the sorbent trap and exits from the box. 
 
39. Solid samples are loaded into 5 mm i.d. glass tubing between glass wool plugs (see Figure 9).  
Figure 10 shows a liquid sample holder and sorbent system.  The most reproducible method for measuring 
the vapour pressure of liquids is to coat the liquid on glass beads or an inert sorbent such as silica and to 
pack the holder with these beads. As an alternative, the carrier gas may be made to pass a coarse frit and 
bubble through a column of the liquid test substance. 
 
   Figure 9     Figure 10 
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40. The sorbent system contains a front and a backup sorbent section. At very low vapour pressures, 
only small amounts are retained by the sorbent and the adsorption on the glass wool and the glass tubing 
between the sample and the sorbent may be a serious problem. 
 
41. Traps cooled with solid CO2 are another efficient way for collecting the vaporised material. They 
do not cause any back pressure on the saturator column and it is also easy to remove quantitatively the 
trapped material. 
 
Procedure 
 
42. The flow rate of the effluent carrier gas is measured at room temperature. The flow rate is 
checked frequently during the experiment to assure that there is an accurate value for the total volume of 
carrier gas. Continuous monitoring with a mass flow-meter is preferred. Saturation of the gas phase may 
require considerable contact time and hence quite low gas flow rates (25). 
 
43. At the end of the experiment, both the front and backup sorbent sections are analysed separately. 
The compound on each section is desorbed by adding a solvent. The resulting solutions are analysed 
quantitatively to determine the weight desorbed from each section. The choice of the analytical method 
(also the choice of sorbent and desorbing solvent) is dictated by the nature of the test material. The 
desorption efficiency is determined by injecting a known amount of sample onto the sorbent, desorbing it 
and analysing the amount recovered. It is important to check the desorption efficiency at or near the 
concentration of the sample under the test conditions. 
 
44. To assure that the carrier gas is saturated with the test substance, three different gas flow rates are 
used. If the calculated vapour pressure shows no dependence on flow rate, the gas is assumed to be 
saturated. 
 
45. The vapour pressure is calculated through the equation: 
 


 
M


RT


V


W
p ×=  


 
where: 
  p = vapour pressure (Pa) ; 
  W = mass of evaporated test substance (g); 
  V = volume of saturated gas (m3); 
  R = universal gas constant 8.314 (J mol-1 K-1); 
  T = temperature (K); 
  M = molar mass of test substance (g mol-1). 
 
46. Measured volumes must be corrected for pressure and temperature differences between the flow 
meter and the saturator. 
 
Spinning rotor method 
 
Principle 
 
47. This method uses a spinning rotor viscosity gauge, in which the measuring element is a small 
steel ball which, suspended in a magnetic field, is made to spin by rotating fields (26)(27)(28).  Pick-up 
coils allow its spinning rate to be measured. When the ball has reached a given rotational speed, usually 
about 400 revolutions per second, energizing is stopped and deceleration, due to gas friction, takes place. 
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The drop of rotational speed is measured as a function of time. The vapour pressure is deduced from the 
pressure-dependent slow-down of the steel ball. The recommended range is 10-4 to 0.5 Pa. 
 
Apparatus 
 
48. A schematic drawing of the experimental set-up is shown in figure 11. The measuring head is 
placed in a constant-temperature enclosure, regulated within 0.1°C.  The sample container is placed in a 
separate enclosure, also regulated within 0.1°C. All other parts of the set-up are kept at a higher 
temperature to prevent condensation. The whole apparatus is connected to a high-vacuum system. 
 
     Figure 11 


 
 
DATA AND REPORTING 
 
Data 
 
49. The vapour pressure from any of the preceding methods should be determined for at least two 
temperatures. Three or more are preferred in the range 0 to 50°C, in order to check the linearity of the 
vapour pressure curve. In case of Effusion method (Knudsen cell and isothermal thermogravimetry) and 
Gas saturation method, 120 to 150 °C is recommended for the measuring temperature range instead of 0 to 
50°C.  
 
Test Report 
 
50. The test report must include the following information: 
 


• method used; 
• precise specification of the substance (identity and impurities) and preliminary purification step, 


if any; 
• at least two vapour pressure and temperature values- and preferably three or more – required in 


the range 0 to 50°C  (or 120 to 150°C); 
• at least one of the temperatures should be at or below 25°C if technically possible according to 


the chosen method; 
• all original data; 
• a log p versus 1/T curve; 
• an estimate of the vapour pressure at 20 or 25°C. 


 


A: Spinning rotor sensor head 
B: Sampling cell 
C: Thermostat 
D: Vacuum line (turbo pump) 
E: Air thermostat 
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51. If a transition (change of state, decomposition) is observed, the following information should be 
noted: 
 


• nature of the change; 
• temperature at which the change occurs at atmospheric pressure; 
• vapour pressure at 10 and 20°C below the transition temperature and 10 and 20°C above this 


temperature (unless the transition is from solid to gas). 
 
52. All information and remarks relevant for the interpretation of results have to be reported, 
especially with regard to impurities and physical state of the substance. 
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ANNEX 
 


ESTIMATION METHOD 
 
 


INTRODUCTION 
 
1. Estimated values of the vapour pressure can be used: 
 


• for deciding which of the experimental methods is appropriate; 
• for providing an estimate or limit value in cases where the experimental method cannot be 


applied due to technical reasons. 


 
ESTIMATION METHOD 
 
2. The vapour pressure of liquids and solids can be estimated by use of the modified Watson 
correlation (a). The only experimental data required is the normal boiling point. The method is applicable 
over the pressure range from 105 Pa to 10-5 Pa. 
 
3. Detailed information on the method is given in "Handbook of Chemical Property Estimation 
Methods" (b). See also OECD Environmental Monograph No.67 (c). 
 
 
CALCULATION PROCEDURE 
 
4. The vapour pressure is calculated as follows: 
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where: 
 
 T  = temperature of interest; 
 Tb  = normal boiling point; 
 PVP = vapour pressure at temperature T; 
 ∆HVb = heat of vaporization; 
 ∆Zb = compressibility factor (estimated at 0.97); 
 m  = empirical factor depending on the physical state at the temperature of interest. 
 
Further,  
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where, KF is an empirical factor considering the polarity of the substance. For several compound types, KF 
factors are listed in reference (b). 
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5. Quite often, data are available in which a boiling point at reduced pressure is given. In such a 
case, the vapour pressure is calculated as follows: 
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where, T1 is the boiling point at the reduced pressure P1 . 
 
 
REPORT 
 
6. When using the estimation method, the report shall include a comprehensive documentation of 
the calculation. 
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Enclosure - I 


 


Explanation, why we propose the amendment of the methods provided by BIS 


While performing the testing of Morpholine required by the BIS Technical Specifications for Morpholine 


- IS 12084: 2018, we have adapted some parameters in order to have a higher degree of automation 


and more exact results. Hence, we suggest the amendments accordingly.  
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Enclosure – II 


 


Method for the determination of the purity of Morpholine: Gas Chromatography 


The BASF Method for the quantification of Morpholine via Gas Chromatography (GC) allows the specific 


quantification of Morpholine and shows the organic byproduct portfolio in a >100 ppm range, which 


would indicate potential changes with respect to the typical product.   


 
Method:  


A small quantity of the sample is transferred to a vial and analyzed via an industry standard GC with an 


FID detector. At constant pressure of carrier gas (hydrogen) and a constant flow (e.g., 0.5 ml/min), the 


sample is analyzed, using a Restek amine GC capillary column. The oven temperature is successively 


increased up to 250 °C. The quantity in % is analyzed by a chromatography data analysis software (e.g., 


Agilent OpenLab or Thermo Scientific Chromeleon).  


 


Test Equipment Declaration for the determination of the purity of Morpholine by Gas 


Chromatography 


Sr.No. Test Equipment/ 
Chemicals and 
Identification 
Numbers (Where 
applicable) 


Least Count 
and Range 
(Where 
applicable) 


Valid 
Calibration 
(Where 
required) 
Yes/No 


Tests 
Used in 
with 
Clause 
Reference 


Remarks 
(Indicate 
Number of 
Equipment) 


1 GC HP 6890 N 
Agilent 


Least count:  
100 ppm 


Yes  8511898 
1 
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Enclosure - III 


 


Method for the quantification of Chloride 


1. Potentiometric Method 


1.1 Principle - Chloride is determined by potentiometric titration with silver nitrate solution with 


a glass and silver-silver chloride electrode system. The end point of the titration is that instrument 


reading at which the greatest change in voltage has occurred for a small and constant increment 


of silver nitrate. 


1.2 Interference - Iodide and bromide also are titrated as chloride. Ferricyanide causes high results 


and should be removed. Chromate and dichromate interfere. 


1.3 Apparatus 


1.3.1 Glass and silver-silver chloride electrodes 


1.3.2 Electronic voltmeter 


1.3.3 Mechanical stirrer 


1.4 Reagents 


1.4.1 Standard sodium chloride solution  


1.4.2 Nitric acid - concentrated. 


1.4.3 Standard silver nitrate titrant  


1.4.4 Acetic acid (glacial) 


1.4.5 Acetone 


1.4.6 Deionized Water 


1.4.7 Methyl orange in deionized water, ca. 1 g/l 


1.5 Procedure 


1.5.1 Standardization -  


The sample (ca. 1,5 g) is weighed into a beaker and ca. 100 ml of the mixture of acetic acid and 


acetone (1:1, v/v) is added. The sample is homogenized, 3-4 droplets of methyl orange indicator 


are added.  


The sample is acidified with Nitric acid. Sodium chloride solution (1-5 ml) is added to each solution 


to obtain a better evaluable titration curve. Immerse stirrer and electrodes. 


Set instrument to desired range of millivolts or pH units. Start stirrer. Add standard silver nitrate 


titrant, recording scale reading after each addition. At the start large increments of silver nitrate may 


be added, then as the end point is approached, add small and equal increments at longer intervals 


so that the exact end point can be determined. Determine the volume of silver nitrate used at the 


point at which there is the greatest change in instrument reading per unit addition of silver nitrate. 


Plot a differential titration curve if the exact end point cannot be determined by inspecting the data. 


Plot change in instrument reading for equal increments of silver nitrate against volume of silver 


nitrate added, using average of burette readings before and after each addition. 


1.5.2 Sample analysis  


In the absence of interfering substances, proceed as above. 
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Immerse stirrer and electrodes and start stirrer. Make necessary adjustments according to 


manufacturer’s instructions and set selection switch to appropriate setting for measuring the 


difference of potential between electrodes.  


Complete determination as detailed in 1.5.1. 


If an end point reading has been established from previous determinations for similar samples and 


conditions, use this predetermined end point. For the most accurate work, make a blank titration by 


carrying chloride free distilled water through the procedure. 


 
1.6 Calculation  


  
 


Test Equipment Declaration for the quantification of Chloride 
 


Sr.
No. 


Test Equipment / 
Chemicals and 
Identification 
Numbers (Where 
applicable) 


Least Count 
and Range 
(Where 
applicable) 


Valid 
Calibration 
(Where 
required) 
Yes/No 


Tests Used in 
with Clause 
Reference 


Remarks 
(Indicate 
Number of 
Equipment) 


1 Titrando 905 - Yes Clause 4.3, xi 
of Table 1 
IS 3025 part 32 


8570310 
1 


 
2 


Dosimat 805 / 
Alternating unit 135 / 
Sodium chloride 
0.001mol/l 


- Yes Clause 4.3, xi 
of Table 1 
IS 3025 part 32 


A0003542 / 
A0004074 


1 


3 800 / Exchangeable 
unit 143 / Silver 
nitrate 0.0002mol/l 


- Yes Clause 4.3, xi 
of Table 1 
IS 3025 part 32 


8570312 / 
8570314 


1 
4 814 Sample 


Processor 
- - Clause 4.3, xi 


of Table 1 
IS 3025 part 32 


8686268 
1 


5 Analytical Balance 
Mettler Toledo 
XP205DR 


0.0001 g - 
220 g 
LC: 0.0001g 


Yes Clause 4.3, xi 
of Table 1 
IS 3025 part 32 


8597580 
1 
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Enclosure - IV 


 


Method for the determination of Boiling Range/Boiling Point 


Our method follows relevant OECD Guidelines. The OECD Guidelines for the Testing of Chemicals 


are a collection of about 150 of the most relevant internationally agreed testing methods used by 


government, industry, and independent laboratories to identify and characterize potential hazards of 


chemicals. They are a set of tools for professionals, used primarily in regulatory safety testing and 


subsequent chemical and chemical product notification, chemical registration and in chemical 


evaluation.  


The following OECD Guidelines for physical-chemical properties are applied: 
 
 OECD Guideline 103, Dynamic Method (OECD Guidelines for the Testing of Chemicals: Boiling 


Point.pdf (oecd-ilibrary.org)) 
This Test Guideline describes methods to determine the boiling point of test substances. The 
boiling point of a liquid is defined as the temperature (in K) at which the vapour pressure 
equals the standard atmospheric pressure 101.325 kPa. 


 OECD Guideline 104 (OECD Guidelines for the Testing of Chemicals: Vapour Pressure (oecd-
ilibrary.org)).  
This method describes the determination of the vapour pressure, which is determined by 
measuring the boiling temperature of the substance at various specified pressures in a broad 
pressure range. This method is also recommended for the determination of the boiling 
temperature. 


 
Test Equipment Declaration for the determination of Boiling Range/Boiling Point 
 


Sr.
No. 


Test Equipment/ 
Chemicals and 
Identification 
Numbers (Where 
applicable) 


Least 
Count and 
Range 
(Where 
applicable) 


Valid 
Calibrati
on 
(Where 
required) 
Yes/No 


Tests Used in 
with Clause 
Reference 


Remarks 
(Indicate 
Number of 
Equipment) 


1 MKS, 600 Series 
Pressure Controller 


0,01 mbar - OECD Guidelines 
103, 104 


1 


 
2 


MKS, Type 670 Signal 
Conditioner + Pressure 
Sensor 


0,01 mbar Yes OECD Guidelines 
103, 104 


1 


3 Ahlborn Almemo 5690-
2 + Pt-100 resistance 
thermometer 


0,01 °C Yes OECD Guidelines 
103, 104 


08510227 
1 


4 Leister, heating fan - 500 °C - OECD Guidelines 
103, 104 


1 


5 Magnetico motion, 
stirrer 


1 r/min - OECD Guidelines 
103, 104 


8535025 
1 


6 Glass apparatus for 
vapor pressure and 
boiling point 


- - OECD Guidelines 
103, 104 


1 


7 Huber, ministat 0.1 °C - OECD Guidelines 
103, 104 


08454401 
1 


8 Rotary vane vacuum 
pump 


 


- - OECD Guidelines 
103, 104 


8134141 
1 
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1. Quantification of Chloride Content of Morpholine 


For the quantification of Chloride in Morpholine, we follow the method described by the 
Bureau of Indian Standards (BIS) with respect to chemicals and process. There is one 
exception: We dissolve the sample in acetone/acetic acid. From our experience the 
potentiometric determination of very low chloride values (1 ppm) requires an organic medium.    


The results during the audit were in accordance with the specification. The underlying 
analytical principle remains unchanged to the BIS standard. The change does not alter the 
analytical outcome. 


The method is described in the following. 


1.1 Procedure for the determination of the Chloride Content of Morpholine 


1.1 Potentiometric Method 
 
1.1.1 Principle 
 
Chloride is determined by potentiometric titration with silver nitrate solution with 
a glass and silver-silver chloride electrode system. The end point of the titration is that 
instrument reading at which the greatest change in voltage has occurred for a small and 
constant increment of silver nitrate. 
 
1.1.2 Interference 
 
Iodide and bromide also are titrated as chloride. Ferricyanide causes high 
results and should be removed. Chromate and dichromate interfere. 
 
1.1.3 Apparatus 
 
4.3.1 Glass and silver-silver chloride electrodes 
4.3.2 Electronic voltmeter 
4.3.3 Mechanical stirrer 
 
1.1.4 Reagents 
 
1.1.4.1 Standard sodium chloride solution - 0.001 mol/L 
1.1.4.2 Standard silver nitrate titrant - 0.0002 mol/L 
1.1.4.3 Acetic acid (glacial) 
1.1.4.4 Acetone 
1.1.4.5 Deionized Water 
1.1.4.5 Concentrated Sulfuric Acid 
1.1.4.6 Methyl orange in deionized water, ca. 1 g/l 
 
 
1.1.5 Procedure 
 
1.1.5.1 Standardization 
 
The sample (ca. 1,5 g) is weighted into a beaker and ca. 100 ml of the mixture of acetic acid 
and acetone (1:1, v/v) is added. The sample is homogenized, 3-4 droplets of methyl orange 
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indicator are added. Sodium chloride solution (1-5 ml) is added to each solution to obtain a 
better evaluable titration curve. Immerse stirrer and electrodes. 
Set instrument to desired range of millivolts or pH units. Start stirrer. Add standard silver 
nitrate titrant, recording scale reading after each addition. At the start large increments of silver 
nitrate may be added, then as the end point is approached, add small and equal increments at 
longer intervals so that the exact end point can be determined. Determine the volume of silver 
nitrate used at the point at which there is the greatest change in instrument reading per unit 
addition of silver nitrate. Plot a differential titration curve if the exact end point cannot be 
determined by inspecting the data. Plot change in instrument reading for equal increments of 
silver nitrate against volume of silver nitrate added, using average of burette readings before 
and after each addition. 
 
 
1.1.5.2 Sample analysis 
 
In the absence of interferring substances, proceed as above. 
In the presence of organic compounds, sulphite or other interferences, acidify sample with 
sulphuric acid using litmus paper. Boil for 5 minutes to remove volatile compounds. Add more 
sulphuric acid, if necessary, to keep solution acidic. Add 3 ml of hydrogen peroxide end boil for 
15 minutes, adding chloride free distilled water to keep the volume above 60 ml. Dilute to 
100 ml, add sodium hydroxide solution dropwise until alkaline to litmus, then 10 drops in 
excess. Boil for 5 minutes, filter into a 250 ml beaker, and wash precipitate and paper several 
times with hot water. Add concentrated nitric acid dropwise until acidic to litmus paper, then 
2.0 ml in excess. Cool and dilute to 100 ml, if necessary. Immerse stirrer and electrodes and 
start stirrer. Make necessary adjustments according to manufacturer’s instructions and set 
selection switch to appropriate setting for measuring the difference of potential between 
electrodes.  
If an end point reading has been established from previous determinations for similar samples 
and conditions, use this predetermined end point. For the most accurate work, make a blank 
titration by carrying chloride free distilled water through the procedure. 


 


 


 1.1.6 Calculation 
 


Chloride (as Cl), mg/l = (V1-V2) x M x 35 450 mg/mol  
m 


where 
 V1 = volume in ml of silver nitrate titrant used in sample 
 V2 = volume in ml of silver nitrate used in blank 
 M = molarity of titrant in mol/ml 
 m = mass of the sample in kg 


 
 


2. Purpose 


The following statisticals variables were determined during the validation 


 Correctness 
 Repeatability 
 Intermediate precision 


Stability 
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3. Workspace 


The working area is defined by the specifications mentioned below. For the method, this 
results in the following workspaces: 


Chloride: 5 – 100 mg/kg (The measuring range can be expanded by dilutions) 
 


4. Accuracy / Recovery Rate 


The morpholine sample was added with 10 ppm Chloride Standard (12 times by two 
employees) 


 


 


5. Repeatability 


For repeatability, a Morpholine sample was measured 12 times by two employees within one 
day. The method limit is <5 mg/kg. 


 


 


6. Result 


The method met the acceptance criteria. The method used is reliable and accurate in 
determining the presence and concentration of Chloride in Morpholine. The validation 
process ensures that the method is suitable for its intended use and provides confidence in 
the accuracy and precision of the results.  


measurement sample calculated in mg/kg results in mg/kg analyst


1 Morpholine (24A00343) + 10 mg/kg 10 10,04 Person A
2 Morpholine (24A00343) + 10 mg/kg 10 10,15 Person A
3 Morpholine (24A00343) + 10 mg/kg 10 10,07 Person A
4 Morpholine (24A00343) + 10 mg/kg 10 10,10 Person A
5 Morpholine (24A00343) + 10 mg/kg 10 10,18 Person A
6 Morpholine (24A00343) + 10 mg/kg 10 10,06 Person A
7 Morpholine (24A00343) + 10 mg/kg 10 10,15 Person B
8 Morpholine (24A00343) + 10 mg/kg 10 10,14 Person B
9 Morpholine (24A00343) + 10 mg/kg 10 9,99 Person B
10 Morpholine (24A00343) + 10 mg/kg 10 10,12 Person B
11 Morpholine (24A00343) + 10 mg/kg 10 10,10 Person B
12 Morpholine (24A00343) + 10 mg/kg 10 10,01 Person B


measurement sample results in mg/kg method limit in mg/kg analyst


13 Morpholine (24A00343) 0,14 <5 Person A
14 Morpholine (24A00343) -0,55 <5 Person A
15 Morpholine (24A00343) -0,32 <5 Person A
16 Morpholine (24A00343) -0,36 <5 Person A
17 Morpholine (24A00343) 0,11 <5 Person A
18 Morpholine (24A00343) -0,21 <5 Person A
19 Morpholine (24A00343) -0,03 <5 Person B
20 Morpholine (24A00343) 0,04 <5 Person B
21 Morpholine (24A00343) -0,08 <5 Person B
22 Morpholine (24A00343) -0,42 <5 Person B
23 Morpholine (24A00343) 0,10 <5 Person B
24 Morpholine (24A00343) 0,29 <5 Person B
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AMIT KUMAR (Fellow & Chartered Engineer (IEI), Approved to be Independent Director)
Sales Head, Industrial Business, EP, PM India - Exp. ~18 Years, Polymers, Chemical, Automotive, E&E, Universal


www.linkedin.com/in/amitBizTechDCEMBA


EXPERIENCE
Head - Projects, Business Excellence, Institutional Marketing, PM, S. Asia 
BASF India Ltd


01/2011   Present  India
Accomplished to be a Complete 360 Degree Business Owner
Head- Sales & Marketing, Industrial Business, S. Asia            07/2023 - 06/2024
Japanese Transplant Manager, South Asia               02/2011  - 06/2023
Manger - Sales, Comm., Eng. Plastics & Polyurethanes         08/2020 - 07/2023
Manager- Automotive: Eng. Plastics & Polyurethanes            10/2018   - 07/2020
Dy. Manager- Automotive – Eng. Plastics & Polyurethanes     04/2017 - 09/2018
Dy. Manager- Automotive & Industrial - Engineering Plastic   04/2015 - 03/2017
Asst. Manager-Automotive & Industrial - Eng. Plastics            02/2011  - 03/2015


Sales Manager - North & East India
3M India Pvt. Ltd. - Energy & Advance Materials Division


03/2010   01/2011  North & East India 
Accomplished to be an Ambassador for Quality, Cost & Value.
Techno-Commercial Role to manage 3 Mio Euro+ business with 40% CAGR for 
Advance Materials Div. in Fluoropolymers
Sales & BD Role for multiverse of industries like Electronics, Polymer Processing, 
Multilayer Films mfg., Wire & Cables, Rubber Industry, Oil & Gas, Automotives 
for Fluoro Polymers, Surfactants, Glass Bubbles, PPA.


Business Development - North India 
DSM Engineering Plastics


08/2007   02/2010  Gurgaon
Accomplished to be a man for Value Selling  (Conceptual & Strategic) 
Techno-Commercial Role to manage 6 Mio Euro+ business with 40% CAGR for 
Engineering Plastics in Automotive & Electrical segments


Leadership Development Program
Avery Dennison India Pvt. Ltd. Plant Operations


06/2006   08/2007  Delhi NCR 
Accomplished to be a man of  Operational Excellence
Included Team handling Plant Operations, Inventory, Compounding, 
Process, Production, Health & Safety,5S, Plant layout, Personnel and 
Sustainability under ESG�VOC, GHG�& GMP aspects.


EDUCATION: All-India Merit Scholar from Elite Govt. Colleges
MBA Master of Business Administration (Pursuing) 
Indira Gandhi National Open University


by 2024


B.E. - Bachelor of Engineering (Polymer Sc. & Chemical Tech.) 
Delhi College of Engineering, Delhi University


08/2002   06/2006 


Diploma in Pharmacy (Associate Degree)
Directorate of Technical Education, Delhi Govt.


08/2000   07/2002 


LLB - Law of Contracts, Torts, Anti-Trust, Govt procedures 
Faculty of Law, Delhi University


08/2012   05/2013  -  Drop Out


TRAINING / COURSES


Business Skills: Germany �BASF Red and Blue OceanStrategy


Conceptual & Strategic Value 
Sales: Miller Heiman


Negotiations, Customer 
Intimacy, Conflict Management


SUMMARY
18  years of extensive experience in Sales, BD, SCM, 
Manufacturing with BASF, DSM, 3M, Avery Dennison.
13 years enrichment with BASF in Business Handling.
Expert in Techno-Commercial, P&L, Business develop., 
Team Handling & full Business Management.
Collaboration expert in SCM, Finance, Controlling, Legal, 
Marcom & more
Expert in raising business from 0 to 25% CAGR
Business Automation Expert for Auto-harvesting.
Educationally strong in Polymer, Chemicals, Pharma, 
Additives, Industrial Compounding, IT, Law & Business
Experienced in International Business Transplant, 
Change Management & Business Stewardship.


SKILLS


Sales Strategy Execution Negotiation Expert


Competitor Mapping


Project Pipeline Management


Targets Achievement Customer Needs


Interface To Key Influencers 


Communication alertness


Business Relationship Leader


Customer Relationship Excellence


Lead And Develop Others


Team Lead & Coach


Cross-Team Alignment & Collaboration
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Key Account Plan & Strategies


Cross Regional Collaboration Alignment


Cost To Serve Specialist


Influencing Others Without Power


Ability To Work Across Levels/Functions


Strong Organizational & Planning Skills


Super Diligent Flexible to Adapt


LANGUAGES


English -Native


German - Beginner


Japanese - Beginner
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MBA 
Indian Institute of technology (Kanpur)


9/2006  -  Drop Out


Hunting & Harvesting


Work Automation


A transformational leader driving business growth with a purpose-driven approach, prioritizing people, planet, and profit.
Mumbai, India, South Asia


Life Member - Govt & Industry Asso.
IICA, QCFI, IEI, PCI



https://enhancv.com/resume








