BUREAU OF INDIAN STANDARDS

AGENDA



CHEMICAL HAZARDS SECTIONAL COMMITTEE, CHD 7
14th Meeting

	
	Date and Time of Meeting: 27.09.2024, 10:30 AM
Place: Virtual meeting in BIS, Manak Bhawan
Meeting URL:
https://bismanak.webex.com/bismanak/j.php?MTID=mae0532f3b29972a7e13174885df01a6c 
Meeting ID: 2510 752 1360
Password:  CHD7@2024
	


	Chairperson
	Shri Lalit R. Gabhane, Director General, National Safety Council

	Member-Secretary
	Ms. Shubhanjali Umrao, Scientist–C/Member Secretary, BIS




ITEM 1 WELCOME AND OPENING REMARKS
1.1 Welcome of Chairperson and Members by Bureau of Indian Standards
1.2 Opening remarks of the Chairperson

ITEM 2 CONFIRMATION OF THE MINUTES OF THE 13TH MEETING 
2.1 The minutes of the virtual 13th of CHD 07 held on 16.04.2024 at Bureau of Indian Standards, New Delhi were circulated to the members of CHD 07 via BIS Standardization Portal on 19.04.2024 and no comments have been received.
The Committee may CONFIRM the minutes, as circulated.

ITEM 3 SCOPE AND COMPOSITION OF CHD 07 
3.1 SCOPE :  To formulate Indian standard for 
i) terminology, methods of sampling and test , codes of practices and guidelines relating to chemical hazards and occupational health and safety related to chemicals ,
ii) classification of hazardous chemicals and chemical hazards;
iii) code of safety for operational hazards in chemical industries and chemical laboratories etc;
iv) standard format for safety data sheets and cards for hazardous chemicals.

Liason with: ISO/TC 336 ‘Laboratory Design’.
The Committee may REVIEW.

3.2 COMPOSITION OF THE SECTIONAL COMMITTEE, CHD 07 
3.2.1 The composition of CHD 7 and panel of CHD 7 along with the participation level of member organization in last three meetings of CHD 7 is given at ANNEX -I.




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 07.

3.2.2 As decided during the last meeting the following organization have been withdrawn considering non-participation in 3 consecutive meetings and contribution in work of Standardization and same has been updated on standardization portal:

1. High Enery Material Research Laboratory, Pune
2. Safety Research Institite, Atomic Energy Regulatory Board Campus, Kalpakkam
3. Indian Institute of Technology, Bombay, Mumbai
4. Indian Institute of Technology, Madras, Chennai
The Committee may NOTE.

3.2.4 New Co-option request received

3.2.4.1 The request has been received on BIS Standardization Portal from Shri. Ashish Shah, he has shown willingness to participate in the activities of this committee. The resume and organization letter are attached.


         
3.2.4.2 The request has been received on BIS Standardization Portal from Shri. Amit Kumar, he has shown willingness to participate in the activities of this committee. The resume and organization letter are attached.


3.2.4.2 The request has been received on BIS Standardization Portal from Shri. Manan Shah, he has shown willingness to participate in the activities of this committee. The resume and organization letter are attached.


 

3.2.4.4 The request has been received on BIS Standardization Portal from Ms. Surbhi Dahiya, she has shown willingness to participate in the activities of this committee. The resume and organization letter are attached.



The Committee may REVIEW.



3.2.5 Shri. Sanjay Purohit, Principal Architect, Studio Archnovate has been co-opted in Panel CHD 07: P8 and nominations have been updated on standardization portal.

The Committee may NOTE.

3.2.6 Ms. Ritu Agrawal, BIT Mesra has been co-opted in Panel CHD 07: P8 and nominations have been updated on standardization portal.


The Committee may NOTE.

ITEM 4 ACTIONS ARISING OUT OF THE MINUTES OF PREVIOUS MEETING
4.1 IS 4544 : 2000 Ammonia - Code of safety.

· In the 12th meeting, the committee decided to reallocate the work of preparation of revised draft from Shri D. K. Thakur, Tata Chemical Ltd to Shri. Diptendu Das, AERB. The pdf and editable copy of IS 4544 has been shared with Dr. Diptendu Das, AERB, so that suitable changes may be directly incorporated in the draft. Dr. Diptendu Das, AERB agreed to provide the revised draft within a period of 1 month.
· In the 13th meeting, the Committee noted that Dr. Dipendu Das has agreed to provide the revised version, incorporating necessary technical changes within a period of one month.
· The draft received from Dr. Dipendu Das has been attached.



The Committee may ADVISE

4.2 IS 14200: 1994 Hydrogen Peroxide – Code of Safety.

· In the 13th meeting, the Committee decided to once again request Ms. Dadamudi Usharani, CFTRI to provide the revised draft with in the period of 10 days. In addition, the Committee decided to share the editable copy with Shri Muraleekrishnan R, ISRO to seek his valuable comments.
· Accordingly, the Committee decided that the revised draft received from Ms. Dadamudi Usharani, CFTRI and Shri Muraleekrishnan R, ISRO will be issued into wide circulation after seeking approval from the Chairperson.
· The comment received form Muraleekrishnan R, ISRO is attached. However, the revised draft is awaited from Ms. Dadamudi Usharani, CFTRI.



The Committee may ADVISE

4.3 IS 15548: 2005 Hydroflurocarbon- Code of Safety.

· In the 13th meeting, the Committee decided to once again request Dr. Arti Bhatt, CFEES to provide the revised draft with in the period of 1 month.  
· The revised draft received from Dr. Arti Bhatt, CFEES has been attached.



The Committee may ADVISE


ITEM 5 INDIAN STANDARDS/AMENDMENTS PUBLISHED

5.1 IS 5208 : 2024 Acetic Acid — Code of Safety (First Revision)
· The standard was under printing at the time of the last meeting, the standard has been published as IS 5208 : 2024 Acetic Acid — Code of Safety (first revision).
The Committee may NOTE
5.2 IS 6270 : 2024 Phenol — Code of Safety (First Revision)
· The standard was under printing at the time of the last meeting, the standard has been published as IS 6270 : 2024 Phenol — Code of Safety (first revision).
The Committee may NOTE
5.3 IS 4560 : 2024 Nitric Acid — Code of Safety (First Revision)
· The standard was under printing at the time of the last meeting, the standard has been published as IS 4560 : 2024 Nitric Acid — Code of Safety (first revision).
The Committee may NOTE

6 DRAFT STANDARDS/AMENDMENTS FOR APPROVAL FOR FINALIZATION

6.1 CHD/07/20672 Nitrous Oxide — Code of Safety
· In the 13th meeting, the Committee noted that revised draft has been issued into wide circulation. and decided that comments received on WC Draft will be deliberated and discussed in Panel CHD 07: 06. 
· Accordingly, the comments received on WC Draft were deliberated and resolved in the 2nd meeting of Panel CHD 07: 06 held on 27-08-2024.
· The Panel CHD 07: 06 has recommended to finalized the draft, the draft will be finalized is attached.

[bookmark: _GoBack]

The Committee may ADVISE
6.2 CHD/07/25638 IS 5931 (Part 1), Code of Safety for Cryogenic liquid Part 1 Liquid Oxygen (First Revision)
· In the 13th meeting, the Committee noted that revised draft has been issued into wide circulation. and decided that comments received on WC Draft will be deliberated and discussed in Panel CHD 07: 06. 
· Accordingly, the comments received on WC Draft were deliberated and resolved in the 2nd meeting of Panel CHD 07: 06 held on 27-08-2024.
· The Panel CHD 07: 06 has recommended to finalized the draft, the draft will be finalized is attached.


The Committee may ADVISE
6.3 CHD/07/25639 IS 5931 (Part 2), Code of Safety for Cryogenic liquid Part 2 Liquid Nitrogen (First Revision)
· In the 13th meeting, the Committee noted that revised draft has been issued into wide circulation. and decided that comments received on WC Draft will be deliberated and discussed in Panel CHD 07: 06. 
· Accordingly, the comments received on WC Draft were deliberated and resolved in the 2nd meeting of Panel CHD 07: 06 held on 27-08-2024.
· The Panel CHD 07: 06 has recommended to finalized the draft, the draft will be finalized is attached.


The Committee may ADVISE
6.4 CHD/07/25640 IS 5931 (Part 3), Code of Safety for Cryogenic liquid Part 3 Liquid Argon (First Revision)
· In the 13th meeting, the Committee noted that revised draft has been issued into wide circulation. and decided that comments received on WC Draft will be deliberated and discussed in Panel CHD 07: 06. 
· Accordingly, the comments received on WC Draft were deliberated and resolved in the 2nd meeting of Panel CHD 07: 06 held on 27-08-2024.
· The Panel CHD 07: 06 has recommended to finalized the draft, the draft will be finalized is attached.



The Committee may ADVISE
6.5 CHD/07/25641 IS 5931 (Part 4), Code of Safety for Cryogenic liquid Part 4 Liquid Helium (First Revision)
· In the 13th meeting, the Committee noted that revised draft has been issued into wide circulation. and decided that comments received on WC Draft will be deliberated and discussed in Panel CHD 07: 06. 
· Accordingly, the comments received on WC Draft were deliberated and resolved in the 2nd meeting of Panel CHD 07: 06 held on 27-08-2024.
· The Panel CHD 07: 06 has recommended to finalized the draft, the draft will be finalized is attached.


The Committee may ADVISE
6.6 CHD/07/25642 IS 5931 (Part 5), Code of Safety for Cryogenic liquid Part 5 Liquid Hydrogen (First Revision)
· In the 13th meeting, the Committee noted that revised draft has been issued into wide circulation. and decided that comments received on WC Draft will be deliberated and discussed in Panel CHD 07: 06. 
· Accordingly, the comments received on WC Draft were deliberated and resolved in the 2nd meeting of Panel CHD 07: 06 held on 27-08-2024.
· The Panel CHD 07: 06 has recommended to finalized the draft, the draft will be finalized is attached.


The Committee may ADVISE
6.7 CHD/07/25643 IS 5931 (Part 6), Code of Safety for Cryogenic liquid Part 6 Liquid Krypton (First Revision)
· In the 13th meeting, the Committee noted that revised draft has been issued into wide circulation. and decided that comments received on WC Draft will be deliberated and discussed in Panel CHD 07: 06. 
· Accordingly, the comments received on WC Draft were deliberated and resolved in the 2nd meeting of Panel CHD 07: 06 held on 27-08-2024.
· The Panel CHD 07: 06 has recommended to finalized the draft, the draft will be finalized is attached.


The Committee may ADVISE
6.8 CHD/07/25644 IS 5931 (Part 7), Code of Safety for Cryogenic liquid Part 7 Liquid Neon (First Revision)
· In the 13th meeting, the Committee noted that revised draft has been issued into wide circulation. and decided that comments received on WC Draft will be deliberated and discussed in Panel CHD 07: 06. 
· Accordingly, the comments received on WC Draft were deliberated and resolved in the 2nd meeting of Panel CHD 07: 06 held on 27-08-2024.
· The Panel CHD 07: 06 has recommended to finalized the draft, the draft will be finalized is attached.



The Committee may ADVISE
7 DRAFT STANDARDS/AMENDMENTS TO BE ISSUED INTO WIDE CIRCULATION 

7.1 IS 6818: 1973 Code of Safety for Phosphoric Acid.

· The draft is yet to be issued into wide circulation.

The Committee may NOTE

7.2 15738:  2007 Stable Bleaching Powder-Code of Safety

· The draft is yet to be issued into wide circulation
The Committee may NOTE

7.3 IS 6953: 1973   Code of safety for bromine.


· The draft is yet to be issued into wide circulation.

The Committee may NOTE

ITEM 8 DRAFT STANDARDS/AMENDMENTS UNDER PREPARATION

8.1  GIA 005/11: Storage and handling of Silane and Silane mixtures

· The working draft received from GIA is still awaited.
The Committee may ADVISE

8.2 GIA 010/11: Hazards of inert gases and Oxygen depletion 
· The working draft received from GIA is still awaited.
The Committee may ADVISE


8.3 GIA 014/13: Fire hazards of Oxygen and Oxygen enriched atmospheres
· The working draft received from GIA is still awaited.
The Committee may ADVISE


ITEM 9 NEW SUBJECTS 

9.1 NWIP on Handbook of Loss Prevention

· The work for preparation of working document has been allocated to CHD 07: P1. The working document is still awaited from CHD 07: P1. 
· The Committee may ADVISE


9.2 NWIP Sodium Cyanide Code of Safety
· The draft is awaited from Shri Sheelendra Pratap Singh.
The Committee may ADVISE

9.3 New Work Item Proposal on CHLORINE LEAKAGE KIT FOR TONNERS
· In the 13th meeting, the Committee requested Prof G. D Yadav and Shri. H S Das to share with BIS details of manufacturers of Chlorine leakage kits and user industries. Further the Committee decided to onboard stakeholders in the panel constituted under the convenership of Shri. H S Das for preparing a working document on this subject.
· The working document is still awaited.
The Committee may ADVISE


ITEM 10 INTERNATIONAL ACTIVITIES.
10.1 Membership status of ISO/TC
CHD 07 is coordinating with the following ISO technical committees/subcommittees:
	Subcommittee/Working Group
	Title

	ISO/TC 336
	Laboratory design

	ISO/TC 336/TF 1
	Laboratory design roadmap

	ISO/TC 336/WG 1
	Terms and Definitions

	ISO/TC 336/SG 2
	General Principles of Laboratory Design

	ISO/TC 336/SG 3
	Mobile Laboratory 

	ISO/TC 336/SG 4
	Smart Laboratory



The programme of work and published standards of the ISO/TC's given at following LinksIn the 13th meeting, the Committee thoroughly reviewed the scope of Study groups and decided to nominate following experts:

ISO/TC 336 - Laboratory design

India is a signatory to WTO-TBT Agreement and has aligned its standards formulation procedures to the code of good practices for preparation, adoption and application of standards. One of the provisions of the code requires BIS to use international standards wherever they exist as a basis for standards being developed and wherever practicable to do so.
The Committee may NOTE the relevant international standards published and the subjects for information & effective utilization in harmonization.

9.2.1 Registered Indian Experts 
The following Indian experts are registered in the ISO committees:

	S. No.
	ISO Committee/Study groups
	Nomination Expert

	i) 
	ISO/TC 336/SG 2 ‘General Principles of Laboratory Design
	· Ms. Archana Salil, Principal Architect, Arena Consultant
· Smt. Megha Gangrade, Founder and Principal Architect, DESIGN4
· Shri. Sanjay Purohit, Studio Archnovate
· Ms. Ritu Agrawal, BIT Mesra

	ii) 
	ISO/TC 336/SG 3 titled “Mobile Laboratory
	· Ms. Archana Salil, Principal Architect, Arena Consultant
· Dr. Arti Bhatt, CFEES
· Shri. Sanjay Purohit, Studio Archnovate
· Ms. Shubhanjali Umrao, Member Secretary, CHD 07

	iii) 
	ISO/TC 336/SG 4 titled “Smart Laboratory”
	· Ms. Archana Salil, Principal Architect, Arena Consultant
· Smt. Megha Gangrade, Founder and Principal Architect, DESIGN4
· Shri. Sanjay Purohit, Studio Archnovate
· Ms. Shubhanjali Umrao, Member Secretary, CHD 07

	iv) 
	ISO/TC 336 “Laboratory design”
	· Ms. Shubhanjali Umrao, Member Secretary
· Shri Ajay Kumar Lal, Scientist ‘F’/Senior Director and Head (Chemical)

	v) 
	ISO/TC 336/TF 1 Laboratory design roadmap
	· Ms. Archana Salil, Principal Architect, Arena Consultant

	vi) 
	ISO/TC 336/WG 1	Terms and Definitions
	· Dr. Arti Bhatt, CFEES
· Ms. Shubhanjali Umrao, Member Secretary, CHD 07
· Smt. Megha Gangrade, Founder and Principal Architect, DESIGN4
· Ms. Archana Salil, Principal Architect, Arena Consultant


The Committee may NOTE

10.2 Designation of experts on ISO Documents 
As per the PNC09/20/2024-PNC-BIS dated 20.08.2024, as directed by the Competent Authority the Sectional Committee, shall determine and specify the Level of Interest for each NWIP or draft standard received from ISO/IEC in the IRD Portal. Followed by designation of one or two members of the Sectional Committee to represent BIS for standards categorized as Level H (High) and M (Medium). These designated experts will act as face and voice of BIS for the project at the ISO/IEC level. The designated expert shall be responsible for providing detailed feedback on drafts and documents from ISO/IEC, assisting the Sectional Committee in developing the rationale for proposing NWIPs, finalizing proposals for leadership positions and secretariats and briefing the Sectional Committee on discussions at the ISO/IEC level. 

The Committee may ADVISE

ITEM 11 DEMONSTRATION OF IR PORTAL

ITEM 12 PROGRAMME OF WORK (INCLUDING PERIODIC REVIEW OF INDIAN
STANDARDS)

12.1 Programme of Work
The present program of work of Chemical Hazards Sectional Committee, CHD 07 is given:


The Committee may NOTE


12.2 Review of Indian Standards

Under the Intern Policy of BIS, the following standard (IS 4644, IS 8388) has been allocated to an intern for the preparation of pre-standardisation report, which included:
· Collection of information
· Related to manufacture basis report
· User industry and inline ministry, etc.
The intern's report on the industrial exposure related to the standard is attached.
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The Committee may ADVISE

ITEM 13 DATE AND PLACE OF NEXT MEETING

ITEM 14 VOTE OF THANKS
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 ANNEX -1

Item 3.1



CHD 7 CHEMICAL HAZARDS SECTIONAL COMMITTEE

SCOPE



“To formulate Indian Standard for 

i) Terminology relating to occupational safety and chemical hazards, methods of sampling and test,

ii) Classification of chemical hazards and hazardous chemicals;

iii) Code of safety for operational hazards in industries, laboratories etc.; safety data sheets and cards for hazardous chemicals; and

iv) Storage, handling and transportation of hazardous chemicals;”



	

DETAILS OF LAST 3 MEETINGS



		No. of meeting

		Dates

		Place 



		11th 

		06.09.2023

		VC



		12th 

		08.11.2023

		VC



		13th

		16.04.2024

		VC







CHAIRPERSON:  Shri Lalit R. Gabhane, Director General, National Safety Council



		Sl No.

		Organization Represented

		Principal/(Alternate Member)

		Meetings attended



		

		

		

		11th

		12th

		13th

		Total



		1. 

		Alkali Manufacturers Association of India, Delhi 

		Shri K Srinivasan

Shri. H. S. Das







		√

		√

		√

		3/3



		1. 

		Atomic Energy Regulatory Board 

		Dr. Diptendu Das

Shri Vishvajit Bhatkhande

		√

		√

		√

		3/3



		1. 

		CSIR-Central Food Technological Research Institute, Mysore

		Dr. Prasanna Vasu 

Dr. Dandamudi Usharani

		√

		√

		√

		3/3



		1. 

		CSIR-Indian Institute of Chemical Technology, Hyderabad

		Dr. Bankupalli Satyavathi

Dr. SRIPADI PRABHAKAR

		√

		-

		-

		1/3



		1. 

		CSIR-Indian Institute of Petroleum, Dehradun

		Dr Neeraj Atray

Dr Pankaj Kumar Kanujia

		√

		-

		√

		2/3



		1. 

		CSIR-Indian Institute of Toxicology Research, Lucknow

		Dr D K Patel

Dr Sheelendra Pratap Singh



		√

		-

		√

		2/3



		1. 

		Centre for Fire, Explosives and Environmental Science, GoI, Min of Def, 



		Dr. Aarti Bhatt 

Ms Dipti Barui Bose



		√

		√

		√

		3/ 3



		1. 

		Crop Care Federation of India, New Delhi

		  Dr. J C Majumdar

		√

		√

		√

		3/3



		1. 

		Defence Research Development Organization, (DRDO), Ministry of Defence, New Delhi

		Dr. Prabhat Garg

Dr. Virendra Vikram Singh

		-

		√

		-

		1/3



		1. 

		Department of Chemicals and Petrochemicals, Government of India, New Delhi

		Dr. Rohit Misra

		-

		-

		√

		1/3



		1. 

		Department of Space (ISRO), Bangalore

		Shri Muraleekrishnan R

Ms. Lakshmi VW

		-

		√

		√

		2/3



		1. 

		Directorate General Factory Advice Service & Labour Institutes, Mumbai

		Shri Kunal Sharma

Dr Samir Kumar Paine

		-

		√

		√

		2/3



		1. 

		Gas Industries Association 

		Shri Sunil Kher

Shri Anoop Tandon

		√

		√

		√

		3/3



		1. 

		Hindustan Unilever Limited, Mumbai

		Shri Sanjay Harlaka

Shri Rakesh Wadalkar

		-

		-

		√

		1/ 3



		1. 

		Indian Chemical Council, Mumbai

		Dr. C. Nandi

Shri. Dhrumil Soni

		R

		√

		-

		1/3



		1. 

		Institute of Chemical Technology, Mumbai 

		Prof. Dr. G. D. Yadav

Dr. B. M. Bhanage

		√

		√

		√

		3/3



		1. 

		Ministry of Environment & Forest, New Delhi

		Shri. Ved Prakash Mishra 

Dr. Dinesh Runiwal



		√

		√

		√

		3/3



		1. 

		National Chemical Laboratory, Pune 

		DR. Vijay V Bokade

Dr. M. Muthukrishnan

		√

		√

		√

		3/3



		1. 

		National Institute of Occupational Health, Ahmedabad 

		Dr. B Ravichandran

Dr. H. R. Rajmohan

		√

		√

		√

		3/3



		1. 

		National Institute of Technology, Trichy 

		Prof. S.P. Sivapirakasam

Dr. Sreejith Mohan

		√

		√

		√

		3/3



		1. 

		National Safety Council, Navi Mumbai 

		Shri A Y Sundkar

Shri K D Patil

		√

		-

		√

		2/3



		1. 

		Oil Industry Safety Directorate (Min. of Pet. & Natural Gas), Delhi





		Shri Shathish Kumar K

Shri Amit sharma



	

		-

		√

		√

		2/3



		1. 

		Pesticides Manufacturer and Formulators Association of India 

		Dr. Samir P Dave 

Dr. Archana Kumari



		√

		√

		√

		3/3



		1. 

		Petroleum & Explosives Safety Organization, Nagpur 

		Shri Anuj Kumar

Shri S D Mishra

		√

		-

		-

		1/3



		1. 

		Safety Appliances Manufacturers Association, Mumbai

		Shri Mohammad

Shri Devang Mehta

		√

		√

		√

		3/3



		1. 

		Shriram Institute for Industrial Research, Delhi

		Dr. Jagdish Kumar

Dr. Deep Shankar Chatterjee

		√

		√

		√

		3 /3



		1. 

		Tata Chemicals Ltd., Mithapur, Distt, Jamnagar

		Shri Snehashish A. Chakraborty

Shri. D K Thakur

		-

		√

		√

		2/3



		1. 

		In Personal Capacity 

		Shri. S Soundararajan

		-

		√

		√

		2/3



		1. 

		In Personal Capacity 

		Dr. M. Suriyanarayanan

		-

		-

		-

		0/3



		√ — Present, C — Coopted, R – Regretted 

		

		

		







The Composition of CHD 7 and its Panel is as follows:



1. 1. The Composition of CHD 07:P1 ‘Panel for revision of IS 1446:2002 Classification of Dangerous Goods, CHD 07:P1’:



i. K. Srinivasan,AMAI, Convener

ii. Dr.M Suriyanarayanan, CLRI, Chennai, Co-Convener

iii. Shri. S P. Dobhal,CFEES 

iv. Dr. Archana Kumari, PMFAI



2. Composition of CHD 07:P3 ‘Panel on safety codes for chemicals under Group-I, CHD 07:P3’ as follows:



i. Dr B. M. Bhanage, Institute of Chemical Technology, Mumbai, Convener

ii. Dr H S Das, AMAI

iii. Mr Nishith Ghosh, BARC

iv. Dr. Dandamudi Usharani,CSIR-CFTRI

v. Dr. M. Surianarayanan, CSIR - Central Leather Research Institute, Chennai

vi. Dr. Sheelendra Pratap Singh, CSIR -Indian Institute Of Toxicology Research

vii. Dr. M. Muthukrishnan, CSIR - National Chemical Laboratory, Pune

viii. Shri. S P. Dobhal,CFEES 

ix. Dr J. C. Majumdar, Crop Care Federation of India, New Delhi

x. Shri. Sunil Kher/Shri. Anoop Tandon, GIA

xi. Shri Sanjay Harlaka, Hindustan Unilever Limited, Mumbai

xii.  Ms. Prachi Joshi, Huntsman Textile Effects, Mumbai

xiii. Dr. Chinmoy Nandi,NOCIL LTD,ICC

xiv. Dr. Jagdish Kumar/ Dr. Deep Shankar Chatterjee, Shriram Institute for Industrial Research, Delhi





3. Composition of CHD 07:P5 ‘Panel for Safe Practices for Storage and Handling of Nitrous Oxide’, CHD 07:P5 as follows:



i. Dr.M.Suriyanarayanan, CLRI, Convener

ii. Dr. Chinmoy Nandi, ICC

iii. Dr. Garima Singh, BARC 

iv. Dr. Diptendu Das/ Shri Vishvajit Bhatkhande, AERB

v. Shri. Sunil Kher/Shri. Anoop Tandon, GIA



4. Composition of CHD 07:P6 ‘Panel on IS 5931: 1970  Code of Safety for handling cryogenic liquids , CHD 07:P6’as follows:



i. Prof. Bhalchandra Bhanage,ICT MUMBAI,Convener

ii. Shri. S P. Dobhal,CFEES 

iii. Shri.Sunil Kher/ Shri. Anoop Tandon,GIA

iv. Dr M Suriyanarayanan, CLRI

v. Shri Muraleekrishnan R/ Ms. Lakshmi VW, Department of Space(ISRO) Bangalore

vi. Dr. Garima Singh/ Mr. Nishith Ghosh, BARC



5. Composition of CHD 07:P7 ‘Panel on safety codes for chemicals under Group-II, CHD 07:P7’:

i. Dr. M. Surianarayanan, Convener

ii. Shri K Srinivasan/ Shri Hari Saran Das, AMSI, New Delhi

iii. Dr. Diptendu Das/ Shri Vishvajit V Bhatkhande, AERB

iv. Shri. Nishith Gosh/ Dr. Garima Singh, BARC

v. Dr. Dandamudi Usharani,CSIR-CFTRI

vi. Dr. Bankupalli Satyavathi/ Mr. Sripadi Prabhakar, CSIR - Indian Institute of Chemical Technology, Hyderabad

vii. Dr. Sheelendra Pratap Singh, CSIR-Indian Institute Of Toxicology Research

viii. Dr. M. Muthukrishnan, CSIR-NCL

ix. Ms Prachi Joshi, Huntsman India International Pvt. Ltd.

x. Dr.B.Ravichandran, ICMR - National Institute of Occupational Health, Ahmedabad

xi. Dr. Chinmoy Nandi,NOCIL LTD,ICC

xii. Prof. S.P. Sivapirakasam/ Dr. Sreejith Mohan, National Institute of Technology, Tiruchirapalli

xiii. Dr. Archana Kumari, Pesticides Manufacturers and Formulators Association of India, Mumbai

xiv.  Shri Mohammad/ Shri Devang Mehta, Safety Appliances Manufacturer's Association, Mumbai

xv. Shri. Devendra K. Thakur, Tata Chemicals Limited, Mumbai

xvi. Shri S. Soundararajan, Personal Capacity



6. Composition of CHD 07: P8 ‘Panel to review the documents received from ISO/TC 336’

i. Dr. Aarti Bhatt, CFEES, Convener

ii. Dr. Archana Kumari, PMFAI

iii. Representative from National Safety Council

iv. Ms. Archana Salil, Principal Architect, Arena Consultant, Thane

v. Shri Sanjay A. Purohit, Studio Archnovate, Bengaluru

vi. Ms. Ritu Agrawal/Dr Tiwari Pavan Kumar, Birla Institute of technology Mesra, Ranchi
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Given under my. hand at Mumbai this Twenty Eighth day of May 1wo Thousand i,
feight. ~ -~ . . %é
: é (SHYAM SUNDER ) ﬁ

j.4
: 3 warg @ TeRgR | Assistant Registrar of Companies N@
Maharasntra, Mumbai

el TR B e AR ¥ S TR & U %
Mailing Address as per record available in Registrar of Companies office:

ANMBETRONICS ENGINEERS PRIVATE LIMITED X

17 8, TARUN PLASTIC INDUSTRIAL ESTATE. 3RD FLOOR., OPP. SIGMA PAINTS, NEW NAGARDAS

ROAD, ANDHERI (E},

MUMBAI - 400069, %}%

Maharashtra, INDIA
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Ambetronics Engineers Pvt. Ltd.

Manufacturers of Gas Detection System & Process Control & Automation System Integrator

£ AMBETRONICS W:D

178, 16, 14A, Tarun Ind. Est., New Nagardas Road,
Mogra Pada, Andheri (E), Mumbai-400069, India.
Web : www.ambetronics.com

Q| +91-22-61673000 + +91-22-61673020/21 . CIN - U29253MH2008PTC 182791

= . * GSTNO. : 2TAAHCAOTB0B1Z2
L@ E-mail : salesB@ambetronics.com ¢ sales11@ambetronics.com « MSMENO. : UDYAM-MH-18-0002701

Date : 02.08.2024

To,

Bureau of Indian Standards
Manak Bhawan,

9, Bahadur Shah Zafar Marg,
New Delhi-110002.

Subject: Organization Authorization letter.
Dear Sir / Madam,

We hereby authorise Mr. Ashish Manharlal Shah S/o Mr. Manharlal Shah Working as
Managing Director at M/s. Ambetronics Engineers Private Limited, having office at 17-B,
Tarun Industrial Estate, New Nagardas Road, Mogra Pada, Andheri East, Mumbai -400069, are
authorised signatory of the organization to apply for the BIS Membership of Technical
Committee on behalf of the company.

(Applicants Signature and Photo) (Authorizing person sign and stamp)

Signature: : Signature :

Name : Ashish Shah Name : Rupal Shah
Designation : Director Designation : Director
DIN NO. 2115859 ' DIN NO. 2115914

Email ID : ashish@ambetronics.com Email ID : rupal@ambetronics.com
Contact No.: 9821062102 Contact No.: 022 61673000
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A M IT KU MAR (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

¢, +91-9811409022 @
¢ Mumbai, India, South Asia

annikavashist@gmail.com

< www.linkedin.com/in/amitBizTechDCEMBA

v¢ A transformational leader driving business growth with a purpose-driven approach, prioritizing people, planet, and profit.

EXPERIENCE

SUMMARY

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

e Head- Sales & Marketing, Industrial Business, S. Asia 07/2023-06/2024
e 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  Q 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

i 08/2002 06/2006

Diploma in Pharmacy (Associate Degree)

Directorate of Technical Education, Delhi Govt.

i 08/2000 07/2002

LLB - Law of Contracts, Torts, Anti-Trust, Govt procedures
Faculty of Law, Delhi University

@ 08/2012 05/2013 - Drop Out

MBA

Indian Institute of technology (Kanpur)
& 9/2006 - Drop Out

TRAINING / COURSES

Business Skills: Germany @BASF

Red and Blue OceanStrategy

Conceptual & Strategic Value
Sales: Miller Heiman

Negotiations, Customer
Intimacy, Conflict Management

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 Work Automation
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 Hunting & Harvesting

Cross-Team Alignment & Collaboration

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

Life Member - Govt & Industry Asso.
lICA, QCFI, IEl, PCI

4 € €3



https://enhancv.com/resume
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2
4 AMBETRONICS @ b Ambetronics Engineers Pvt. Ltd.

Manufacturers of Gas Detection System & Process Control & Automation System Integrator

178, 16, 14A, Tarun Ind. Est., New Nagardas Road,
Mogra Pada, Andheri (E), Mumbai-400069, India.
Web : www.ambetronics.com

Q] +91-22-61673000 + +91-22-61673020/21 < CIN . U29253MH2008PTC182791
+GSTNO.  : 27AAHCAO780B1Z2
« MSMENO. : UDYAM-MH-18-0002701

@ E-mail : salesB@ambetronics.com « sales11@ambetronics.com

Date : 03.08.2024

To,

Bureau of Indian Standards
Manak Bhawan,

9, Bahadur Shah Zafar Marg,
New Delhi-110002.

Subject: Organization Authorization letter.

Dear Sir / Madam,

We hereby authorise Mr. Manan Ashish Shah S/o Mr. Ashish Shah Working as
CEO at M/s. Ambetronics Engineers Private Limited, having office at 17-B, Tarun
Industrial Estate, New Nagardas Road, Mogra Pada, Andheri East, Mumbai -
400069, are authorised signatory of the organization to apply for the BIS
Membership of Technical Committee on behalf of the company.

sk

(Authorizing person)
Mr. Ashish Shah
Managing Director
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MANAN SHAH

Address: Mumbai

Phone: +91 - 9167418106

Email: manan@ambetronics.com
Website: www.ambetronics.com

SUMMARY

Visionary leader dedicated to establishing India as a global leader in gas and flame detection systems by
2025. A firm believer in the power of innovation, | aim to revolutionize technology and impact society. My
expertise spans digital marketing, team leadership, and business strategy, with a strong focus on safety

and compliance.

WORK EXPERIENCE

C.E.O., Ambetronics Engineers Private Limited
« Developed strategies to expand business and increase market share.
o Oversaw 13 service centers across India, ensuring timely customer support.
» Provided education and consultation on gas and flame detection systems.

Webmaster, California State University, Fullerton
» Built and maintained website modules using HTML, CSS, and JavaScript.
» Managed servers for Daily Titan and Titan TV.
» Developed websites per Section 508 accessibility standards.

IT Intern, Visteon Corporation, Van Buren, Ml

» Collected, organized and documented infrastructure project attributes, data
and project metrics. Performed data manipulation, transformation, and
cleansing.

EDUCATION

June 2019 - Present

May 2017- Dec 2018

May 2018 - Aug 2018

Master's degree, Computer Engineering
California State University, Fullerton

Bachelor of Technology in Electronics Engineering
SVKM's NMIMS Mukesh Patel School of Technology Management & Engineering

Diploma, Electrical and Electronics Engineering
Thakur Polytechnic

KEYNOTES

2016 - 2018

2013 - 2016

2010 - 2013

o Speaker at Green Hydrogen Expo
o Speaker at Connecting Green Hydrogen 2024
» Speaker at BBB EXPO & SUMMIT 2024

o Speaker at 5th Edition GOTECH 2024 - Gas & Qil Technology Showcase and Conference

o Speaker at 8th Annual Conference on IT & OT in OIL & GAS

» Speaker at Conference on Converging Green Solutions with Carbon Markets to Achieve India's

Net-Zero Targets

» Speaker at 4th Edition of International Oil & Gas Technology (IOGTC- Upstream 2024)

ADDITIONAL INFORMATION

« Languages: English, Hindi, Marathi, Gujarati.

o Awards/Activities: In Category Brand Excellence In Make In India Award, Winner of Product of
the year - Fire Detection, Best Speaker of the event at IOGTC UPSTEAM 2024, Gracious

presence as Eminent Speaker at CGDNG 2024
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RESUME

wisdom.”

“Experience the greatest desires through the travel of

19925surbhidahiya@gmail.com
surbhi.dahiya19925@gmail.com

https://orcid.org/0009-0008-7088-344X

https://www.linkedin.com/in/surbhi-dahiya-17b497142/
Phone- +91- 8279357156, +91-737992096.

Skill sets- Catalysis; DFT study; Numerical Modelling study.

EDUCATION- PhD, Chemical Engineering- Indian Institute of
Technology Roorkee, India.

Thesis Title-Synthesis and characterization of praseodymium and
zirconium-based catalysts for dimethyl carbonate synthesis.

DATE OF Defense- 31 May 2024.
CGPA-7.8/10

MTech, Chemical Engineering- Dr. A.P.J. Abdul Kalam Technical
University Lucknow, Harcourt Butler Technological Institute Kanpur,
India.

Dissertation- A thesis on Reactive extraction of Acetic Acid.
Percentage- 69 %

BTech, Chemical Engineering- Chatrapati Sahu Ji Maharaj University,
University Institute of Engineering & Technology Kanpur, India.

Project- Design of a distillation column.
CGPA-7.6/10

12™ - School- Pinewood School, Saharanpur; Percentage: 81 %.
Mathematics,

Subjects: English, Physical

Education.

Physics, Chemistry,

10" — School- Sophia Girls’ High School, Saharanpur; Percentage:
84.4 %.

Subjects: English, Hindi, Mathematics, Science, Social Science.

Achievements and Awards

2007- 3™ Prize in I.T.C General Knowledge Quiz
held at district level.

2007- Sportsman-ship spirit award at school
level.

2012- Presented Essay for UN Chapter.
2013- Magazine editor for college TECHFEST.

2016- 1°* Prize in National Level Conference held
by TEQUIP-Il funded by World Bank.

2018- 1% Prize in Quiz in IIT Roorkee based on
Women'’s Rights.

2019- 2" Prize in Essay Competition in IIT
Roorkee based on Water Conservation by Dr.
B.R. Ambedkar.

2019- 3™ Prize in Collage competition on Disaster
Mitigation, IIT Roorkee.

2020- Outstanding performance in “ldeathon”
Vision 2040, from the Office of Principal
Scientific Adviser,

COLLABORATION

PhD - DFT and experimental studies with PhD colleague Pankaj Kumar.

Guiding a BTech Intern Akriti Singh in catalyst preparation.

MTech- Collaborated with Sarvesh Patel in studying reactive extraction of acetic acid as well as propionic acid.

Research Associateship- Guiding Project assistant Ms. Rakshitha for FISCHER-TROPSCH Process.

Collaborative work with Prof. Shubhi Gupta, IIT Dhanbad, on green fuel synthesis.




mailto:19925surbhidahiya@gmail.com

mailto:surbhi.dahiya19925@gmail.com

https://orcid.org/0009-0008-7088-344X

https://www.linkedin.com/in/surbhi-dahiya-17b497142/



SUMMARY RESEARCH WORK

Research Associate- January 8, 2024- Present- Hands-on training on Aspen HYSYS for studying some aspects of
modelling. High Pressure reactor for synthesis of green chemicals. Experiment on FISCHER-TROPSCH process.

PhD research Work, Indian Institute of Technology Roorkee, India. (Prof. Vimal Chandra Srivastava,
Prof. Vimal Kumar)-2018- 2024- Training on packed bed reactor for synthesis of chemicals. Literature study
on production of Dimethyl carbonate from methanol, under Project “Engineering aspects of methanol and
conversion of methanol to dimethyl carbonate,” Project No. SERB-1182-CHD. Research on production of
Dimethyl carbonate using methanol and propylene carbonate.

MTech dissertation, Harcourt Butler technological Institute, India. (Prof. Ashwani Kumar Rathore) -(2015-2017)

Extraction of acetic acid via reactive extraction using set of diluents and reactants. Optimized the best diluent to be used
with the extractant.

BTech Project-(2011-2015)- Design of distillation column.

Skills, Software, Training

Transesterification, Green fuel, green energy, Alternative fuel, Catalysis, High pressure reactor.

Characterization techniques- XRD, XPS, SEM, FE-SEM, TEM, NH;-TPD, CO,-TPD, GC.

DFT-Quantum Espresso.

Aspen HYSYS.

One-week hands-on Training certification for Density functional theory of materials: nano particles, thin films,
unit cells on Quantum Espresso, by Centre for Advanced computational Research, New Delhi.

YV VV VYV

A7

Hands-on Training on Aspen HYSYS certification.

SOCIAL ASPECTS

Volunteered for the NGO, V Care, where green plants are planted around Saharanpur region, India for the
environmental sustainability.

Article in National Magazine

Article Published in Science Reporter titled, “Dynamic Future of the fuel cells: From Earth to Mars.”

REFERENCES
(1). Prof. Vimal Chandra Srivastava-

vimalfch@iitr.ac.in, Dean International Relations,

Indian Institute of Technology Roorkee
(2). Prof. Dipteek Parmar

d_parmar@rediffmail.com, Professor, Head of Civil Engineering,

Harcourt Butler Technical University Kanpur
(3). Prof. Shubhi Gupta

shubhi@iitism.ac.in

Assistant Professor,

IIT Dhanbad.




mailto:vimalfch@iitr.ac.in

mailto:d_parmar@rediffmail.com

mailto:shubhi@iitism.ac.in



PUBLICATION LIST

Papers Published (International) Journals.

e Dahiya, S.; Srivastava, V. C.; Kumar, V. (2022). Dimethyl carbonate synthesis via transesterification of
propylene carbonate using a titanium-praseodymium-based catalyst. Energy & Fuels, 2022, 36(21),
13148-13158.

e Dahiya, S., Kumar, P., Srivastava, V. C., & Kumar, V. (2023). Production of dimethyl carbonate using a
zirconium-praseodymium-based catalyst from methanol and propylene carbonate: An experimental
and DFT Study. Industrial & Engineering Chemistry Research, 2023, 62(18), 6920-6931.

e Dahiya, S., Kumar, P., Srivastava, V. C., & Kumar, V. An experimental and kinetic study toward the
production of dimethyl carbonate via transesterification using zirconium-embedded eucalyptus leaves
ash (ZrO,-E) as a catalyst: A green approach

e Dahiya S., Raghuvanshi S.S., Sharma U.C., Srivastava D., Rathore A., Acetic acid extraction from
aqueous solution using tributyl phosphate in modified soyabean oil, 2018, Vol. 6, No., 6, 1197-1199.

Papers under review.

¢ An experimental and DFT approach for the production of dimethyl carbonate using eucalyptus ash
integration in magnesium- praseodymium based catalyst: Towards sustainability.

¢ Studying the complex formation of zirconium in N, N Dimethyl formamide (DMF) [ZrO(OH)2.(DMF)] using
DFT calculations for catalyst synthesis to produce dimethyl carbonate via transesterification.

e Catalytic transesterification using modified trimetallic combination Fe/Ce/Ti promoting high redox cycle
of Fe(ll)/Fe(lIl), Ce(lll)/Ce(IV) and Ti(ll1)/Ti(IV) to produce green chemical dimethyl carbonate

Conferences

¢ Dahiya, S.; Srivastava, V. C.; Kumar, V. Production of zirconia-praseodymium based catalyst, Advances
in Chemistry and Chemical Engineering (ACCE, 2021), Department of Chemical engineering, SVNIT, Surat,
India, April 16-17, 2021. (BAGGED BEST PAPER AWARD)

¢ Dahiya, S.; Srivastava, V. C.; Kumar, V. An investigation of engineering aspects of methanol during its
reaction with carbon-dioxide using zirconium-praseodymium based catalysts in the production of
dimethyl carbonate, International Chemical Engineering Conference 2021, Dr. B.R. Ambedkar National
Institute of Technology, Jalandhar, September 16-19, 2021. (BAGGED BEST PAPER AWARD)

¢ Dahiya, S.; Srivastava, V. C.; Kumar, V. Production of dimethyl carbonate and propylene glycol via
transesterification using novel catalysts. IKSAD Publications —2022; ISBN- 978-625-8423-98-3.7th IZCSR
2022, Gaziantep, Turkey, Jan 21-23, 2022.

¢ Dahiya, S.; Srivastava, V. C.; Kumar, V., CHEMTSF-2022. Production of dimethyl carbonate using
eucalyptus ash integration in magnesium-praseodymium based catalyst, Department of Engineering, IIT
Roorkee, Sept. 8-10, 2022.

e Dahiya S., COP26 Targets: Curbing the increased amount of carbon dioxide in the atmosphere:
Utilization of carbon dioxide and ash by producing an oxygenated “Dimethyl carbonate,” 5™ Global
Summit of GADRI, Japan.
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AMMONIA – CODE OF SAFETY (IS 4544: 2000)

1 SCOPE


This standard describes a code of safety concerning the hazards related to ammonia. This standard covers properties of ammonia, the nature of hazards associated with it and essential information with respect to personal protection, handling & storage, labelling, transport, spillage/ leakage (emergency preparedness), fire prevention and firefighting, communication, training, health monitoring, first aid and waste disposal.

2 REFERENCES


The Indian Standards listed below 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 revisions, 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



		1260 (Part I) 1973

		Pictorial marking for handling and labelling of goods : Part 1 



		4155:1966 (Reaffirmed in 2018)

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals





3 TERMINOLOGY


For the purpose of this standard the definitions given in IS 4155 shall apply.


4 PROPERTIES

4.1 General Information 

4.1.1 Common Name & Synonyms – Ammonia, Anhydrous ammonia, Ammonia gas, liquid ammonia

4.1.2 Uses – Ammonia is used as a refrigerant gas, for purification of water supplies, and in the manufacture of plastics, explosives, textiles, pesticides, dyes and other chemicals. It is found in many household and industrial-strength cleaning solutions. 

4.2 Identification  

4.2.1 Chemical Name – Ammonia 

4.2.2 Formula – NH3

4.2.3 U.N. Number: 1005


4.2.4 CAS Number – 7664-41-7

4.3 Physical Properties

4.3.1 Molecular Mass: 17gm/ mol.

4.3.2 Physical State: liquefied compressed gas 

4.3.3 Colour: Colourless

4.3.4 Odour: Pungent 

4.3.5 Melting Point: (-)77.7°C

4.3.6 Critical temp: 132.85°C

4.3.7 Vapour Density (Air=1): 0.597 (at 0°C and 1 atm)

4.3.8 Vapour Pressure: 114.2 psig

4.3.9 Specific Gravity: 0.682 [at (-)33.3°C]

4.3.10 Viscosity, dynamic: 0.254 mPa.s at -33°C

4.3.11Vapour Pressure – 8.600hPa at 20°C

4.3.12 Auto Ignition Temperature: 651°C

4.3.13 Minimum Ignition Energy: 100mJ

4.3.14 Heat of combustion: -18589392J/kg

4.3.15 Solubility in Water – 531g/l at 20°C – OECD test guidelines 105, soluble in alcohol and ether 

4.3.16 Light Sensitivity – No

4.4 Chemical Properties


4.4.1 Reactivity – Incompatible materials – oxidizers and yellow metals (brass & copper)

4.4.2 Stability – Chemically stable under standard ambient conditions (room temperature). 

4.4.3 At 450-500°C it begins to decompose to form nitrogen and hydrogen.

4.4.4 Possibility of hazardous reactions: May react exothermically with chemicals such as acetaldehyde, bromine, hydrogen bromide, HCl gas, CO2, phosgene, sulphur dioxide, barium, calcium, chlorine etc. 

4.5 Fire and Explosion Hazard Properties


4.5.2 Auto Ignition Temperature – 651°C

4.5.3 Flash Point – No data available

4.5.4 Upper Explosive Limit – 25%

4.5.5 Lower Explosive Limit – 16%

5 Hazards Associated with Ammonia

5.1 Health Hazard

5.1.1 General


Anhydrous ammonia is a strongly irritant chemical for the skin, eyes and respiratory tract. The liquid produces severe burns. The gas has a characteristic sharp penetrating odour. In sufficient concentrations, it produces painful irritation. Because of the unpleasant odour and prompt irritation, it is unlikely that anyone would voluntarily remain in an atmosphere seriously contaminated with ammonia. However, serious injury may result if escape is not possible.


5.1.2 Acute Toxicity


5.1.2.1 Systemic effects


Ammonia is not a systemic poison.


5.1.2.2 Local effects


Inhalation of high concentrations produces violent coughing due to its local action on the respiratory tract. If rapid escape is not possible, severe lung irritation, pulmonary oedema and death can result. Lower concentrations cause eye irritation, pulmonary oedema and bronchitis. Table 1 shows effects of various concentrations of gas in air. Swallowing of the liquid results in severe corrosive action on the mouth, throat and stomach. Exposure to high gas concentrations may cause temporary blindness and severe eye damage. Direct contact of the eyes with liquid anhydrous ammonia will produce serious eye burns.


Table 1 Effects of Various Concentrations of Ammonia in Air


(Clause 5.1 .2.2)


		Vapour Concentration


(ppm)


(1)

		General Effect


(2)




		Exposure Period


(3)






		1-5

		Odour detectable by most person

		Prolonged repeated exposure produces no injury



		25

		No adverse effect for average worker

		Maximum allowable concentration for 8 hour working exposure



		35

		No adverse effect for average worker

		Exposure should not be longer than 15 minutes and should


not occur more than four times per day



		400 to 700

		Nose and throat irritation Eye irritation with tearing

		Infrequent short ( 1/2 hour) exposure ordinarily produces no


serious effect



		2000 to 3000

		Conculsive coughing Severe eye irritation

		No permissible exposure. May be fatal after short exposure



		5000 to 10000

		Respirator spasm. Rapid asphyxia

		No permissible exposure. Rapidly fatal





Liquid anhydrous ammonia produces skin burn on contact.


5.1.3 Chronic Toxicity


Chronic irritation to the eyes, nose and upper respiratory tract may result from repeated exposure to the vapours. Following Exposure Limits are recommended for ammonia:  


1)  TLV TWA 25ppm (17mg/m3) -8hrs


2)  STEL 35ppm (24mg/m3) -15 minutes


3) LC50 Rat 7338 ppm -1hr.

5.2 Fire and Explosion Hazards


Ammonia is capable of forming flammable mixtures with air within the range of lower and upper explosive limits (Refer 4.5.4 & 4.5.5 above). The presence of oil, or a mixture of ammonia with other combustible materials, will increase the fire hazard. The explosive range of ammonia is broadened by admixture of oxygen replacing air, and by temperature and pressure higher than atmospheric pressure. Contact of ammonia with certain other chemicals, including mercury, chlorine, iodine, bromine, calcium, silver oxide, and hypochlorite, may form explosive compounds. Mercury instruments employed in anhydrous ammonia service should never he connected in such a manner as to permit contact of the mercury with liquid or gaseous anhydrous ammonia.


6 HANDLING AND STORAGE


6.1 Handling of Cylinder


6.1.1 Before filling the cyllinder with ammonia check and confirm for its validity. It shall have valid test certificate from the competent authorities. 

6.1.2 Cylinders should never be subjected to rough handling or to abnormal mechanical shock, such as dropping and bumping. 

6.1.3 Do not use rope slings for unloading. When handling by crane or derrick, suitable platform, cradle or boat should be used. Do not use hooks, tongs or similar fastening devices.

6.1.4 Do not use electric magnets for unloading or handling.


6.1.5 Avoid dragging or sliding cylinders. It is safer to move the bottle type cylinders even short distances by using a suitable truck rather than by tilting or rolling them on their bottom edges.


6.1.6 Use a rack or chain to hold cylinders in place when hooked up for discharging.


6.1.7 Do not place or handle cylinders where they might form part of an electrical circuit. Contact with third rails or trolley wires shall be avoided.


6.1.8 Do not remove valve protection until ready to withdraw ammonia from the cylinder.


6.1.9 Do not temper with numbers, markings, or test dates stamped on cylinders.


6.1.10 Cylinders for ammonia or any other compressed gas, whether full or empty, should never be used as rollers for moving heavy or bulky articles.


6.2 Emptying of Cylinders


6.2.1 The tube type cylinder is normally used in the horizontal position. Two general types of valves are supplied. Depending on which type is involved, either the valve outlet or the valve stem is at an angle with the longitudinal axis of the cylinder. It is the position of this valve outlet or stem which determines whether liquid or gaseous ammonia will be discharged from the cylinder.


When the valve outlet or stem is on top, the dip-pipe on -the inside of the cylinder is under the liquid, and therefore, liquid anhydrous ammonia will be discharged. To discharge gaseous ammonia, the cylinder is turned so that the valve outlet or stem points downward. Follow instructions of ammonia manufacturer concerned. 

6.2.2 The bottle type or vertical cylinder will discharge ammonia as a gas when placed in an upright or vertical position. Due to liquid ammonia expansion, a bottle type cylinder may, under certain elevated temperature conditions, discharge a small amount of liquid when the valve is opened, and it is recommended that bottle type cylinders be allowed to reach room temperature before the valve is opened. To discharge liquid anhydrous ammonia, this type of cylinder shall be placed in horizontal position with the valve outlet pointed up.


6.2.3
The rate at which gaseous ammonia may be discharged from either type cylinder depends upon the temperature of the surrounding atmosphere and the surface area of the liquid ammonia.


6.2.4
When the cylinder is empty, disconnect it, insert the valve plug and replace the cylinder protective cap.


6.2.5
If a bottle type cylinder has frozen during discharge, never use a pry under the valve end to loosen the cylinder. Use water to loosen the cylinder or wait for it to thaw out.


6.2.6
Store empty cylinders separate from filled cylinders and fasten an EMPTY tag on cylinders immediately upon emptying. Close valve, replace plug or nut on valve outlet, and secure valve protecting cap snugly.


6.3
Unloading of Tank


6.3.1 Unloading operations should be conducted by carefully instructed, reliable employees under adequate super vision. They should be provided with proper personal protective equipment.


6.3.2 See that train or engine crew accurately spots the car at the unloading line. The unloading track should be level.


6.3.3 Only licensed tanks/ tankers are to be used for transporting ammonia.


6.3.4
All tanks/ tankers should have excess flow check value as per the current rule in force.


6.3.5
Brakes shall be set and wheels blocked on all cars being unloaded. It is considered good practice that derails be placed at one or both ends of the unloading track approximately one car length trom the car being unloaded, unless the car is protected by a closed and locked switch or gate.


6.3.6 Metal caution signs shall be so placed on the track or car as to give necessary warning to persons approaching car fron open end or ends of siding. These signs shall not be removcd until the car has been unloaded and all fittings disconnected. Signs should prominently display the words: ‘STOP - TANK CAR CONNECTED’.


6.3.7
Anhydrous ammonia is unloaded by creating a pressure differential between the tank car and the storage tank. This may be accomplished by means of a compressor, with the suction side connected to the top of the storage tank and the discharge side to the gas line on the tank car. Unloading compressor should provide discharge pressure high alarm trip and safety valve in its discharge line.


6.3.8
The connection between the liquid line on the tank car and the unloading line to the storage tank should have a remote operated isolation valve, an excess how check valve and can be made by an anhydrous ammonia hose equipped with high pressure screw couplings. This will take care of any accidental leak as well as provide flexibility in spotting the car.


6.3.9
Bleed off pressure on flexible lines or connections at car through vent valve before disconnecting hose or transfer lines.


6.3.10
There should be provisions for high level alarm in storage tank set to operate at a level which gives time for effective action and also for two independent level indicating devices one of which can be a float- and-tape type or a float guided on a stainless steel tube containing a magnetic follower.


6.4
Return of Tank Cars


As soon as the tank cars are completely unloaded all valves shall be made tight, the unloading connections removed, and all other closures made tight. Before releasing empty tank cars, the dome cover should be closed tightly.


6.5
Indoor Storage

6.5.1
If anhydrous ammonia shall be stored inside; store in a fire resistant structure, away from steam pipes and heating devices. Storage should be dry and cool. Avoid mechanical damage or overheating of storage tanks and cylinders.


6.5.2
Suitable safety device like pressure control relieving system must be there to avoid excess pressurization. Safety valve on ammonia storage tanks are to be designed for fire conditions.


6.5.3
Ventilation should be provided through the structure in such a manner that full advantage of natural ventilation may be obtained. If natural ventilation is not sufficient, then storage area should be equipped with suitable type of mechanical ventilation.


CAUTION: Avoid pocketing of ammonia gas under floors, roots, and similar structures.


6.5.4
The vents from the storage tanks, relief’ valve must lead to a safe location to avoid any unwanted ammonia contamination in the working area. Preferably ammonia vapours should be scrubbed in water or other suitable scrubber solution. 

6.5.5
Locations used for inside storage of anhydrous ammonia shall be cut off from other occupancies and the building to be protected with automatic sprinklers, vapour tight electrical equipment, good natural ventilation, good floor drainage and adequate exposition venting.


6.5.6
There should be provision of diagonally opposite emergency exits of each corner of the building and emergency push button at each exit which should sound alarm as part of warning system. Source of water should be available in vicinity for dealing with small spill and leaks. Fire hydrants should be located within 25 m of storage.


6.6
Outdoor Storage


6.6.1
Outside storage tanks may be located at least 15 m away from buildings or adjacent to blank masonry building walls. The location should be away from any flammable liquid storage. Dyke of adequate size should be constructed around the storage tank


6.7
Bulk Storage (Non-Refrigerated)


6.7.1
Anhydrous ammonia vapourizes at atmospheric temperature and pressure and for that reason shall be stored in gas-tight containers under pressure. Storage tank if kept outside should have arrangement for protection from sun.


6.7.2 In case of multiple storage facilities, a plan should be prepared for readily and definitely approaching all shut-off’ valves and valves used for isolating various parts of the storage facilities. This is imperative, otherwise a serious leak under certain weather conditions may blanket out completely the storage area and make approach impossible. Approach routes to these valves should be demarcated prominently.


6.7.3
Each storage area should be protected by at least one standard fire hydrant so located that a suitable hose stream may be brought to bear upon the storage for extinguishing a fire, or for the cooling effect in case of adjacent fires. This problem should be discussed beforehand with the fire department that would respond, so that a minimum delay will ensure in case fire exposes the storage. Isolated storage areas are recommended, in so far as may be practical, with respect to adjacent buildings and consistent with adequate safety. Adequate supply of fire extinguishers of the CO2 or BCF vapour water type should be made at strategic points.


6.7.4
In laying out new storage lacilities or studying existing storage, consult suppliers of ammonia and of equipment and comply with all local, state or other regulations which apply.


6.7.5 Storage tank should be designed for a minimum of 15.5 bar absolute and maximum temperature of -10°C (preferably -33°C). Each storage tank shall be equipped with relief valve(s). Two relief valves may be mounted on a 3 way hand valve to provide means for repair of faulty valve while protecting the tank. Inlet to relief valve should be designed or protected so that internal fittings such as level floats do not block it, which may get accidentally detached. Vent pipes from the valves should terminate upward. Suitable provision should be made to prevent water, ice, or snow from entering the vents. A drain should also be provided at the bottom of vent pipe. They should be so arranged that in case of a release through the safety devices, the escaping ammonia will not enter working areas, collect under roofs, contact sources of ignition, or endanger workmen.


6.7.6
If gauge glasses are used, they should be provided with excess flow check valves. The gauge glasses should not be longer than 120 cm and not more than 60 cm between supports. If gauge glasses are less than 25 mm, excess flow check valves may not be necessary. The gauge glasses should be protected by suitable guards to prevent breaking on external impact.


6.7.7
Arrangement for personnel water drench facilities should be made to provide immediate access to affected personnel.


7
LABELLING


7.1
Tankers or large consignments or smaller containers shall carry an identifying label or stencil 

depicting the symbol given in Fig. 2 of IS 1260 (Part 1) and the following information shall also be given in the lower half of the label.

AMMONIA, ANHYDROUS


WARNING! Hazardous liquid and gas under pressure


Liquid Causes Burns 

Gas Extremely Irritating


Do not breathe gas.


Do not get in eyes, on skin, on clothing.


In case of contact, immediately flush skin or eyes with plenty of water for at least 15 minutes. Call a physician at once in case of burns, especially to the eyes, nose and throat, or if the patient is unconscious.


Keep cylinders away from heat and sun. Do not store with flammable or explosive materials.


Never drop cylinders.


Be sure connections are tight. Use no oil or lubricants on valves.


Never refill cylinders.


Keep the cylinders up-right (vertical) with its valve at the top and secure it properly.


8
PREVENTIVE MEASURES


8.1
Employee Education and Training


8.1.1
Safety in handling ammonia depends, to a great extcnt, upon the effectiveness of employee education, proper safety instructions, intelligent supervision and the use of safe equipment.


8.1.2
The education and training of employees to work safely and to use the personal protective equipment or other safeguards provided for them is the responsibility of supervision. Workers should be thoroughly informed of the hazards that may result from improper handling of ammonia. Each employees should be fully informed as what to do in an emergency.


8.1.3
Employee education and training should include the tollowing:


a)
Instruction and periodic drill or quiz regarding the locations, purpose and use of respiratory protective devices and other personal protective equipment and action to be taken during emergency.


b)
Instruction and periodic drill or quiz regarding the locations of safety showers, eye baths, bubbler drenching fountains, or the closest source of water for use in emergencies.


c) Instructions to avoid all unnecessary inhalation of vapours of ammonia and all direct contact with the liquid.


 d) Instruction and periodic drill or quiz regarding the location, purpose and the use of emergency fire fighting equipment. Instruction to strictly prohibit smoking in storage area.


 e) Instructions to report to the proper authority all equipment failures and any unusual odour of ammonia.


8.2
Personal Hygiene


8.2.1
Emergency showers anal eye baths should be placed at convenient locations wherever anhydrous ammonia is used in quantity. Every employee should understand that direct contact with the chemical requires the instant application of large amounts of water to the affected area. These safety showers should he tested periodically for their proper functioning.


8.2.2 Skin, eye and respiratory protective equipment will often be necessary.


8.3. Physical Examinations


8.3.1
Preplacement Examinations


Most employees may be assigned to processes in which the use of anhydrous ammonia is carefully controlled. Under some circumstances the physician carrying out preplacement examinations may wish to exclude from exposure people with the following disabilities:


a)
Those with only one functioning eye;


b)
Those with severe faulty vision; and


c)
Those with chronic diseases of the nose, throat or lung.


8.3.2
Periodic Health Examination


Usually periodic health examinations will not be conducted solely by reason of the employee exposure to ammonia.


8.4
Personal Protective Equipment


8.4.1
Availability and Use


While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation, and intelligent conduct on the part of employees working with ammonia, it is, in many instances, the only practical means of protecting the worker, particularly in emergency situations. One should keep firmly in mind that personal protective equipment protects only the worker wearing it, and other unprotected workers in the area may be exposed to danger.


8.4.1.1
The correct usage of personal protective equipment requires the education of the workers in proper employment of the equipment available to him. Under conditions which are sufficiently hazardous to require personal protective equipment, its use should be supervised and the type of protective equipment selected should be capable of control over any potential hazards.


8.4.2
Eye Protection


Gas-tight chemical goggles or full face mask should be worn when handling ammonia where leaks or spills may occur. Water wash or water sprays should be available in areas where ammonia leaks, spills or splashes may be encountered.


8.4.3
Respiratory Protection


Severe exposure to ammonia may occur in tanks during equipment cleaning and repairs, when decontaminating areas following spills, or in case of failure of piping or equipment. Employees who may be subject to such exposures should be provide with proper respiratory protection and trained in its use and care. Available types are described below.


NOTE — Respiratory protective equipment shall be carefully maintained, inspected, cleaned and sterilised at regular intervals, and always before and after use by another person.


8.4.3.1
Self-contained breathing apparatus


It permits the wearer to carry a supply of oxygen or air compressed in the cylinder (the self-generatingy type produces oxygen chemically) and allows considerable mobility. The length of time a self- contained breathing apparatus provides protection varies according to the amount of air, oxygen or regenerating material carried.


Compressed oxygen should not be used where there is danger of'contact with flammable liquids or vapours, especially in confined spaces such as tanks or pits. A special type of self-contained breathing apparatus may be used which is provided with a small cylinder of compressed air for escape but is supplied with air through an air line for normal work purposes.


8.4.3.2 Positive pressure hose masks


These are supplied by blowers and require no internal lubrication. The wearer shall be able to use the same route for exit as for entrance and shall take precautions to keep the hose line free of entanglement. The air blower shall be placed in an area free of contaminants.


8.4.3.3 Air-line masks


These are supplied with clean compressed air, are suitable for use only where conditions will permit safe escape in case of failure of the compressed air supply. These masks are usually supplied with air piped to the area from a compressor. It is extremely important that the air supply is taken from a safe source, and that is not contaminated by oi1 decomposition from inadequate cooling at the compressor. The safer method is to use a separate compressor of the type not requiring internal lubrication. Pressure reducing and relief valves as well as suitable traps and filters, shall be installed at all mask stations.


8.4.3.4 Chemical cartridge respirators


These may be used to avoid inhaling disagreeable but relatively harmless concentrations of ammonia vapour. These respirators, however, are not recommended for protection where toxic quantities of ammonia may be encountered. While using cartridge care must be taken to check the oxygen content in the area. It should be more than 16.5 percent (v/v) and chemical cartridges whose life is over, must not be available for use.

CAUTION: Filter type respirators do not offer protection against gases and are unsuitable for use when working with ammonia.


8.4.4 Head Protection


Where there is no danger from falling objects, safety helmets or ‘hard’ hats are considered unnecessary, soft brimmed hat or caps should be worn to give protection against liquid leaks and splashes.


8.4.5 Foot Protection


Rubber boots or safety-toed rubber booties should be used as required. Rubber boots should he thoroughly cleaned and ventilated after contamination.


8.4.6
Body, Skin and Hand Protection


Rubber or other protective gloves should be worn where any danger of contact with ammonia may occur. Impermeable wears may also be used.


8.4.6.1
For the protection of the skin, cotton shirt, trousers and underwear should be worn (cotton resists alkalis better than wool).


8.4.6.2
In case of emergency, a rubber apron or rubber coat may provide sufficient protection, but in areas of high ammonia concentration a complete gas suit should be worn.


8.4.6.3
For optimum protection of the body, the collar should be kept buttoned, glove (gauntlets) should be tucked inside of sleeves, and trouser legs should be left outside of boots.


It is also suggested to have a valcro type tight fitting strap to have the legs and arm areas tight enough to avoid ammonia gas entry into the protective suit.


8.4.6.4
In area of high ammonia concentration, ammonia may be absorbed by perspiration on the body even though appropriate protective clothing is worn. Severe discomfort may be minimized or prevented by the application of protective oil to such body areas in addition to the wearing of protective clothing.


8.5
Spills and Leaks


8.5.1
Leaks of ammonia should be searched for, preferably with hydrochloric acid solution or with either chlorine gas or sulphur dioxide gas using a small cylinder of the compressed gas. A white cloud is produced in the presence of ammonia. Because of the fire risk, sulphur candles should not be used.


8.5.2
If leaks or spills occur, only properly protected personnel should remain in the area. In cases where leaks cannot be valved off isolated, use large volumes of water sprayed directly on the leak and maintain contact until the contents have been discharged and the tank is empty. Leaking cylinders should be removed to the outdoors or to an isolated, well- ventilated area and the contents transferred to other suitable containers. All spills should be flushed away promptly with water.


8.5.3
In handling or operating any type of ammonia system, always be sure that all valve connections and pipe lines are in proper order and condition before starting the operation. Keep compressors and motors clean and in good condition.


8.5.4
During cold weather keep all steam traps warm, whether or not tanks are in service. 

8.5.5 Never, under any circumstances, close all valves on a full line of liquid ammonia unless protected by pressure relief or liquid expansion device.


9
FIRST-AID


9.1 General Principles


After severe exposure to ammonia gas, it is important to move the patient from the contaminated area promptly. In case of contact of the liquid with the eyes or skin, immediate flushing with large quantities of running water is imperative. In all cases of serious injury, call a physician at once giving him a complete account of the accident.


9.2
Contact with Skin and Mucous Membranes


Speed in removing ammonia from contact with the patient and in moving the patient to an uncon- taminated atmosphere is of primary importance.


If skin contact is extensive and emergency showers available, the employee should get under the shower immediately. Contaminated clothing and shoes should be removed under the shower. In other instances flushirg with large amounts of running water should be continued for at least 15 minutes.


9.2.1
Under no condition should salves or ointments be applied to the skin or mucous membrane burns during the 24-hour period following the injury. Subsequent medical treatment is otherwise the same as tor thermal burns.


9.3
Contact with the Eyes


If even small quantities of ammonia enter the eyes, they should be irrigated rinsed immediately and copiously with water for a minimum of 15 minutes. The eyelids should be held apart during the irrigation rinsing to ensure the contact of water with the tissues of the eye surface and lids. A physician should be called at the earlier possible moment. After the first 15 minutes period of irrigation rinsing, if a physician is not available, the irrigation rinsing should continue for a second period of 15 minutes. It is then permissible as a first-aid to instill 2 or 3 drops of 0.5% pontocaine solution or an equally effective aqueous topical anesthetic. No oils or oily ointment should be instilled unless ordered by a physician. The employee affected person should be sent to a physician, prefereably an eye specialist, as soon as possible. 


9.4 Ingestion


If liquid anhydrous ammonia has heen swallowed, call a physician immediately. If the patient is conscious and able, he should drink large amounts of water to dilute the chemical. Do not induce vomiting if the patient is in shock or in extreme pain or is unconscious. If vomiting begins, place the patient face down with head lower than hips, this prevents vomitus from entering the lungs and causing further injury.


9.5
Inhalation


Exposed persons should be removed at once to an uncontaminated area. If the exposure has been to minor concentrations for a limited time, usually no treatment will be required.


9.5.1
When there is severe exposure to higher concentrations, and if oxygen apparatus is available, oxygen may be administered but only by a person authorized for such duty by a physician. If the patient is not breathing, an effective means of artificial respiration should he initiated immediately. Call a physician.


9.5.2
The patient should be kept comfortably warm but not too hot and should be kept at rest.


9.5.3
Never attempt to give anything by mouth to an unconscious patient.


10
CLEANING AND REPAIRS


10.1
Preparation of Tanks and Equipment


10.1.1
Tank and equipment cleaning and repairing should be done under the direction of thoroughly trained personnel who are fully familiar with all of the hazards and the safeguards necessary for the safe performance of the work.


10.1.2
In addition to the precautions generally recommended in tank work, such as procurement of written approval of supervision, testing for oxygen content, use of rescue harness or life belt and life line, provision of grounded equipment in good condition for portable lights and power tools and stationing of thoroughly trained ‘watchers’ outside and tank entrance, additional precautions are recommended as folows:


a)
Make sure that all pressure has been relieved from tank. Use of compressor is frequently made to remove bulk of gas remaining after the liquid has been removed.


b) Pressurize and depressurize the tank with air till ammonia content inside the tank becomes nil. After stopping the compressor, slowly vent the tank. Make sure that any gas escaping does not enter working area or expose other person.


c) Fill tank completely with water and drain out. Repeat if any ammonia gas remains.


d) Keep adequate vents in open condition to avoid vacuum formation during filling the tank with water.


 e) If oil is found in the tank and requires to be removed, it should be done by steaming and draining and not by the use of solvents.


f)
Provide adequate fresh air supply.


g)
Use proper personal protective equipment.


h)
Flush all lines completely with water until no ammonia remains. 


j) Blank off lines; do not depend on shut-off valves.


10.2
Entering Tank


10.2.1
No one should enter a tank or confined space until a work permit has been signed by an authorized person, indicating that the area has been tested and found to be safe. Furthermore, no workman should enter a tank or vessel that does not have a manhole opening large enough to admit a person wearing his safety harness, life line and emergency respiratory equipment. It should be ascertained that the tank or vessel can be left through the original entrance.


10.2.2
One man on the outside of the tank should keep the men in the tank under observation and another man should be available nearby to aid in rescue if any of the men in the tank are overcome.


10.2.3
A supplied-air respirator or self-contained breathing apparatus, together with rescue harness and life line should always be located outside the tank entrance for rescue purposes, regardless of the type of respiratory equipment or air supply which is provided for employees inside the tank.


10.2.4
If a tank cleaner or repairman is overcome, he should be removed to fresh air immediately, artificial respiration should be applied if breathing has stopped, and a physician summoned at once.


10.3
Repair Work


10.3.1
No welding and cutting of any type should be conducted on tanks or lines until they are completely free of ammonia and certified by competent person as well as safety work permit issued.


10.3.2
Before refilling the tank with anhydrous ammonia, the tank should be thoroughly dry and vented to safe location.


11
WASTE DISPOSAL


11.1
Waste disposal of ammonia and materials containing ammonia depends to a great extent upon local conditions. Be sure that all central, state, and local regulations regarding health and pollution are followed.


11.2
If not prohibited, waste may be disposed of by diluting with large quantities of water and washing into sewers.
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Input from Shri Muraleekrishnan. R - Regarding input for revision of IS 14200: 1994 Hydrogen Peroxide –Code of Safety



1. Specific Gravity is generally mentioned at 25 ℃ irrespective of Concentration. However, in the present document it varies with conc. For eg For 70% at 20 ℃ and for 90% at 0 ℃. Basis for this, is not understandable. Is it on account of any safety precautionary measure? Can it be rationalised for 20 ℃?

2. Total Vapor pressure is reported at 1 mm at 15.3 ℃ for 90%. But, I could not get supporting data from the literature. Generally, it is reported as follows:

5 mm of hg at 30 ℃ for 90%
3 mm of hg at 30 ℃ for 98%
2.8 mm of hg at 30 ℃ for 99%

3. Storage aspects:

Generally, breather caps are made available by manufacturers for release of any vapors in case of decomposition as a safety mechanism for H2O2 of conc in the range 50% and above. However, this is not mentioned in any document, though being followed practically by the industry.


Hence, inclusion of breather cap or vent mechanism for small containers for H2O2 of conc in the range 50% and above may be thought of. This breather cap is like a non-return valve. For bulk storage, vent mechanism is already mentioned.
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FOREWOED 

(Formal clause shall be added later)

This Indian Standard was originally published in 2005. Hydrofluorocarbons (HFCS) are categories of synthetic chemicals that are being used as alternatives to the ozone depleting substances (ODS), which are being phased out under the Montreal Protocol and Clean Air Act amendment of 1990. Because HFCS do not directly deplete the stratospheric ozone layer, they are not controlled by Montreal Protocol.

These compounds, however, along with sulfur hexafluoride are potent greenhouse gases. In addition to having high global warming potentials, many HFC’s have extremely long atmospheric lifetimes, resulting in their essentially irreversible accumulation in atmosphere.

HFC- 134a is an ozone friendly CFC substitute. The ozone layer in the stratosphere which protects the earth from ultraviolet radiation from the Sun is getting depleted by various chemicals/substances released in the atmosphere including chlorofluoro carbons (CFC) used in several industries such as refrigeration, air conditioning, electronics,

foams etc. Montreal Protocol to which India became a signatory in 1992, prohibits the use of CFCS beyond the	Comment by Unknown Author: CFCs

year 2010, HFC- 134a is one of the recommended CFC substitute in refrigeration, air conditioning and aerosol

Industries and is a much preferred one for several technical, economic and safety reasons.

There is no standard on this subject published by ISO. This standard has been prepared indigenously based on the available data and information. In preparation of this code considerable assistance has been derived from the following:

a) Hydrocarbon Plant & Storage Safety, prepared for the World Bank 1 day Aerosol Seminar, New Delhi, April 1993 by Ing Jose Luis Corona, The Mexican Aerosol Institute & Geno Nardini, World Bank OORG Aerosol Consultant.

b) Reducing the Consumption of Ozone Depleting Substances in India Phase I: The Cost of Complying with the Montreal Protocol by Touche Ross, Management Consultant& Gremer & Warner.

c) Montreal Protocol, 1991 Assessment Report of the Economic Options Committee, December 1991.

d) Ozone Depletion FAQ Part I, Introduction to the Ozone Layer, University of Colorado, Boulder, December 1997.

e) The Chemistry of Fluorine and Its Compounds — H.J. Emeleus, Academic Press, New York, London 1969.

f) Technical Progress on Protecting the Ozone Layer, Technical Options Committee, December 1991, United Nations Environment Programme.

g) Technical Brochure on Genetron 134a by Allied Signal Inc. Morristown, NJ.

h) Technical Information “on HFC- 134a by Du Pent.	Comment by Unknown Author: Du Pont

j) Material Safety Data Sheet for Floron 134a, SRF Limited, Fluorochemical~ Division.

k) Transport Emergency Card (TREM Card) for HFC-134a, $RF Ltd.

m) Accident Prevention — A Workers Educational Manual, Dialogue Publications, First Indian Reprint, 1985.

n) Recommendations on the Transport of Dangerous Goods, 9th revised edition, United Nations, Geneva, 1995.

p) Refrigerant Safety, James M. Calm, P.E. Member Ashrae EPA, United States Environmental Protection Agency.

q) Protecting the Ozone Layer, Vol. 1 Refrigerant, United Nations Publications, First Edition, 1992.

The composition of the Committee responsible for formulation this standard is given in Annex A.

For the purpose of deciding whether a particular requirements 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.





























Draft Indian Standard

HYDROFLUOROCARBON (HFC-134a) — CODE OF SAFETY

(First Revision)

1 SCOPE 

This standard covers general information and properties of HFC-134a, the nature of hazards associated with it and essential information on personal protective equipment, storage, handling, labelling, transportation, spillage/leakage, waste disposal/ recycling, training, firefighting and fire prevention, health monitoring and first aid.

2 REFERENCES 

The standard listed below contains provisions, which through reference in this text, constitutes provisions of this standard. At the time of publication, the edition indicated was valid. All standards are subject to revisions, and parties to agreement based on this standard are encouraged to investigate the possibility of applying the most recent edition of the standard indicated below:

		IS No

		Title



		IS 4155:2023

		Glossary of Terms Relating to Chemical and Radiation Hazards and Hazardous Chemicals (first revision)





3 TERMINOLOGY 

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES 

4.1 General Information 

4.1.1 Chemical Name – 1,1,1,2- Tetrafluoro ethane 	Comment by Unknown Author: Tetrafluoroethane

4.1.2 Common Name & Synonyms – Hydrofluorocarbons/HFC -134a/ R-134a 

4.1.3 Uses 

4.2 Identification 

4.2.1 Molecular Formula – CF3CH2F

4.2.2 CAS No – 811-97-2

4.2.3 UN Number -3159

4.2.4 UN Class – Non-flammable gas

4.2.5 Hazchem Code 

4.3 Physical Properties 

4.3.1 General 

4.3.2 Molecular Mass – 102.031

4.3.3 Description, Physical, Colour, Odour – Colourless liquefied gas

4.3.4 Boiling Point at 1 Atm - (-)26.18 °C

4.3.5 Melting Point -  (-)103.3 °C

4.3.6 Freezing Point - (-)103.3 °C

4.3.7 Vapour Density (Air = 1)

4.3.8 Specific Heat of Liquid at 30 °C – 1.508 4KJ/Kg-K

4.3.9 Specific Heat of Vapour at Constant Pressure (1 Atm at 30 °C) – 0.87 9 KJ/Kg-K

4.3.10 Viscosity of Liquid at 25 °C - 0.202 Centipoise 

4.3.11 Viscosity of Liquid at 30 °C -0.190 Centipoise

4.3.12 Viscosity of Vapour at 25 °C and 1 Atm - 0.012 Centipoise

4.3.13 Viscosity of Vapour at 30 °C and 1 Atm – 0.0126 Centipoise

4.3.14 Vapour Pressure at 76.6 °C	Comment by Unknown Author: 25°C- 666.1 kPa

4.3.15 Heat of Combustion 

4.3.16 Solubility of HFC- 134a in Water at 25 °C and 1 Atm - 0.15 weight ٪

4.3.17 Solubility of Water in HFC- 134a at 25 °C – 0.11 weight ٪

4.3.18 Solubility in other solvents 	Comment by Unknown Author: : Least soluble in triethylene glycol

4.3.19 Light Sensitivity 

4.3.20 Flammability – Non-Flammable

4.3.21 Critical Temperature – 101.1 °C

4.3.22 Critical Pressure (Absolute) – 41.43 kg/sq. cm

4.3.23 Critical Density – 0.507 g/cc

4.3.24 Ration of Specific Heat (Cp/CV) at 1 Atm – 1.004

4.3.25 Latent Heat of Vapour – ization at Boiling Point – 214.96 KJ/Kg	Comment by Unknown Author: Vapourization

4.3.26 Thermal Conductivity of Liquid at 25 °C -8.19 mw/m.k	Comment by Unknown Author: 82.4 mW/mK

4.3.27 Thermal Conductivity of Vapour at 20 °C and 1 Atm - 14.05 mw/m.k	Comment by Unknown Author: mW/mK

4.3.28 Dielectric Constant of Vapour at 20 °C and 1 Atm – 1.025 

4.3.29 Ozone Depletion Potential (ODP) -0

4.3.30 Halocarbon Global Warming Potential (HGWP) – 0.285

4.3.31 Global Warming Potential (GWP) (100 yr./TH.For CO2, GWP =1) – 1 300	Comment by Unknown Author: 1300 (remove space between 1 & 300)

4.3.32 Toxicity AEL (8 and 12 h TWA) – 1 000 PPM (v/v)	Comment by Unknown Author: 1000 PPM (v/v)

4.4 Chemical Properties 

4.4.1 Reactivity 

4.4.1.1 HFC - 134a vapours will decompose when exposed to high temperature from flames or electric resistance heaters. Decomposition may produce toxic and irritating compounds, such as hydrogen fluoride. The pungent orders will irritate the pose and throat and generally force people to evacuate the area. Therefore, it is important to prevent decomposition by avoiding exposure to high temperatures.	Comment by Unknown Author: Odour will irritate the nose and throat

4.4.1.2 HFC- 134a / Poly alkylene glycol (PAG) and HFC- 134a / Poly ester (POE) solutions have acceptable chemical stability. HFC- 134a molecule is as chemically stable as CFC-12. HFC-1 34a and CFC- 12 are chemically compatible with each other, this means they do not react with each other to form other compounds. However, when the two materials are mixed together, they form azeotrope, which is difficult to separate. These mixtures can not be separated in an on-site re-cycle machine or in the typical facilities of an offsite reclaimer. Mixtures of HFC- 134a and CFC-12 will usually have to be disposed of by incineration.

 4.4.1.3 HFC- 134a is compatible with steel, copper, aluminium and brass.

4.4.2 Polymerisation 	Comment by Unknown Author: Under normal conditions of storage and use, hazardous polymerization will not occur

4.4.3 Allotrope formation 

4.4.4 Corrosion properties 

Not-corrosive

4.4.5 Incompatibility 

Finely divided metals, magnesium and alloys containing 2 percent magnesium. It can react violently in contact with alkali or alkali earth metals such as Na, K, or Ba.

4.5 Fire and Explosion Hazard Properties 

4.5.1 Ignition Temperature 

4.5.2 Auto Ignition Temperature – 770 °C

4.5.3 Flash Point 	Comment by Unknown Author:  250°C

4.5.4 Upper Explosive Limit 

4.5.5 Lower Explosive Limit

4.5.6 Fire Risk 

4.5.7 Flammability 

HFC- 134a is non-flammable at ambient temperature and atmospheric pressure. However, it may be combustible at pressures as low as 5.5 psig at 177 °C. When mixed with air at concentrations generally greater than 60-vo1.  Percent air.

5 HEALTH HAZARD & TOXICITY INFORMATION 

5.1 General Information 

5.2 Routes of entry 

Inhalation, skins and eye contact 	Comment by Unknown Author: skin

5.2.1 Skin and Eye Contact 

At room temperature, HFC-134a vapours have little or no effect on the skin. However, in liquid form, HFC- 134a can freeze skin or eyes on contact causing frostbite.

5.2.2 Ingestion 	Comment by Unknown Author: It is not considered a potential route of exposure

5.2.3 Inhalation 

HFC-1 34a poses no acute or chronic hazard when exposures are maintained below recommended acceptable exposure limits (AEL) of 1 000 ppm on 8 or 12hour time-weighted average (TWA) established by AIHA.	Comment by Unknown Author: 1000 ppm

NOTE- AEL is an airborne inhalation exposure limit that specifies time-weighted average concentrations to which nearly all workers may be repeatedly exposed without adverse effects.

5.2.4 Asphyxiation 

Inhaling high concentrations of HFC- 134a vapour may cause temporary nervous system depression with anesthetic effects such as dizziness, headache, confusion and loss of consciousness. It can act as asphyxiant by limiting available oxygen. Higher exposures to vapours may cause temporary alteration of the heart’s electrical activity with irregular pulse, palpitation or inadequate circulation. Inhaling higher concentrations of HFC- 134a vapour may cause cardiac irregularities and possibly cardiac arrest.	Comment by Unknown Author: Higher exposure

5.2.5 Long term effects 

5.3 Toxicity information 

HFC-134a has very low acute and subchronic inhalation toxicity and is not genotoxic.

a) Threshold Limit Value (TLV) 

b) Short Term Exposure Limit (STEL)

c) Immediately Dangerous to life or Health (IDLH)

d) Lethal Dose (LD50), (Rat), Dernal

e) Lethal Dose (LDL0), (Rat), Oral 

f) Inhalation (Rat), Lethal Concentration 	Comment by Unknown Author: Vapor. Rat. 1500 g/m³, 4 hours

5.4 Antidote

5.5 Health Effects 

5.5.1 Signs and Symptoms 

5.5.2 Acute Toxicity 

5.5.2.1 Systemic effects 

5.5.2.2 Local effects 

5.5.3 Chronic Toxicity 

5.5.3.1 Systemic effects 

5.5.3.2 Local effects 

6 PERSONAL PROTECTIVE EQUIPMENT 

6.1 Availability and Use

Personal protective equipment is not an adequate substitute for good, safe working conditions. Adequate ventilation and intelligent conduct on the part of employees is essential. One should keep firmly in mind that personal protective equipment protects only the person wearing it and other unprotected workers in the area may be exposed to danger.

6.2 Non-Respiratory Equipment 

Personal protecting equipment should include non-respiratory equipment like splash proof safety goggles and face shield when working with liquid for eye protection. Where exposure to cold equipment vapours or liquid may occur, employees should wear special clothing designed to prevent the freezing of body tissues. All protective clothing (suits, shirts with long sleeves, insulated gloves) should be clean, available each day, and put on before work. Trousers should be worn outside boots or over high top shoes to shed spilled liquid.

6.2.1 Eye and Face Protection 

6.2.2 Head Protection 

6.2.3 Foot and Leg Protection 

6.2.4 Body, Skin and Hand Protection 

6.3 Respiratory Equipment 

If a large release of HFC- 134a vapour occurs, such as from a large spill or leak, the vapours may concentrate near the floor or low spots and displace the oxygen available for breathing, causing suffocation. An approved self-contained breathing apparatus with a full face piece operated in positive pressure mode should be used when entering tanks and other areas where vapours might exist.

7 STORAGE, HANDLING, LABELLING AND TRANSPORT 

7.1 General 

7.2 Storage 

7.2.1 General Precautions 

7.2.1.1 HFC- 134a must be stored to avoid contact with heat, flames, sparks and air. 

7.2.1.2 Vessels, containers, transfer lines, pumps and other equipment should not be exposed to high. Temperature sources (such as welding, brazing and open flame) until they have been thoroughly cleaned and found free of vapours. Any maintenance job on such equipment should be done under the variety of safety work.

7.2.1.3 Only non-sparking tools and equipment should be used while opening and closing containers of HFC- 134a. 

7.2.1.4 The building shall have good low and high level natural ventilation. In areas where natural ventilation is not possible, forced ventilation equipment should be installed. 

7.2.2 Bulk Storage 

7.2.2.1 The storage tanks shall be designed as per standard code. 

7.2.2.2 Storage tanks should be equipped with pressure gauge, liquid level gauge, safety release valves and excess flow valves. 

7.2.2.3 Storage tanks should normally be evacuated at the start of filling, and should never be filled while under positive air pressure. 

7.2.2.4 Tank pressure should never be allowed to exceed 300 psig when filling with HFC- 134a. Relief devices on the tanks usually prevents this. 

7.2.2.5 Tank pressures should be monitored routinely. 

7.2.2.6 Air lines should never be connected to storage tanks. 

7.2.3 Storage of Cylinders 

7.2.3.1 The Cylinders of HFC- 134a should be kept out of direct sunlight, particularly in warm weather. HFC- 134a expands significantly when heated, thereby reducing the amount of vapour space left in the cylinder. Once the cylinder becomes liquid full, any further rise in temperature can cause the cylinder to burst, resulting in serious personal injury.

7.2.3.2 Never allow the cylinders to get warmer than 52 °C.

7.2.3.3 Cylinders should always be raised above dirt or damp floors to prevent rusting

7.2.3.4 The storage area should be away from corrosive chemicals or fumes to avoid damaging effects on the cylinder and threaded area of the valve. The cylinders of HFC- 134a should be kept in cool, dry and properly ventilated areas.

7.3 Handling

7.3.1 General 

7.3.1.1 HFC- 134a should be handled wearing an approved self-contained breathing apparatus, chemical resistance gloves and safety goggles and other protective clothing (see 6).

7.3.2 Handling of Cylinders 

7.3.2.1 Before filling the cylinder with HFC-134a, check and confirm its validity. It shall have valid test certificate from the concerned authorities.

7.3.2.2 Cylinders should never be subjected to rough handling or to abnormal mechanical shock such as dropping, bumping, dragging or sliding. They should be kept in vertical position.

7.3.2.3 Lifting magnet or sling (rope or chain) which may produce sparks should not be used.

7.3.2.4 While handling by crane or derrick, a safe platform or cradle should be used.

7.3.2.5 Cylinders of HFC-134a whether empty or filled should not be used as rollers, supports or for any purpose other than to carry HFC-134a.

7.3.2.6 Protect cylinder from any object that will result in abrasion in the surface of the metal.

7.3.2.7 Never tamper with the safety devices in the valves.

7.3.2.8 Use only standard colour code for HFC-134a cylinders.

7.3.2.9 Before evacuating cylinders, any remaining refrigerant should be removed by a recovery system.

7.3.2.10 Vacuum pump discharge lines should be free of restrictions that could increase discharge pressures above 15 psig and result in the formation of combustible mixtures.

7.3.2.11 Cylinders should normally be evacuated at the start of filling, and should never be filled while under positive pressure.

7.3.2.12 Filled cylinders should periodically be analyzed for air.

7.3.2.13 Empty cylinders should be stored separately from filled cylinders and fasten empty tag on cylinders immediately upon emptying.

7.4 Labelling 

7.4.1 Each vessel containing HFC-134a should carry an identification label or stencil.

7.4.2 Label should be as per rules and regulations.

7.5 Transport 

7.5.1 Labelling 

Labels: Hazard class 2.2 should be displayed on the transport vehicle.

a) Liquefied gas: Tetrafluoro ethane

b) UN No: 3159

7.5.2 Predeparture

7.5.2.1 Prior to and after loading, the drivers must take a complete inspection of the vehicle to ensure that it meets all performance safety requirements and is roadworthy for transporting HFC- 134a. A few of the numerous items that are checked are the lights, tyres, suspensions and brakes. 

7.5.2.2 Ensure availability of emergency kit on the vehicle.

7.5.2.3 Ensure availability of Transport Emergency Card (TREM Card) and Instruction Manual during transportation in the vehicle.

7.5.3 During Transportation 

7.5.3.1 Driver should follow specified route only, maintain speed limit, never park the truck near residential areas, drive truck carefully and observe all rules and signals, avoid overtaking of moving vehicles and do not leave the truck without watch at any time.

7.5.3.2 The trucks should not be parked under direct sunshine for long duration.

7.5.3.3 No repairs involving gas cutting, welding, etc should be done during transportation period. If required at all, repairs should be done by authorized and competent personnel of maintenance department/ Plant who are deputed by manufacturer/supplier.

7.5.3.4 The driver should physically inspect complete mounting periodically and immediately report any abnormality to the supplier.

7.5.3.5 In case of emergency (for example leaks, fires etc), the following measures should be taken immediately:

a) Stop the engine, 

b) Notify police and fire brigade immediately,

c) Mark roads, warn other road users,

d) Keep public away, and 

e) In case of leak, avoid open flame near spillage.

7.5.4 Drivers Training 

7.5.4.1 The basics of any effective safety Programme for transportation of HFC-134a is adequate training.

7.5.4.2 Each driver must be carefully selected and receive adequate amount of classroom training, audio visual instructions and job training

7.5.4.3 The driver must carry material safety data sheet with each consignment of HFC-134 a.

7.5.4.4 Systematic training/retraining/reviews must be carried out to ensure:

a) Safe driving methods, 

b) Actions to be taken during emergency,

c) Proper use of fire extinguishers, kits, TERM cards, instruction manual etc, and

d) Communication with manufacturer/supplier.

7.5.5 Unloading Trucks 

7.5.6 Unloading Drums 

7.5.7 Driver

8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL 

8.1 General

8.2 Spillage/Leakage

8.2.1 Frequent inspection of equipment, containers and vessels containing HFC- 134a should be made to detect or prevent leaks.

8.2.2 If spills or leaks of HFC- 134a occur, only properly protected personnel should remain in the area and entry to others should be prohibited.

8.2.3 Every organization handling HFC- 134a must form Emergency Response Team which is available round the clock. Spills or leaks should be handled by Emergency Response Team specifically trained to handle emergency situations.

8.2.4 In case of major spill or leak, the area should be evacuated immediately. Vapours may concentrate near the floor, displacing available oxygen.

8.2.5 The area of leak must be ventilated using blowers or fans to circulate the air at floor level.

8.2.6 Use self-contained breathing apparatus while going to close valves or repair source of leak.

8.2.7 Avoid open flames near spillage. 

8.2.8 If source of leak is a cylinder and the leak cannot be stopped in place, remove the leaking cylinder to a safe place in the open air and repair leak.

8.2.9 Prevent liquid from entering sewers, sumps or pit areas, since vapour can create suffocating atmosphere. Capture material for recycle or destruction if equipment is available.

8.2.10 Land Spill (Spill on Land)

8.2.10.1 Containment 

8.2.10.2 	Consequence 

8.2.10.3 Mitigation 

8.2.11 Water Spill (Spill in Water)

8.2.11.1 Containment

8.2.11.2 Consequence

8.2.11.3 Mitigation

8.3 Leak Detection 

8.3.1 General Information 

8.3.1.1 Leak detection is important for refrigerant conservation, equipment protection and performance, reduction of emissions and protection of those coming in contact with the system.

8.3.1.2 No leak testing should be performed with HFC- 134a and air in the system. HFC- 134a may be safely pressured with dry nitrogen.

8.3.1.3 Leak detectors may be used for pin pointing specific leaks or for monitoring an entire room on a continuous basis.

8.3.1.4 There are two types of leak detectors, leak pin pointers and area monitors. Before purchasing either type, several equipment factors should be considered, including detection limits, sensitivity and selectivity. Fluorescent dyes compatible with lubricant and HFC- 134a can also be added to a system for leak detection.

8.3.2 Leak from the Truck 

8.3.3 Caution 

8.4 Waste Disposal 

Disposal refers to the destruction of used HFC- 134a. Disposal may only be necessary when HFC- 134a has become badly contaminated with other products and no longer meets the acceptance specifications of reclaimers. Be sure to check the qualifications of any firm before sending them used HFC-134a.

9 FIRE PREVENTION AND FIRE FIGTING 	Comment by Unknown Author: FIGHTING

9.1 General 

9.2 Prevention 

9.2.1 HFC-134a is not flammable at ambient temperature and atmospheric pressure. Avoid open flames near source of leak.

9.2.2 HFC-134a is not flammable at ambient temperature and atmospheric pressure. Avoid open flames near source of leak.	Comment by Unknown Author: Remove it , same as 9.2.1

9.3 Fire fighting

9.3.1 In case of fire in the area where cylinders are stored, cool cylinders with water spray. Self-contained breathing apparatus with full face-piece and protective clothing may be required if cylinders rupture or release under fire conditions.

9.3.2 Use appropriate fire extinguishing media as appropriate for combustibles in the area.

10 TRAINING 

10.1 Employee Education and Training 

10.1.1 Training 

10.1.1.1 Training shall cover all aspects and potential hazards that the particular operator is likely to encounter. Following areas should be covered in the training:

a) Potential health hazards of HFC-134a,

b) Human health effects,

c) Site safety regulations,

d) Emergency response procedures (leaks/spills/evacuations),

e) Use of protective clothing/breathing apparatus,

f) Accidental release measures,

g) Firefighting, and

h) Fire aid

10.1.1.2 In addition, individuals shall receive specific training in their areas of activities. Refresher courses should be arranged on a periodic basis.

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 Health Monitoring

11.1.1 Personal Hygiene 

Eating, drinking and storing of food near the place where HFC- 134a is handled should be prohibited. 	Comment by Unknown Author: where this material is
handled, stored and processed. Workers should wash hands and face before eating,
drinking and smoking. Remove contaminated clothing and protective equipment before
entering eating areas.

11.1.2 Physical Examination 

11.1.2.1 Pre-placement physical examinations 

11.1.2.2 Periodic examination 

11.1.2.3 Medical examination 

Annual medical checkup of all the employees as required by laws/regulations (Factories Act), State Factories Rules should be carried out.

11.1.2.4 Dental examination 

11.2 First Aid 

11.2.1 General Principles 

11.2.2 Contact with Skin Liquid HFC-134a 

Immediately flush skin with plenty of water for at least 15 min. Remove contaminated clothing. Clothing may adhere to the skin in case of freeze burns. In case of frostbite, flush the exposed area with lukewarm water or gently warming affected area. Wash contaminated clothing before reuse. If symptoms (irritation or blistering) develop get medical attention.

11.2.2.1 Caution 

11.2.3 Contact with Eyes 

In case of contact, immediately flush eyes with plenty of water for at least 15 min, lifting eyelids occasionally to facilitate irrigation. Seek medical attention immediately.

11.2.4 Ingestion 

11.2.5 Inhalation 

11.2.5.1 Inhalation of HFC- 134a vapours causes irritation and at high concentrations may result in asphyxiation, cardiac irregularities and possibly cardiac arrest.

11.2.5.2 Intentional misuse or deliberate inhalation of HFC- 134a may cause death without warning. This practice is extremely dangerous.

11.2.5.3 If high concentrations are inhaled, immediately remove the person to flesh air. Keep person calm. If not breathing give artificial respiration. If breathing is difficult give oxygen. Call a physician.

11.2.6 First Aid Kit 

11.3 Medical Treatment 

12 ADDITIONAL INFORMATION 

12.1 Recovery, Reclamation and Recycling

12.1.1 Recovery 

12.1.1.1 Recovery and re-use of HFC-1 34a is important from an environmental stand point.

12.1.1.2 HFC- 134a may be recovered from refrigeration equipment using on-site equipment or portable recovery devices containing compressor and an air cooled condenser.

12.1.1.3 Known venting of HFC-134a during the maintenance, servicing or disposal of refrigeration equipment should not be done. 

12.1.2 Reclamation 

Reprocessing of used HFC- 134a should be done as far as possible.

12.1.3 Recycling

Refrigerant recycle refers to the reduction of used refrigerant contamination using devices that reduce oil, water, acidity and particulate.
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FOREWORD

(Formal clauses to be added later)

Nitrous oxide (N2O) has been produced and distributed by the industrial gases industry for many years. It is mainly used for medical purposes (anaesthesia). It is also used in the food and electronic industries. Severe accidents such as violent decomposition of nitrous oxide and the rupture of nitrous oxide tanks have occurred at production, storage and distribution facilities. In addition nitrous oxide gas in elevated concentrations can cause health effects in operators which shall be prevented.

A major cause of accidents and health effects has been insufficient attention to the specific properties of nitrous oxide when designing equipment and developing operating procedures. For that reason, the standard describes the properties and hazards of nitrous oxide. 

This standard prescribes safety measures for controlling hazards and provides essential information on symptoms of poisoning etc. in the order and format being applied for all Indian Standards on Code of safety of chemicals.

Regulatory requirements for medical applications shall also be followed, usually specified in the applicable Pharmacopeia for the country of operation. 

While preparation of this standard, considerable assistance has been derived from ‘GIA 018_14 Safe Practices for Storage and handling of Nitrous Oxide of Gas Industries Association, India.

1 SCOPE

1.1 This code describes the properties of nitrous oxide and nature of hazards associated with it. The standard prescribes safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety.

1.2 This code does not, however, deal with specifications for manufacturing of nitrous oxide or quality control and analysis procedures. This standard prescribes guidelines for handling of nitrous oxide.

2 REFERENCES

The Indian Standards listed below 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 revisions, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards:



		IS No.

		Title



		4155: 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		8519: 1977

		Guide for selection of industrial safety equipment for body protection.



		8520: 2023

		Guide for selection of industrial safety equipment for eye, face and ear protection.



		8807: 1978

		Guide for selection of industrial safety equipment for protection of arms and hands.



		10667:1983

		Guide for selection of industrial safety equipment for protection of foot and leg.





3 TERMINOLOGY

For the purpose of this standard the definition given in IS 4155 and the following shall apply.

3.1 Authorized Person

Trained and qualified person approved or assigned to perform specific types of duties or to be at a specific location.

3.2 Bundle (of cylinders)

Assembly of cylinders that are fastened together and which are interconnected by a manifold and transported as a unit.

3.3 Cryogenic Receptacle

Transportable thermally insulated pressure receptacle for refrigerated liquid gas of a capacity of not more than 1 m3.

3.4 Cylinder

Transportable pressure receptacle of a water capacity not exceeding 150 l.

3.5 Decomposition

Separation of a chemical compound into smaller elements. Nitrous oxide separates into components in an exothermic reaction that can be accelerated by changes in pressure, temperature, or energy inputs, presence of catalyser or impurities.

3.6 Filling Degree

Percentage of the volume of liquefied gas to the volume of water at 15°C that would fill completely a pressure receptacle or tank.

3.7 Filling Ratio

Ratio of the mass of gas to the mass of water at 15°C that would fill completely a pressure receptacle or tank.

3.8 Liquefied Gas

Gas that when packaged under pressure for carriage is partially liquid at temperatures above –50 °C.

3.9 Minimum Design Metal Temperature (MDMT)

Lowest temperature at which a pressure vessel is designed to safely operate at maximum pressure.

3.10 Oxy-potential

Dimensionless number that indicates the oxidizing power of a gas compared to pure oxygen. The oxy-potential value of 100 percent oxygen is 1.0 and air is 0.21.

3.11 Qualified Nitrous Oxide Technician

Person by reason of education, training and experience knows the properties of nitrous oxide, is familiar with the equipment used to store, transfer, and use nitrous oxide: and understands the precautions necessary to safely use nitrous oxide equipment.

3.12 Pressure Receptacle

Collective term that includes cryogenic receptacles, cylinders and bundles. 

3.13 Refrigerated Liquid Gas

Gas that when packaged for carriage is made partially liquid because of its low temperature.

3.14 Stationary Tank

Thermally insulated or non-insulated tank at a stationary place that can be filled with liquefied gas or           refrigerated liquid gas under pressure for storage purposes.

3.15 Tank

Collective term that includes stationary tanks and transport tanks.

3.16 Transport Tank

Transportable thermally insulated tank for refrigerated liquid gas having a capacity of more than 450 l. 

4 PROPERTIES

4.1 General Information

Nitrous oxide and liquid oxygen are the most commonly used oxidizers in hybrid rocket systems and are commonly used in liquid rocket systems. This is primarily due to their cost, safety, availability and handling advantages compared to the other liquid oxidizers that can be used in propulsion applications. The primary hazard associated with N2O is related to its exothermic decomposition reaction which can liberate substantial energy.

4.1.1 Chemical Name — Nitrous oxide

4.1.2 Common Name & Synonyms — laughing gas, dinitrogen monoxide, sweet air, hypo-nitrous acid 

            anhydride, facitious air, protoxide of nitrogen.

4.1.3 Uses 

Nitrous oxide is used as following: 



i) In 

ii) iInternal combustion engine as aresol propellant



iii) For medicinal applications



iv) For recreational use



v) As a rocket propellant oxidizer



Aerosol propellant

Medicinal use

i) Recreational use



4.2 Identification

4.2.1 Chemical Formula — N2O

4.2.2 CAS Number — 10024-97-2

4.2.3 EC Number — 233-032-0	

4.2.4 UN Number — UN 1070, 14 (compressed), UN 2201, 23 (refrigerated liquid),

4.3 Physical Properties

4.3.1 General



4.3.2 Molecular Structure:   linear                   ==O

          4.3.3 Physical State

	4.3.3.1Colour                         none

	4.3.3.2 Odour                          Sweet

	4.3.3.3 Taste 	          Sweet odour and taste

	4.3.3.4Characteristics            Non-flammable

	                                              Supports combustion

	                                              Oxidizing gas

                                                         Anaesthetic & analgesic  

                                                         Nitrous Oxide is non-corrosive 

                                                         Soluble in water, alcohol, ethers, oils and sulphuric acid

	4.3.3.5 Molecular Weight —44.01

	4.3.3.6 Density of gas at Reference conditions —1 880 g/m3

          4.3.3.7 Specific Gravity of Gas Compared to Air — 1.53

          4.3.3.8 Boiling Point — (-) 88.3 °C 

          4.3.3.9 Melting Point — (-)90.8 °C 

          4.3.3.10 Critical Temperature —36.5 °C 

4.3.3.11 Critical Pressure— 7 145 KPa

4.3.3.12 Critical Volume — 9.55 * 10-4 m3/mol

4.3.3.13 Vapour Pressure — 5.72 × 106 Pa (25˚C)

4.3.3.14 Refractive Index — 1 0.000 516  at 0 ˚C and 101.325 KPa

4.4 Chemical properties

4.4.1 Stability 

Under normal operating conditions, nitrous oxide is a stable compound in both the liquid and gaseous states. Nitrous oxide is classified as a non-flammable gas, with oxidizer as a secondary classification.

4.4.2 Oxidizing Ability

4.4.2.1 Under the action of heat nitrous oxide decomposes into its elements irreversibly and exothermally, to produce a mixture which is richer in oxygen than air. After decomposition nitrous oxide become an oxidizing agent.

N2O  N2 + O2 + 82 kJ / mol

4.4.2.2 As “by-products” of nitrous oxide decomposition toxic nitrogen oxides can be formed. Toxic gases (such as carbon-mono-oxide and oxides of nitrogen) may be released in a fire involving nitrous oxide. After decomposition, nitrous oxide becomes an oxidizing gas with an oxy-potential higher than that of air.   Consequently, nitrous oxide is classified in standards and regulations as an oxidizing gas.

4.4.3 Decomposition Reaction

4.4.3.1 Accidents and experiments have shown that nitrous oxide as a result of its positive formation energy can decompose exothermally. This decomposition reaction of nitrous oxide can be self-sustaining and violent. The theoretical pressure ratio at decomposition (final pressure / initial pressure) can reach 10 to 1.

4.4.3.2 While nitrogen and oxygen are the primary products from nitrous oxide decomposition, the higher nitrogen oxides (NO/NO2) are also produced. Liquid nitrous oxide is relatively insensitive to high energy sparks or external shocks. Decomposition of the liquid could not be initiated by an exploding wire in the laboratory. Limited decomposition has been induced in the liquid by blasting caps. Laboratory results indicate that nitrous oxide can be safely handled in the liquid state but decomposition hazards exist in the gaseous state at elevated pressure and/or temperature.  The reaction can propagate through vapour with liquid present. It is important for those handling nitrous oxide to understand and avoid sources of decomposition and to understand at what conditions the decomposition front will or will not propagate.

4.4.3.3 Decomposition sources

4.4.3.3.1 All of the following have been known to initiate nitrous oxide vapour decomposition:

   a) Field decomposition sources are as follows:

i) Static discharge

ii) Spark (Metal to metal contact)

iii) Adiabatic heat of compression

iv) Secondary exothermic chemical reaction

v) Welding/brazing

vi) Heat generated by a dry running pump

vii) Electric immersion heater

viii) Internal impact

ix) External source of heat

b) Laboratory decomposition sources are as follows:

i) Electric spark

ii) Exploding Wire

iii) Glowing wire

iv) Blasting cap

v) Heat of compression





4.4.3.4	Propagation threshold

The potential for an explosive decomposition to take place is more closely coupled to the quenching characteristics (temperature, pressure, container geometry) of the nitrous oxide system than with the initial decomposition energy. When handling nitrous oxide vapour under conditions at which the reaction will propagate, care shall be exercised to avoid any possibility of a decomposition source.

4.4.3.5	Impurities- inert gases

Dilution of nitrous oxide vapour with a non-flammable gas such as helium or nitrogen will raise the propagation threshold. 

4.4.3.6 Large Pressure Vessels

Most nitrous oxide decomposition incidents have occurred in large pressure vessels such as a storage tank or cargo tank. This is worse in an empty or nearly empty tank. The decomposition can be initiated at the vessel wall itself by welding or brazing or on the vessel piping or by heat generated by a dry running pump.  If initiated in the piping, the reaction front can travel through the piping and into the vessel if operating above the propagation threshold. Once the reaction front is inside the vessel there is effectively no heat sink to quench the reaction.  Since 1.5 mol of gas are created for each mole of decomposed nitrous oxide, the decomposing nitrous oxide compresses and heats the unreacted nitrous oxide as the reaction front moves into the vessel. Eventually the unreacted nitrous oxide reaches high enough temperature and pressure to auto-initiate, resulting in an explosion.

4.4.3.8 Combustible Materials

Any combustible material such as hydrocarbon lubricants or combustible gases will promote violent decomposition and lower the propagation threshold. A combustible gas will lower the propagation threshold even if present below the lower explosion limit. All equipment that will be in contact with nitrous oxide shall be cleaned for oxygen service and lubricants shall be oxygen compatible.

4.4.4 Metals

Contact of nitrous oxide with aluminium, boron, hydrazine, lithium hydride, phenyl lithium, phosphine, sodium, tungsten carbide, hydrogen, hydrogen sulphide, organic peroxides, ammonia or carbon monoxide may cause violent reactions to occur.

4.4.5 Non-metals

Ignition of non-metals such as plastics, elastomers and clothing materials in contact with nitrous oxide is possible by the influence of heat (e.g. generated by adiabatic compression) or flame. 

4.4.6 Oil and Grease

Oil and grease are unacceptable contaminants in a nitrous oxide installation and can create a severe fire hazard. Such fires can be ignited due to adiabatic pressure shock or high temperature.

4.4.7 Flammable Gases

4.4.7.1 Flammable gases form explosive mixtures with nitrous oxide as specified in Table 1.

4.4.7.2 The explosion limits are influenced by the specific chemical properties of nitrous oxide:

4.4.7.3 The lower explosion limit of flammable gases is much lower with nitrous oxide than with air or oxygen, since the heat release by decomposition of nitrous oxide supports the combustion of combustible-lean mixtures.

4.4.7.4 The upper explosion limit of flammable gases is much higher with nitrous oxide than with air, since the higher oxy potential of nitrous oxide supports the combustion of combustible-rich mixtures.

Table 1 Explosion Limits for Some Typical Flammable Gases with Nitrous Oxide at Normal Atmospheric Conditions (to be checked with code of safety for H2 and NH3)

(Clause 4.4.7)

		Sl No.

		Flammable Gases





(2)

		Lower explosion limit, mole-percent

		Upper explosion limit, mole-percent



		



(1)

		

		in air



(3)

		in oxygen



(4)

		in nitrous oxide

(5)

		in air



(6)

		in oxygen



(7)

		in nitrous oxide

(8)



		i)

		Methane

		4.4

		5.15

		1.5

		16.5

		60.5

		49.5



		ii)

		Propane

		1.7

		2.3

		0.7

		10.9

		52.0

		27.0



		iii)

		Hydrogen

		4.1

		4.0

		2.9

		77.0

		94.0

		82.5



		iv)

		Ammonia

		15.4

		15

		4.4

		33.6

		79

		65.0







NOTE — Other literature sources may provide slightly different values, but the general conclusion is that nitrous oxide is more oxidizing than air. 



4.5 Fire and Explosion Hazard Properties

Personnel handling nitrous oxide should be thoroughly familiar with the hazards associated with this.  There are several conditions in which extreme danger to personnel and equipment can exist.  The following describes these conditions and offers procedures and guidelines to prevent dangerous conditions from developing. Toxic gases (such as carbon monoxide, and oxides of N2) may be released in a fire involving nitrous oxide.

4.5.1 Low Temperature Effects on Materials

4.5.1.1 The low temperature effect of nitrous oxide liquid and vapour on the materials in the system can create a hazard.  At ambient pressure the temperature of liquid    nitrous oxide is at -88 °C and many materials used in hose and piping systems can become brittle and fail if highly stressed.  Materials used in the construction of nitrous oxide supply systems shall be compatible with nitrous oxide and the temperature and pressure conditions encountered.  

4.5.1.2 Piping systems subject to operating temperatures below ambient will contract.  Allowances shall be made in piping and support systems to compensate for these changes in dimensions.  Copper tubing that is commonly used will shrink approximately 2.5 cm per 30.5 m for every 55.6 °C reduction in temperature.

4.5.1.3 Upon contact with cold nitrous oxide, materials such as rubber or plastics can become brittle and are likely to break without warning.

4.5.2 Trapped Liquid 

Liquid nitrous oxide that is forced to occupy a fixed volume (such as between two closed valves or positive shutoff points) will increase in pressure as it warms and expands. As long as there is a vapour space within the volume where the liquid is trapped, the pressure will increase about 62.05 kPa per oC (9 psi per oC). When the volume becomes liquid full, the hydrostatic pressure increases at a rate of 1.054  104 kPa per oC (1530 psi per oC). As the temperature continues to increase, the pressure of the trapped liquid can exceed what the piping and components can withstand.  This can cause the rupture of the piping or components with possible injury or property damage; this is the reason why it is required to install pressure relief device between positive shut off devices.

4.5.3 Personnel Overexposure

4.5.3.1 If sufficient amounts of nitrous oxide are released into the work environment via leaks or venting, operator exposure levels can exceed occupational exposure limits (OELs) and present a potential risk to health. In addition, gaseous nitrous oxide under atmospheric conditions is 1.5 times heavier than air and therefore can be found in greater concentrations at lower levels, potentially displacing oxygen in confined spaces and causing an asphyxiation hazard. Nitrous oxide exposure levels should be controlled so that the health and safety risks to operators are minimised to acceptable levels i.e. below the relevant occupational exposure limits. Nitrous oxide in the gaseous state is colourless and has a sweet odour Ventilation systems should be designed to exhaust from the lowest level and allow make-up air to enter at a higher point.

4.5.3.2 Nitrous oxide liquid or cold vapour coming in contact with the skin or mouth can cause freezing or frostbite. If frostbite has occurred, obtain medical attention. Do not rub the area, immerse in warm water 38°C to 41°C.

4.5.3.3 Liquid nitrous oxide forms a mixture of extremely cold liquid and gas when discharged to atmospheric pressure. Skin contact with such liquid can cause severe frostbite.

5 HEALTH HAZARD AND TOXICITY INFORMATION

5.1 General

The health effects of nitrous oxide are mostly with regard to operators who are involved in transport, filling and handling of nitrous oxide. The effect of nitrous oxide as medicinal product is not considered. 

5.1.1 Short-term Exposure

5.1.1.1 Nitrous oxide in the gaseous state is colourless and has a sweet odour. Elevated concentrations of this gas in the air can be reached quickly on loss of containment e.g. via leaks and venting. 



5.1.1.2 The short term health effect is primarily the narcotic effect which includes dizziness, nausea, headache and loss of coordination. In addition, gaseous nitrous oxide under atmospheric conditions is 1.5 times heavier than air and so can be found in greater concentrations at low levels and therefore, if allowed to displace oxygen in a confined space, can also be an asphyxiation hazard. 



5.1.1.3 Nitrous oxide liquid or cold vapour coming in contact with the skin or mouth can cause      freezing or frostbite. If frostbite has occurred, obtain medical attention.  



5.1.1.4 Do not rub the area, immerse in warm water 38 °C to 41°C.



5.1.2 Long-term Exposure

5.1.2.1 Nitrous oxide has been associated with several side effects from long term exposure. 

5.1.2.2 The most strongly substantiated effect is neuropathy. 

5.1.2.3 Epidemiological studies also suggest feto toxic effects and higher incidents of spontaneous     abortion in exposed personnel.



5.2 Toxicity Information

5.2.1 Threshold limit value (TLV) — 50 ppm as a TWA for a normal 8 hour work day and a 40 hour work week.

[bookmark: _Toc41193217][bookmark: _Toc64974693][bookmark: _Toc65371188][bookmark: _Toc65371481][bookmark: _Toc329013739][bookmark: _Toc344989036]5.2.2 The NIOSH recommended exposure limit for nitrous oxide of 25-ppm parts of air (45  10-6 g/dm3) for a duration of the exposure. 



5.3 Antidote

Methylene Blue, Naloxone



5.4 Health Effects

5.5.1 Signs and Symptoms

Exposure to nitrous oxide can cause headache, dizziness, euphoria, excitation, depression and raised intracranial pressure as a result of hypoxia.

5.5.2 Acute Toxicity

The most significant hazard associated with this gas is inhalation of oxygen-deficient atmospheres and effects on the central nervous system. Symptoms of oxygen deficiency or central nervous system depression include respiratory difficulty, ringing in ears, headaches, dizziness, indigestion, and nausea. At high concentrations, unconsciousness or death may occur. Contact with cryogenic liquid or rapidly expanding gases may cause frostbite. 

5.5.3 Chronic Toxicity

Prolonged or repeated overexposures to Nitrous oxide has produced injury to the nervous system. Symptoms of such overexposure include numbness, tingling of the hands and legs, loss of feeling in the fingers, and muscular weakness. Exposure to nitrous oxide may be associated with an increase in spontaneous abortions in humans. Single, prolonged exposures to nitrous oxide have resulted in bone marrow damage and adverse effects on the blood. 

5.5.4 Control of Exposure to Nitrous Oxide Gas in the Workplace — Operator exposures (e.g. filling operators) to nitrous oxide gas should be controlled to acceptable levels (i.e. below the relevant OELs). Sources of nitrous oxide includes the following:

a) ‘uncontained’ filling equipment allowing some nitrous to be expelled before/after filling;

b) leaking equipment e.g. filling equipment;  

c) venting empty cylinders to the open air instead of to a blow down manifold;

d) valves not closed sufficiently on ‘empty’ and full cylinders to ensure no leakage of  product; and

e) poorly positioned vents leading to re-entrainment of gas into the building.

6 PERSONAL PROTECTIVE EQUIPMENT (PPE)

6.1 Availability and Use

6.1.1 While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation, and intelligent conduct on the part of employees working with nitrous oxide, it is in many instances, the only practical means of protecting the worker, particularly in emergency situations. One should keep firmly in mind that personal protective equipment protects only the worker wearing it, and other unprotected workers in the area maybe exposed to danger.



6.1.2 The correct usage of personal protective equipment requires the education of the workers in proper employment of the equipment available to him.  Under conditions which are sufficiently hazardous to

Require personal protective equipment, its use should be supervised and the type of protective equipment selected should be capable of control over any potential hazards.

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

Chemical splash protection as per IS 8520 category H-4. Use of goggles along with full face shield is recommended. Face shield should be of sufficient length to cover the neck portion.

6.2.2 Head Protection

Hard hats should be worn where there is danger of falling objects. If hard hats are not considered necessary, soft-brimmed hats or caps may be worn to give protection against liquid leaks and splashes.

6.2.3 Foot and leg Protection

Leather safety shoes with built-in steel toecaps are recommended for workers handling cylinders and cans of nitrous oxide. Alternately rubber gumboots must be used while handling phosphorus. Leather leg guard is recommended. Shoes should be thoroughly cleaned and ventilated after contamination (see IS 10667).

6.2.4 Body, Skin and Hand Protection

Clothing made of leather, asbestos, rubber or other impervious materials may be worn to protect the body against the splashes. Leather or rubber gloves should be worn for hand protection. Fireproof overalls should be worn when operations involving phosphorus fires are encountered (see IS: 8519 and IS 8807).

6.3 Respiratory Equipment

Maintain oxygen levels above 19.5 percent in the workplace. Use supplied air respiratory protection if oxygen levels are below 19.5 percent or during emergency response to a release of Nitrous Oxide. 

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

Nitrous oxide is a liquefied, oxidizing gas, stored under pressure. Use piping and equipment adequately designed to withstand pressures to be encountered. Store and use with adequate ventilation at all times. Store away from flammable materials. Cylinders should be stored in dry, well-ventilated areas away from sources of heat. Compressed gases can present significant safety hazards. Store containers away from heavily trafficked areas and emergency exits. Post “No Smoking or Open Flames” signs in storage or use areas.

7.2 Storage

[bookmark: _Toc41193194][bookmark: _Toc64974670][bookmark: _Toc65371164][bookmark: _Toc65371458][bookmark: _Toc329013716][bookmark: _Toc344988996]7.2.1 In general, to avoid industrial fires/ materials which are toxic as stored or which can decompose into toxic components due to contact with heat, moisture, acids, or acid fumes, should be stored in a cool, well-ventilated place, out of the direct rays of the sun, away from areas of high fire hazard, and should be periodically inspected and monitored. 

7.2.2 Incompatible materials should be isolated from each other.

7.2.3 Fireproof if in building. Separated from reducing agents and combustible substances.

7.2.4 Store in metal cylinders. Do not use aluminium at a temperature not exceeding 36oC in a special room free from inflammable materials. The whole cylinder should be painted blue; the name or the chemical symbol of the gas should be stencilled in paint on the shoulder of the cylinder & clearly & indelibly stamped on the cylinder valve.

7.2.5 Stationary Tanks

The types of stationary tanks are used in nitrous oxide production plants, filling plants and customer installations are as follows:

7.2.1.1 Storage vessels

	Type:     1)     Insulated tanks

         - Vacuum insulated

         - Non Vacuum

  2)     Non Insulated high pressure

7.2.1.2 Insulated tanks

Insulated tanks are used for the storage of refrigerated liquid nitrous oxide at temperatures below –20 °C and corresponding vapour pressure in the range of 1.8 MPa to 2.5 MPa. 

The typical maximum working pressure (MAWP) for nitrous oxide tanks ranges from 1.6 MPa to 2.5 MPa. The normal operating conditions are 1.8 MPa to 2.1 MPa) at corresponding temperatures of –16°C to –12°C.  The minimum design metal temperature (MDMT) shall be less or equal to the minimum normal operating temperature.  Newly constructed tanks should have an MDMT of –40°C or colder to better handle the low temperature upset conditions caused by loss of tank pressure. 

7.2.1.3	Types of insulated tanks

7.2.1.3.1 Vacuum insulated tanks 

Tanks with the inner tank typically made from stainless steel or fine grain carbon steel and the outer tank from carbon steel. Vacuum insulated tanks have the lowest external heat input to the inner tank; and are therefore less susceptible to external heating caused by fire or ambient heat that could lead to a decomposition of the nitrous oxide.

7.2.1.3.2 Non-vacuum insulated tanks  

Tanks with the inner tank typically made of low alloy carbon steel and the outer cladding made of steel or aluminium. 

7.2.1.4 Insulation material

7.2.1.4.1 The insulation system shall be non-combustible or fire resistant, e.g. the material itself shall not continue to burn when the external flame is extinguished.

7.2.1.4.2 An insulation system made of polyurethane with cladding made of steel or aluminium is   considered to be fire resistant.

7.2.1.4.3 If the insulation system of an existing tank has to be replaced, it should be rebuilt using a fire resistant insulation system (e.g. polyurethane with cladding) or non-combustible material such as glass wool, foam glass or Rockwool. A suitable vapour barrier is required to prevent the insulation from becoming saturated with condensed moisture.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]7.2.1.5	Non-insulated high pressure tanks

Non-insulated high pressure tanks are typically made of carbon steel, for storage of liquefied nitrous oxide at ambient temperature with corresponding vapour pressure, for example in the range of 4.5 MPa to 6.0 MPa, corresponding to a temperature range of 13 °C to 27 °C. The high operating pressure of this tank type requires high-pressure filling pumps and sometimes the use of two pumps in series. This increases the hazard of heat production and subsequent decomposition. Furthermore in case of an external fire, the tank content can be heated up rapidly. For these reasons because of the increased potential of decomposition in such condition the use of non-insulated tanks shall be discouraged unless a risk assessment has been completed and mitigation has been provided.



7.2.1.6 Vessel installation

Safety requirements for all types of vessels are as follows:

a) The tank shall be installed on an engineered foundation that meets all local and national building codes. 

b) Support and foundation of the tanks is recommended to be non-combustible. 

c) Tanks should be installed outdoors. In the very rare cases where indoor installation is necessary, ventilation and access for filling shall be provided. Nitrous oxide or oxygen deficiency levels in the ambient air shall be monitored. 

d) Tanks shall be located away from any potential fire situation. 

e) All parts of nitrous oxide tanks shall be bonded to ensure electrical continuity and earthed. The electrical potentials between the tank and the ground should be equalised during service. 

7.3 Refrigeration Units

7.3.1 A mechanical refrigeration unit is typically installed on non-vacuum insulated tanks and on some vacuum insulated tanks.

7.3.2 The refrigeration unit is used to reduce the tank pressure by condensing vapour which prevents discharging nitrous oxide to the atmosphere. 

7.3.3 Installations that fill cylinders typically require a refrigeration unit sized to overcome the ambient heat input introduced by the filling process. The refrigeration evaporator coil is typically installed in the tank vapour space and shall have as few joints as possible and be all welded or brazed.

7.3.4 Mixing of hydrocarbon refrigerants and oils with nitrous oxide can lead to violent reaction within the refrigeration system. Therefore to avoid the risk of refrigeration coil leaks no mechanical fittings inside the tank on the refrigeration evaporator are allowed. 

7.3.5 It is suggested that when older fluorocarbon refrigeration systems are repaired that they be converted to synthetic lubricants such as polyolester (POE) that have a higher flash point. 

7.3.6 Refrigeration compressor failure or high pressure throughout the refrigerant circuit can be an indication of a nitrous oxide evaporator coil leak and should be thoroughly investigated.

[bookmark: _Toc329013719][bookmark: _Toc344989002]7.3.7 No hot work (brazing) on the refrigeration system is allowed without first emptying and purging the container of nitrous oxide and purging with an inert gas.

7.4 Vaporizers and Heaters

7.4.1 Nitrous oxide is a liquefied gas which means that withdrawal of vapour or liquid from the tank will cause the remaining liquid to partially boil and auto-refrigerate. Continued product withdrawal will cause the pressure and temperature of the remaining liquid to decrease. The temperature of the tank shall not be allowed to decrease below the MDMT. Pressures building or direct to process vaporizers are generally required to provide sufficient external heat to maintain a safe operating pressure.

7.4.2 Vaporizer heat sources such as electric heating elements shall not be installed inside the tank because overheating can cause explosive decomposition of nitrous oxide.  

7.4.3 A small ambient air heated pressure build-up coil can be sufficient to maintain the required pressure. In colder climates, an externally heated vaporizer could be required. Liquid is evaporated and the vapour re-introduced at the top of the stationary tank.

7.4.4 An external vaporizer is required in the withdrawal system at customer installations if nitrous oxide is to be used in the gaseous state.

7.4.5 If an external indirect heated vaporizer has to be used, then the heating shall be controlled to limit the temperature to a maximum of 150 °C. Direct heating such as warm water, steam and warm air are safer and therefore recommended. Where electrical heating is used additional safeguards are required to ensure a maximum temperature limit of 150 °C. Direct electric coils shall not be used. 

[bookmark: _Toc41193197]7.4.6 A back pressure control valve (economizer) may be used to prevent tank from pressure increase, as sometimes the withdrawal rate is less than the boil-off rate. 

7.5 Piping, Instrumentation, Valves 

7.5.1 The tank shall have a contents pressure gauge and liquid level/weight indicator.

7.5.2 The piping and instrumentation shall enable the following functions:

a) Filling of liquid into the bottom of the tank is recommended. This would allow a potential decomposition starting at the pump to be quenched in the liquid phase.

b) Product withdrawal should be by bottom line or via dip tube or through a vapour line if used to maintain tank pressure.



7.5.3 Gas return to / from the top to accommodate two hose filling procedure with pressure       compensation between stationary tank and transport tank.



7.5.4 Level indicator (e.g. scale, load cell or differential pressure gauge). The admissible filling weight shall be marked. A dip tube intended to prevent a liquid full condition is an acceptable practice in lieu of marking the maximum filling weight. Typical liquid level indicators operate by measuring the differential pressure between the top and bottom of the container. In low ambient temperature conditions such gauges may require heat tracing to prevent re-condensing of the vapour in the sensing lines. Any heat tracing shall use inherently safe methods to prevent temperatures from exceeding 150 °C.



7.5.5 Pressure gauge to monitor the tank pressure. It can be combined with an alarm function for high and low pressure.



7.5.6 Maximum liquid level check by gas return line or full try cock depending upon tank design.



7.5.7 Precautions against overpressure as a result of overfilling. Procedures and / or equipment shall be installed after a risk assessment has been performed. 

7.6 Handling 

7.6.1 Carbon dioxide equipment which has similar temperature and pressure requirements to nitrous oxide, shall not be used for nitrous oxide service unless a conversion procedure has been followed for the change of service, for gas cylinders.

7.6.2 The procedure shall meet the relevant requirements of this document or any other applicable standard or regulation. Care shall be taken with regard to design, material, insulation, cleanliness, lubricants, seals, and avoiding high temperature.  

7.6.3 Unlike carbon dioxide, nitrous oxide shall not be used as a pneumatic energy source to actuate pneumatic cylinders, valve actuators or as an inert gas.

7.6.4 Pressure Relief Valves

7.6.4.1 Each stationary nitrous oxide bulk tank shall have two active safety relief devices sized and designed to meet all local and national regulations. Typically there are two active spring loaded relief valves or one active spring loaded relief valve plus a pressure control valve. They shall conform to regulations and standards.

7.6.4.2 It is recommended that a 3-way selector valve, sized for the tank operating conditions be provided for the safety relief device(s) to allow servicing and maintenance of the device without requiring the depressurization of the container.

[bookmark: _Toc41193199][bookmark: _Toc64974675][bookmark: _Toc65371170][bookmark: _Toc65371463][bookmark: _Toc329013722][bookmark: _Toc344989005]7.6.4.3 Rupture discs are not usually recommended for use in nitrous oxide tank service. This is because they will not re-seat after the tank pressure has decreased and it will cause the remaining liquid to boil violently and auto-refrigerate to -88 °C. This situation would be critical if the inner vessel is made of carbon steel which would require specific re-pressurization procedures that have been risk evaluated by a knowledgeable nitrous oxide technician...

7.6.5 Admissible Filling Degree / Filling Ratio

7.6.5.1 The admissible filling degree or filling ratio shall be verified for each stationary nitrous oxide tank.



7.6.5.2 Insulated tanks should be filled to a level that prevents them from reaching a liquid full condition before the vapour pressure is reaching the pressure relief device setting. When liquid nitrous oxide is stored in a tank and there is no product withdrawal, heat leak causes the temperature and pressure to rise and the liquid to expand. If the tank becomes liquid full, the hydrostatic pressure rise can cause its catastrophic failure.

7.6.5.3 The safe filling degree depends on the temperature of the liquid being transferred into the tank and on the pressure at which the pressure relief device is set to open. The colder the liquid, the more vapour space is required for liquid expansion. According to some national regulations and practical experiences the filling degree of insulated tanks shall not exceed 95 percent.

[bookmark: _Toc41193200][bookmark: _Toc64974676][bookmark: _Toc65371171][bookmark: _Toc65371464][bookmark: _Toc329013723][bookmark: _Toc344989006]7.6.5.4 The maximum filling level can be easily controlled by the gas return line or full try cock depending upon tank design.

7.6.6 Filling of Stationary Low Pressure Tanks

7.6.6.1 When stationary tanks are filled by a pump, for safety reasons, the two-hose procedure should be applied in order to minimize pressure and mechanical stress. Filling shall be made through the bottom fill line. After the distribution supply system has been evaluated and has been determined that there is no possibility of back contamination from the gas phase to the transport tank. Tanks should not be filled by pump through the top equalizing line or any other line to the top. If filling is performed by pressure difference only without the use of a pump, the tank may be filled through the top line.

[bookmark: _Toc41193202][bookmark: _Toc64974678][bookmark: _Toc65371173][bookmark: _Toc65371466][bookmark: _Toc329013724][bookmark: _Toc344989007]7.6.6.2 The differential pressure between the transport tank and the stationary tank shall be maintained at a level normally not exceeding 3 bar diff (44 psid) to ensure a smooth pump operation and to prevent creating any hot spots. Pump discharge pressure or flow shall be monitored to ensure that the pump is operated within the foreseeable performance conditions. The pressure and the level indicator of the stationary tank shall be monitored to avoid overfilling. The full try cock or vapour return shall be opened at the end of filling to verify that the tank is not overfilled. 

7.6.7 Product Return

7.6.7.1 If the tank needs to be emptied e.g. for maintenance, it could be necessary to return the product to the supplier.

7.6.7.2 This can only be performed under supervision of a qualified operator, observing specific procedure. Precautions taken to avoid temperatures lower than the design temperature of the tank. Truck pumps should not be used for emptying stationary tanks. If no suitable pump is available, pressure transfer shall be used.



7.7 Transport

7.7.1 Supply Equipment

7.7.1.1	Cylinders

7.7.1.1.1 It is recommended to dedicate a stock of cylinders to nitrous oxide service. Suitable materials for nitrous oxide cylinders are carbon steel, chrome molybdenum steel, aluminium alloys, and stainless steel. Cylinders made of non-metallic materials e.g. full composite (type 4), shall not be used.

7.7.1.1.2 Valve outlet connections shall be in accordance with national standards, where available and applicable, to avoid mix up of connections. The design and testing of valves shall follow the standards requirements and valve materials shall meet the requirements.

7.7.1.1.3 Dip tubes made of non-metallic materials shall not be used because of the risk of static electricity build up. Where metallic dip tubes are used electrical continuity shall be ensured for all parts of the cylinder and its accessories. It shall also be ensured no risk of separation of the dip tube from the valve during service. For these purposes it is recommended no later than the first retest to weld or to solder the connection between the dip tube and the cylinder valve. The valve shall be mounted such that electrical continuity is guaranteed. 

7.7.1.1.4 Cylinders should be filled by weight to ensure accurate fill level. To avoid accidental overpressure in the cylinder by overfilling, some regional regulations require valves be fitted with a bursting disk; where this is not the case the use of bursting disk is recommended. The set pressure of the bursting disk is established by local regulations but shall not exceed, including all tolerances, 1.15 times the test pressure of the gas cylinder. Under no circumstances shall disks with fusible metal backing devices be used because they do not protect against cylinder overfilling.

7.7.1.2 Bundles

7.7.1.2.1 Where bundles are used for transporting and storing nitrous oxide the individual cylinders in the bundle are usually manifolded together and terminate with one connection point for filling and discharge. Bundles are fitted with a main isolation valve. It is recommended that isolation valves are not fitted on each individual cylinder in a bundle to avoid overfilling of individual cylinders.

7.7.1.2.2 The cylinders are equipped with individual valves each cylinder shall be filled individually. 

7.7.1.2.3 Where non-closable fittings are used on each cylinder in the bundle only one bursting disc may be used to protect the bundle. If cylinders are equipped with individual valves, these valves and the main valve shall be equipped with a bursting disk. 

7.7.1.2.4 The bundle shall be designed, manufactured and tested according to any applicable regulatory requirements and where appropriate a design code.

7.7.1.2.5 Pipes made of metallic materials should be used for the manifold. Connections within the manifold should preferably be welded or soldered. 

7.7.1.3 Transport tanks

7.7.1.3.1 Insulated transport tanks are used for the transport of nitrous oxide refrigerated liquid. They shall fulfil the requirements of local transport regulations.

NOTE — If transport of the hazardous chemical is involved it shall be carried out in accordance with the Central Motor Vehicles Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

[bookmark: _Toc344989012]7.7.1.3.2 Transport tank insulation 

Vacuum insulated transport tanks are acceptable for use. If non-vacuum insulated transport tanks are used, the insulation should be “fire resistant”. Where there are connections that could leak, e.g. manhole-flange, pipe flanges, screwed pipe, they shall be separated from any non-fire resistant insulation material. The insulation material shall be completely covered by a protective metal cladding. Suitable materials are aluminium, fine grain carbon steel and stainless steel for the tank including the baffles and accessories. 



7.7.1.3.3 Material that will come in contact with the transported product should be approved for nitrous oxide. If no data are available on nitrous oxide compatibility, oxygen compatibility rules should be applied.

7.7.2 Piping and Instrumentation

7.7.2.1 Pipes, valves, flanges, couplings etc. shall be metallic.

7.7.2.2 The piping and instrumentation shall enable the following functions:

a) Filling of liquid into the bottom of the transport tank. This would allow a potential                  decomposition reaction starting at the pump to be quenched in the liquid phase.

b) Product discharge through bottom line.

c) Gas return to / from the top for two hose filling procedure with pressure compensation between transport and stationary tank. A spray line in the top shall only be used during the initial cooling of a warm tank with product transfer from differential pressure (without the use of a pump).

d) At least one “full try cock” or vapour return line in order to check the filling level limit. 

e) Level indicator to monitor the tank contents as an option.

f) Pressure gauge to monitor the tank pressure.

g) Pressure gauge to monitor the pump discharge pressure as an option.

[bookmark: _Toc344989015]h) Connections to allow sampling of liquid phase and as an option gas phase.

7.7.3 Grounding

[bookmark: _Toc41193207][bookmark: _Toc64974683][bookmark: _Toc65371178][bookmark: _Toc65371471][bookmark: _Toc329013729][bookmark: _Toc344989016]All parts of the transport tank shall be bonded to ensure electrical continuity. This can be achieved by either an earth cable or a conductive hose. 

7.7.4 Pump

7.7.4.1 For transfer of refrigerated liquid nitrous oxide the following pump types are currently used:

a) Gear pumps.

b) Sliding vane pumps.

c) Centrifugal pumps. 

7.7.4.2 Any pump should have at least a nominal pressure that is equal to the maximum allowable working pressure of the tank. The pump discharge pressure should be in the range of 5 bar diff (73 psid).

7.8 Labelling

7.8.1 Each container (including tankers) should carry an identifying label or stencil depicted in IS 1260 (Part 1). The storage containers shall be labelled or marked to identify as follows:

a) Contents of the container; 

b) Name and address of the manufacturer or importer of the hazardous chemical; and 

c) Physical, chemical and toxicological data as per the criteria. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account. Manufacturers name with label warnings required by regulations or ordinances form part of the label or placard 

[bookmark: _Toc344989034]8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

8.2 Leak/ Spill in confined space or tanks

8.2.1 Isolate the leak without putting oneself at risk. If possible, orientate leaking containers such that the gas escapes rather than the liquid.

8.2.2 Isolate the area affected by the spill or leak for at least 25 to 50 m in all directions, keep unauthorized persons away and stay upwind. In the event of large spills consider initial downwind evacuation for at least 500 m.

8.2.3 Try to prevent the leaking gas / liquid from reaching low lying areas and try to prevent entry into drains,     sewers, basements or confined spaces.

8.2.4 Ventilate and check confined spaces and rooms before entering. The check shall be conducted by competent personnel who are trained to detect potential atmospheric hazards.

8.2.5 Entry into a confined space requires the utmost caution and confined space entry regulatory requirements and procedures shall be followed.

8.2.6 In the event of large nitrous oxide spills, use water sprays to disperse vapours or divert vapour cloud drift. Do not direct water at the spill or at the source of the leak. Avoid water contact with pressure relief valves, as icing can occur.

8.2.7 Do not touch or walk through spilled liquid.

8.2.8 Try to prevent contact of cold nitrous oxide (liquid or gas) with materials, which are sensitive to cold, such as rubber or plastics.

8.2.9 Never use any absorbents, especially sawdust or other absorbent materials on liquid nitrous oxide spills.

8.2.10 Control measures should be in place to prevent nitrous oxide leaking or being vented into the workplace.  If nitrous oxide is stored or filled in insufficiently ventilated rooms a gas monitoring system should be installed in order to monitor the room concentration of nitrous oxide. 

8.2.11 Nitrous oxide has a multitude of beneficial applications such as an anaesthetic or as a food propellant that   ultimately improve the quality of people’s lives. When misused, abused, or handled improperly it can harm    people, and potentially cause death.

8.3 Leak/Spill during Transport

8.3.1 Minor Leaks

8.3.1.1 In the event of minor leaks, whenever possible, and if no hazards are involved, check and close any valves to isolate the point of leakage.

8.3.1.2 If there seems to be no damage to nitrous oxide tank or pipework that could develop into more serious failures, report to the company and, unless instructed otherwise, drive transport tank to the nearest company premises. Check tank pressure regularly during the journey.

8.3.1.3 If leakage appears to be increasing, stop in a suitable place away from built-up areas, and proceed as detailed below for major leaks.

8.3.2 Major Leaks

8.3.2.1 If possible, In the event of major leaks drive to a suitable place well away from built-up areas, major roads, railways, tunnels etc.

8.3.1.2 The object of this manoeuvre is to ensure that the prevailing wind carries any nitrous oxide gas further away, allowing it to disperse without danger.

8.3.1.3 In the event that a large release can come in contact with the tractor engine, pull to the side of the road and immediately shutoff the engine and exit the vehicle keeping all personnel away until the emergency services arrives

8.3.1.4 Notify the police and report the situation to the company. Inform emergency service about the nature of the leak. 

8.3.1.5 Stay in attendance throughout any discharge of nitrous oxide. Warn others of danger, ensure no one in the vicinity is working in cellars, basements or trenches and consider initial downwind evacuation for at least 500 m.

8.3.1.6Keep material out of water sources and sewers. Attempt to stop leak if without undue personnel hazard. Use water spray to knock­down vapours.

8.4 Waste disposal

8.4.1 Environmental Issues

8.4.1.1 N2O gives rise to NO on reaction with O atoms and this NO reacts with ozone. As a result it is the main naturally occurring regulatory of stratospheric ozone. It is a major green house gas and air pollutant. It has 265 to 310 times more impact per unit mass than CO2.

8.4.1.2 The emission of nitrous oxide from commercial production is estimated to be approximately 1 percent of total emissions. In some parts of the world the releases of nitrous oxide to the atmosphere are restricted by regulation. 

8.4.2 Prevention of Contamination

Hoses and filling connections or other pieces of equipment that are not continually connected, shall be protected against the ingress of dirt and moisture by caps and / or nuts, when not in use.

[bookmark: _Toc344989029]9 FIRE PREVENTION AND FIRE FIGHTING

9.1 Fire Prevention

9.1.1 Temperatures above 150°C shall be avoided by all practical means, to reduce the likelihood of an explosive decomposition of the nitrous oxide. 

9.1.2 Electric heating devices in direct contact with nitrous oxide are prohibited.  Only indirect electric heaters are allowed with sufficient safety controls to prevent exceeding 150°C are allowed.  Water bath heaters, low   pressure steam, or other temperature self-limiting devices are recommended;

9.1.3 All pumps, compressors, or other equipment with rotating or sliding components shall be protected by     automatic controls against loss of prime and excessive operating temperatures.  Pumps shall not be allowed to operate with no flow or loss of prime. A numbers of serious accidents have been attributed to overheated equipment.  

9.1.4 Best practice for liquid transfer pumps is to install the pump with a flooded suction line and a liquid return connection to help quench a decomposition reaction.  Strainers should be installed on the suction and discharge of liquid pumps to provide a heat sink that assists in quenching a decomposition flame front.

9.1.5 Hot work shall not be performed on any equipment containing nitrous oxide. All equipment shall be purged with an inert gas or air prior to hot work. Be aware that thermal conduction from hot work areas can migrate to piping containing nitrous oxide and lead to an explosion or fire.

9.1.6 Medical installations could require to be purged with medically certified gases per some local regulations during any hot work to prevent the formation of oxides.  

9.1.7 Hot work should not be performed within 1 m of a section of piping that still contains nitrous oxide. Hot work close to a nitrous oxide installation can also require removal of nitrous oxide and purging, depending on the risks and type of work. Such work shall require a work permit issued in accordance with all regulatory and supplier requirements.

9.1.8 Heat from an open flame or a hot air gun shall not be applied to any part of a nitrous oxide installation, de-icing, releasing threaded couplings, or for increasing pressure in cylinders. However, hot air guns are acceptable when systems are at atmospheric pressure; use of water as a warming agent is acceptable

9.1.9 Thermal mass flow meters shall not be used due to the internal heater element, unless a risk assessment is carried out to ensure that there is no risk of thermal decomposition. One application is the use of mass flow meters to measure any emissions to atmosphere through vents.

9.1.10 Nitrous oxide installations shall be earthed in accordance with local regulatory requirements before use in order to dissipate any electrostatic charges.

9.1.11 Strainers or filters shall be located in order to avoid migration of particles within specific devices (e.g. compressor, pump).

9.1.12 Ball valves and other quick opening valves should be opened slowly. The high temperature caused by adiabatic compression can provide an ignition source that could lead to the rapid decomposition of nitrous oxide.

9.2 Fire Fighting

9.2.1 Fires Involving Combustible Materials with Nitrous Oxide

9.2.1.1 Nitrous oxide can strongly support the combustion of materials such as wood, paper, oil, clothing, etc.

9.2.1.2 In dealing with any fire situation these materials shall be kept at a safe distance from the fire. 

9.2.1.3 Materials burning in nitrous oxide can produce irritating and toxic gases. Emergency responders should use respiratory protection while extinguishing fires.

9.2.1.4 Use a suitable extinguishing agent for the type of fire in question such as dry chemical, carbon dioxide or water spray.

9.2.2 Fire in the area of Nitrous Oxide Tanks

9.2.2.1 Tanks and pressure receptacles that are exposed to fire or extreme heat can rupture due to increase of temperature and pressure. In addition, nitrous oxide tanks and pressure receptacles can be subject to explosive decomposition. This can occur in spite of pressure relief equipment. Fragments of metal will be ejected through the air.

9.2.2.2 Transport tanks and pressure receptacles should be removed from the immediate fire area, if this can be achieved without risk to personnel. If this is not possible, the concerned equipment should be immediately cooled with water jets directed from a safe position, e. g. from behind heavy machinery or solid wall.

9.2.2.3 If fire involves any tanks or pressure receptacles it shall be fought from a safe position or by using unmanned water monitors. Water-cooling of the equipment should be continued after the fire has been extinguished. Retreat immediately if the pressure relief equipment emits a hissing sound or discoloration of the tank or pressure receptacle is observed. Consider initial evacuation around an 800 m perimeter. 

9.2.3 Fire During Transport

9.2.3.1 If the transport tank is involved in a fire, notify the police and emergency service and report the situation to the company. 

9.2.3.2 The company should assist the fire brigade by providing information about the hazards and properties of nitrous oxide.

9.2.3.3 Caution should be given for explosive decomposition hazards 

9.2.3.4 Water should not be used as it reacts with water and becomes dangerously explosive. In case of fire or explosion all the affected containers should be cooled with flooding quantities of water from far off distance. 

10 TRAINING	

10.1 Plant personnel should be restricted to fight only minor fires if trained and equipped for such occurrences. Professional fire fighters are trained to deal with large fires. Evacuation of plant is recommended if there is a fire in the nitrous oxide area.

10.2 Do not weld, braze, or strike an arc on any pipe, cylinder, or vessel that contains nitrous oxide.

10.3 The use of quick acting valves such as ball valves should be evaluated by a risk assessment. 

10.4 Users and operators handling nitrous oxide should be trained to open and/or close valves gradually. 

10.5 Heat generated by adiabatic compression at elevated pressures can and has initiated nitrous oxide                 decomposition.

11 FIRST AID- HEALTH MANAGEMENT FIRST AID AND MEDICAL TREATMENT

11.1 In the event of inhalation of nitrous oxide

Move the victim to fresh air, call the emergency medical services. Apply artificial respiration if the victim is not breathing; administer oxygen if difficulty is experienced with breathing.

11.2 In the event of contact with Liquid Nitrous Oxide

11.2.1 Remove and isolate contaminated clothing and shoes. Clothing frozen to the skin should be thawed before   being removed. Thaw the frosted parts with lukewarm water. Spray with water for at least 15 min, apply a sterile dressing, keep victim warm and calm and obtain medical assistance.

11.2.2 Ensure that medical personnel are aware of the product involved and take precautions to protect themselves.

11.3 Ingestion of Nitrous Oxide

[bookmark: _Toc295311085][bookmark: _Toc295311162][bookmark: _Toc295311415][bookmark: _Toc295311581][bookmark: _Toc295311653][bookmark: _Toc295311736][bookmark: _Toc295311859][bookmark: _Toc295312104][bookmark: _Toc295311087][bookmark: _Toc295311164][bookmark: _Toc295311417][bookmark: _Toc295311583][bookmark: _Toc295311655][bookmark: _Toc295311738][bookmark: _Toc295311861][bookmark: _Toc295312106][bookmark: _Toc295311088][bookmark: _Toc295311165][bookmark: _Toc295311418][bookmark: _Toc295311584][bookmark: _Toc295311656][bookmark: _Toc295311739][bookmark: _Toc295311862][bookmark: _Toc295312107]Ingestion is not considered a potential route of exposure.

12 ADDITIONAL INFORMATION

12.1 Security measures should be implemented to restrict access to nitrous oxide by authorized personnel only. 

12.2 A policy for the sale of nitrous oxide shall be in place. It shall be ensured by a thorough review before the purchase being approved and the delivery being made that the customer has a valid reason to purchase nitrous oxide and that the tracking records for nitrous oxide shipments shall be maintained.

12.2.1 Isolation from Flammable Gases

12.2.1.1 To ensure that there is no hazard of inadvertent mixing of nitrous oxide with flammable gases or liquids, nitrous oxide equipment and pressure containers shall be dedicated to nitrous oxide service.

12.2.1.2 Where nitrous oxide has to be mixed with other gases, precautions shall be taken to ensure that no flammable gas is unintentionally mixed with nitrous oxide, see [30]. Mixtures of nitrous oxide with flammable gases shall only be produced if the concentration lies outside the explosion limits. 

12.2.1.3 Mixing of nitrous oxide with self-igniting gases such as silane shall be prevented under all circumstances, since immediate ignition and explosion can occur.
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FOREWORD

This Indian Standard (Part 1) (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Quality Sectional Committee had been approved by the Chemical Division Council. 

Handling liquid oxygen safely is largely a matter of knowing its properties and using suitable procedures based on that knowledge. There are number of general precautions and safe practices which shall have to be observed because of extremely low temperatures and high rates of conversion into gas of the liquid oxygen mentioned in this standard. There are also certain specific precautions which shall have to be followed where liquid oxygen may react with contaminants or may present a hazard to life. 

The elimination of accidents is vital to public interest. Accidents produce social and economic loss and impair individual or group productivity. Realization of this loss has led the authorities to devote a good deal of attention to safety education. Apart from general precautions, some typical precautions are required to be taken during manufacture, storage and handling of liquid oxygen. The standard also prescribes safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety. This standard is intended to guide the users in the recognition of these hazards and in establishing safe handling procedures. 

BIS has published a standard IS 5931: 1970 ‘Code of Safety for Handling of Cryogenic Liquids’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to restructure it by splitting into various parts based on type of cryogenic liquids. In this first revision title of standard has been revised.

Under general title ‘Cryogenic liquid- Code of Safety’ this standard is being published in several other parts. The other parts of this series are:

Part 2 Liquid Nitrogen (first revision)

Part 3 Liquid Argon (first revision)

Part 4 Liquid Helium (first revision)

Part 5 Liquid Hydrogen (first revision)

Part 6 Liquid Krypton (first revision)

Part 7 Liquid Neon (first revision)

This (Part 1) prescribes a code of safety concerning hazards relating to liquid oxygen. It describes the properties and essential information for the safe handling and use of liquid oxygen, safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety.

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals.





















Indian Standard

CRYOGENIC LIQUID-CODE OF SAFETY

PART 1 LIQUID OXYGEN

(First Revision)

1 SCOPE

1.1 This code describes the properties of liquid oxygen, the nature of hazards associated with it and the essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repair of containers, training of personnel, selection of personal protective equipment and first aid. 

1.2 This code does not deal with the specifications for design of buildings, chemical engineering plants, storage vessels and equipment for operations control and waste disposal.

2 REFERENCES

The standards given below 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 standards given at below:

		IS No.

		Title



		IS 1260 (Part 1) : 1973

		Pictorial marking for handling and labelling of goods Part 1 Dangerous goods (first revision)



		IS 2925  : 1984

		Specification for industrial safety helmets (second revision)



		IS 4155 : 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		IS 8520 : 2023

ISO 19734 : 2021

		Eye and face protection — Guidance on selection, use, and maintenance (first revision)



		IS 10245 (Part 2) : 2023

		Respiratory protective devices — Specification Part 2 Self-contained open circuit breathing apparatus (second revision)





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES

4.1 General Information	

4.1.1 Liquid oxygen is pale blue and extremely cold. Although non-flammable, oxygen is a strong oxidizer. Liquid oxygen is a cryogenic liquid. Cryogenic liquids are liquefied gases that have a normal boiling point below (–) 130 ℉ (– 90 ℃). Liquid oxygen has a boiling point of (–) 297 ℉ (– 183 ℃).

4.1.2 Oxygen is the second largest component of the atmosphere, comprising 20.8 percent by volume. Oxygen is necessary to support life. Oxygen will react with nearly all organic materials and metals, usually forming an oxide. Materials that burn in air will burn more vigorously in oxygen. The temperature difference between the liquid oxygen and the oxygen in surrounding environment is substantial, it requires special equipment for handling and storage. 

4.1.3 Chemical Name - O2 

4.1.4 Common Name & Synonyms - Oxygen (refrigerated), Oxygen USP, LOX, Cryogenic Liquid Oxygen

4.1.5 Uses 

Oxygen is most commonly used in its gaseous state. For its life sustaining properties oxygen is used in health & medical applications. Oxygen is widely applied in metal industries for its strong oxidizing properties. Steel and iron manufacturers extensively use oxygen to affect chemical refining and heating associated with carbon removal and other oxidation reactions to get benefit of fuel and energy savings plus to lower total emission volumes. In the chemical and petroleum industries, oxygen is used as a feed component to react with hydrocarbon building blocks to produce chemicals such as alcohols and aldehydes. The pulp and paper industry uses oxygen as a bleaching and oxidizing agent. Similarly, oxygen enhances the combustion process in industries that manufacture glass, aluminium, copper, gold, lead, and cement, or that are involved in waste incineration or remediation. Liquid oxygen is used as an oxidant for liquid fuels in the propellant systems of missiles and rockets.

4.2 Identification

4.2.1 Formula - O2

4.2.2 CAS Number - 7782-44-7

4.2.3 UN Number - 1073

4.2.4 UN Class - 2.2

4.3 Physical Properties

4.3.1 General

Liquid Oxygen is tasteless, odourless, non-flammable, oxidizing, and extremely cold.

4.3.2 Molecular Mass — 32 g/mol

4.3.3 Physical State — Liquefied gas.

4.3.4 Colour — Pale blue.

4.3.5 Odour — No odour warning properties. 

4.3.6 Boiling Point — – 130 ℉ (– 90 ℃)

4.3.7 Melting Point — – 297 ℉ (– 183 ℃)

4.3.8 Vapour Density (Air = 1) — 1.105 (air = 1) Heavier than air. 

4.3.9 Specific Gravity for liquid (water = 1) at 20 ℃, 1 atm — 1.14

4.3.10 Viscosity at 30 ℃ — No data available.

4.3.11 Vapour Pressure at 118 ℃ — 5 080 kPa

4.3.12 Heat of Combustion — No data available.

4.3.13 Refractive Index at 25 ℃ — No data available.

4.3.14 Solubility in Water at 25 ℃, 101.325 kPa — 3.1 percent by volume.

4.3.15 Solubility in other solvents — No data available.

4.3.16 Light Sensitivity — No data available.

4.4 Chemical Properties

4.4.1 Reactivity

Violently oxidizes organic material. May react violently with combustible materials. May react violently with reducing agents.

4.4.2 Polymerization – Oxygen can both initiate and inhibit polymerization process.

4.4.3 Allotrope Formation – O3

4.4.4 Corrosion Properties – Can speed up corrosion due to rapid rate of oxidation.

4.4.5 Incompatible Materials

Cryogenic liquids can cause embrittlement of some metals and alter the physical properties of other materials. Keep equipment free from oil and grease. Consider the potential toxicity hazard due to the presence of chlorinated or fluorinated polymers in high pressure (>30 bar) oxygen lines and equipment in case of combustion. 

4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature — No data available.

4.5.2 Auto Ignition Temperature — No data available.

4.5.3 Flash Point — Not applicable.

4.5.4 Upper Explosive Limit — Not applicable.

4.5.5 Lower Explosive Limit — Not applicable.

4.5.6 Fire Risk — Oxygen can react explosively with oil and grease.

5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information

Normally, air contains 21 percent oxygen, and oxygen is essentially non-toxic. No health effects have been observed in people exposed to concentrations up to 50 percent at 101.325 kPa for 24 h or longer.

5.2 Routes of entry

5.2.1 Skin

Oxygen itself is not harmful when in its gaseous form and is essential for human respiration. However, when oxygen is cooled and liquefied, it becomes extremely cold, with a boiling point of – 183 ℃ (– 297 ℉). This extreme cold temperature can cause severe frostbite and tissue damage upon contact with skin.

5.2.2 Eyes

Exposure of the eyes to liquid oxygen can cause immediate and severe injury such as frostbite due to the extreme cold temperatures of the liquid. The severity of the frostbite depends on the duration of exposure and the amount of liquid oxygen that comes into contact with the eyes.

5.2.3 Ingestion

Ingestion is not considered a potential route of exposure.

5.2.4 Inhalation

The inhalation at 1 atm of 80 percent oxygen for more than 12 h can cause irritation of the respiratory tract, progressive decrease in vital capacity, coughing, nasal stuffiness, sore throat, and chest pain, followed by tracheobronchitis and later by pulmonary congestion and/or edema. Inhalation of pure oxygen at atmospheric pressure or less can cause pulmonary irritation and edema after 24 h. Respiratory symptoms can occur in 2 h to 6 h at pressures above 1 atm.  Breathing 75 percent or more oxygen at atmospheric pressure for more than a few hours may cause nasal stuffiness, cough, sore throat, chest pain and breathing difficulty. Breathing pure oxygen under pressure may cause lung damage and can also affect central nervous system. One of the earliest responses of the lung is accumulation of water in its interstitial spaces and within the pulmonary cells. This can cause reduced lung function, which is the earliest measurable sign of toxicity. Other symptoms include fever and sinus and eye irritation. One of the earliest responses of the lung is accumulation of water in its interstitial spaces and within the pulmonary cells. This can cause reduced lung function, which is the earliest measurable sign of toxicity. Other symptoms include fever and sinus and eye irritation. When pure oxygen is inhaled at pressures greater than 202.65 kPa or 303.975 kPa, a characteristic neurological syndrome can be observed. Signs and symptoms include nausea, dizziness, vomiting, tiredness, light-headedness, mood changes, euphoria, confusion, incoordination, muscular twitching, burning/tingling sensations (particularly of the fingers and toes), and loss of consciousness. Characteristic epileptic-like convulsions, which may be preceded by visual disturbances such as loss of peripheral vision, also occur. Continued exposure can cause severe convulsions that can lead to death.

5.3 Toxicity information

5.3.1 Time Weighted Average (TWA) — No Data Available

5.3.2 Short Term Exposure Limit (STEL) — No Data Available

5.3.3 Immediately Dangerous to Life and Health (IDLH) — No Data Available

5.3.4 Lethal Dose (LD50) — No Data Available

5.3.5 Inhalation (Rat) Lethal Concentration (LC50) — No Data Available

5.4 Antidote

Oxygen toxicity is managed by reducing the exposure to increased oxygen levels.

5.5 Health Effects

5.5.1 Signs and Symptoms

The inhalation at 1 atm of 80 percent oxygen for more than 12 h can cause irritation of the respiratory tract, progressive decrease in vital capacity, coughing, nasal stuffiness, sore throat, and chest pain, followed by trachea-bronchitis and later by pulmonary congestion and/or edema.

6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use

6.1.1 While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation, and intelligent conduct on the part of employees working with liquid oxygen, it is, in many instances, the only practical means of protecting the worker, particularly in emergency situations. The personal protective equipment protects only the worker wearing it, and other unprotected workers in the area maybe exposed to danger.

6.1.2 The correct usage of personal protective equipment requires the education of the workers in proper employment of the equipment available. Under conditions which are sufficiently hazardous to require personal protective equipment, its use should be supervised and the type of protective equipment selected should be capable of control over any potential hazards.

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

Eyes are most sensitive to the extreme cold of liquid oxygen and its vapours. The recommended personal protective equipment when handling or using liquid oxygen is a full-face shield over safety goggles (see IS 8520).

6.2.2 Head Protection

Safety helmet with face shield is recommended while handling the liquid oxygen (see IS 2925).

6.2.3 Foot and leg Protection

Safety shoes are recommended when handling liquid oxygen containers, cylinders.

6.2.4 Body, Skin and Hand Protection

6.2.4.1 Personnel who have been exposed to high concentrations of oxygen should stay in a well-ventilated or open area for 30 min before going into a confined space or near an ignition source. Never allow any unprotected part of the body to touch uninsulated pipes or vessels which contain cryogenic fluids. The extremely cold metal will cause the flesh to stick fast and tear when one attempts to withdraw from it.

6.2.4.2 To use loose fitting thermal insulated cryogenic or leather gloves which must be clean and free of oil and grease. Always wear full sleeve cotton shirt & pant.

6.3 Respiratory Equipment

Not required for properly ventilated areas. In emergency situations, self-contained breathing apparatus (SCBA) must be used (see IS 10245 (Part 2)). Clothing that is fire resistant in air may be readily ignitable in oxygen-enriched atmospheres. Only trained and certified emergency responders should respond to emergency situations.

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

Storage, handling, and transportation of liquid oxygen require careful consideration due to its cryogenic nature and high reactivity. Liquid oxygen (LOX) is stored and transported at extremely low temperatures (– 183 ℃ or – 297 ℉) and is highly volatile, posing significant hazards if mishandled.

7.2 Storage	

Liquid oxygen is stored, shipped, and handled in several types of containers, depending upon the quantity required by the user. The types of containers in use include the dewar, cryogenic liquid cylinder, and cryogenic storage tank. Storage quantities vary from a few litres to many thousands of gallons. Store and use liquid containers with adequate ventilation. Do not store containers in a confined area or in area unprotected from the extremes of weather. Oxygen must be separated from flammables and combustibles by at least 6.09 m. Post “No Smoking” and “No Open Flames” signs.

7.2.1 Storage in Containers

Cryogenic containers are equipped with pressure relief devices designed to control the internal pressure. Under normal conditions these containers will periodically vent product. Do not plug, remove or tamper with any pressure relief device.

7.2.2 Storage in Dewars

A loose-fitting dust cap over the outlet of the neck tubes prevents atmospheric moisture from pugging the neck and allows gas produced from vaporized liquid to escape. This type of container is a non-pressurized container. The unit of measure for the capacity of a Dewar is typically the litre. 5 l to 20 l Dewars are available. Product may be removed from small Dewars by pouring, while larger sizes will require a transfer tube. Cryogenic liquid cylinders that are pressurized vessels are sometimes incorrectly referred to as Dewars.

7.2.3 Storage in Cryogenic Liquid Cylinders

Cryogenic liquid cylinders are insulated, vacuum jacketed pressure vessels. They come equipped with safety relief valves and rupture discs to protect the cylinders from pressure build up. These containers operate at pressures up to 350 psig and have capacities between 80 l and 450 l of liquid. Liquid oxygen may be withdrawn as a gas by passing liquid through an internal vaporizer or as a liquid under its own vapour pressure.

7.2.4 Storage in Cryogenic storage tanks and Connected Transfer Lines

Tanks may be spherical or cylindrical in shape. They are mounted in fixed locations as stationary vessels or on railroad car or truck chassis for easy transportation. Sizes range from 500 gallons to 420 000 gallons, and all tanks are powder and vacuum-insulated in the annular space. Tanks are equipped with various circuits to control product fill, pressure build up, pressure relief, product withdrawal, and tank vacuum.

7.2.4.1 Transfer lines connected to storage 

A liquid transfer line is used to safely remove liquid product from dewars or cryogenic liquid cylinders. A typical transfer line for dewars is connected to a bayonet that provides a means of using product vapor pressure build up or an external pressure source to remove the liquid. For cryogenic liquid cylinders, the transfer line is connected to the cylinder’s liquid withdraw a valve. Liquid product is typically removed through insulated withdrawal lines to minimize the loss of liquid product to gas. Insulated flexible or rigid lines are used to withdraw product from storage tanks. Connections on the lines and tanks vary by manufacturer.

7.2.5 The location should comply with Static and Mobile Pressure Vessel Rules (SMPV) 2016, and annual external inspection should be carried out in accordance with SMPV Rules 2016.

7.2.6 Avoid installing liquid storage vessel in indoor environment and near drain or pits.

7.2.7 Oxygen storage should be separated from vacuum and medial air compressor plant to avoid possible oil contamination.

7.2.8 It is important to provide adequate ventilation in areas where liquid oxygen in use, due large expansion ratio of liquid to gas. A minimum of six changes per hour is suggested. The oxygen enriched atmosphere is one containing more than 23.5 percent of oxygen.

NOTE — Oxygen has no warning properties.

7.2.9 Do not store containers in a confined area or in areas unprotected from the extreme weather.

7.2.10 Cryogenic containers are equipped with pressure relief devices designed to control the internal pressure. Under normal conditions these containers will periodically vent product. Do not plug, remove or tamper with any pressure relief device.

7.2.11 Liquid containers should not be left open to the atmosphere for extended periods. Keep all valves closed and outlet caps in place when not in use. If restriction results from freezing moisture or foreign material present in openings and vents, contact the vendor for instructions. Restrictions and blockages may result in dangerous over pressurization. Do not attempt to remove the restriction without proper instructions. If possible, move the cylinder to remote location.

7.3 Handling

7.3.1 Cryogenic containers must be stored, handled and transported in the upright position. When moving, never tip, slide or roll containers on their side. Use a suitable hand truck for moving smaller containers. Move larger containers by pushing, not pulling. Avoid mechanical and thermal shock. Never allow any unprotected part of the body to come in contact with uninsulated pipes or equipment containing cryogenic product. The extreme cold will cause flesh to stick fast and potentially tear on withdrawal. Use only oxygen-compatible materials and lubricants. 

7.3.2 If there is any difficulty in operating the container valve or container connections, discontinue use and contact the vendor. Do not remove or interchange connections. Use only the properly assigned connections. Do not use adapter. Use only transfer lines and equipment designed for use with cryogenic liquids. Some elastomers and metals, such as carbon steel, may become brittle at extremely low temperatures and may easily fracture. These materials must be avoided in cryogenic service. It is recommended that all vents be piped to the exterior of the building. On gas withdrawal systems, use check valves or other protective apparatus to prevent reverse flow into the container. On liquid systems, pressure relief devices must be used in lines where there is the potential to trap liquid between valves.

7.3.3 If these liquids are vaporized in a sealed container, they can produce enormous pressures that could rupture the container. For this reason, pressurized cryogenic containers are normally protected with multiple devices for prevention of over-pressurization. Common pressure relief devices are a pressure relief valve for primary protection and a rupture disc for secondary protection.

7.3.4 Vaporization of liquid oxygen in an enclosed area can create an oxygen enriched atmosphere.

7.3.5 Always handle cryogenic liquids carefully. Their extremely low temperatures can produce cryogenic burns of the skin and freeze underlying tissue. When spilled on a surface, they tend to spread as far as the quantity of liquid spilled and the physical confines of the area permit. They can cool large areas. The vapours coming from these liquids are also extremely cold and can produce burns.

7.3.6 Exposure to these cold gases, which is too brief to affect the skin of the face or hands, may affect delicate tissues, such as the eyes. 

7.3.7 Stand clear of boiling and splashing liquid and the cold vapours that are released. Boiling and splashing always occur when charging a warm container or when inserting objects into the liquid.  Always perform these operations slowly to minimize the splashing and boiling. 

7.3.8 The extremely cold material may stick fast to skin and tear the flesh when you attempt to withdraw it. Even non-metallic materials are dangerous to touch at these low temperatures. Use tongs to immerse and remove objects from cryogenic liquids.

7.3.9 In addition to the hazards of frostbite or flesh sticking to cold materials, objects that are soft and pliable at room temperature, such as rubber or plastics, are easily broken because they turn brittle at low temperatures and may break when stressed.

7.3.10 Use only oxygen-compatible materials and lubricants.

7.4 Labelling

7.4.1 Each container (including tankers) should carry an identifying label or stencil as depicted in Fig. 2 in IS 1260 (Part 1). The storage containers shall be labelled or marked to identify as follows:

a) Contents of the container;

b) Name and address of the manufacturer or importer of the hazardous chemical; and

c) Physical, chemical and toxicological data as per the criteria given in the relevant schedule of the Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

7.4.2 Manufacturers name with label warnings required by regulations or ordinances form part of the label or placard.

7.4.3 Each tanker and each railroad car carrying one or more containers shall be labelled as:

		In case of leakage/fire:

Keep away flames and oil/grease.

Use water fog or water spray for cooling or dilution.

Evacuate upwind from cold liquid and white water vapor.

















7.5 Transport

7.5.1 Transportation of Container

7.5.1.1 Liquid oxygen containers must only be unloaded from or loaded onto a delivery vehicle by means of a crane, fork truck, or a power-assisted tailgate. Liquid oxygen containers may be moved using a forklift if they are secured on a pallet, in a cradle, or some other device designed for this purpose. When the container is removed from a pallet, it should only be moved using a specially designed four-wheel handcart.

7.5.1.2 Liquid oxygen containers should only be transported in an upright position and should never be laid on their side. For proper ways to handle a liquid container is as given in Fig 1. Never roll these containers on their side. Liquid oxygen containers equipped with wheels should always be moved by pushing the container, never pulling it. This reduces the possibility of the container falling on co-worker in the event it becomes unstable. Pushing the liquid oxygen container up any type of grade will increase the force necessary to move it. A grade as low as 5 percent (5-inch rise in 10 feet of travel) will increase the force necessary to start to push the container by as much as 50 percent.

[image: ]

FIG 1. HOW TO HANDLE LIQUID CONTAINERS

7.5.2 Elevator Transport

7.5.2.1 Care must be exercised when transporting liquid oxygen containers in elevators. If possible, transport the container only on a freight elevator that is not generally used for personnel transport.

7.5.2.2 After the container is placed in the elevator, the elevator should be locked out to all other users. The sender should remain outside the elevator and activate it. Another person should be available on the receiving floor to take the liquid oxygen container off the elevator at its destination. If a freight elevator is not available, a passenger elevator can be used provided it is locked out to all other users. If it is absolutely necessary to have an attendant in the elevator with the container, an escape pack supplemental breathing apparatus must be carried in the elevator. Do not transport a liquid oxygen container at any time in an elevator with any other personnel in the car.

7.5.3 Tankers should be periodically inspected, and they must be maintained with proper care and caution and the insulation of the container of the tanker must be checked regularly.

7.5.4 The safety relief valve (SRV) in the truck should be periodically tested. All other tanker accessories including temperature and pressure gauges should be in good condition and must be calibrated at regular intervals.

7.5.6 Containers should be clearly identified so that only the correct contents may be filled or withdrawn. Mixing liquid oxygen with another liquefied atmospheric gas may be hazardous; in certain instances, the oxygen concentration may increase as time progresses due to the evaporation of lower boiling point liquids such as nitrogen and argon. Unknown concentrations of oxygen always represent a hazardous condition. If liquid oxygen is introduced into a liquid nitrogen refrigerator, the oxygen may cause any organic material in the refrigerator to burst into flame.

7.5.7 Obtain clearance certificate where it is necessary for work to be carried out involving a flame or arc in which case there is likely to be oxygen enrichment of the surrounding atmosphere. 

7.5.8 Make certain that there is adequate ventilation and circulation of air where oxygen cutting, gas welding, brazing or arc welding is required to be carried out in a confined space.

7.5.9 Make certain that all assemblies and components, including piping, which will be in contact with gaseous or liquid oxygen, are thoroughly degreased and entirely free from oil or grease of any description. 

7.5.10 Only pressure gauges marked ‘OXYGEN - USE NO OIL’ are to be used for any oxygen service and on no account are these gauges to be used on other services where there is a possibility of the gauge becoming contaminated with oil or any other foreign matter. 

7.5.11 Never use oxygen as a substitute for compressed, air or nitrogen. 

7.5.12 Oxygen is not to be used for clearing fumes in a confined space. Such use has caused fatal accidents through the worker’s clothing getting ignited. 

7.5.13 No painting is to be carried out around an oxygen plant when the latter is in operation. 

7.5.14 Make certain that all pressure is relieved from the system before attempting to remove any fittings or commencing a repair.

7.5.15 The liquid oxygen should be disposed of by pouring it gently, avoiding splashing on to the ground, which is free from any holes or pockets or preferably in the open, well away from other personnel, naked lights, lighted cigarettes.

7.5.3 Driver

Only driver trained in handling should be employed for transportation of liquid oxygen.  Driver should carry TREM card, material Safety Data Sheet and other legal documents for safety needs when vehicle is on road.

NOTE — If transport of the hazardous chemical is involved it shall be carried out in accordance with the Central Motor Vehicles Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

Do not touch or walk through spilled material. Stop leak if you can do it without risk. Use water spray to reduce vapours or divert vapor cloud drift. Avoid allowing water runoff to contact spilled material. Do not direct water at spill or source of leak. If possible, turn leaking containers so that gas escapes rather than liquid. Prevent entry into waterways, sewers, basements or confined areas. Allow substance to evaporate. Ventilate the area.

CAUTION — When in contact with refrigerated/cryogenic liquids, many materials become brittle and are likely to break without warning.

8.2 Spillage

8.2.1 General Information

Spillage of liquid oxygen can be extremely hazardous due to its highly reactive nature. It is essential to approach any spillage of liquid oxygen with extreme caution and prioritize safety to minimize the potential risks and consequences associated with such incidents.

8.2.2 Emergency procedures shall be prepared by the site operator to include action to be taken in the event of spillage of liquid oxygen. Local emergency services shall be party to the preparation of the emergency procedures. Works employees likely to be affected shall know the actions required to minimize the adverse effects of a spillage. Consideration shall be given to the carrying out of practical exercises.

8.2.3 The following are guidelines, which should be used for formulating emergency procedures: 

a) Raise the alarm;

b) Summon help and emergency services;

c) Isolate the source of oxygen, if appropriate and where safely possible;

d) Evacuate all persons from the danger area and seal it off; and

e) Alert the public to possible dangers from vapor clouds in the immediate vicinity and evacuate when necessary.

8.2.4 After the liquid oxygen spillage has been isolated, oxygen enrichment checks should be carried out in any enclosed areas where the vapor cloud may have entered. This includes basements, pits and confined spaces.

8.2.5 Oxygen itself does not pose a hazard to the environment. However, because of extreme cold of the liquid, damage to ecology can occur in the immediate environs of the spill. Beware of oxygen-enriched atmospheres encountering readily combustible materials.

8.2.6 Small Spills

Shut off the source of escaping oxygen. Ventilate the area.

8.2.7 Large Spills

Evacuate the area. Shut off the source of the spill if this can be done without risk. Restrict access to the area until completion of the clean-up procedure. Ventilate the area using forced draught if necessary.

8.2.8 If liquid oxygen spills on asphalt or other surfaces contaminated with combustibles, do not walk on or roll equipment over the area of the spill. Keep sources of ignition away for 30 min after all frost or fog has disappeared.

8.3 Waste Disposal

8.3.1 Return unused product in original cylinder to supplier. Contact supplier if guidance is required.

8.3.2 Small amounts may be allowed to evaporate into the atmosphere. In case of large spills consult an expert and allow evaporation. Large amounts should only be handled by gas supplier.

8.3.3 Disposal of packaging

The disposal of containers must only be handled by the gas supplier.

9 FIRE PREVENTION AND FIRE FIGHTING

The liquid oxygen itself does not burn. Use extinguishing media appropriate for surrounding fire. 

9.1 General

9.1.1 Smoking or open flames or naked light shall not be permitted in any area where liquid oxygen is stored, handled, or where it is loaded or unloaded. Post ‘NO SMOKING’ signs conspicuously in all such areas and on storage tanks. 

9.1.2 Organic material or flammable substance of any kind shall not be permitted to come in contact with liquid oxygen. Some of the materials that can react violently with oxygen under certain conditions of pressure and temperature are oil, grease, asphalt, kerosene, cloth, wood, paint, tar and dirt which may contain oil or grease. Under certain conditions, mixtures of powdered organic materials with liquid oxygen may detonate.

9.1.3 Combustibles in contact with liquid oxygen may explode on ignition or impact. Some materials which are non-combustible in air may burn in the presence of an oxidizer. Contact with organic and most inorganic materials may cause fire. Vapor cloud may obscure visibility. Move away from container and cool with water from a protected position. Do not direct water spray at container vent. If possible, stop flow of product. 

9.2 Prevention

9.2.1 When organic materials are exposed to liquid oxygen, they will burn violently if ignited, even several minutes after they have been in contact with the liquid. Any clothing that has been splashed or soaked with liquid oxygen should be removed immediately and aired away from sources of ignition for at least an hour until it is completely free of oxygen.

9.2.2 Any person working with liquid oxygen should ensure that his clothing’s are aired before approaching any source of ignition.

9.3 Fighting Fires Involving Liquid Oxygen

Since oxygen itself does not burn, fire not caused unless combustible materials also present. In any fire involving liquid oxygen, the oxygen plays the same part as oxygen from the air in an ordinary fire. However, the presence of additional oxygen will make any fire burn much faster and more violently. The following fire fighting procedures should be observed: 

a) Remove every one not actively engaged in fighting the fire;

b) If possible, shut off the flow of oxygen; and

c) Use large quantities of fire extinguishing agent, such as water, preferably in the form of a spray, below the ignition point. To cool the burning material, if electrical equipment is involved in the fire, do not use water, use carbon dioxide or dry chemical.

10 TRAINING

10.1 All personnel directly involved in the commissioning, operation and maintenance of liquid oxygen storage systems shall be fully informed regarding the hazards associated with oxygen and oxygen enrichment and be properly trained, as applicable, to operate or maintain the equipment. Training shall be arranged to cover those aspects and potential hazards that the particular operator is likely to encounter.

10.2 Training shall cover, but not necessarily be confined to, the following subjects: 

a) Potential hazards of oxygen;

b) Site safety regulations;

c) Emergency procedures;

d) Use of firefighting equipment;

e) Use of protective clothing/apparatus including breathing sets where applicable; and

f) First aid treatment for cryogenic burns.

10.3 In addition, individuals shall receive specific training in the activities for which they are employed. 

10.4 It is recommended that the training be carried out under a formalized system and that records be kept of the training given and where possible, some indication of the results obtained, in order to show where further training is required. 

10.5 The training programme should make provision for refresher courses on a periodic basis and for changes of site personnel.

10.6 Safety in handling liquid oxygen depends upon the effectiveness of employee education, training and supervision. The education and training of employees to work safely and to use the personal protective equipment and other safeguards provided for them is a responsibility of supervisor. Employee education and training should emphasize the need of safely handling liquid oxygen according to the methods outlined in the manual, in order to avoid spilling or splashing, leaks, burns, inhalation of the vapor of burning material, or ingestion. Unauthorized and untrained employees should not be permitted in areas where liquid oxygen is being handled. 

10.7 Before being placed on the job, all new employees should be instructed and trained to maintain a high degree of safety in handling procedures. Older employees should be re-instructed and trained periodically.

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 Health Monitoring

Periodic medical examination aims to detect susceptible workers for whom corrective actions are required before they develop overt occupational diseases. Meanwhile safety and health measures at work should be reviewed for necessary remedial actions.

11.2 First Aid

11.2.1 General Principles

If any of the liquefied oxygen contact the eyes or skin, immediately flood the affected area with large quantities of unheated water and then apply cold compress. If the skin is blistered or if there is any chance that the eyes have been affected, take the patient immediately to a doctor treatment.

11.2.2 Contact with Skin 

11.2.2.1 For skin contact with liquid oxygen, remove any clothing that may restrict circulation to the frozen area. Do not rub frozen parts, as tissue damage may result. As soon as practical, place the affected area in a warm water bath with a temperature not exceeding 105 ℉ (40 ℃) for at least for 15 min. Never use dry heat. Call a physician as soon as possible. Cover wound with sterile dressing. 

11.2.2.2 Frozen tissue is painless and appears waxy with a possible yellow colour. It will become swollen, painful, and prone to infection when thawed. If the frozen part of the body has been thawed, cover the area with a dry sterile dressing with a large bulky protective covering, pending medical care. 

11.2.3 Contact with Eyes

In the case of contact with eyes, rinse immediately with plenty of luke warm water temperature less than 40 ℃ (105 ℉) for at least for 15 min and seek medical advice.

11.2.4 Ingestion

Ingestion is not considered a potential route of exposure. 

11.2.5 Inhalation

Consult a physician after significant exposure. Move to fresh air.

1l.2.6 In case of massive exposure, remove clothing while showering the victim with warm water. Call a physician immediately.

12 ADDITIONAL INFORMATION

Workers involved in emergency activities must not allow emotions to override safe work procedures and training. Only trained, qualified personnel equipped with necessary safety equipment should attempt a rescue and or firefighting, arresting of leakages in accordance with safe procedures.
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FOREWORD

This Indian Standard (Part 2) (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Quality Sectional Committee had been approved by the Chemical Division Council. 

Handling liquid nitrogen safely is largely a matter of knowing its properties and using suitable procedures based on that knowledge. There are number of general precautions and safe practices which shall have to be observed because of extremely low temperatures and high rates of conversion into gas of the liquid nitrogen mentioned in this standard. There are also certain specific precautions which shall have to be followed where a particular liquid may react with contaminants or may present a hazard to life. 

The elimination of accidents is vital to public interest. Accidents produce social and economic loss and impair individual or group productivity. Realization of this loss has led the authorities to devote a good deal of attention to safety education. Apart from general precautions, some typical precautions are required to be taken during manufacture, storage and handling of liquid nitrogen. The standard also prescribes safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety. This standard is intended to guide the users in the recognition of these hazards and in establishing safe handling procedures. 

BIS has published a standard IS 5931: 1970 ‘Code of Safety for Handling of Cryogenic Liquids’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to restructure it by splitting into various parts based on type of cryogenic liquids. 

Under general title ‘Cryogenic liquid — Code Of Safety’ this standard is being published in several other parts. The other parts of this series are:

Part 1 Liquid Oxygen (first revision)

Part 3 Liquid Argon (first revision)

Part 4 Liquid Helium (first revision)

Part 5 Liquid Hydrogen (first revision)

Part 6 Liquid Krypton (first revision)

Part 7 Liquid Neon (first revision)

This (Part 2) prescribes a code of safety concerning hazards relating to liquid nitrogen. It describes the properties and essential information for the safe handling and use of liquid nitrogen, safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety.

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals.





















Indian Standard

CRYOGENIC LIQUID— CODE OF SAFTY

PART 2 LIQUID NITROGEN

(First Revision)

1 SCOPE

1.1 This code describes the properties of liquid nitrogen, the nature of hazards associated with it and the essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repair of containers, training of personnel, selection of personal protective equipment and first aid. 

1.2 This code does not deal with the specifications for design of buildings, chemical engineering plants, storage vessels and equipment for operations control and waste disposal.

2 REFERENCES 

The standards given below 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 standards given at below:

		IS No.

		Title



		IS 1260 (Part 1) : 1973

		Pictorial marking for handling and labelling of goods Part 1 Dangerous goods (first revision)



		IS 2925 : 1984

		Specification for industrial safety helmets (second revision)



		IS 4155 : 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		IS 8520 : 2023

ISO 19734 : 2021

		Eye and face protection — Guidance on selection, use, and maintenance (first revision)



		IS 10245 (Part 2) : 2023

		Respiratory Protective Devices-Specification Part 2 Self-Contained Open Circuit Breathing Apparatus (second revision)



		IS 15298 (Part 2) : 2016/

ISO 20345 : 2011

		Personal protective equipment Part 2 safety footwear (second revision)



		IS 15803 : 2008

		Respiratory protective devices - Self contained closed circuit breathing apparatus chemical oxygen (KO2) type, self generating, self rescuers - Specification





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES LIQUID NITROGEN 

4.1 General Information 

4.1.1 Liquid nitrogen is tasteless, colourless, odourless, noncorrosive, non-flammable, and extremely cold. Nitrogen content is approximately 78 percent of the earth’s atmosphere. It is extremely inert.

4.1.2 Since nitrogen is inert, special materials of construction are not required. However, materials of construction must be selected to withstand the low temperature of liquid nitrogen. Although used more commonly in the gaseous state, nitrogen is commonly stored and transported as a liquid, affording more cost-effective way of providing product supply

4.1.3 Liquid nitrogen is a cryogenic liquid. Liquid nitrogen has a boiling point of (–) 321 °F (–196 °C). The temperature difference between the product and the surrounding environment, even in winter, is substantial. Keeping this surrounding heat from the product requires special equipment to store and handle cryogenic liquids.

4.1.4 Chemical Name - N2

4.1.5 Common Name & Synonyms - Nitrogen (refrigerated), Liquid Nitrogen, LIN, Cryogenic Liquid Nitrogen, Nitrogen

4.1.6 Uses 

Liquid nitrogen is used as industrial and professional purposes. Perform risk assessment prior to use. Liquid nitrogen is used as coolant for superconductors, vacuum pumps, and other materials and equipment. Use in cryotherapy to remove skin abnormalities. It is also used for preservation of biological samples and shielding of materials for oxygen exposure. Nitrogen to be used as a gas is often stored and transported as a liquid for economy and convenience. Liquid nitrogen is used for deep refrigeration storage, and a refrigerant in shrink-fitting metal part sand in cold traps, and for various laboratory applications

4.2 Identification  

4.2.1 Formula - N2

4.2.2 CAS Number - 7727-37-9

4.2.3 UN Number - 1977

4.2.4 UN Class - 2, Subsidiary Risk -2.2

4.3 Physical Properties

4.3.1 Liquid nitrogen is tasteless, colourless, odourless, noncorrosive, non-flammable, and extremely cold.

4.3.2 Molecular Mass - 28 g/mol 

4.3.3 Physical State - Liquefied gas. 

4.3.4 Colour - Colourless. 

4.3.5 Odour - No odour warning properties. 

4.3.6 Boiling Point – (-) 321 °F (-196 °C)

4.3.7 Melting Point – (-) 346 °F (-210 °C)

4.3.8 Vapour Density (Air = 1) ~ 0.97 (air = 1) Lighter or similar to air. 

4.3.9 Specific Gravity

a) Liquid (water = 1) - 0.8  

4.3.10 Viscosity at 30°C - No data available. 

4.3.11 Vapour Pressure at 76.6 °C - Not applicable. 

4.3.12 Refractive Index at 25 °C - No data available.

4.3.4 Solubility in Water – 0.02 g/l 

4.4 Chemical Properties

4.4.1 Reactivity - No reactivity hazard. 

4.4.2 Polymerisation – No data available.

4.4.3 Allotrope formation – No data available.

4.4.4 Corrosion properties –. No data available.

4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature - Non-flammable. 

4.5.2 Auto Ignition Temperature - Non-flammable. 

4.5.3 Flash Point - Not applicable for gases and gas mixtures. 

4.5.4 Upper Explosive Limit - Not applicable.

4.5.5 Lower Explosive Limit - Not applicable.

4.5.6 Fire Risk 

Liquid nitrogen is not flammable, neither pressure nor a reduction in temperature makes nitrogen any more flammable. However, as liquid nitrogen is pressurized in canisters, there is an explosion risk of the canisters, when they are heated appreciably as the liquid nitrogen can expand and destroy the canister.

5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information

5.1.1 Being odourless, colourless, tasteless, and non-irritating, nitrogen has no warning properties. Humans possess no senses that can detect the presence of nitrogen. Nitrogen is nontoxic and largely inert. It can act as a simple asphyxiant by displacing the oxygen in air to levels below that required to support life.

5.1.2 Extensive tissue damage or cryogenic burns can result from exposure to liquefied gas. When using inert gas systems, always provide adequate air movement and ventilation, such as exhaust or floor fans.

5.1.3 Oxygen-deficient atmospheres may exist in poorly ventilated areas, confined spaces, areas immediately outside confined spaces, enclosures and low-grade areas. When working in confined spaces, all the requirements of confined space regulations must be strictly followed. Effective emergency procedures for entry and rescue can avoid serious injuries or fatalities. Depending on the climatic conditions even in open areas, there is a possibility of localized cloud formation leading to asphyxiation, therefore there is requirement of forced cross ventilation. Low oxygen levels can also exist in “open areas,” including areas with ventilation, laboratories, and buildings and near storage areas. 

5.1.4 Visual or odor indicators cannot detect an oxygen deficient atmosphere. The only way to detect low oxygen concentrations is with real-time monitoring. Use of a continuous oxygen monitor is strongly recommended in work areas where high concentrations of gas can accumulate.

5.1.5 A release of a cold vapor, such as from cryogenic liquid nitrogen, can form a visible vapor cloud or plume created by the condensation of atmospheric moisture. As the released gas warms up to ambient temperature, the visible vapor cloud may disappear before the oxygen concentration returns to a sufficient level. Do not rely on the absence of a visible vapor cloud as safe breathable atmosphere.

5.2 Routes of entry 

5.2.1 Eyes

Contact with liquid may cause cold burns/frostbite. 

5.2.2 Ingestion

Ingestion is not considered a potential route of exposure. 

5.2.3 Inhalation

In high concentrations may cause asphyxiation. Symptoms may include loss of mobility/consciousness. Victim may not be aware of asphyxiation. Asphyxiation may bring about unconsciousness without warning and so rapidly that victim may be unable to protect themselves. Inhalation of nitrogen in excessive amounts can cause dizziness, nausea, vomiting, loss of consciousness, and death. Death may result from errors in judgment, confusion, or loss of consciousness that prevents self-rescue.  At low oxygen concentrations, unconsciousness and death may occur in seconds and without warning

5.3 Toxicity information 

5.3.1 Time Weighted Average (TWA) — No Data Available

5.3.2 Short Term Exposure Limit (STEL) — No Data Available

5.3.3 Immediately Dangerous to Life and Health (IDLH) – No Data Available

5.3.4 Lethal Dose (LD50) — No Data Available

5.3.5 Inhalation (Rat) Lethal Concentration (LC50) — No Data Available

5.4 Antidote

There is no antidote.

5.5 Health Effects

5.5.1 Signs and Symptoms

The sign and symptoms related to oxygen-deficient atmosphere is as prescribed in Table 1.

Table 1 Effects of Oxygen-Deficient Exposure

(Clause 5.5.1)

		S No.

		Oxygen Concentration (percent vol)

		Health Effects of Persons at Rest



		(1)

		(2)

		(3)



		i)

		19

		Some adverse physiological effects occur, but they may not be noticeable.



		ii)

		15 to 19

		Impaired thinking and attention. Increased pulse and breathing rate.

Reduced coordination. Decreased ability to work strenuously. Reduced physical and intellectual performance without awareness.



		iii)

		12 to 15

		Poor judgment. Faulty coordination. Abnormal fatigue upon exertion. Emotional upset



		iv)

		10 to 12

		Very poor judgment and coordination. Impaired respiration that may cause permanent heart damage. Possibility of fainting within a few minutes without warning. Nausea and vomiting.



		v)

		<10

		Inability to move. Fainting almost immediate. Loss of consciousness. Convulsions. Death



		vi)

		<4

		Fatality





5.5.2 Acute Toxicity — No data is available on the product itself.

The following acute (short-term) health effects may occur immediately or shortly exposure to liquefied nitrogen:

a) Contact with liquefied nitrogen may can cause frostbite.

b) Exposure to very high levels of pure nitrogen can cause dizziness and light-headness and replaces oxygen in air causing loss of consciousness and death.

5.5.3 Chronic Toxicity

No chronic (long- term) health effects are known at this time.

6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use

6.1.1 While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation and intelligent conduct on the part of employees working with liquid nitrogen, it is in many instances the only practical means of protecting the worker, particularly in emergency situations. Personal protective equipment protects only the worker wearing it, and other unprotected workers in the area maybe exposed to danger.

6.1.2 Eyes are most sensitive to the extreme cold of liquid nitrogen and its vapours. The recommended personal protective equipment when handling or using liquid nitrogen is a full-face shield over safety goggles; loose-fitting thermal insulated or leather gloves; and long-sleeved shirts and pants without cuffs, especially whenever the possibility of exposure or a spill exists. In addition, safety shoes are recommended for those involved with the handling of liquid nitrogen containers.

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection 

Safety glasses recommended when handling cylinders. Protect eyes, face and skin from liquid splashes. Wear goggles and a face shield when trans-filling or breaking transfer connections (see IS 8520). 

6.2.2 Head Protection

Suitable industrial safety helmets should be used (see IS 2925).

6.2.3 Foot and leg Protection 

Safety shoes are recommended when handling cylinders (see IS 15298 (Part 2)). 

6.2.4 Body, Skin and Hand Protection 

Wear work gloves when handling gas containers. If the operation involves possible exposure to a cryogenic liquid, wear loose fitting thermal insulated or cryo-gloves. Never allow any unprotected part of the body to touch uninsulated pipes or vessels which contain cryogenic fluids. The extremely cold metal will cause the flesh to stick fast and tear when one attempts to withdraw from it. Safety shoes are recommended when handling cylinders. 

6.3 Respiratory Equipment

Severe exposure to liquid nitrogen may occur in tanks during equipment cleaning and repairs, during decontamination of areas following spills, or in case of failure of piping or equipment. Employees who may be subject to such exposures should be provided with proper respiratory protection as described below: 

6.3.1 Self-Contained Breathing Apparatus

This apparatus permits the wearer to carry a supply of oxygen or air compressed in the cylinder (see IS 10245 (Part 2)) and the self-generating type which produces oxygen chemically (see IS 15803). These allow considerable mobility. The length of time, a self-contained breathing apparatus provides protection varies according to the amount of air, oxygen, or regenerating’ material carried. Compressed oxygen should not be used where there is danger of contact with flammable liquids, vapours, or sources of ignition, especially in confined spaces, such as tanks or pits.

6.3.2 Positive pressure airline with mask are to be used in oxygen-deficient atmosphere. Air purifying respirators will not provide protection. Users of breathing apparatus must be trained. 

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

7.2 Storage	

7.2.1 Storage in Containers

7.2.1.1 Liquid nitrogen is stored, shipped, and handled in several types of containers, depending upon the quantity required. The types of containers in use are the dewar, cryogenic liquid cylinder, and cryogenic storage tank. Storage quantities vary from a few litres to many thousands of gallons.

7.2.1.2 Since heat leak is always present, vaporization takes place continuously. Rates of vaporization vary, depending on the design of the container and the volume of stored product. Containers are designed and manufactured according to the applicable codes and specifications for the temperatures and pressures involved.

7.2.2 Storage in Dewars

A loose-fitting dust cap over the outlet of the neck tubes prevents atmospheric moisture from pugging the neck and allows gas produced from vaporized liquid to escape. This type of container is a non-pressurized container. The unit of measure for the capacity of a Dewar is typically the litre, 5 l to 20 l Dewars are available. Product may be removed from small Dewars by pouring, while larger sizes will require a transfer tube. Cryogenic liquid cylinders that are pressurized vessels are sometimes incorrectly referred to as Dewars. 

7.2.3 Storage in Cryogenic liquid cylinders

Cryogenic liquid cylinders are insulated, vacuum jacketed pressure vessels. They come equipped with safety relief valves and rupture discs to protect the cylinders from pressure build up. These containers operate at pressures up to 350 psig and have capacities between 80 l and 450 l of liquid. Liquid nitrogen may be withdrawn as a gas by passing liquid through an internal vaporizer or as a liquid under its own vapor pressure.

7.2.4 Do not allow storage temperature to exceed 50 °C (122 °F). 

7.2.5 Containers should be stored in a purpose build compound which should be well ventilated, preferably in the open air. Full containers should be stored so that oldest stock is used first. Do not store in a confined space. Full and empty cylinders should be segregated. 

7.2.6 Store containers in location free from fire risk and away from sources of heat and ignition. 

7.2.7 Return empty containers in a timely manner. 

7.2.8 Stored containers should be periodically checked for general condition and leakage.

7.2.9 Protect containers stored in the open against rusting and extremes of weather. 

7.2.10 Containers should not be stored in conditions likely to encourage corrosion. 

7.2.11 Cryogenic containers are equipped with pressure relief devices to control internal pressure. 

7.2.12 Under normal conditions these containers will periodically vent product. All vents should be piped to the exterior of the building. Observe all regulations and local requirements regarding storage of containers. 

7.3 Handling

7.3.1 Liquid nitrogen shall be stored and used only in a well-ventilated place. If enough nitrogen gas evaporates from the liquid in an unventilated space, the percentage of oxygen in the air may become dangerously low making anybody present there, symptoms, such as dizziness, unconscious without any warning. Remaining in this atmosphere long enough may become fatal. 

7.3.2 Nitrogen build-up is most likely to occur when a room is closed, overnight for example. If there is any doubt about the amount of oxygen in a room, the room shall be ventilated completely before entering it. Waste nitrogen shall not be disposed of in a confined area or a place where someone else may enter.

7.3.3 Liquid nitrogen is colder than liquid oxygen. Therefore, if it is exposed to the air, oxygen from the air may condense into the liquid nitrogen. If this is allowed to continue for any length of time, the oxygen content of the liquid nitrogen may become appreciable and the liquid will require the same precautions as for handling liquid oxygen. However, most liquid nitrogen containers are entirely closed except for a small neck area and the nitrogen gas issuing from the surface of the liquid forms a barrier which keeps air away from the liquid and prevents oxygen contamination.

7.3.4 Before entering any large liquid nitrogen storage tank, it shall be made sure that all pipes to the tank are blanked or positively closed off. The tank shall then be purged with air. If a check with instruments shows that the atmosphere normal air, it shall be safe to enter. Unless all lines are physically isolated, inside atmosphere shall be checked frequently with instruments during work. If, for any reason, the supply of fresh air in the tank is doubtful, breathing apparatus shall be used with its own supply of oxygen or air. Whenever anybody enters a tank, he should make sure that he is equipped with a life line and that an observer is stationed outside to check on his reactions while working. It is a good practice to have the ventilating equipment rapidly changing the air in tanks at all times when personnel are working inside them.

7.3.5 Only experienced and properly instructed persons should handle compressed gases/cryogenic liquids. 

7.3.6 Do not remove or deface labels provided by the supplier for the identification of the cylinder contents. 

7.3.7 Before connecting the container, check the complete gas system for suitability, particularly for pressure rating and materials. 

7.3.8 Before connecting the container for use, ensure that back feed from the system into the container is prevented. Close container valve after each use and when empty, even if still connected to equipment. Never attempt to repair or modify container valves or safety relief devices. Damaged valves should be reported immediately to the supplier. 

7.3.9 If user experiences any difficulty operating cylinder valve discontinue use and contact supplier. Do not remove or interchange connections. Ensure the complete gas system has been checked for leaks before use. Prevent entrapment of cryogenic liquid in closed systems not protected with relief device. A small quantity of liquid produces large volumes of vaporized gas at atmospheric pressure. 

7.3.10 Containers used in shipment, storage, and transfer of cryogenic liquid are specially designed, well-insulated containers equipped with a pressure relief device and valves to control pressure. Under normal conditions, these containers will periodically vent product to limit pressure buildup. Ensure that the container is in a well–ventilated area to avoid creating an oxygen–deficient atmosphere. 

7.3.11 Use adequate pressure relief in systems and piping to prevent pressure buildup; liquid in a closed container can generate extremely high pressures when vaporized by warming. Employ suitable pressure regulating devices on all containers when the gas is being emitted to systems with lower pressure rating than that of the container. Only transfer lines designed for cryogenic liquids shall be used. 

7.3.12 Do not subject containers to abnormal mechanical shock. When moving cylinders, even for short distances, use a cart (trolley, hand truck, etc.) designed to transport cylinders. When doubt exists as to the correct handling procedure for a particular gas, contact the supplier. 

7.3.13 Liquid nitrogen is extremely cold. Cryogenic liquids and their vapours can rapidly freeze human tissue and can cause many common materials such as carbon steel, rubber, and plastics to become brittle or even break under stress. 

7.3.14 Cryogenic liquids in containers and piping at temperatures at or below the boiling point of liquefied Nitrogen [–321 °F (–196 °C)] can cause cold burn if touched.

7.3.15 All cryogenic liquids produce large volumes of gas when they vaporize. For example, one volume of liquid nitrogen vaporizes to 840 volumes of nitrogen gas at 68 °F (20 °C) at 1 atm. A cryogenic liquid cannot be indefinitely maintained as a liquid, even in well-insulated containers.

7.3.16 If these liquids are vaporized in a sealed container, they can produce enormous pressures that could rupture the container. For this reason, pressurized cryogenic containers are normally protected with multiple devices for over-pressure prevention. Common pressure relief devices are a pressure relief valve for primary protection and a rupture disc for secondary protection.

7.3.17 Vaporization of a cryogenic liquid in an enclosed area can cause asphyxiation by displacing the air.

7.3.18 The cold “boil-off” gases condense the moisture in the surrounding air, creating a highly visible fog. This fog can also be formed around cold equipment when no release of the cold liquid or vapours has occurred. Fog clouds do not define the vapor cloud. They define the area where the vapours are still cold enough to condense the moisture in the air.

7.3.19 The vapours can extend well beyond the fog cloud, depending on the product and atmospheric conditions.

7.3.20 Although fog clouds may be indicative of a release, they must never be used to define the leak area and should not be entered by anyone. The dense fog clouds associated with the handling or transfer of cryogenic liquids can obstruct visibility. Care should be exercised so that any clouds do not interfere with vehicle traffic or safety escape routes.

7.3.21 Always handle cryogenic liquids carefully. Their extremely low temperatures can produce cryogenic burns of the skin and freeze underlying tissue.

7.3.22 When spilled on a surface, they tend to spread as far as the quantity of liquid spilled and the physical confines of the area permit. 

7.3.23 They can cool large areas. The vapours coming from these liquids are also extremely cold and can produce burns.

7.4 Labelling

7.4.1 Each container (including tankers) should carry an identifying label or stencil as depicted in Fig. 2 in IS 1260 (Part 1). The storage containers shall be labelled or marked to identify as follows:

a) Contents of the container;

b) Name and address of the manufacturer or importer of the hazardous chemical; and

c) Physical, chemical and toxicological data as per the criteria given in the relevant schedule of the Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account. Manufacturers name with label warnings required by regulations or ordinances form part of the label or placard.

7.4.2 Each tanker and each railroad car carrying one or more containers shall be labelled as:

		In case of leakage/fire:

Keep away flames and oil/grease.

Use water fog or water spray for cooling or dilution.

Evacuate upwind from cold liquid and white water vapor.

















7.5 Transport

7.5.1 Transportation of Container 

7.5.1.1 Liquid nitrogen containers must only be unloaded from or loaded onto a delivery vehicle by means of a crane, fork truck, or a power-assisted tailgate. Liquid nitrogen containers may be moved using a forklift if they are secured on a pallet, in a cradle, or some other device designed for this purpose. When the container is removed from a pallet, it should only be moved using a specially designed four-wheel handcart.

7.5.1.2 Liquid nitrogen containers should only be transported in an upright position and should never be laid on their side. For proper ways to handle a liquid container is as given in Fig 1. Never roll these containers on their side. Liquid containers equipped with wheels should always be moved by pushing the container, never pulling it. This reduces the possibility of the container falling on co-worker in the event it becomes unstable. Pushing the liquid container up any type of grade will increase the force necessary to move it. A grade as low as 5 percent (5 inch rise in 10 feet of travel) will increase the force necessary to start to push the container by as much as 50 percent.

[image: ]

FIG 1. HOW TO HANDLE LIQUID CONTAINERS                      

8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

All personal attending to spill/leak should use proper personal protective equipment and fire-fighting equipment while handling liquid nitrogen.

8.2 Spillage

8.2.1 Small Spills

Evacuate all personnel from the area likely to be affected. Ventilate the area.

8.2.2 Large Spills

In case of large spill follow the following steps:

a) Evacuate all personnel from the area likely to be affected;

b) Never allow anyone to enter the evolved gas it could burn;

c) Close interior doors to stop gas flowing to vulnerable areas eg ducts, basements;

d) Open exterior doors and windows to encourage evaporation of the liquid / dispersal of gas; 

e) Allow the liquid to evaporate naturally; and

f) Never allow anyone to enter the area until the nitrogen gas has dispersed. Check with an oxygen monitor if necessary.

8.4 Waste Disposal

8.4.1 Return unused product in original cylinder to supplier. Contact supplier if guidance is required.

8.4.2 Small amounts may be allowed to evaporate into the atmosphere. In case of large spills consult an expert and allow evaporation. Large amounts should only be handled by gas supplier.

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 General

9.2 The liquid nitrogen itself does not burn. Use extinguishing media appropriate for surrounding fire. 

9.3 In case of fire, stop leak if safe to do so. Continue water spray from protected position until container stays cool. Use extinguishers to contain the fire. Isolate the source of the fire or let it burn out.

9.4 Do not use water jet to extinguish.

9.5 Spill will rapidly vaporize forming an oxygen deficient vapor cloud. Vapor cloud may obscure visibility. Do not direct water spray at container vent. Move away from container and cool with water from a protected position. Keep containers and surroundings cool with water spray. 

9.6 Promptly isolate the scene by removing all persons from the vicinity of the incident if there is a fire. No action shall be taken involving any personal risk or without suitable training. Contact supplier immediately for specialist advice. Move containers from fire area if this can be done without risk. Use water spray to keep fire-exposed containers cool.

9.7 Wear self-contained breathing apparatus for fire-fighting if necessary.

10 TRAINING

10.1 All personnel directly involved in the commissioning, operation and maintenance of liquid nitrogen storage systems shall be fully informed regarding the hazards associated with nitrogen and oxygen deficient and be properly trained, as applicable, to operate or maintain the equipment. Training shall be arranged to cover those aspects and potential hazards that the particular operator is likely to encounter.

10.2 Training shall cover, but not necessarily be confined to, the following subjects:

a) Potential hazards of nitrogen;

b) Site safety regulations;

c) Emergency procedures;

d) Use of firefighting equipment;

e) Use of protective clothing/apparatus including breathing sets where applicable; and

f) First aid treatment for cryogenic burns.

10.3 In addition, individuals shall receive specific training in the activities for which they are employed.

10.4 It is recommended that the training be carried out under a formalized system and that records be kept of the training given and where possible, some indication of the results obtained, in order to show where further training is required.

10.5 The training programme should make provision for refresher courses on a periodic basis and for changes of site personnel.

10.6 Safety in handling liquid nitrogen depends upon the effectiveness of employee education, training and supervision. The education and training of employees to work safely and to use the personal protective equipment and other safeguards provided for them is a responsibility of supervisor. Employee education and training should emphasize the need of safely handling liquid nitrogen according to the methods outlined in the manual, in order to avoid spilling or splashing, leaks, burns, inhalation of the vapor of burning material, or ingestion. Unauthorized and untrained employees should not be permitted in areas where liquid nitrogen is being handled.

10.7 Before being placed on the job, all new employees should be instructed and trained to maintain a high degree of safety in handling procedures. Older employees should be re-instructed and trained periodically.

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 First Aid

11.1.1 General Principles

Remove victim to uncontaminated area wearing self-contained breathing apparatus. Keep victim warm and rested. Call a doctor. Apply artificial respiration if breathing stopped.

11.1.2 Contact with Skin

In case of frostbite, obtain medical treatment immediately. As soon as practical, place the affected area in a warm water bath- which has a temperature not to exceed 40 ℃ (105 ℉). Do not rub frozen parts as tissue damage may result. Cover wound with sterile dressing.

11.2.3 Contact with Eyes

In the case of contact with eyes, rinse immediately with plenty of water and seek medical advice. Keep eye wide open while rinsing.

11.2.4 Ingestion 

Ingestion is not considered a potential route of exposure. 

11.2.5 Inhalation

Move to fresh air. If breathing has stopped or is laboured, give assisted respirations. Supplemental oxygen may be indicated. If the heart has stopped, trained personnel should begin cardiopulmonary resuscitation immediately. In case of shortness of breath, give oxygen.

11.2.6 The following first-aid notice shall be hung prominently in the area of handling:

		FIRST-AID NOTICE

If a person seems to become dizzy or loses consciousness while working with liquid nitrogen, get him to a well-ventilated area immediately. If breathing has stopped, apply artificial respiration. Whenever a person loses consciousness, summon medical aid immediately.





12 ADDITIONAL INFORMATION

Eating, drinking and smoking should be prohibited in areas where this material is handled, stored and processed. Workers should wash hands and face before eating, drinking and smoking. Remove contaminated clothing and protective equipment before entering eating areas.
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FOREWORD

This Indian Standard (Part 3) (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Quality Sectional Committee had been approved by the Chemical Division Council. 

Handling liquid argon safely is largely a matter of knowing its properties and using suitable procedures based on that knowledge. There are number of general precautions and safe practices which shall have to be observed because of extremely low temperatures and high rates of conversion into gas of the liquid argon mentioned in this standard. There are also certain specific precautions which shall have to be followed where a particular liquid may react with contaminants or may present a hazard to life. 

The elimination of accidents is vital to public interest. Accidents produce social and economic loss and impair individual or group productivity. Realization of this loss has led the authorities to devote a good deal of attention to safety education. Apart from general precautions, some typical precautions are required to be taken during manufacture, storage and handling of liquid argon. The standard also prescribes safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety. This standard is intended to guide the users in the recognition of these hazards and in establishing safe handling procedures. 

BIS has published a standard IS 5931: 1970 ‘Code of Safety for Handling of Cryogenic Liquids’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to restructure it by splitting into various parts based on type of cryogenic liquids.

This (Part 3) prescribes a code of safety concerning hazards relating to liquid argon. It describes the properties and essential information for the safe handling and use of liquid argon, safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety.

Under general title ‘Cryogenic liquid — Code Of Safety’ this standard is being published in several other parts. The other parts of this standard are as following:

Part 1 Liquid Oxygen (first revision)

Part 2 Liquid Nitrogen (first revision)

Part 4 Liquid Helium (first revision)

Part 5 Liquid Hydrogen (first revision)

Part 6 Liquid Krypton (first revision)

Part 7 Liquid Neon (first revision)

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals.



















Indian Standard

CRYOGENIC LIQUID— CODE OF SAFETY

PART 3 LIQUID ARGON

(First Revision)

1 SCOPE

1.1 This code describes the properties of liquid argon, the nature of hazards associated with it and the essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repair of containers, training of personnel, selection of personal protective equipment and first aid. 

1.2 This code does not deal with the specifications for design of buildings, chemical engineering plants, storage vessels and equipment for operations control and waste disposal.

2 REFERENCES 

The standards given below 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 standards given at below:

		IS No.

		Title



		IS 1260 (Part 1) : 1973

		Pictorial marking for handling and labelling of goods: Part 1 Dangerous Goods



		IS 2925 : 1984

		Specification for industrial safety helmets (second revision)



		IS 4155 : 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		IS 8520 : 2023

		Guide for selection of industrial safety equipment for eye, face and ear protection



		IS 10245 (Part 1) : 2023

		Respiratory Protective Devices-Specification: Part 2 Self-Contained Open Circuit Breathing Apparatus (second revision)



		IS 15298 (Part 2) : 2016/

ISO 20345: 2011

		Personal protective equipment: Part 2 safety footwear (second revision)



		IS 15803 : 2008

		Respiratory protective devices - Self contained closed circuit breathing apparatus chemical oxygen (KO2) type, self generating, self rescuers - Specification





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES LIQUID ARGON

4.1 General Information 

4.1.1 Liquid argon is tasteless, colorless, odorless, noncorrosive, non-flammable, and extremely cold. Belonging to the family of rare gases, argon is the most plentiful, making up approximately 1 percent of the earth’s atmosphere. It is monatomic and extremely inert, forming no known chemical compounds.

4.1.2 Since argon is inert, special materials of construction are not required. However, materials of construction must be selected to withstand the low temperature of liquid argon. 

4.1.3 Although used more commonly in the gaseous state, argon is commonly stored and transported as a liquid, affording more cost-effective way of providing product supply.

4.1.4 Liquid argon is a cryogenic liquid. Cryogenic liquids are liquefied gases that have a normal boiling point below (–) 130 °F (–90 °C). Liquid argon has a boiling point of (–) 303 °F (–186 °C). The temperature difference between the product and the surrounding environment, even in winter, is substantial. Keeping this surrounding heat from the product requires special equipment to store and handle cryogenic liquids.

4.1.5 Chemical Name – Ar

4.1.6 Common Name & Synonyms - Argon (refrigerated), Cryogenic Liquid Argon, Liquid Argon, LAR 

4.1.7 Uses

Argon is most commonly used in its gaseous state. It is widely used in the lighting industry for filling bulbs and with combinations of other rare gases for the filling of special bulbs and tubes for special color effects. The welding industry uses argon as a shielding gas to protect metal from oxidation during welding. Argon is also used extensively in the semiconductor manufacturing process as a purge gas.

4.2 Identification  

4.2.1 Formula - Ar 

4.2.2 CAS Number - 7440-37-1

4.2.3 UN Number - 1951 

4.2.4 UN Class - 2.2 (Non-Flammable, non-Poisonous Gas) Subsidiary Risk: no data available 

4.3 Physical Properties

4.3.1 Liquid argon is tasteless, colourless, odorless, noncorrosive, non-flammable, and extremely cold

4.3.2 Molecular Mass - 39.95 g/mol 

4.3.3 Physical State - Liquefied gas.

4.3.4 Colour - Colorless. 

4.3.5 Odour - No odor warning properties.

4.3.6 Boiling Point - -302 °F (-185.8 °C) 

4.3.7 Melting Point - -309 °F (-189.3 °C) 

4.3.8 Vapour Density (Air=1) - 1.38 (air = 1) Heavier than air. 

4.3.9 Specific Gravity

a) Liquid (water = 1) ~ No data available

4.3.10 Viscosity at 30 °C – No data available. 

4.3.11 Vapour Pressure at 76.6 °C - Not applicable. 

4.3.12 Heat of Combustion - No data available.

4.3.13 Refractive Index at 25 °C - No data available.

4.3.14 Solubility in Water – 0.0 673 g/l 

4.3.15 Solubility in other solvents – No data available.

4.3.16 Light Sensitivity - No data available.



4.4 Chemical Properties

4.4.1 Reactivity – No reactivity hazard. It is sable under normal condition.

4.4.2 Polymerisation – No data available

4.4.3 Allotrope formation – No data available

4.4.4 Corrosion properties –. No data available



4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature - No data available. 

4.5.2 Auto Ignition Temperature - No data available. 

4.5.3 Flash Point - Not applicable.

4.5.4 Upper Explosive Limit - Not applicable.

4.5.5 Lower Explosive Limit - Not applicable.

4.5.6 Fire Risk 

If tank, rail car or tank truck is involved in a fire, ISOLATE for minimum 800 m in all directions; also, consider initial evacuation for 800 m in all directions.

5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information

5.1.1 Health effects

5.1.1.1 Being odourless, colourless, tasteless, and non-irritating, argon has no warning properties. Humans possess no senses that can detect the presence of argon. Argon is nontoxic and largely inert. It can act as a simple asphyxiant by displacing the oxygen in air to levels below that required to support life. Inhalation of argon in excessive amounts can cause dizziness, nausea, vomiting, loss of consciousness, and death. Death may result from errors in judgment, confusion, or loss of consciousness that prevents self-rescue. At low oxygen concentrations, unconsciousness and death may occur in seconds and without warning.

5.1.1.2 Extensive tissue damage or cryogenic burns can result from exposure to liquified gas. When using inert gas systems, always provide adequate air movement and ventilation, such as exhaust or floor fans. Be aware that increases in gas consumption rates may require additional ventilation.         	Comment by shubhanjali umrao: It is common and same changes to be incorporated in nitrogen document	Comment by shubhanjali umrao: Helium  document

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      5.1.1.3 Oxygen-deficient atmospheres may exist in poorly ventilated areas, confined spaces, areas immediately outside confined spaces, enclosures and low-grade areas. When working in confined spaces, all the requirements of confined space regulations must be strictly followed. Effective emergency procedures for entry and rescue can avoid serious injuries or fatalities. Depending on the climatic conditions even in open areas, there is a possibility of localized cloud formation leading to asphyxiation, therefore there is requirement of forced cross ventilation. Low oxygen levels can also exist in “open areas,” including areas with ventilation, laboratories, and buildings and near storage areas. 

5.1.1.4 Visual or odour indicators cannot detect an oxygen deficient atmosphere. The only way to detect low oxygen concentrations is with real-time monitoring. Use of a continuous oxygen monitor is strongly recommended in work areas where high concentrations of gas can accumulate.

5.1.1.5 A release of a cold vapor, such as from cryogenic liquid argon, can form a visible vapor cloud or plume created by the condensation of atmospheric moisture. As the released gas warms up to ambient temperature, the visible vapor cloud may disappear before the oxygen concentration returns to a sufficient level. Do not rely on the absence of a visible vapor cloud as safe breathable atmosphere. 

5.2 Routes of entry 

5.2.1 Skin

Contact with liquid argon may cause cold burns/frostbite. May cause severe frostbite. 

5.2.2 Eyes

Contact with liquid argon may cause cold burns/frostbite. 

5.2.3 Ingestion

Ingestion is not considered a potential route of exposure. 

5.2.4 Inhalation

High concentrations of argon may cause asphyxiation. The symptoms may include loss of mobility/consciousness. Victim may not be aware of asphyxiation. Asphyxiation may bring about unconsciousness without warning and so rapidly that victim may be unable to protect themselves.

5.2.5 Long term effects - No data available

5.3 Toxicity information 

5.3.1 Time Weighted Average TLV (TWA) — No data available 

5.3.2 Short Term Exposure Limit (STEL) — No data available

5.3.3 Immediately Dangerous to Life and Health (IDLH) — No data available 

5.3.4 Lethal Dose (LD50) (rat), Dermal — No data available

5.3.5 LDLo (human) Oral — No data available

5.3.6 Inhalation (Rat) LC — No data available

5.4 Antidote: Not applicable 

5.5 Health Effects

5.5.1. Signs and Symptoms

The sign and symptoms related to oxygen-deficient atmosphere is as prescribed in Table 1.

Table 1 Effects of Oxygen-Deficient Exposure

(Clause 5.5.1)

		S No.

		Oxygen Concentration (percent vol)

		Health Effects of Persons at Rest



		(1)

		(2)

		(3)



		i)

		19

		Some adverse physiological effects occur, but they may not be noticeable.



		ii)

		15–19

		Impaired thinking and attention. Increased pulse and breathing rate.

Reduced coordination. Decreased ability to work strenuously. Reduced physical and intellectual performance without awareness.



		iii)

		12–15

		Poor judgment. Faulty coordination. Abnormal fatigue upon exertion. Emotional upset



		iv)

		10–12

		Very poor judgment and coordination. Impaired respiration that may cause permanent heart damage. Possibility of fainting within a few minutes without warning. Nausea and vomiting.



		v)

		<10

		Inability to move. Fainting almost immediate. Loss of consciousness. Convulsions. Death



		vi)

		<4

		Fatality







5.5.2 Acute Toxicity

No data is available on the product itself. 

5.5.2.1. Systemic effects

No data is available on the product itself.

5.5.2.2 Local effects

No data is available on the product itself.

5.5.3 Chronic Toxicity 

No data is available on the product itself.

5.5.3.1 Systemic effects 

No data is available on the product itself.

5.5.3.2 Local effects 

No data is available on the product itself.

6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use 

6.1.1 While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation and intelligent conduct on the part of employees working with liquid argon, it is in many instances the only practical means of protecting the worker, particularly in emergency situations. Personal protective equipment protects only the worker wearing it, and other unprotected workers in the area maybe exposed to danger. 

6.1.2 Eyes are most sensitive to the extreme cold of liquid argon and its vapors. The recommended personal protective equipment when handling or using liquid argon is a full face shield over safety goggles; loose-fitting thermal insulated or leather gloves; and long sleeved shirts and pants without cuffs, especially whenever the possibility of exposure or a spill exists. In addition, safety shoes are recommended for those involved with the handling of liquid argon containers.

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

Eyes are most sensitive to the extreme cold of liquid argon and its vapors. The recommended personal protective equipment when handling or using liquid argon is a full face shield over safety goggles (see IS 8250).

6.2.2 Head Protection

Safety helmet with face shield is recommended while handling the liquid argon (see IS 2925).

6.2.3 Foot and leg Protection 

Safety shoes are recommended when handling cylinders (see IS 15298 (Part 2)).

6.2.4 Body, Skin and Hand Protection

Never allow any unprotected part of the body to touch uninsulated pipes or vessels which contain cryogenic fluids. The extremely cold metal will cause the flesh to stick fast and tear when one attempts to withdraw from it. 

6.2.4.1 Hand Protection

Loose-fitting thermal insulated or leather glove.

6.2.4.2 Body Protection

Long sleeved shirts and pants without cuffs, especially whenever the possibility of exposure or a spill exists.

6.3 Respiratory Equipment

Severe exposure to liquid argon may occur in tanks during equipment cleaning and repairs, during decontamination of areas following spills, or in case of failure of piping or equipment.

6.3.1 Self-Contained Breathing Apparatus

This apparatus permit the wearer to carry a supply of oxygen or air compressed in the cylinder (see IS 10245 (Part 1)) and the self-generating type which produces oxygen chemically (see IS 15803). These allow considerable mobility. The length of time, a self-contained breathing apparatus provides protection varies according to the amount of air, oxygen, or regenerating’ material carried. Compressed oxygen should not be used where there is danger of contact with flammable liquids, vapours, or sources of ignition, especially in confined spaces, such as tanks or pits.

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

Follow the latest applicable Gas Cylinder Rules, Static & Mobile Pressure Vessel (U) Rules, Motor Vehicle Act & Rules and other Act, Rules & Code as applicable for Storage, Handling, labelling and Transportation procedure. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

7.2 Storage	

7.2.1 Storage in Containers

7.2.1.1 Liquid argon is stored, shipped, and handled in several types of containers, depending upon the quantity required by the user. The types of containers in use are the dewar, cryogenic liquid cylinder, and cryogenic storage tank. Storage quantities vary from a few liters to many thousands of gallons.

7.2.1.2 Since heat leak is always present, vaporization takes place continuously. Rates of vaporization vary, depending on the design of the container and the volume of stored product. Containers are designed and manufactured according to the applicable codes and specifications for the temperatures and pressures involved.

7.2.3 Storage in Dewars

A loose-fitting dust cap over the outlet of the neck tubes prevents atmospheric moisture from pugging the neck and allows gas produced from vaporized liquid to escape. This type of container is a non-pressurized container. The unit of measure for the capacity of a Dewar is typically the liter. 5 l to 20 l Dewars are available. Product may be removed from small Dewars by pouring, while larger sizes will require a transfer tube. Cryogenic liquid cylinders that are pressurized vessels are sometimes incorrectly referred to as Dewars.

7.2.4 Storage in Cryogenic liquid cylinders

Cryogenic liquid cylinders are insulated, vacuum jacketed pressure vessels. They come equipped with safety relief valves and rupture discs to protect the cylinders from pressure build up. These containers operate at pressures up to 350 psig and have capacities between 80 l and 450 l of liquid. Liquid argon may be withdrawn as a gas by passing liquid through an internal vaporizer or as a liquid under its own vapor pressure.

7.2.5 Storage in Cryogenic storage tanks and Connected Transfer Lines

Tanks may be spherical or cylindrical in shape. They are mounted in fixed locations as stationary vessels or on railroad car or truck chassis for easy transportation. Sizes range from 500 to 420 000 gallons, and all tanks are powder- and vacuum-insulated in the annular space. Tanks are equipped with various circuits to control product fill, pressure build up, pressure relief, product withdrawal, and tank vacuum. 

7.2.5.1 Transfer lines connected to storage 

A liquid transfer line is used to safely remove liquid product from Dewars or cryogenic liquid cylinders. A typical transfer line for Dewars is connected to a bayonet that provides a means of using product vapor pressure buildup or an external pressure source to remove the liquid. For cryogenic liquid cylinders, the transfer line is connected to the cylinder’s liquid withdraw a valve. Liquid product is typically removed through insulated withdrawal lines to minimize the loss of liquid product to gas. Insulated flexible or rigid lines are used to withdraw product from storage tanks. Connections on the lines and tanks vary by manufacturer.



7.2.6 Storage place if inside a Building 

Due to the large expansion ratio of liquid to gas, it is very important to provide adequate ventilation in areas using liquid argon. A minimum of six air changes per hour are suggested in these areas. Provide monitoring for areas where oxygen displacement may occur. 19.5 percent oxygen concentration as the minimum for working without supplied air should be ascertained.

7.2.7 Use a back flow preventative device in the piping. Do not change or force fit connections. Always keep container in upright position. Open/close valve slowly. Close when not in use.

7.2.8 Do not allow storage temperature to exceed 50 °C (14 °F). Containers should be stored in a purpose build compound which should be well ventilated, preferably in the open air. 

7.2.9 Full containers should be stored so that oldest stock is used first. Do not store in a confined space. Full and empty cylinders should be segregated. 

7.2.10 Store containers in location free from fire risk and away from sources of heat and ignition. Return empty containers in a timely manner. 

7.2.11 Stored containers should be periodically checked for general condition and leakage. Protect containers stored in the open against rusting and extremes of weather. 

7.2.12 Containers should not be stored in conditions likely to encourage corrosion. Cryogenic containers are equipped with pressure relief devices to control internal pressure. 

7.2.13 Under normal conditions these containers will periodically vent product. All vents should be piped to the exterior of the building. Observe all regulations and local requirements regarding storage of containers. 



7.3 Handling

7.3.1 Liquid argon shall be stored and used only in a well-ventilated place. If enough argon gas evaporates from the liquid in an unventilated space, the percentage of oxygen in the air may become dangerously low making anybody present there, symptoms, such as dizziness, unconscious without any warning. Remaining in this atmosphere long enough may become fatal. 

7.3.2 Argon build-up is most likely to occur when a room is closed, overnight for example. If there is any doubt about the amount of oxygen in a room, the room shall be ventilated completely before entering it. Waste argon shall not be disposed of in a confined area or a place where someone else may enter.

7.3.3 Liquid argon is colder than liquid oxygen. Therefore, if it is exposed to the air, oxygen from the air may condense into the liquid argon. If this is allowed to continue for any length of time, the oxygen content of the liquid argon may become appreciable and the liquid will require the same precautions as for handling liquid argon. However, most liquid argon containers are entirely closed except for a small neck area and the argon gas issuing from the surface of the liquid forms a barrier which keeps air away from the liquid and prevents oxygen contamination.

7.3.4 Before entering any large liquid argon storage tank, it shall be made sure that all pipes to the tank are blanked or positively closed off. The tank shall then be purged with air. If a check with instruments shows that the atmosphere normal air, it shall be safe to enter. Unless all lines are physically isolated, inside atmosphere shall be checked frequently with instruments during work. If, for any reason, the supply of fresh air in the tank is doubtful, breathing apparatus shall be used with its own supply of oxygen or air. Whenever anybody enters a tank, he should make sure that he is equipped with a life line and that an observer is stationed outside to check on his reactions while working. It is a good practice to have the ventilating equipment rapidly changing the air in tanks at all times when personnel are working inside them.

7.3.5 Only experienced and properly instructed persons should handle compressed gases/cryogenic liquids. 

7.3.6 Do not remove or deface labels provided by the supplier for the identification of the cylinder contents. 

7.3.7 Before connecting the container, check the complete gas system for suitability, particularly for pressure rating and materials. 

7.3.8 Before connecting the container for use, ensure that back feed from the system into the container is prevented. Close container valve after each use and when empty, even if still connected to equipment. Never attempt to repair or modify container valves or safety relief devices. Damaged valves should be reported immediately to the supplier. 

7.3.9 If user experiences any difficulty operating cylinder valve discontinue use and contact supplier. Do not remove or interchange connections. Ensure the complete gas system has been checked for leaks before use. Prevent entrapment of cryogenic liquid in closed systems not protected with relief device. A small quantity of liquid produces large volumes of vaporized gas at atmospheric pressure. 

7.3.10 Containers used in shipment, storage, and transfer of cryogenic liquid are specially designed, well-insulated containers equipped with a pressure relief device and valves to control pressure. Under normal conditions, these containers will periodically vent product to limit pressure build-up. Ensure that the container is in a well–ventilated area to avoid creating an oxygen–deficient atmosphere. 

7.3.11 Use adequate pressure relief in systems and piping to prevent pressure buildup; liquid in a closed container can generate extremely high pressures when vaporized by warming. Employ suitable pressure regulating devices on all containers when the gas is being emitted to systems with lower pressure rating than that of the container. Only transfer lines designed for cryogenic liquids shall be used. 

7.3.12 Do not subject containers to abnormal mechanical shock. When moving cylinders, even for short distances, use a cart (trolley, hand truck, etc.) designed to transport cylinders. When doubt exists as to the correct handling procedure for a particular gas, contact the supplier. 

7.3.13 Liquid Argon is extremely cold. Cryogenic liquids and their vapours can rapidly freeze human tissue and can cause many common materials such as carbon steel, rubber, and plastics to become brittle or even break under stress. 

7.3.14. Cryogenic liquids in containers and piping at temperatures at or below the boiling point of liquefied argon [–302.6 °F (–185 °C)] can cause clod burn if touched.

7.3.15 All cryogenic liquids produce large volumes of gas when they vaporize. A cryogenic liquid cannot be indefinitely maintained as a liquid, even in well-insulated containers.

7.3.16 If these liquids are vaporized in a sealed container, they can produce enormous pressures that could rupture the container. For this reason pressurized cryogenic containers are normally protected with multiple devices for over-pressure prevention. Common pressure relief devices are a pressure relief valve for primary protection and a rupture disc for secondary protection.

7.3.17 Vaporization of a cryogenic liquid in an enclosed area can cause asphyxiation by displacing the air.

7.3.18 The cold “boil-off” gases condense the moisture in the surrounding air, creating a highly visible fog. This fog can also be formed around cold equipment when no release of the cold liquid or vapors has occurred. Fog clouds do not define the vapor cloud. They define the area where the vapors are still cold enough to condense the moisture in the air.

7.3.19 The vapors can extend well beyond the fog cloud, depending on the product and atmospheric conditions.

7.3.20 Although fog clouds may be indicative of a release, they must never be used to define the leak area and should not be entered by anyone. The dense fog clouds associated with the handling or transfer of cryogenic liquids can obstruct visibility. Care should be exercised so that any clouds do not interfere with vehicle traffic or safety escape routes.

7.3.21 Always handle cryogenic liquids carefully. Their extremely low temperatures can produce cryogenic burns of the skin and freeze underlying tissue.

7.3.4 When spilled on a surface, they tend to spread as far as the quantity of liquid spilled and the physical confines of the area permit. 

7.3.23 They can cool large areas. The vapors coming from these liquids are also extremely cold and can produce burns.

7.2.24 Exposure to these cold gases, which is too brief to affect the skin of the face or hands, may affect delicate tissues, such as the eyes. 

7.2.7 Stand clear of boiling and splashing liquid and the cold vapors that are released. Boiling and splashing always occur when charging a warm container or when inserting objects into the liquid.  Always perform these operations slowly to minimize the splashing and boiling. 

7.2.26 Never allow any unprotected part of your body to touch uninsulated pipes or vessels containing cryogenic liquids. 

7.2.27 The extremely cold material may stick fast to skin and tear the flesh when you attempt to withdraw it. Even non-metallic materials are dangerous to touch at these low temperatures. Use tongs to immerse and remove objects from cryogenic liquids.

7.2.28 In addition to the hazards of frostbite or flesh sticking to cold materials, objects that are soft and pliable at room temperature, such as rubber or plastics, are easily broken because they turn brittle at low temperatures and may break when stressed.



7.4 Labelling

7.4.1 Each container (including tankers) should carry an identifying label or stencil as depicted in Fig. 2 in IS 1260 (Part 1). The storage containers shall be labelled or marked to identify as follows:

a) Contents of the container;

b) Name and address of the manufacturer or importer of the hazardous chemical; and

c) Physical, chemical and toxicological data as per the criteria given in the relevant schedule of the Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

Manufacturers name with label warnings required by regulations or ordinances form part of the label or placard.

7.4.2 Each tanker and each railroad car carrying one or more containers shall be labelled as:



		In case of leakage/fire:

Keep away flames and oil/grease.

Use water fog or water spray for cooling or dilution.

Evacuate upwind from cold liquid and white water vapor.



















7.5 Transport

7.5.1 Transportation of Container 

7.5.1.1 Liquid containers must only be unloaded from or loaded onto a delivery vehicle by means of a crane, fork truck, or a power-assisted tailgate. Liquid containers may be moved using a forklift if they are secured on a pallet, in a cradle, or some other device designed for this purpose. When the container is removed from a pallet, it should only be moved using a specially designed four-wheel handcart.



7.5.1.2 Liquid containers should only be transported in an upright position and should never be laid on their side. For proper ways to handle a liquid container is as given in Fig 1. Never roll these containers on their side. Liquid containers equipped with wheels should always be moved by pushing the container, never pulling it. This reduces the possibility of the container falling on co-worker in the event it becomes unstable. Pushing the liquid container up any type of grade will increase the force necessary to move it. A grade as low as 5 percent  (5 inch rise in 10 feet of travel) will increase the force necessary to start to push the container by as much as 50 percent.

[image: ]

FIGURE 1. HOW TO HANDLE LIQUID CONTAINERS



7.5.1.3 Care must be exercised when transporting liquid containers in elevators. If possible, transport the container only on a freight elevator that is not generally used for personnel transport.

7.5.1.4 After the container is placed in the elevator, the elevator should be locked out to all other users. The sender should remain outside the elevator and activate it. Another person should be available on the receiving floor to take the liquid container off the elevator at its destination. If a freight elevator is not available, a passenger elevator can be used provided it is locked out to all other users. If it is absolutely necessary to have an attendant in the elevator with the container, an escape pack supplemental breathing apparatus must be carried in the elevator. Do not transport a liquid container at any time in an elevator with any other personnel in the car.

7.5.2 Driver

Only driver trained in handling should be employed for transportation of liquid argon. Driver should carry TREM card, material Safety Data Sheet and other legal documents for safety needs when vehicle is on road.



8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

All personal attending to spill/leak should use proper personal protective equipment and fire-fighting equipment while handling liquid argon.

8.2 Spillage

8.2.1 Do not touch or walk through spilled material

8.2.2 Stop leak if you can do it without risk.

8.2.3 Use water spray to reduce vapors or divert vapor cloud drift.  

8.2.4 Avoid allowing water runoff to contact spilled material.

8.2.5 Do not direct water at spill or source of leak. 

8.2.6 If possible, turn leaking containers so that gas escapes rather than liquid. Prevent entry into waterways, sewers, basements or confined areas.

8.2.7 Allow substance to evaporate. Ventilate the area.

CAUTION – When in contact with refrigerated/cryogenic liquids, many materials become brittle and are likely to break without warning.

8.4 Waste Disposal

8.4.1 Return unused product in original cylinder to supplier. Contact supplier if guidance is required.

8.4.2 Small amounts may be allowed to evaporate into the atmosphere. In case of large spills consult an expert and allow evaporation. Large amounts should only be handled by gas supplier. 

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 General

The liquid argon itself does not burn. Use extinguishing media appropriate for surrounding fire. 

9.2 Fire fighting

9.2.1 Spill will rapidly vaporize forming an oxygen deficient vapor cloud. Vapor cloud may obscure visibility. 

9.2.2 Do not direct water spray at container vent. Move away from container and cool with water from a protected position. Keep containers and surroundings cool with water spray. Wear self-contained breathing apparatus for firefighting if necessary.

9.2.3 Use extinguishing agent suitable for type of surrounding fire. Move containers from fire area if you can do it without risk. Damaged cylinders should be handled only by specialists 

9.3 Fire Involving Tanks

Fight fire from maximum distance or use unmanned hose holders or monitor nozzles. Cool containers with flooding quantities of water until well after fire is out. Do not direct water at source of leak or safety devices; icing may occur. Withdraw immediately in case of rising sound from venting safety devices or discoloration of tank. Always stay away from tanks engulfed in fire

10 TRAINING

10.1All personnel directly involved in the commissioning, operation and maintenance of liquid argon storage systems shall be fully informed regarding the hazards associated with liquid argon and be properly trained, as applicable, to operate or maintain the equipment. Training shall be arranged to cover those aspects and potential hazards that the particular operator is likely to encounter.

10.2 Training shall cover, but not necessarily be confined to, the following subjects: 

a) Potential hazards of liquid argon;

b) Site safety regulations;

c) Emergency procedures;

d) Use of firefighting equipment;

e) Use of protective clothing/apparatus including breathing sets where applicable; and

f) First aid treatment for cryogenic burns. 

10.3 In addition, individuals shall receive specific training in the activities for which they are employed. 

10.4 It is recommended that the training be carried out under a formalized system and that records be kept of the training given and where possible, some indication of the results obtained, in order to show where further training is required. 

10.5 The training programme should make provision for refresher courses on a periodic basis and for changes of site personnel.

10.6 Safety in handling liquid argon depends upon the effectiveness of employee education, training and supervision. The education and training of employees to work safely and to use the personal protective equipment and other safeguards provided for them is a responsibility of supervisor. Employee education and training should emphasize the need of safely handling liquid argon according to the methods outlined in the manual, in order to avoid spilling or splashing, leaks, burns, inhalation of the vapor of burning material, or ingestion. Unauthorized and untrained employees should not be permitted in areas where liquid argon is being handled. 

10.7 Before being placed on the job, all new employees should be instructed and trained to maintain a high degree of safety in handling procedures. Older employees should be re-instructed and trained periodically.

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 First Aid

11.1.1 General Principles

Persons exposed to oxygen-deficient atmospheres should be quickly moved to fresh air. If the victim is not breathing, artificial respiration should be administered immediately. If the victim is breathing, give supplemental oxygen.

11.1.2 Contact with Skin 

In case of frostbite, obtain medical treatment immediately. As soon as practical, place the affected area in a warm water bath- which has a temperature not to exceed 40 °C (105 °F). Do not rub frozen parts as tissue damage may result. Cover wound with sterile dressing. 

11.1.3 Contact with Eyes

In the case of contact with eyes, rinse immediately with plenty of water and seek medical advice. Keep eye wide open while rinsing. 

11.1.4 Ingestion

Ingestion is not considered a potential route of exposure.

11.1.5 Inhalation 

Move to fresh air. If breathing has stopped or is labored, give assisted respirations. Supplemental oxygen may be indicated. If the heart has stopped, trained personnel should begin cardiopulmonary resuscitation immediately. In case of shortness of breath, give oxygen. 

12 ADDITIONAL INFORMATION

Workers involved in emergency activities must not allow emotions to override safe work procedures and training. Only trained, qualified personnel equipped with supplied air and necessary safety equipment should attempt a rescue in accordance with safe rescue procedures. You cannot hold your breath and safely enter areas with low oxygen levels. Tragically, without supplied air equipment, attempts to save someone in an oxygen-deficient atmosphere most often result in additional victims.
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FOREWORD

This Indian Standard (Part 1) (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Quality Sectional Committee had been approved by the Chemical Division Council. 

Handling liquid helium safely is largely a matter of knowing its properties and using suitable procedures based on that knowledge. There are number of general precautions and safe practices which shall have to be observed because of extremely low temperatures and high rates of conversion into gas of the liquid helium mentioned in this standard. There are also certain specific precautions which shall have to be followed where a particular liquid may react with contaminants or may present a hazard to life. 

The elimination of accidents is vital to public interest. Accidents produce social and economic loss and impair individual or group productivity. Realization of this loss has led the authorities to devote a good deal of attention to safety education. Apart from general precautions, some typical precautions are required to be taken during manufacture, storage and handling of liquid helium. The standard also prescribes safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety. This standard is intended to guide the users in the recognition of these hazards and in establishing safe handling procedures. 

BIS has published a standard IS 5931: 1970 ‘Code of Safety for Handling of Cryogenic Liquids’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to restructure it by splitting into various parts based on type of cryogenic liquids.

Under general title ‘Cryogenic liquid — Code Of Safety’ this standard is being published in several other parts. The other parts of this standard are as following:

Part 1 Liquid Oxygen (first revision)

Part 2 Liquid Nitrogen (first revision)

Part 3 Liquid Argon (first revision)

Part 5 Liquid Hydrogen (first revision)

Part 6 Liquid Krypton (first revision)

Part 7 Liquid Neon (first revision)

This (Part 4) prescribes a code of safety concerning hazards relating to liquid helium. It describes the properties and essential information for the safe handling and use of liquid helium, safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety.

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals.





















Indian Standard

CRYOGENIC LIQUID — CODE OF SAFETY

PART 1 LIQUID HELIUM

(First Revision)

1 SCOPE

1.1 This code describes the properties of liquid helium, the nature of hazards associated with it and the essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repair of containers, training of personnel, selection of personal protective equipment and first aid. 

1.2 This code does not deal with the specifications for design of buildings, chemical engineering plants, storage vessels and equipment for operations control and waste disposal.

2 REFERENCES 

The standards given below 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 standards given at below:

		IS No.

		Title





		IS 1260 (Part 1) : 1973

		Pictorial marking for handling and labelling of goods: Part 1 Dangerous Goods



		IS 2925: 1984

		Specification for industrial safety helmets (second revision)



		IS 4155: 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		IS 8520: 2023

		Guide for selection of industrial safety equipment for eye, face and ear protection



		IS 10245 (Part 1) : 2023

		Respiratory Protective Devices-Specification: Part 2 Self-Contained Open Circuit Breathing Apparatus (second revision)



		IS 15298 (Part 2) : 2016/

ISO 20345: 2011

		Personal protective equipment: Part 2 safety footwear (second revision)



		IS 15803 : 2008

		Respiratory protective devices - Self contained closed circuit breathing apparatus chemical oxygen (KO2) type, self generating, self rescuers - Specification





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES LIQUID HELIUM

4.1 General Information 

4.1.1 Liquid helium is inert, colorless, odorless, noncorrosive, extremely cold, and non-flammable. Helium will not react with other elements or compounds under ordinary conditions. As helium is noncorrosive, special materials of construction are not required. However, materials must be suitable for use at the extremely low temperatures of liquid helium. Vessels and piping must be selected and designed to withstand the pressure and temperatures involved and comply with applicable codes for transport and use.

4.1.2 Most of commercial helium is recovered from natural gas through a cryogenic separation process. Normally, helium is present in less than 1 percent by volume in natural gas. Helium is recovered, refined, and liquefied. Liquid helium is typically shipped from production sources to storage and trans-fill facilities.

4.1.3 Tankers, ranging in size from 5 000 gallons to 11 000 gallons, contain an annular space insulated with vacuum, nitrogen shielding, and multilayer insulation. This design reduces heat leak and vaporization of liquid helium during transportation.

4.1.4 Being odorless, colorless, tasteless, and non-irritating, helium has no warning properties. Humans possess no senses that can detect the presence of helium. Although helium is nontoxic and inert, it can act as a simple asphyxiant by displacing the oxygen in air to levels below that required to support life. Inhalation of helium in excessive amounts can cause dizziness, nausea, vomiting, loss of consciousness and death. Death may result from errors in judgment, confusion, or loss of consciousness that prevents self-rescue.

4.1.5 At low oxygen concentrations, unconsciousness and death may occur in seconds and without warning.

4.1.6 Chemical Name - He 

4.1.7 Common Name & Synonyms - Helium (refrigerated), Cryogenic Liquid Helium, Liquid Helium, LHE

 

4.1.8 Uses – General Industrial.

The extremely low temperature of liquid helium is utilized to maintain the superconducting properties of magnets in applications such as MRI, NMR spectroscopy, and particle physics research. The main application for gaseous helium is for inert shielding gas in metal arc and laser welding. Helium provides a protective atmosphere in the production of reactive metals, such as titanium and zirconium. Gaseous helium is used as a coolant during the drawing of optical fibers, as a carrier gas for chromatography, and as a leak detection gas in a variety of industries. Being both lighter than air and non-flammable, helium is used to inflate balloons and airships.

4.2 Identification  

4.2.1 Formula - He

4.2.2 CAS Number - 7440-59-7

4.2.3 UN Number - 1963 

4.2.4 UN Class - 2.2.

4.3 Physical Properties



4.3.1 Liquid helium is inert, colorless, odorless, noncorrosive, extremely cold, and non-flammable. Helium will not react with other elements or compounds under ordinary conditions.

4.3.2 Molecular Mass - 4 g/mol 

4.3.3 Physical State - Liquefied gas

4.3.4 Colour - Colorless.

4.3.5 Odour - No odor warning properties. 

4.3.6 Boiling Point – (-) 452 °F (-269 °C)

4.3.7 Melting Point – (-) 458 °F (-272 °C) 

4.3.8 Vapour Density (Air=1) - 0.138 (air = 1) Lighter or similar to air. 

4.3.9 Specific Gravity

a) Liquid (water = 1) – No data available

4.3.10 Viscosity at 30 °C - Not applicable. 

4.3.11 Vapour Pressure at 76.6 °C - Not applicable. 

4.3.12 Heat of Combustion - No data available

4.3.13 Refractive Index at 25 °C - No data available

4.3.14 Solubility in Water – 0.0 015 g/l 

4.3.15 Solubility in other solvents – No data available

4.3.16 Light Sensitivity - No data available



4.4 Chemical Properties

4.4.1 Reactivity - No data available. 

4.4.2 Polymerization – No data available

4.4.3 Allotrope formation – No data available

4.4.4 Corrosion properties –. No data available



4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature - No data available. 

4.5.2 Auto Ignition Temperature - No data available. 

4.5.3 Flash Point - No data available. 

4.5.4 Upper Explosive Limit - Not applicable.

4.5.5 Lower Explosive Limit - Not applicable.

4.5.6 Fire Risk 

Since helium is non-flammable, special firefighting equipment and instructions are not needed. As a note of caution, however, water streams must not be directed toward venting helium, as the water will freeze and plug the pressure relief vent and may result in a container failure.

5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information

5.1.1 Being odorless, colorless, tasteless, and non irritating, helium has no warning properties. Humans possess no senses that can detect the presence of helium. Although helium is nontoxic and inert, it can act as a simple asphyxiant by displacing the oxygen in air to levels below that required to support life. Inhalation of helium in excessive amounts can cause dizziness, nausea, vomiting, loss of consciousness and death. Death may result from errors in judgment, confusion, or loss of consciousness that prevents self-rescue.

5.1.2 At low oxygen concentrations, unconsciousness and death may occur in seconds and without warning.

5.1.3 Personnel, including rescue workers, should not enter areas where the oxygen concentration is below 19.5 percent unless provided with a self-contained breathing apparatus or air-line respirator.. Extensive tissue damage or burns can result from exposure to liquid helium or cold helium vapours.

5.2 Routes of entry 

5.2.1 Skin

Contact with liquid may cause cold burns/frostbite. May cause severe frostbite. 

5.2.2 Eyes

Contact with liquid may cause cold burns/frostbite. 

5.2.3 Ingestion

Ingestion is not considered a potential route of exposure. 

5.2.4 Inhalation

In high concentrations may cause asphyxiation. Symptoms may include loss of mobility/consciousness. Victim may not be aware of asphyxiation. Asphyxiation may bring about unconsciousness without warning and so rapidly that victim may be unable to protect themselves. 

5.3 Toxicity information 

a) Time Weighted Average (TWA) — No Data Available

b) Short Term Exposure Limit (STEL) — No Data Available

c) Immediately Dangerous to Life and Health (IDLH) – No Data Available

d) Lethal Dose (LD50) — No Data Available

e) Inhalation (Rat) Lethal Concentration (LC) — No Data Available



5.4 Antidote

There is no antidote.

5.5 Health Effects

5.5.1. Signs and Symptoms

The sign and symptoms related to oxygen-deficient atmosphere is as prescribed in Table 1.

Table 1 Effects of Oxygen-Deficient Exposure

(Clause 5.5.1)

		S No.

		Oxygen Concentration (percent vol)

		Health Effects of Persons at Rest



		(1)

		(2)

		(3)



		i)

		19

		Some adverse physiological effects occur, but they may not be noticeable.



		ii)

		15–19

		Impaired thinking and attention. Increased pulse and breathing rate.

Reduced coordination. Decreased ability to work strenuously. Reduced physical and intellectual performance without awareness.



		iii)

		12–15

		Poor judgment. Faulty coordination. Abnormal fatigue upon exertion. Emotional upset



		iv)

		10–12

		Very poor judgment and coordination. Impaired respiration that may cause permanent heart damage. Possibility of fainting within a few minutes without warning. Nausea and vomiting.



		v)

		<10

		Inability to move. Fainting almost immediate. Loss of consciousness. Convulsions. Death



		vi)

		<4

		Fatality







6 PERSONAL PROTECTIVE EQUIPMENT



6.1 Availability and Use 

6.1.1 While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation and intelligent conduct on the part of employees working with liquid helium, it is in many instances the only practical means of protecting the worker, particularly in emergency situations. The personal protective equipment protects only the worker wearing it, and other unprotected workers in the area maybe exposed to danger. 

6.1.2 Eyes are most sensitive to the extreme cold of liquid helium and its vapors. The recommended personal protective equipment when handling or using liquid helium is a full face shield over safety goggles; loose-fitting thermal insulated or leather gloves; and long sleeved shirts and pants without cuffs, especially whenever the possibility of exposure or a spill exists. In addition, safety shoes are recommended for those involved with the handling of liquid helium containers.

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

Eyes are most sensitive to the extreme cold of liquid helium and its vapors. The recommended personal protective equipment when handling or using liquid helium is a full face shield over safety goggles (see IS 8520).

6.2.2 Head Protection

Safety helmet with face shield is recommended while handling the liquid helium (see IS 2925).

6.2.3 Foot and leg Protection 

Safety shoes are recommended when handling cylinders (see IS 15298 (Part 2)).

6.2.4 Body, Skin and Hand Protection

6.2.4.1 Wear work gloves when handling gas containers. If the operation involves possible exposure to a cryogenic liquid, wear loose fitting thermal insulated or cryo-gloves. 

6.2.4.2 Never allow any unprotected part of the body to touch uninsulated pipes or vessels which contain cryogenic fluids. The extremely cold metal will cause the flesh to stick fast and tear when one attempts to withdraw from it. Safety shoes are recommended when handling cylinders.

6.3 Respiratory Equipment

Severe exposure to liquid helium may occur in tanks during decontamination of areas following spills, or in case of failure of piping or equipment. Employees who may be subject to such exposures should be provided with proper respiratory protection as described below: 

6.3.1 Self-Contained Breathing Apparatus

This apparatus permit the wearer to carry a supply of oxygen or air compressed in the cylinder (see IS 10245 (Part 1)) and the self-generating type which produces oxygen chemically (see IS 15803). These allow considerable mobility. The length of time, a self-contained breathing apparatus provides protection varies according to the amount of air, oxygen, or regenerating’ material carried. Compressed oxygen should not be used where there is danger of contact with flammable liquids, vapours, or sources of ignition, especially in confined spaces, such as tanks or pits.

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

7.2 Storage	

7.2.1 Do not change or force fit connections. 

7.2.2 Always keep container in upright position. 

7.2.3 Close valve after each use and when empty. 

7.2.4 Use insulated hose and piping to prevent condensation of oxygen-rich liquid air. Use a back flow preventative device in the piping. 

7.2.5 Do not allow storage temperature to exceed 50 °C (122 °F). Containers should be stored in a purpose build compound which should be well ventilated, preferably in the open air. 

7.2.6 Full containers should be stored so that oldest stock is used first. Do not store in a confined space. Full and empty cylinders should be segregated. Store containers in location free from fire risk and away from sources of heat and ignition. 

7.2.7 Return empty containers in a timely manner. Stored containers should be periodically checked for general condition and leakage. Protect containers stored in the open against rusting and extremes of weather. 

7.2.8 Containers should not be stored in conditions likely to encourage corrosion. Cryogenic containers are equipped with pressure relief devices to control internal pressure. Under normal conditions these containers will periodically vent product. All vents should be piped to the exterior of the building. Observe all regulations and local requirements regarding storage of containers.

7.3 Handling

7.3.1 Liquid helium shall be stored and used only in a well-ventilated place. If enough helium gas evaporates from the liquid in an unventilated space, the percentage of oxygen in the air may become dangerously low making anybody present there, symptoms, such as dizziness, unconscious without any warning. Remaining in this atmosphere long enough may become fatal. 

7.3.2 Helium build-up is most likely to occur when a room is closed, overnight for example. If there is any doubt about the amount of oxygen in a room, the room shall be ventilated completely before entering it. Waste helium shall not be disposed of in a confined area or a place where someone else may enter.

7.3.3 Liquid helium is colder than liquid oxygen. Therefore, if it is exposed to the air, oxygen from the air may condense into the liquid helium. If this is allowed to continue for any length of time, the oxygen content of the liquid helium may become appreciable and the liquid will require the same precautions as for handling liquid helium. However, most liquid heliumcontainers are entirely closed except for a small neck area and the helium gas issuing from the surface of the liquid forms a barrier which keeps air away from the liquid and prevents oxygen contamination.

7.3.4 Before entering any large liquid heliumstorage tank, it shall be made sure that all pipes to the tank are blanked or positively closed off. The tank shall then be purged with air. If a check with instruments shows that the atmosphere normal air, it shall be safe to enter. Unless all lines are physically isolated, inside atmosphere shall be checked frequently with instruments during work. If, for any reason, the supply of fresh air in the tank is doubtful, breathing apparatus shall be used with its own supply of oxygen or air. Whenever anybody enters a tank, he should make sure that he is equipped with a life line and that an observer is stationed outside to check on his reactions while working. It is a good practice to have the ventilating equipment rapidly changing the air in tanks at all times when personnel are working inside them.

7.3.5 Only experienced and properly instructed persons should handle compressed gases/cryogenic liquids. 

7.3.6 Do not remove or deface labels provided by the supplier for the identification of the cylinder contents. 

7.3.7 Before connecting the container, check the complete gas system for suitability, particularly for pressure rating and materials. 

7.3.8 Before connecting the container for use, ensure that back feed from the system into the container is prevented. Close container valve after each use and when empty, even if still connected to equipment. Never attempt to repair or modify container valves or safety relief devices. Damaged valves should be reported immediately to the supplier. 

7.3.9 If user experiences any difficulty operating cylinder valve discontinue use and contact supplier. Do not remove or interchange connections. Ensure the complete gas system has been checked for leaks before use. Prevent entrapment of cryogenic liquid in closed systems not protected with relief device. A small quantity of liquid produces large volumes of vaporized gas at atmospheric pressure. 

7.3.10 Containers used in shipment, storage, and transfer of cryogenic liquid are specially designed, well-insulated containers equipped with a pressure relief device and valves to control pressure. Under normal conditions, these containers will periodically vent product to limit pressure buildup. Ensure that the container is in a well–ventilated area to avoid creating an oxygen–deficient atmosphere. 

7.3.11 Use adequate pressure relief in systems and piping to prevent pressure buildup; liquid in a closed container can generate extremely high pressures when vaporized by warming. Employ suitable pressure regulating devices on all containers when the gas is being emitted to systems with lower pressure rating than that of the container. Only transfer lines designed for cryogenic liquids shall be used. 

7.3.12 Do not subject containers to abnormal mechanical shock. When moving cylinders, even for short distances, use a cart (trolley, hand truck, etc.) designed to transport cylinders. When doubt exists as to the correct handling procedure for a particular gas, contact the supplier. 

7.3.13 Liquid helium is extremely cold. Cryogenic liquids and their vapours can rapidly freeze human tissue and can cause many common materials such as carbon steel, rubber, and plastics to become brittle or even break under stress. 

7.3.14 Cryogenic liquids in containers and piping at temperatures at or below the boiling point of liquified helium [- 452 °F (-269 °C)] can cause cold burn.

7.3.15 All cryogenic liquids produce large volumes of gas when they vaporize. A cryogenic liquid cannot be indefinitely maintained as a liquid, even in well-insulated containers.

7.3.16 If these liquids are vaporized in a sealed container, they can produce enormous pressures that could rupture the container. For this reason pressurized cryogenic containers are normally protected with multiple devices for over-pressure prevention. Common pressure relief devices are a pressure relief valve for primary protection and a rupture disc for secondary protection.

7.3.17 Vaporization of a cryogenic liquid in an enclosed area can cause asphyxiation by displacing the air.

7.3.18 The cold “boil-off” gases condense the moisture in the surrounding air, creating a highly visible fog. This fog can also be formed around cold equipment when no release of the cold liquid or vapors has occurred. Fog clouds do not define the vapor cloud. They define the area where the vapors are still cold enough to condense the moisture in the air.

7.3.190 The vapors can extend well beyond the fog cloud, depending on the product and atmospheric conditions.

7.3.20 Although fog clouds may be indicative of a release, they must never be used to define the leak area and should not be entered by anyone. The dense fog clouds associated with the handling or transfer of cryogenic liquids can obstruct visibility. Care should be exercised so that any clouds do not interfere with vehicle traffic or safety escape routes.

7.3.21 Always handle cryogenic liquids carefully. Their extremely low temperatures can produce cryogenic burns of the skin and freeze underlying tissue.

7.3.22 When spilled on a surface, they tend to spread as far as the quantity of liquid spilled and the physical confines of the area permit. 

7.3.23 They can cool large areas. The vapors coming from these liquids are also extremely cold and can produce burns.

7.4 Labelling

7.4.1 Each container (including tankers) should carry an identifying label or stencil as depicted in Fig. 2 in IS 1260 (Part 1). The storage containers shall be labelled or marked to identify as follows:

a) Contents of the container;

b) Name and address of the manufacturer or importer of the hazardous chemical; and

c) Physical, chemical and toxicological data as per the criteria given in the relevant schedule of the Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.



Manufacturers name with label warnings required by regulations or ordinances form part of the label or placard.



7.4.2 Each tanker and each railroad car carrying one or more containers shall be labelled as:



		In case of leakage/fire:

Keep away flames and oil/grease.

Use water fog or water spray for cooling or dilution.

Evacuate upwind from cold liquid and white water vapor.



















7.5 Transport

7.5.1 General 

The vessel for transporting shall always be fitted with adequate relief devices. General precautions to be observed for both full and empty vessels are as follows: 

a) Container shall be kept vertical. 

b) Containers are not to be rolled-on a tilted axis (milk churning). 

c) Sudden mechanical shocks shall be avoided. 

d) Immediately before transport, it should be made sure that the vents are free from blockage and that the relief devices are in working order. 

e) If the container is of the type which requires liquid nitrogen shielding, it should be ensured that the liquid nitrogen reservoir is full. 

f) It should be ensured that gas is following from the vent immediately after the filled vessels are received and daily thereafter. 

g) With containers of the liquid nitrogen jacketed type, liquid nitrogen reservoir is to be topped up daily. 

h) Proper filling and transfer tube equipment shall be used. 

i) A brass or copper rod shall be kept available for freeing any solid gas blockage. To use, slide the rod gently down to the plugged area, exerting only sufficient force to free the obstruction. 

j) Recipients of liquid helium should designate staff familiar with liquid handling techniques to be responsible for ensuring that correct handling procedures are adopted. 

k) In any unusual emergency, the liquid helium suppliers shall be contacted immediately. 

7.5.2 Driver

Only driver trained in handling should be employed for transportation of liquid helium.  Driver should carry TREM card, material Safety Data Sheet and other legal documents for safety needs when vehicle is on road.

7.2.3 Air Transportation 

7.2.3.1 Air transportation of liquid helium requires special safety measures 

in addition to those required for general shipment. 

7.2.3.2 Liquid helium may only be transported by air when the container is specially equipped for air transportation and satisfies the appropriate legal requirements with regard to safety as well as packaging, labelling and documentation.



8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

All personnel attending to spill/leak should use proper personal protective equipment and firefighting equipment while handling.

8.2 Spillage

8.2.1 Evacuate personnel to safe areas. Ventilate the area. Monitor oxygen level. Wear self-contained breathing apparatus when entering area unless atmosphere is proved to be safe. 

8.2.2 Prevent further leakage or spillage. Prevent from entering sewers, basements and work-pits, or any place where its accumulation can be dangerous. Do not discharge into any place where its accumulation could be dangerous.

8.2.3 Ventilate the area. 

8.2.4 If possible, stop flow of product. Increase ventilation to the release area and monitor oxygen level. Vapor cloud may obscure visibility. Do not spray water directly at leak. If leak is from cylinder or cylinder valve, call the emergency telephone number. If the leak is in the user's system, close the cylinder valve and safely vent the pressure before attempting repairs. 

8.3 Waste Disposal

8.3.1 Return unused product in original cylinder to supplier. Contact supplier if guidance is required.

8.3.2 Small amounts may be allowed to evaporate into the atmosphere. In case of large spills consult an expert and allow evaporation. Large amounts should only be handled by gas supplier. 



9 FIRE PREVENTION AND FIRE FIGHTING

9.1 The liquid helium itself does not burn. Use extinguishing media appropriate for surrounding fire. 

9.2 Spill will rapidly vaporize forming an oxygen deficient vapor cloud. Vapor cloud may obscure visibility. Do not direct water spray at container vent. Move away from container and cool with water from a protected position. Keep containers and surroundings cool with water spray. 

9.3 Wear self-contained breathing apparatus for firefighting if necessary. 

10 TRAINING

10.1 All personnel directly involved in the commissioning, operation and maintenance of liquid helium storage systems shall be fully informed regarding the hazards associated with helium and oxygen deficient and be properly trained, as applicable, to operate or maintain the equipment. Training shall be arranged to cover those aspects and potential hazards that the particular operator is likely to encounter.

10.2 Training shall cover, but not necessarily be confined to, the following subjects: 

a) Potential hazards of helium;

b) Site safety regulations;

c) Emergency procedures;

d) Use of firefighting equipment;

e) Use of protective clothing/apparatus including breathing sets where applicable; and

f) First aid treatment for cryogenic burns. 

10.3 In addition, individuals shall receive specific training in the activities for which they are employed. 

10.4 It is recommended that the training be carried out under a formalized system and that records be kept of the training given and where possible, some indication of the results obtained, in order to show where further training is required. 

10.5 The training programme should make provision for refresher courses on a periodic basis and for changes of site personnel.

10.6 Safety in handling liquid helium depends upon the effectiveness of employee education, training and supervision. The education and training of employees to work safely and to use the personal protective equipment and other safeguards provided for them is a responsibility of supervisor. Employee education and training should emphasize the need of safely handling liquid helium according to the methods outlined in the manual, in order to avoid spilling or splashing, leaks, burns, inhalation of the vapor of burning material, or ingestion. Unauthorized and untrained employees should not be permitted in areas where liquid helium is being handled. 

10.7 Before being placed on the job, all new employees should be instructed and trained to maintain a high degree of safety in handling procedures. Older employees should be re-instructed and trained periodically.

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT



11.1 First Aid

11.1.1	General Principles

Remove victim to uncontaminated area wearing self-contained breathing apparatus. Keep victim warm and rested. Call a doctor. Apply artificial respiration if breathing stopped.

11.1.2 Contact with Skin 

In case of frostbite, obtain medical treatment immediately. As soon as practical, place the affected area in a warm water bath- which has a temperature not to exceed 40 °C (105 °F). Do not rub frozen parts as tissue damage may result. Cover wound with sterile dressing.

11.1.3 Contact with Eye

In the case of contact with eyes, rinse immediately with plenty of water and seek medical advice. Keep eye wide open while rinsing. 

11.1.4 Ingestion

Ingestion is not considered a potential route of exposure. 

11.1.5 Inhalation 

Move to fresh air. If breathing has stopped or is labored, give assisted respirations. Supplemental oxygen may be indicated. If the heart has stopped, trained personnel should begin cardiopulmonary resuscitation immediately. In case of shortness of breath, give oxygen. 

12 ADDITIONAL INFORMATION

12.1 Transfer of Liquid Helium

12.1.1 Purging of cryogenic liquid vessels prior to use is essential to remove any matter considered undesirable to product purity, injurious to equipment functioning or hazardous to personnel. When purging a vessel, knowledge of the freezing and boiling points of all likely contaminants is important. When liquid helium vessels are involved, it shall be recognized that all other liquids and gases will solidify at liquid helium temperatures. Entrance, therefore, of any gas except pure, dry helium into a helium-cooled vessel will cause formation of solid deposits on internal cold surfaces, thus creating a very hazardous condition.

12.1.2 To purge such contaminants from a vessel at liquid helium temperature, it is necessary to remove any liquid helium present, and warm the vessel to the temperature corresponding to the highest boiling point of any of the contaminants suspected. Therefore, if air has been drawn into the vessel, the vessel shall be warmed to at least - 183°C ( the boi1in.g point of oxygen ) in order to purge the vessel of the air constituent having the highest boiling point. If moist air were drawn into the vessel, it would be necessary to warm the vessel to above the freezing point of water so that the water could be evaporated and the vessel purged with warm dry air or dry nitrogen.

12.1.3 It should be borne in mind that it is not possible to purge a vessel at liquid helium temperature (- 269°C) directly with nitrogen, since the purging fluid will immediately freeze upon contact with the helium cold vessel surfaces. However, once a vessel is warmed to above liquid nitrogen temperature, pure nitrogen gas at ambient temperature or above may be used for purging to speed the warming of the vessel. Likewise, if it is possible to utilize pure helium gas economically (such as in a recoverable system), it may be circulated directly through the liquid helium-cold vessel, warming it in one operation to the warmest boiling point temperature of any contaminant.

12.1.4 During purging, the temperature of the vessel may be best approximated at any given time by monitoring the temperature of the existing purge gas, which will normally be close to that of the inner vessel.

12.1.5 If a small vessel contains only pure helium gas, it may be filled directly with liquid helium without concern of contamination. However, if the vessel was first precooled with liquid nitrogen to conserve helium losses during filling, if would require complete removal of all nitrogen by purging the nitrogen-cold container with pure, dry helium gas before being filled with liquid helium.

12.2 Precooling

12.2.1 Depending upon economy, a ‘warm’ vessel ( above liquid nitrogen temperature ) may be cooled directly with cold helium gas produced from flash-off of liquid helium, or may be precooled with another cryogenic liquid, ‘preferably liquid nitrogen for safety reasons. 

12.2.2 If nitrogen precooling is used, the quantity of liquid nitrogen for cool-down should be no’ greater in weight than the full liquid helium capacity of the vessel to prevent over-load- vessels suspension system. Equipment shall be provided for transferring the liquid nitrogen both into and out of the vessels, since the normal filling and withdrawal procedures for liquid helium containers may not work satisfactorily with the heavier, warmer liquid nitrogen.

12.2.3 Cool-down of transfer lines should always be accomplished wherever possible by trickling liquid helium into the line immediately prior to transfer,’ thereby making maximum use of the sensible heat of the cold vapour to cool the line. Any attempt to cool the line with large quantities of liquid helium will result in abnormally high evaporation loss from cool-down.

12.2.4 Liquid nitrogen should never be used to precool a flexible helium transfer line; nitrogen is difficult to remove from the convolutions of the flexible line, and will later freeze and cause plugging.

12.3 Withdrawing Liquid Helium

12.3.1 Because of its very low latent heat of vaporization, liquid helium shall always be transferred through well-insulated., vacuum-jacketed lines. Non-vacuum insulation will result in total loss of liquid. The general procedures given in 12.3.1.1 to 12.3.1.7 should be used while withdrawing liquid from any helium container.

12.3.1.1 The transfer line and receiving vessel shall be adequately purged with pure, dry helium gas. Care shall be exercised to purge all joints before assembly of transfer components, and to purge any dead-ended or auxiliary parts of lines which will be helium cooled.

12.3.1.2 When withdrawal dip tubes are used, the dip tube should be inserted into a vessel through a section of rubber hose that may be clamped to the dip tube and container neck (unless other sealing provision is made) to prevent helium leakage about the tube. This is important to prevent loss of transfer ~pressure and also to avoid condensed air on the exposed portion of the dip tube from running into the vessel during removal of the tube.

12.3.1.3 Pressure for transfer may be provided by normal evaporation pressure build-up or by addition of pure helium gas from a regulated cylinder. The unusual properties of helium make low pressure transfer preferable. Transfers are generally made at a differential pressure of about 0.07 kg/cm2  to 0.14 kg/cm2 on gauge.

12.3.1.4 To prevent air, carbon dioxide or atmospheric moisture from freezing and causing restrictions in inlet and exhaust lines, a positive pressure shall be maintained at all times in the supplying and receiving vessels. When the ratio of venting falls off, a relief valve or other restriction should be added to retain positive pressure in the helium system.

12.3.1.5 In terminating transfer, the flow of external pressurizing gas ( if used ) should be immediately stopped so as not to add more warm gas to the supply vessel. The liquid withdrawal line should be immediately removed from open neck-tube type containers, or the liquid withdrawal valve of containers .so equipped, immediately closed. Any backflow of vapour through a withdrawal line will bubble up through the liquid and cause unnecessary evaporation of the remaining liquid helium.

12.3.1.6 Where protective caps are provided on transfer connections, they should be replaced immediately after transfer to prevent condensation of moisture on the cold connections.

12.3.1.7 When fill or withdrawal dip-tubes are removed from open neck-tube type helium containers, a closure containing a relief valve should be immediately secured over the opening.

12.4 Filling Small Vessels with Liquid Helium

12.4.1 The vacuum jacketed transfer tube should extend down into the vessel to or below the level at which liquid temperature is finally desired.

12.4.2 Liquid helium should not be impinged on the mass to be cooled. It should be directed toward the bottom of the vessel to prevent excessive boiling and splashing.

12.4.3 Openings into these vessels should be restricted or relief devices added after filling in order to maintain positive pressure in the vessel.

12.4.4 After a small helium vessel has-been precooled to liquid nitrogen temperature, it is more efficient to insert the transfer line into the small Dewar after cold helium vapour starts issuing from the transfer line. Otherwise, the expanding warm gas during cool-down of the transfer line may build up too much back pressure in a small Dewar.

12.4.5 After a small helium vessel has been filled, it is essential to remove the transfer line while liquid is still issuing from the line. If the transfer is stopped by reducing the pressure on the supply Dewar, the superheated liquid and gas in the transfer line may flash all the liquid in the small helium vessel before the transfer line is removed.
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FOREWORD

This Indian Standard (Part 5) (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Quality Sectional Committee had been approved by the Chemical Division Council. 

Handling liquid hydrogen safely is largely a matter of knowing its properties and using suitable procedures based on that knowledge. There are number of general precautions and safe practices which shall have to be observed because of extremely low temperatures and high rates of conversion into gas of the liquid hydrogen mentioned in this standard. There are also certain specific precautions which shall have to be followed where a particular liquid may react with contaminants or may present a hazard to life. 

The elimination of accidents is vital to public interest. Accidents produce social and economic loss and impair individual or group productivity. Realization of this loss has led the authorities to devote a good deal of attention to safety education. Apart from general precautions, some typical precautions are required to be taken during manufacture, storage and handling of liquid hydrogen. The standard also prescribes safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety. This standard is intended to guide the users in the recognition of these hazards and in establishing safe handling procedures. 

BIS has published a standard IS 5931: 1970 ‘Code of Safety for Handling of Cryogenic Liquids’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to restructure it by splitting into various parts based on type of cryogenic liquids.

This (Part 5) prescribes a code of safety concerning hazards relating to liquid hydrogen. It describes the properties and essential information for the safe handling and use of liquid hydrogen, safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety.

Under general title ‘Cryogenic liquid — Code Of Safety’ this standard is being published in several other parts. The other parts of this standard are as following:

Part 1 Liquid Oxygen (first revision)

Part 2 Liquid Nitrogen (first revision)

Part 3 Liquid Argon (first revision)

Part 4 Liquid Helium (first revision)

Part 6 Liquid Krypton (first revision)

Part 7 Liquid Neon (first revision)

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals.



















Indian Standard

CODE OF SAFETY FOR CRYOGENIC LIQUID

PART 1 LIQUID HYDROGEN

(First Revision)

1 SCOPE

1.1 This code describes the properties of liquid hydrogen, the nature of hazards associated with it and the essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repair of containers, training of personnel, selection of personal protective equipment and first aid. 

1.2 This code does not deal with the specifications for design of buildings, chemical engineering plants, storage vessels and equipment for operations control and waste disposal.

2 REFERENCES 

The standards given below 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 standards given at below:

		IS No.

		Title





		IS 1260 (Part 1): 1973

		Pictorial marking for handling and labelling of goods: Part 1 Dangerous Goods



		IS 2925: 1984

		Specification for industrial safety helmets (second revision)



		IS 4155: 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		IS 8520: 2023

		Guide for selection of industrial safety equipment for eye, face and ear protection



		IS 10245 (Part 1): 2023

		Respiratory Protective Devices-Specification: Part 2 Self-Contained Open Circuit Breathing Apparatus (second revision)



		IS 15298 (Part 2) : 2016/ISO 20345: 2011

		Personal protective equipment: Part 2 safety footwear (second revision)



		IS 15803 : 2008

		Respiratory protective devices - Self contained closed circuit breathing apparatus chemical oxygen (KO2) type, self generating, self rescuers - Specification





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES LIQUID HYDROGEN

4.1 General Information 

Although the purpose of the code is to outline the basic techniques for the safe handling of liquid hydrogen, the liquid is invariably accompanied by a certain amount of gas. Since gaseous hydrogen is flammable over a wide range of concentrations in air, much of the material presented in this section has to do with handling the gas safely.

4.1.1 Chemical Name - H2 

4.1.2 Common Name & Synonyms - Hydrogen (refrigerated), Cryogenic Liquid Hydrogen, Liquid Hydrogen 

4.1.3 Uses – General Industrial. 

4.2 Identification  

4.2.1 Formula - H2

4.2.2 CAS Number - 1333-74-0 

4.2.3 UN Number - 1966 

4.2.4 UN Class - 2.1



4.3 Physical Properties

4.3.1 Liquid hydrogen has a relatively high coefficient of thermal expansion which should be taken into consideration in the design of equipment for handling liquid. The low temperature of liquid hydrogen can solidify any gas except helium.

4.3.2 Molecular Mass - 2 g/mol 

4.3.3 Physical State - Liquefied gas

4.3.4 Colour - Colorless

4.3.5 Odour - Odorless.

4.3.6 Boiling Point - -423 °F (-253 °C)

4.3.7 Melting Point - 435 °F (-259.2 °C)

4.3.8 Vapour Density (Air=1) - 0.07 (air = 1) Lighter or similar to air. 

4.3.9 Specific Gravity

a) Liquid (water = 1) – 0.070 81

4.3.10 Viscosity at 30 °C – No data available. 

4.3.11 Vapour Pressure at 76.6 °C - No data available. 

4.3.12 Heat of Combustion – No data available

4.3.13 Refractive Index at 25 °C – Not available

4.3.14 Solubility in Water – No data available

4.3.15 Solubility in other solvents – Not available

4.3.16 Light Sensitivity - Not available

4.4 Chemical Properties

4.4.1 Reactivity - No data available. 

4.4.2 Polymerisation – Not available

4.4.3 Allotrope formation – Not available 

4.4.4 Corrosion properties –. Not available



4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature - No data available.

4.5.2 Auto Ignition Temperature - 560 °C 

4.5.3 Flash Point - Not applicable.

4.5.4 Upper Explosive Limit - 77 percent (V)

4.5.5 Lower Explosive Limit – 4 percent (V)

4.5.6 Fire Risk 

Liquid hydrogen is ignitable by static electricity, and burns with an invisible flame. Gas is lighter than air and can accumulate in the upper sections of enclosed spaces. Spill will rapidly vaporize and create an immediate flammable atmosphere. Move away from container and cool with water from a protected position. Keep containers and surroundings cool with water spray. Do not direct water spray at container vent. Do not extinguish a leaking gas flame unless absolutely necessary. Spontaneous/explosive re-ignition may occur. Extinguish any other fire. If possible, shut off the source of gas and allow the fire to burn itself out. Vapor cloud may obscure visibility.  It is extremely flammable in the presence of oxidizing materials. 



5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information 

Hydrogen gas is odorless and nontoxic but may produce suffocation by diluting the concentration of oxygen in air below levels necessary to support life.

5.2 Routes of entry 

5.2.1 Skin

In case of frostbite, obtain medical treatment immediately. Wash frost-bitten areas with plenty of water. Do not remove clothing. Cover wound with sterile dressing. Do not rub frozen parts as tissue damage may result. As soon as practical, place the affected area in a warm water bath- which has a temperature not to exceed 40 °C (105 °F). 

5.2.2 Eyes

In the case of contact with eyes, rinse immediately with plenty of water and seek medical advice. Keep eye wide open while rinsing. Seek medical advice. 

5.2.3 Ingestion

Ingestion is not considered a potential route of exposure. 

5.2.4 Inhalation

Move to fresh air. In case of shortness of breath, give oxygen. If breathing has stopped or is labored, give assisted respirations. Supplemental oxygen may be indicated. If the heart has stopped, trained personnel should begin cardiopulmonary resuscitation immediately. 

5.3 Toxicity information 

No data is available on the product itself.



5.4 Antidote

No data available.

5.5 Health Effects

5.5.1. Signs and Symptoms

5.5.2 Acute Toxicity

No data is available on the product itself. 

5.5.3 Chronic Toxicity

No data is available on the product itself. 



6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use 

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

Safety glasses recommended when handling cylinders. Wear goggles and a face shield when trans-filling or breaking transfer connections (see IS 8250). 

6.2.2 Head Protection

Safety helmet with face shield is recommended while handling the liquid hydrogen (see IS 2925).

6.2.3 Foot and leg Protection 

Safety shoes are recommended when handling cylinders (see IS 15298 (Part 2)). 

6.2.4 Body, Skin and Hand Protection

Wear work gloves when handling gas containers. Loose fitting thermal insulated or leather gloves. Chemical-resistant, impervious gloves complying with an approved standard should be worn at all times when handling chemical products if a risk assessment indicates this is necessary. Safety shoes are recommended when handling cylinders. Flame retardant protective clothing. Never allow any unprotected part of the body to touch uninsulated pipes or vessels which contain cryogenic fluids. The extremely cold metal will cause the flesh to stick fast and tear when one attempts to withdraw from it.

6.3 Respiratory Equipment	Comment by shubhanjali umrao: IS No. 

The personnel shall not be allowed to enter the hydrogen enriched area. In case fire breaks out, fire-fighters should wear appropriate protective equipment and self-containing breathing apparatus (SCBA)  (see  )with a full face-piece operated in positive pressure mode.

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

7.2 Storage	

7.2.1 It is desirable to convert liquid hydrogen to the stable para-form during liquefaction to avoid product loss during storage. It is usual to allow the evaporated gas to escape freely and in such a way that air is not permitted to diffuse back into the container. It is essential to keep the mouth of Dewars connected to a suitable vent line and to use a simple non-return bunsen valve. In laboratories a tight wad of cotton wool is usually pushed into the mouth of the neck-tube. It is also necessary to check daily whether the neck-tube is clear by carefully lowering a stout copper tube fitted with a collar. This relatively warm metal tube will usually vaporize solid air obstructions and the collar will prevent the tube from slipping too far into the Dewar and damaging the bottom. Alternatively, the obstruction may be dispersed by means of a jet of warm hydrogen introduced by means of a suitable tube.

 7.2.2 Super insulated vessels carry separate liquid and vent lines, which may be valved off. The vent is fitted with a relief valve and bursting disc and gives adequate protection, for almost any event.

7.2.3 It is recommended that liquid hydrogen containers should be stored out of doors when not in service and smaller vessels should be protected from the weather. All vessels should be connected to a vent pipe which discharges hydrogen at a high point away from ignition sources. A flame trap or water seal, may be employed at the discharge point. 

7.2.4 Storage of liquid hydrogen containers shall be away from the liquefaction plant. The production and storage shall be planned according to the experimental programme; excessive storage is uneconomic and hazardous.

7.2.5 The storage area shall be protected from any source of fire or ignition. There shall not be any combustible matter in the area.

7.3 Handling

7.3.1 Safety precautions to be observed in areas where hydrogen is handled is briefly given in 7.3.1.1 to 7.3.1.5.

7.3.1.1 Efficient ventilation should be ensured to permit rapid diffusion of hydrogen gas. 

7.3.1.2 Open flame or smoking shall not be permitted in the area. 

7.3.1.3 Non-flameproof electrical equipment shall be placed in a safe area. 

7.3.1.4 All electrical equipment located in the area shouId.be of the type, approved by the Chief Inspector of Explosives in India.

7.3.1.5 Personnel entry in the area shall be restricted and the area barricaded to limit access. There shall be automatic monitors to signal dangerous proportions of hydrogen in the air.

7.3.2 Safety precautions to be observed while working with the equipment that deals with hydrogen is briefly given in 7.3.2.1 to 7.3.2.6.

7.3.2.1 All vessels and pipes should be purged before introducing liquid hydrogen.

7.3.2.2 Equipment should be tested for hydrogen leaks on ingress of air into it during its working.

7.3.2.3 Filling and refilling operations of liquid hydrogen containers should be carefully done and it should be ensured that the containers are free from air by flushing them with liquid nitrogen or other liquid gas.

7.3.2.4 Dewar weights should be manageable to be handled by a single man and the Dewars should be properly designed for venting, insulation and handling.

7.3.2.5 Sealing liquid hydrogen containers with adhesive tapes should not be allowed. This is a source of static sparks and this causes explosions.

7.3.2.6 Personnel working with liquid hydrogen should wear goggles and gloves. Liquid hydrogen in contact with skin gives serious burns; contact of bare hands with piping or containers is hazardous and should be avoided.

7.3.3 The precautions given in 7.3.3.1 to 7.3.3.5 shall be taken to control static charges.

7.3.3.1 All metal parts of equipment and piping, which contain hydrogen, should be grounded

7.3.3.2 Anti-static belts for machinery in the place-of ordinary ones, which are not spark-free should be used. 

7.3.3.3 Nylons or other synthetic clothing should be avoided in areas where hydrogen is handled. Combing of hair also should be avoided.

7.3.3.4 All personnel should be grounded before they handle Dewars. They should wear conducting shoes.

7.3.3.5 Spark-proof (brass) tools should be used although they do not necessarily give adequate safety against ignition as the energy of activation is small.



7.4 Labelling

7.4.1 Each container (including tankers) should carry an identifying label or stencil as depicted in Fig. 2 in IS 1260 (Part 1). The storage containers shall be labelled or marked to identify as follows:

a) Contents of the container;

b) Name and address of the manufacturer or importer of the hazardous chemical; and

c) Physical, chemical and toxicological data as per the criteria given in the relevant schedule of the Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account

7.5 Transport

7.5.1 The transport of Dewars has associated hazards during filling or transferring of liquid hydrogen from them into the equipment, due to leaks or by trapping of moisture. Overflows shall also be avoided by use of suitable devices. All the associated gadgets shall be flushed with liquid nitrogen and checked for absence of oxygen in the system.

7.5.2 The transport of even 200 ml of liquid hydrogen from small units requires careful planning if the material passes through the crowded streets. The transport van shall be designed to have explosion proof sides, and suited for the purpose with due regard to fire and explosions risks, static charge and hydrogen gas leakage. The container Dewar shall be thoroughly insulated and checked for leakage before transport.

7.5.3 The van shall not pass through the streets without escort preceding and following it at the safe distance showing up the danger signals (red flags). The transportation shall be done in accordance with the existing rules, if any, governing transport of liquid hydrogen. Liquid hydrogen shall be-not transported during the crowded hours of the day.

7.5.4 Driver

Only driver trained in handling should be employed for transportation of liquid hydrogen.  Driver should carry TREM card, material Safety Data Sheet and other legal documents for safety needs when vehicle is on road.

8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

All personnel attending to spill/leak should use proper personal protective equipment and fire-fighting equipment while handling liquid hydrogen.

8.2 Spillage

8.2.1 Evacuate personnel to safe areas. Approach suspected leak areas with caution. Remove all sources of ignition. Ventilate the area. Never enter a confined space or other area where the flammable gas concentration is greater the 10 percent of its lower flammable limit. 

8.2.2 Prevent further leakage or spillage if safe to do so. Prevent from entering sewers, basements and work pits, or any place where its accumulation can be dangerous. Do not discharge into any place where its accumulation could be dangerous. 

8.2.3 If possible, stop flow of product. Increase ventilation to the release area and monitor concentrations. Do not direct water spray at container vent. Liquid spillages can cause embrittlement of structural materials. If leak is from cylinder or cylinder valve, call the emergency telephone number. If the leak is in the user's system, close the cylinder valve, safely vent the pressure, and purge with an inert gas before attempting repairs. 

8.2.4 When liquid hydrogen is spilled on a surface, it tends to cover it completely and, therefore, cools a large area. The evaporation rate of liquid hydrogen greatly reduces the period during which a spill constitutes a potential fire hazard. However, with a large spillage the surface freezes and the air above the surface liquefies. A large cloud of the very cold gas caused by evaporation of liquid on the surface stays over the surface till it picks up heat to rise up. If this gas gets ignited, it burn smoothly in air. The visible cloud does not confine to the flammable zone and ignition is possible outside the clouds. If 7.8 l of liquid hydrogen are spilled on 50 cm below an open flame, the mixture is ignited almost immediately, after about o.5 second the flame reaches the height of nearly 8.5 m with a maximum width of 6 m.

8.2.5 The duration of burning of liquid hydrogen after a small spill is usually very brief, lasting only a few seconds. In larger spills on hydrogen burning from open vessels, combustion may take several minutes until all the liquid is evaporated. The flame temperature is about 1 900 °K, but the radiation-intensity is low. Therefore, it is possible to get close to small quantities of smoothly burning liquid hydrogen because the flame has little luminosity and low radiant intensity. One is also able to approach flames more closely for fire-fighting or closing for supply valves.

 8.3 Leakages

8.3.1 General Information

Leaks of liquid hydrogen would rapidly vaporise the gaseous hydrogen would be initially very cold, especially if there was a significant leak. The gas, until it warms up, would be denser than air and behave as a dense gas and start accumulating at low level.

8.3.2 Leak from the Truck 

The consequences of the accidental leakage of liquid hydrogen during transport from trucks are still poorly understood. It is important to be able to reliably predict how far the released hydrogen would spread, the thermal radiation levels if the hydrogen ignites to form a flame jet or the explosion pressures generated if there is a delayed ignition of the released hydrogen in order to assess the consequences of the leak, i.e. damage to equipment and injuries to people.

8.3.3 Caution

Remove all sources of ignition. Reduce gas with fog or fine water spray. Stop flow of product if safe to do so. Ventilate area or move container to a well-ventilated area.

8.3.4 Manually carried or portable detection systems are not considered advisable from personnel safety considerations in large production programmes. It is necessary to install suitable sensors at various places for remote detection. For small laboratories portable detectors shall be used that are sensitive to 20 percent of lower explosive limit (about 1 percent hydrogen).

8.4 Waste Disposal

8.4.1 The venting of spent hydrogen is associated with hazard and shall be done very carefully. 

8.4.2 Return unused product in original cylinder to supplier. Contact supplier if guidance is required. Do not discharge into areas where there is a risk of forming an explosive mixture with air. Waste gas should be flared through a suitable burner with flash back arrestor. Return cylinder to supplier.

8.4.3 In using 200 ml of liquid hydrogen, the vent gases (about 360 000 ml at room temperature pressure) shall be released gradually in a naturally ventilated atmosphere through a long vent tube over the roof. The explosion hazards are absent if the release is very gradual and no sources of ignition are present near release point.

8.4.4 Disposal of vent gases by burning is a safe practice provided the amounts released are large and continuous, and this is an adequate safety in vent construction and water seal. The water vent tank is used to stop flashbacks which might occur if the hydrogen flow is below velocity and air diffuses down the pipe and mixes with the hydrogen gas.

8.4.5 Alternative vent design is to omit the water seal tank and introduce the natural gas into the safety vent at a point near the vacuum tank so that the gas flows through the whole vent line and purges it.

8.4.6 The actual vent design shall be made on the basis of available gas for disposal and location. The vent line design shall consider the dependence of lower limits of flammability on the size of vent piping.

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 General

9.1.1 Shutting off the source of the gas is the preferred method of control. Be aware of the risk of formation of static electricity with the use of CO2 extinguishers and do not use them in places where a flammable atmosphere may be present. Ignitable by static electricity. Burns with an invisible flame. Gas is lighter than air and can accumulate in the upper sections of enclosed spaces. Spill will rapidly vaporize and create an immediate flammable atmosphere. Move away from container and cool with water from a protected position. Keep containers and surroundings cool with water spray. Do not direct water spray at container vent. Do not extinguish a leaking as flame unless absolutely necessary. Spontaneous/explosive re-ignition may occur. Extinguish any other fire. If possible, shut off the source of gas and allow the fire to burn itself out. Vapor cloud may obscure visibility. 

9.1.2 Wear self-contained breathing apparatus for firefighting if necessary. 

9.1.3 The presence of a hydrogen flame can be detected by approaching cautiously with an outstretched straw broom to make the flame visible. 

9.2 Fire Prevention



9.2.1 To prevent fire incidents with hydrogen, the main principles to be applied are as follows: 

a) Segregation, by keeping hydrogen and air separate; 

b) Ventilation, sweeping away hydrogen which may have leaked out; and

c) Ignition control, removing potential sources of ignition.

9.2.2 In the working area, the allocation of space should be generous, preferably with a high sloping roof or ceiling, allowing free escape for the light buoyant hydrogen at the highest point. One may rely on the natural draught principle by using doors with levers at the bottom and an open roof ridge. During warm weather the open doors and windows increase ventilation, whereas in extreme winter judiciously spaced steam radiators provide upward convection to assist the buoyancy flow of contaminated air (detectors have shown that lateral diffusion of hydrogen is not so marked in a sudden spill of a few litres of liquid). Hydrogen rises in a compact area to clear the building within a few seconds.

9.2.3 It is, therefore, advantageous to work in a large room, for instance, a spill of 5 l of liquid hydrogen in a room 6 m x 6 m x 6 m is unlikely to cause an explosion even in the absence of any ventilation. A good way of removing contaminated air is to work the liquid hydrogen equipment under a hood leading into a separate vent stack particularly for smaller operation. The vent should not be shared with non-hydrogen users and an extractor is not recommended. Where it is important to increase the draught, this may be induced by blowing fresh air into the stack. It is preferable to blow fresh air into the working area rather than extract it by way of an electric fan, since electrostatic discharges on blades may cause ignition. Ventilation rates of 20 to 30 air changes are recommended.

9.2.4 Control of Ignition

All potential sources of ignition should be controlled and no naked lights or flames be allowed where hydrogen is handled. Attention should be given to electrical devices because they are most likely to cause sparks or hot spots as a result of failure or overloading.

9.3 Fire fighting

Although specific fire-fighting procedures depend upon the quantity of liquid hydrogen involved, the following general procedures are applicable to all fires involving hydrogen: 

a) Remove everyone not actively engaged in fighting the fire. Liquid hydrogen exposed to the atmosphere will produce a cloud of moisture condensed from the air. The flammable-mixture zone may extend beyond this vapour cloud and, therefore, personnel should be evacuated to points well outside the area of visible moisture.

 b) If at all possible, shut off the flow of liquid or gaseous hydrogen.

c) Use large quantities of water, preferably in the form of a spray, to cool adjacent exposures and to cool any burning material below the ignition point. Adequate sprinkler systems and fire hoses with stream-to-spray nozzles should be considered for areas where large quantities of liquid-hydrogen are handled.

d) Depending upon the circumstances it is not usually advisable to extinguish a hydrogen flame in confined areas if it is not possible to shut off the hydrogen supply. The continued escape of unburned hydrogen may create an explosive mixture which may be ignited by other burning material or hot surfaces. Usually it is better to allow the hydrogen to burn in confined areas and keep adjacent objects cool with water rather than risk the possibility of an explosion.

e) If electrical equipment is involved in the fire, be sure the electrical supply is disconnected before using water for fire-fighting or use carbon dioxide or dry chemical extinguishers.

10 TRAINING

10.1 All personnel directly involved in the commissioning, operation and maintenance of liquid hydrogen storage systems shall be fully informed regarding the hazards associated with liquid hydrogen and be properly trained, as applicable, to operate or maintain the equipment. Training shall be arranged to cover those aspects and potential hazards that the particular operator is likely to encounter.

10.2 Training shall cover, but not necessarily be confined to, the following subjects: 

a) Potential hazards of liquid hydrogen;

b) Site safety regulations;

c) Emergency procedures;

d) Use of firefighting equipment;

e) Use of protective clothing/apparatus including breathing sets where applicable; and

f) First aid treatment for cryogenic burns. 

10.3 In addition, individuals shall receive specific training in the activities for which they are employed. 

10.4 It is recommended that the training be carried out under a formalized system and that records be kept of the training given and where possible, some indication of the results obtained, in order to show where further training is required. 

10.5 The training programme should make provision for refresher courses on a periodic basis and for changes of site personnel.

10.6 Safety in handling liquid hydrogen depends upon the effectiveness of employee education, training and supervision. The education and training of employees to work safely and to use the personal protective equipment and other safeguards provided for them is a responsibility of supervisor. Employee education and training should emphasize the need of safely handling liquid hydrogen according to the methods outlined in the manual, in order to avoid spilling or splashing, leaks, burns, inhalation of the vapour of burning material, or ingestion. Unauthorized and untrained employees should not be permitted in areas where liquid hydrogenis being handled. 

10.7 Before being placed on the job, all new employees should be instructed and trained to maintain a high degree of safety in handling procedures. Older employees should be re-instructed and trained periodically.

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 First Aid

11.1.1 General Principles

Remove victim to uncontaminated area wearing self-contained breathing apparatus. Keep victim warm and rested. Call a doctor. Apply artificial respiration if breathing stopped.

11.1.2 Contact with Skin 

In case of frostbite, obtain medical treatment immediately. Wash frost-bitten areas with plenty of water. Do not remove clothing. Cover wound with sterile dressing. Do not rub frozen parts as tissue damage may result. As soon as practical, place the affected area in a warm water bath- which has a temperature not to exceed 40 °C (105 °F).

11.1.3 Contact with Eyes 

In the case of contact with eyes, rinse immediately with plenty of water and seek medical advice. Keep eye wide open while rinsing. Seek medical advice.

11.1.4 Ingestion 

Ingestion is not considered a potential route of exposure.

11.1.5 Inhalation 

Move to fresh air. In case of shortness of breath, give oxygen. If breathing has stopped, give assisted respirations. Supplemental oxygen may be indicated. If the heart has stopped, trained personnel should begin cardiopulmonary resuscitation immediately.
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FOREWORD

This Indian Standard (Part 6) (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Quality Sectional Committee had been approved by the Chemical Division Council. 

Handling liquid krypton safely is largely a matter of knowing its properties and using suitable procedures based on that knowledge. There are number of general precautions and safe practices which shall have to be observed because of extremely low temperatures and high rates of conversion into gas of the liquid krypton mentioned in this standard. There are also certain specific precautions which shall have to be followed where a particular liquid may react with contaminants or may present a hazard to life. 

The elimination of accidents is vital to public interest. Accidents produce social and economic loss and impair individual or group productivity. Realization of this loss has led the authorities to devote a good deal of attention to safety education. Apart from general precautions, some typical precautions are required to be taken during manufacture, storage and handling of liquid krypton. The standard also prescribes safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety. This standard is intended to guide the users in the recognition of these hazards and in establishing safe handling procedures. 

BIS has published a standard IS 5931: 1970 ‘Code of Safety for Handling of Cryogenic Liquids’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to restructure it by splitting into various parts based on type of cryogenic liquids.

This (Part 6) prescribes a code of safety concerning hazards relating to liquid krypton. It describes the properties and essential information for the safe handling and use of liquid krypton, safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety.

Under general title ‘Cryogenic liquid — Code Of Safety’ this standard is being published in several other parts. The other parts of this standard are as following:

Part 1 Liquid Oxygen (first revision)

Part 2 Liquid Nitrogen (first revision)

Part 3 Liquid Argon (first revision)

Part 4 Liquid Helium (first revision)

Part 5 Liquid Hydrogen (first revision)

Part 7 Liquid Neon (first revision)

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals.





















Indian Standard

CRYOGENIC LIQUID — CODE OF SAFETY 

PART 6 LIQUID KRYPTON

(First Revision)

1 SCOPE

1.1 This code describes the properties of krypton, the nature of hazards associated with it and the essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repair of containers, training of personnel, selection of personal protective equipment and first aid. 

1.2 This code does not deal with the specifications for design of buildings, chemical engineering plants, storage vessels and equipment for operations control and waste disposal.

2 REFERENCES 

The standards given below 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 standards given at below:

		IS No.

		Title



		IS 1260 (Part 1): 1973

		Pictorial marking for handling and labelling of goods: Part 1 Dangerous Goods



		IS 2925: 1984

		Specification for industrial safety helmets (second revision)



		IS 4155: 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		IS 8520: 2023

		Guide for selection of industrial safety equipment for eye, face and ear protection



		IS 15298 (Part 2) : 2016/

ISO 20345: 2011

		Personal protective equipment: Part 2 safety footwear (second revision)





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES 

4.1 General Information 	

4.1.1 Krypton  is a colorless and odorless inert gas and make up to 1 ppm of the earth’s atmosphere. It offers longer life spans and greater illumination for lighting in halogen bulbs. It is used as measurement tool using a radioactive isotope to determine decay rates.

4.1.2 Chemical Name - Krypton 

4.1.3 Common Name & Synonyms - Kr

4.1.4 Uses 

Krypton is most commonly used in its gaseous state. Krypton is a colorless and odorless inert gas and make up to 1 ppm of the earth’s atmosphere. It offers longer life spans and greater illumination for lighting in halogen bulbs. It is used as measurement tool using a radioactive isotope to determine decay rates.

 4.2 Identification  

4.2.1 Formula – Kr

4.2.2 CAS Number - 7439-90-9

4.2.3 UN Number - 1056

4.2.4 UN Class - 2.2

4.3 Physical Properties

4.3.1 General 

Krypton is colorless, odorless, non-flammable, oxidizing and extremely cold.

4.3.2 Molecular Mass — 83.798 gm/mol 

4.3.3 Physical State — gas

4.3.4 Colour — colorless

4.3.5 Odour — odorless

4.3.6 Boiling Point — (-) 153.4 °C

4.3.7 Melting Point — (-) 157.2 °C

4.3.8 Gas Density (Air=1) — 2.9 (air = 1) Heavier than air. 

4.3.9 Solubility in Water — 221 mg/l.

4.4 Chemical Properties

4.4.1 Reactivity 

Krypton is highly chemically unreactive gas but reacts violently with fluorine.

4.4.2 Polymerization – Under normal conditions of storage and use, hazardous decomposition products are not produced.

4.4.5 Incompatible Materials — No data available.

4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature – Not Available

4.5.2 Auto Ignition Temperature – Not Available

4.5.3 Flash Point – Not Available

4.5.4 Upper Explosive Limit - Not Available

4.5.5 Lower Explosive Limit - Not Available

4.5.6 Fire Risk — Not Available



5 HEALTH HAZARD & TOXICITY INFORMATION



5.1 General Information

5.2 Routes of entry 



5.2.1 Skin 

No potential harm to skin. On contact with the expanding gas may cause frostbite to unprotected skin. It can asphyxiate by displacement of air 

5.2.2 Eyes

On exposure to krypton there is no harmful impact on eyes. On contact with rapidly expanding gas may cause burns or frostbite.

5.2.3 Ingestion

An unlikely route of exposure. 

5.2.4 Inhalation

Asphyxiation due to lack of oxygen. Moderate concentration may cause headache, drowsiness, dizziness, excitation, excess salivation, vomiting, and unconsciousness. Lack of oxygen can kill.

5.4 Antidote

No antidote for krypton poisoning. Treat symptomatically. Contact poison treatment specialist immediately if large quantities have been inhaled.

6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use 

While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation and intelligent conduct on the part of employees working with krypton it is in many instances the only practical means of protecting the worker, particularly in emergency situations. Personal protective equipment protects only the worker wearing it, and other unprotected workers in the area maybe exposed to danger. 

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

Eyes are most sensitive to the rapidly expanding krypton and its vapors. The recommended personal protective equipment when handling or using krypton is a full face shield over safety goggles (see IS 8520) necessary to avoid exposure to liquid splashes, mists, gases or dusts.



6.2.2 Head Protection

Safety helmet with face shield is recommended while handling the krypton (see IS 2925).

6.2.3 Foot and leg Protection 

Safety shoes are recommended when handling cylinders (see IS 15298 (Part 2)).

6.2.4 Body, Skin and Hand Protection

6.2.4.1 Wear work gloves when handling gas containers. If the operation involves possible exposure to a cryogenic liquid, wear loose fitting thermal insulated or cryo-gloves. 

6.2.4.2 Never allow any unprotected part of the body to touch uninsulated pipes or vessels which contain cryogenic fluids. The extremely cold metal will cause the flesh to stick fast and tear when one attempts to withdraw from it. Safety shoes are recommended when handling cylinders

6.3 Respiratory Equipment

Severe exposure to krypton may occur in tanks during equipment cleaning and repairs, during decontamination of areas following spills, or in case of failure of piping or equipment. Employees who may be subject to such exposures should be provided with proper respiratory protection.

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

Krypton should be stored away from the direct sunlight in a dry, cool and well-ventilated area away from the incompatible material.

7.2 Storage	

7.2.1 Do not change or force fit connections. 

7.2.2 Always keep container in upright position. 

7.2.3 Close valve after each use and when empty. 

7.2.4 Use insulated hose and piping to prevent condensation of oxygen-rich liquid air. Use a back flow preventative device in the piping. 

7.2.5 Do not allow storage temperature to exceed 52 °C (125 °F). Containers should be stored in a purpose build compound which should be well ventilated, preferably in the open air. 

7.2.6 Full containers should be stored so that oldest stock is used first. Do not store in a confined space. Full and empty cylinders should be segregated. Store containers in location free from fire risk and away from sources of heat and ignition. 

7.2.7 Return empty containers in a timely manner. Stored containers should be periodically checked for general condition and leakage. Protect containers stored in the open against rusting and extremes of weather. 

7.2.8 Containers should not be stored in conditions likely to encourage corrosion. Cryogenic containers are equipped with pressure relief devices to control internal pressure. Under normal conditions these containers will periodically vent product. All vents should be piped to the exterior of the building. Observe all regulations and local requirements regarding storage of containers.

7.3 Handling

7.3.1 Krypton shall be stored and used only in a well-ventilated place. If enough krypton gas evaporates from the liquid in an unventilated space, the percentage of oxygen in the air may become dangerously low making anybody present there, symptoms, such as dizziness, unconscious without any warning. Remaining in this atmosphere long enough may become fatal. 

7.3.2 Krypton build-up is most likely to occur when a room is closed, overnight for example. If there is any doubt about the amount of oxygen in a room, the room shall be ventilated completely before entering it. Waste krypton shall not be disposed of in a confined area or a place where someone else may enter.

7.3.3 Krypton is colder than liquid oxygen. Therefore, if it is exposed to the air, oxygen from the air may condense into the liquid krypton. If this is allowed to continue for any length of time, the oxygen content of the krypton may become appreciable and the liquid will require the same precautions as for handling liquid krypton. However, most liquid krypton containers are entirely closed except for a small neck area and the krypton gas issuing from the surface of the liquid forms a barrier which keeps air away from the liquid and prevents oxygen contamination.

7.3.4 Before entering any large liquid krypton storage tank, it shall be made sure that all pipes to the tank are blanked or positively closed off. The tank shall then be purged with air. If a check with instruments shows that the atmosphere normal air, it shall be safe to enter. Unless all lines are physically isolated, inside atmosphere shall be checked frequently with instruments during work. If, for any reason, the supply of fresh air in the tank is doubtful, breathing apparatus shall be used with its own supply of oxygen or air. Whenever anybody enters a tank, he should make sure that he is equipped with a life line and that an observer is stationed outside to check on his reactions while working. It is a good practice to have the ventilating equipment rapidly changing the air in tanks at all times when personnel are working inside them.

7.3.5 Only experienced and properly instructed persons should handle compressed gases/cryogenic liquids. 

7.3.6 Do not remove or deface labels provided by the supplier for the identification of the cylinder contents. 

7.3.7 Before connecting the container, check the complete gas system for suitability, particularly for pressure rating and materials. 

7.3.8 Before connecting the container for use, ensure that back feed from the system into the container is prevented. Close container valve after each use and when empty, even if still connected to equipment. Never attempt to repair or modify container valves or safety relief devices. Damaged valves should be reported immediately to the supplier. 

7.3.9 If user experiences any difficulty operating cylinder valve discontinue use and contact supplier. Do not remove or interchange connections. Ensure the complete gas system has been checked for leaks before use. Prevent entrapment of cryogenic liquid in closed systems not protected with relief device. A small quantity of liquid produces large volumes of vaporized gas at atmospheric pressure. 

7.3.10 Containers used in shipment, storage, and transfer of cryogenic liquid are specially designed, well-insulated containers equipped with a pressure relief device and valves to control pressure. Under normal conditions, these containers will periodically vent product to limit pressure buildup. Ensure that the container is in a well–ventilated area to avoid creating an oxygen–deficient atmosphere. 

7.3.11 Use adequate pressure relief in systems and piping to prevent pressure buildup; liquid in a closed container can generate extremely high pressures when vaporized by warming. Employ suitable pressure regulating devices on all containers when the gas is being emitted to systems with lower pressure rating than that of the container. Only transfer lines designed for cryogenic liquids shall be used. 

7.3.12 Do not subject containers to abnormal mechanical shock. When moving cylinders, even for short distances, use a cart (trolley, hand truck, etc.) designed to transport cylinders. When doubt exists as to the correct handling procedure for a particular gas, contact the supplier. 

7.3.13 Krypton is extremely cold. Cryogenic liquids and their vapours can rapidly freeze human tissue and can cause many common materials such as carbon steel, rubber, and plastics to become brittle or even break under stress. 

7.3.14 Krypton is extremely cold. Cryogenic liquids and their vapours can rapidly freeze human tissue and can cause many common materials such as carbon steel, rubber, and plastics to become brittle or even break under stress. 

7.3.15 All cryogenic liquids produce large volumes of gas when they vaporize. A cryogenic liquid cannot be indefinitely maintained as a liquid, even in well-insulated containers.

7.3.16 Always handle cryogenic liquids carefully. Their extremely low temperatures can produce cryogenic burns of the skin and freeze underlying tissue.

7.3.17 When spilled on a surface, they tend to spread as far as the quantity of liquid spilled and the physical confines of the area permit. 

7.3.18 They can cool large areas. The vapors coming from these liquids are also extremely cold and can produce burns.



7.4 Labelling

7.4.1 Each container (including tankers) should carry an identifying label or stencil as depicted in Fig. 2 in IS 1260 (Part 1). The storage containers shall be labelled or marked to identify as follows:

a) Contents of the container;

b) Name and address of the manufacturer or importer of the hazardous chemical; and

c) Physical, chemical and toxicological data as per the criteria given in the relevant schedule of the Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

7.4.2 Manufacturers name with label warnings required by regulations or ordinances form part of the label or placard.

7.5 Transport

7.5.1 The vessel for transporting shall always be fitted with adequate relief devices. General precautions to be observed for both full and empty vessels are as follows: 

a) Container shall be kept vertical. 

b) Containers are not to be rolled-on a tilted axis (milk churning ). 

c) Sudden mechanical shocks shall be avoided. 

d) Immediately before transport, it should be made sure that the vents are free from blockage and that the relief devices are in working order. 

e) If the container is of the type which requires liquid nitrogen shielding, it should be ensured that the liquid nitrogen reservoir is full. 

f) It should be ensured that gas is following from the vent immediately after the filled vessels are received and daily thereafter. 

g) With containers of the liquid nitrogen jacketed type, liquid nitrogen reservoir is to be topped up daily. 

h) Proper filling and transfer tube equipment shall be used. 

i) A brass or copper rod shall be kept available for freeing any solid gas blockage. To use, slide the rod gently down to the plugged area, exerting only sufficient force to free the obstruction. 

j) Recipients of krypton should designate staff familiar with liquid handling techniques to be responsible for ensuring that correct handling procedures are adopted. 

k) In any unusual emergency, the krypton suppliers shall be contacted immediately. 

7.5.2 Driver

Only driver trained in handling should be employed for transportation of krypton.  Driver should carry TREM card, material Safety Data Sheet and other legal documents for safety needs when vehicle is on road.



8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

All personnel attending to spill/leak should use proper personal protective equipment and firefighting equipment while handling.

8.2 Spillage

8.2.1 Evacuate personnel to safe areas. Ventilate the area. Monitor oxygen level. Wear self-contained breathing apparatus when entering area unless atmosphere is proved to be safe. 

8.2.2 Prevent further leakage or spillage. Prevent from entering sewers, basements and work-pits, or any place where its accumulation can be dangerous. Do not discharge into any place where its accumulation could be dangerous.

8.2.3 Ventilate the area. 

8.2.4 If possible, stop flow of product. Increase ventilation to the release area and monitor oxygen level. Vapor cloud may obscure visibility. Do not spray water directly at leak. If leak is from cylinder or cylinder valve, call the emergency telephone number. If the leak is in the user's system, close the cylinder valve and safely vent the pressure before attempting repairs. 

8.3 Waste Disposal

8.3.1 Return unused product in original cylinder to supplier. Contact supplier if guidance is required.

8.3.2 Small amounts may be allowed to evaporate into the atmosphere. In case of large spills consult an expert and allow evaporation. Large amounts should only be handled by gas supplier. 

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 Krypton is non-flammable.

9.2 Krypton cannot catch fire. Use appropriate media for arresting fire.

9.3 Evacuate all personnel from danger area. Immediately de-lunge cylinders with water from maximum distance until cool, then move them away from fire area, if without any risk. Self-contained breathing apparatus may be required by rescue workers.

9.4 Krypton cannot catch fire. Heat of fire can build pressure in cylinder and cause it to rupture. No part of cylinder should be subjected to a temperature higher than 52 °C. Krypton cylinders are equipped with a pressure relief device.

10 TRAINING

10.1 All personnel directly involved in the commissioning, operation and maintenance of krypton storage systems shall be fully informed regarding the hazards associated with krypton and oxygen deficient and be properly trained, as applicable, to operate or maintain the equipment. Training shall be arranged to cover those aspects and potential hazards that the particular operator is likely to encounter.

10.2 Training shall cover, but not necessarily be confined to, the following subjects: 

a) Potential hazards of krypton;

b) Site safety regulations;

c) Emergency procedures;

d) Use of firefighting equipment;

e) Use of protective clothing/apparatus including breathing sets where applicable; and

f) First aid treatment for cryogenic burns. 

10.3 In addition, individuals shall receive specific training in the activities for which they are employed. 

10.4 It is recommended that the training be carried out under a formalized system and that records be kept of the training given and where possible, some indication of the results obtained, in order to show where further training is required. 

10.5 The training programme should make provision for refresher courses on a periodic basis and for changes of site personnel.

10.6 Safety in handling krypton depends upon the effectiveness of employee education, training and supervision. The education and training of employees to work safely and to use the personal protective equipment and other safeguards provided for them is a responsibility of supervisor. Employee education and training should emphasize the need of safely handling krypton according to the methods outlined in the manual, in order to avoid spilling or splashing, leaks, burns, inhalation of the vapor of burning material, or ingestion. Unauthorized and untrained employees should not be permitted in areas where krypton is being handled. 

10.7 Before being placed on the job, all new employees should be instructed and trained to maintain a high degree of safety in handling procedures. Older employees should be re-instructed and trained periodically.

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 First Aid

11.1.1 Contact with Skin

Flush contaminated skin with plenty of water. Remove contaminated clothing and shoes. Get medical attention if symptoms occur. Wash clothing before reuse. Clean shoes thoroughly before reuse.

11.1.2 Contact with Eyes

Immediately flush eyes with plenty of water, occasionally lifting the upper and lower eyelids. Check for and remove any contact lenses. Continue to rinse for at least 10 min. Get medical attention if irritation occurs.

11.1.3 Ingestion

An unlikely route of exposure. This product is a gas at normal temperature.

11.1.4 Inhalation

Remove victim to fresh air and keep at rest in a position comfortable for breathing. If not breathing, if breathing is irregular or if respiratory arrest occurs, provide artificial respiration or oxygen by trained personnel. It may be dangerous to the person providing aid to give mouth-to-mouth resuscitation. Get medical attention if adverse health effects persist or are severe. If unconscious, place in recovery position and get medical attention immediately. Maintain an open airway. Loosen tight clothing such as a collar, tie, belt or waistband.
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FOREWORD

This Indian Standard (Part 7) (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Quality Sectional Committee had been approved by the Chemical Division Council. 

Handling liquid neon safely is largely a matter of knowing their properties and using suitable procedures based on that knowledge. There arena number of general precautions and safe practices which shall have to be observed because of extremely low temperatures and high rates of conversion into gas of the liquid neon mentioned in this standard. There are also certain specific precautions which shall have to be followed where a particular liquid may react with contaminants or may present a hazard to life. 

The elimination of accidents is vital to public interest. Accidents produce social and economic loss and impair individual or group productivity. Realization of this loss has led the authorities to devote a good deal of attention to safety education. Apart from general precautions, some typical precautions are required to be taken during manufacture, storage and handling of liquid neon. The standard also prescribes safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety. This standard is intended to guide the users in the recognition of these hazards and in establishing safe handling procedures. 

BIS has published a standard IS 5931: 1970 ‘Code of Safety for Handling of Cryogenic Liquids’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to restructure it by splitting into various parts based on type of cryogenic liquids.

This (Part 7) prescribes a code of safety concerning hazards relating to liquid neon. It describes the properties and essential information for the safe handling and use of liquid neon, safety measures for controlling hazards and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety.

Under general title ‘Cryogenic liquid — Code Of Safety’ this standard is being published in several other parts. The other parts of this standard are as following:

Part 1 Liquid Oxygen (first revision)

Part 2 Liquid Nitrogen (first revision)

Part 3 Liquid Argon (first revision)

Part 4 Liquid Helium (first revision)

Part 5 Liquid Hydrogen (first revision)

Part 6 Liquid Krypton (first revision)

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals.















Indian Standard

CRYOGENIC LIQUID — CODE OF SAFETY

PART 7 LIQUID NEON

(First Revision)

1 SCOPE

1.1 This code describes the properties of neon, the nature of hazards associated with it and the essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repair of containers, training of personnel, selection of personal protective equipment and first aid. 

1.2 This code does not deal with the specifications for design of buildings, chemical engineering plants, storage vessels and equipment for operations control and waste disposal.

2 REFERENCES 

The standards given below 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 standards given at below:

		IS No.

		IS Title



		IS 1260 (Part 1) : 1973

		Pictorial marking for handling and labelling of goods Part 1 Dangerous goods (first revision)



		IS 2925 : 1984

		Specification for industrial safety helmets (second revision)



		IS 4155 : 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		IS 8520 : 2023

ISO 19734 : 2021

		Eye and face protection — Guidance on selection, use, and maintenance (first revision)



		IS 15298 (Part 2) : 2024

ISO 20345: 2011

		Personal Protective Equipment Part 2 Safety Footwear (ISO 20345 : 2021, MOD) (third revision)





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES

4.1 General Information 	

4.1.1 Neon is a colorless and odorless inert gas and make up to 1 ppm of the earth’s atmosphere. Neon is also used to make high-voltage indicators and switching gear, lightning arresters, diving equipment and lasers. Liquid neon is an important cryogenic refrigerant. It has over 40 times more refrigerating capacity per unit volume than liquid helium, and more than 3 times that of liquid hydrogen.

4.1.2 Chemical Name - Neon

4.1.2 Common Name & Synonyms - Ne

4.1.3 Uses 

The largest use of neon is in making the ubiquitous ‘neon signs’ for advertising. In a vacuum discharge tube neon glows a reddish orange colour. Only the red signs actually contain pure neon. Others contain different gases to give different colours. Neon is also used to make high-voltage indicators and switching gear, lightning arresters, diving equipment and lasers.  

4.2 Identification  

4.2.1 Formula – Ne

4.2.2 CAS Number – 7440-01-9

4.2.3 UN Number - 1065

4.2.4 UN Class - 2.2

4.3 Physical Properties

4.3.1 General 

Neon is colorless, odorless gas.

4.3.2 Molecular Mass — 20.18 gm/mol 

4.3.3 Physical State — gas

4.3.4 Colour — colorless

4.3.5 Odour — odorless

4.3.6 Boiling Point — (-) 248.7 °C

4.3.7 Melting Point — (-)246.1°C

4.3.8 Gas Density (Air=1) — 0.69 (air = 1) 

4.3.9 Solubility in Water —No data available.

4.4 Chemical Properties

4.4.1 Reactivity — No data available

4.4.2 Polymerization – Under normal conditions of storage and use, hazardous polymerization will not occur.

4.4.3 Incompatible Materials — No data available.

5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information

The most common way neon gas can be harmful is through inhalation. When inhaled in large quantities, neon gas can displace oxygen in the lungs and cause asphyxiation. This can occur in enclosed spaces with a build up of neon gas, such as a poorly ventilated room where a neon light has been damaged. In such cases, it is essential to evacuate the area immediately and seek medical attention if necessary.

5.2 Routes of entry 

5.2.1 Skin 

No potential harm to skin. On contact with the expanding gas may cause frostbite to unprotected skin. It can asphyxiate by displacement of air 

5.2.2 Eyes

On exposure to neon there is no harmful impact on eyes. On contact with rapidly expanding gas may cause burns or frostbite.

5.2.3 Ingestion

An unlikely route of exposure. 

5.2.4 Inhalation

Asphyxiation due to lack of oxygen. Moderate concentration may cause headache, drowsiness, dizziness, excitation, excess salivation, vomiting, and unconsciousness. Lack of oxygen can kill.

5.3 Antidote

No antidote for neon poisoning. Treat symptomatically. Contact poison treatment specialist immediately if large quantities have been inhaled.



6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use 

While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation and intelligent conduct on the part of employees working with Neon it is in many instances the only practical means of protecting the worker, particularly in emergency situations. Personal protective equipment protects only the worker wearing it, and other unprotected workers in the area maybe exposed to danger. 

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

Eyes are most sensitive to the rapidly expanding Neon and its vapors. The recommended personal protective equipment when handling or using Neon is a full face shield over safety goggles (see IS 8520) necessary to avoid exposure to liquid splashes, mists, gases or dusts.



6.2.2 Head Protection

Safety helmet with face shield is recommended while handling the Neon (see IS 2925).

6.2.3 Foot and leg Protection 

Safety shoes are recommended when handling cylinders (see IS 15298 (Part 2)).

6.2.4 Body, Skin and Hand Protection

6.2.4.1 Wear work gloves when handling gas containers. If the operation involves possible exposure to a cryogenic liquid, wear loose fitting thermal insulated or cryo-gloves. 

6.2.4.2 Never allow any unprotected part of the body to touch uninsulated pipes or vessels which contain cryogenic fluids. The extremely cold metal will cause the flesh to stick fast and tear when one attempts to withdraw from it. Safety shoes are recommended when handling cylinders

6.3 Respiratory Equipment

Severe exposure to Neon may occur in tanks during equipment cleaning and repairs, during decontamination of areas following spills, or in case of failure of piping or equipment. Employees who may be subject to such exposures should be provided with proper respiratory protection.

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

Neon should be stored away from the direct sunlight in a dry, cool and well-ventilated area away from the incompatible material.

7.2 Storage	

7.2.1 Do not change or force fit connections. 

7.2.2 Always keep container in upright position. 

7.2.3 Close valve after each use and when empty. 

7.2.4 Use insulated hose and piping to prevent condensation of oxygen-rich liquid air. Use a back flow preventative device in the piping. 

7.2.5 Do not allow storage temperature to exceed 52 °C (125 °F). Containers should be stored in a purpose build compound which should be well ventilated, preferably in the open air. 

7.2.6 Full containers should be stored so that oldest stock is used first. Do not store in a confined space. Full and empty cylinders should be segregated. Store containers in location free from fire risk and away from sources of heat and ignition. 

7.2.7 Return empty containers in a timely manner. Stored containers should be periodically checked for general condition and leakage. Protect containers stored in the open against rusting and extremes of weather. 

7.2.8 Containers should not be stored in conditions likely to encourage corrosion. Cryogenic containers are equipped with pressure relief devices to control internal pressure. Under normal conditions these containers will periodically vent product. All vents should be piped to the exterior of the building. Observe all regulations and local requirements regarding storage of containers.

7.3 Handling

7.3.1 Neon shall be stored and used only in a well-ventilated place. If enough Neon gas evaporates from the liquid in an unventilated space, the percentage of oxygen in the air may become dangerously low making anybody present there, symptoms, such as dizziness, unconscious without any warning. Remaining in this atmosphere long enough may become fatal. 

7.3.2 Neon build-up is most likely to occur when a room is closed, overnight for example. If there is any doubt about the amount of oxygen in a room, the room shall be ventilated completely before entering it. Waste Neon shall not be disposed of in a confined area or a place where someone else may enter.

7.3.3 Neon is colder than liquid oxygen. Therefore, if it is exposed to the air, oxygen from the air may condense into the liquid Neon. If this is allowed to continue for any length of time, the oxygen content of the Neon may become appreciable and the liquid will require the same precautions as for handling liquid Neon. However, most liquid Neon containers are entirely closed except for a small neck area and the Neon gas issuing from the surface of the liquid forms a barrier which keeps air away from the liquid and prevents oxygen contamination.

7.3.4 Before entering any large liquid neon storage tank, it shall be made sure that all pipes to the tank are blanked or positively closed off. The tank shall then be purged with air. If a check with instruments shows that the atmosphere normal air, it shall be safe to enter. Unless all lines are physically isolated, inside atmosphere shall be checked frequently with instruments during work. If, for any reason, the supply of fresh air in the tank is doubtful, breathing apparatus shall be used with its own supply of oxygen or air. Whenever anybody enters a tank, he should make sure that he is equipped with a life line and that an observer is stationed outside to check on his reactions while working. It is a good practice to have the ventilating equipment rapidly changing the air in tanks at all times when personnel are working inside them.

7.3.5 Only experienced and properly instructed persons should handle compressed gases/cryogenic liquids. 

7.3.6 Do not remove or deface labels provided by the supplier for the identification of the cylinder contents. 

7.3.7 Before connecting the container, check the complete gas system for suitability, particularly for pressure rating and materials. 

7.3.8 Before connecting the container for use, ensure that back feed from the system into the container is prevented. Close container valve after each use and when empty, even if still connected to equipment. Never attempt to repair or modify container valves or safety relief devices. Damaged valves should be reported immediately to the supplier. 

7.3.9 If user experiences any difficulty operating cylinder valve discontinue use and contact supplier. Do not remove or interchange connections. Ensure the complete gas system has been checked for leaks before use. Prevent entrapment of cryogenic liquid in closed systems not protected with relief device. A small quantity of liquid produces large volumes of vaporized gas at atmospheric pressure. 

7.3.10 Containers used in shipment, storage, and transfer of cryogenic liquid are specially designed, well-insulated containers equipped with a pressure relief device and valves to control pressure. Under normal conditions, these containers will periodically vent product to limit pressure buildup. Ensure that the container is in a well–ventilated area to avoid creating an oxygen–deficient atmosphere. 

7.3.11 Use adequate pressure relief in systems and piping to prevent pressure buildup; liquid in a closed container can generate extremely high pressures when vaporized by warming. Employ suitable pressure regulating devices on all containers when the gas is being emitted to systems with lower pressure rating than that of the container. Only transfer lines designed for cryogenic liquids shall be used. 

7.3.12 Do not subject containers to abnormal mechanical shock. When moving cylinders, even for short distances, use a cart (trolley, hand truck, etc.) designed to transport cylinders. When doubt exists as to the correct handling procedure for a particular gas, contact the supplier. 

7.3.13 Neon is extremely cold. Cryogenic liquids and their vapours can rapidly freeze human tissue and can cause many common materials such as carbon steel, rubber, and plastics to become brittle or even break under stress. 

7.3.14 All cryogenic liquids produce large volumes of gas when they vaporize. A cryogenic liquid cannot be indefinitely maintained as a liquid, even in well-insulated containers.

7.3.15 Always handle cryogenic liquids carefully. Their extremely low temperatures can produce cryogenic burns of the skin and freeze underlying tissue.

7.3.16 When spilled on a surface, they tend to spread as far as the quantity of liquid spilled and the physical confines of the area permit. 

7.3.17 They can cool large areas. The vapors coming from these liquids are also extremely cold and can produce burns.



7.4 Labelling

7.4.1 Each container (including tankers) should carry an identifying label or stencil as depicted in Fig. 2 in IS 1260 (Part 1). The storage containers shall be labelled or marked to identify as follows:

a) Contents of the container;

b) Name and address of the manufacturer or importer of the hazardous chemical; and

c) Physical, chemical and toxicological data as per the criteria given in the relevant schedule of the Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

7.4.2 Manufacturers name with label warnings required by regulations or ordinances form part of the label or placard.

7.5 Transport

7.5.1 The vessel for transporting shall always be fitted with adequate relief devices. General precautions to be observed for both full and empty vessels are as follows: 

a) Container shall be kept vertical. 

b) Containers are not to be rolled-on a tilted axis (milk churning). 

c) Sudden mechanical shocks shall be avoided. 

d) Immediately before transport, it should be made sure that the vents are free from blockage and that the relief devices are in working order. 

e) If the container is of the type which requires liquid nitrogen shielding, it should be ensured that the liquid nitrogen reservoir is full. 

f) It should be ensured that gas is following from the vent immediately after the filled vessels are received and daily thereafter. 

g) With containers of the liquid nitrogen jacketed type, liquid nitrogen reservoir is to be topped up daily. 

h) Proper filling and transfer tube equipment shall be used. 

i) A brass or copper rod shall be kept available for freeing any solid gas blockage. To use, slide the rod gently down to the plugged area, exerting only sufficient force to free the obstruction. 

j) Recipients of Neon should designate staff familiar with liquid handling techniques to be responsible for ensuring that correct handling procedures are adopted. 

k) In any unusual emergency, the Neon suppliers shall be contacted immediately. 

7.5.2 Driver

Only driver trained in handling should be employed for transportation of Neon.  Driver should carry TREM card, material Safety Data Sheet and other legal documents for safety needs when vehicle is on road.



8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

All personnel attending to spill/leak should use proper personal protective equipment and firefighting equipment while handling.

8.2 Spillage

8.2.1 Evacuate personnel to safe areas. Ventilate the area. Monitor oxygen level. Wear self-contained breathing apparatus when entering area unless atmosphere is proved to be safe. 

8.2.2 Prevent further leakage or spillage. Prevent from entering sewers, basements and work-pits, or any place where its accumulation can be dangerous. Do not discharge into any place where its accumulation could be dangerous.

8.2.3 Ventilate the area. 

8.2.4 If possible, stop flow of product. Increase ventilation to the release area and monitor oxygen level. Vapor cloud may obscure visibility. Do not spray water directly at leak. If leak is from cylinder or cylinder valve, call the emergency telephone number. If the leak is in the user's system, close the cylinder valve and safely vent the pressure before attempting repairs. 

8.3 Waste Disposal

8.3.1 Return unused product in original cylinder to supplier. Contact supplier if guidance is required.

8.3.2 Small amounts may be allowed to evaporate into the atmosphere. In case of large spills consult an expert and allow evaporation. Large amounts should only be handled by gas supplier. 

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 Neon is non-flammable.

9.2 Neon cannot catch fire. Use appropriate media for arresting fire.

9.3 Evacuate all personnel from danger area. Immediately de-lunge cylinders with water from maximum distance until cool, then move them away from fire area, if without any risk. Self-contained breathing apparatus may be required by rescue workers.

9.4 Neon cannot catch fire. Heat of fire can build pressure in cylinder and cause it to rupture. No part of cylinder should be subjected to a temperature higher than 52 °C. Neon cylinders are equipped with a pressure relief device.

10 TRAINING

10.1 All personnel directly involved in the commissioning, operation and maintenance of Neon storage systems shall be fully informed regarding the hazards associated with helium and oxygen deficient and be properly trained, as applicable, to operate or maintain the equipment. Training shall be arranged to cover those aspects and potential hazards that the particular operator is likely to encounter.

10.2 Training shall cover, but not necessarily be confined to, the following subjects: 

a) Potential hazards of Neon;

b) Site safety regulations;

c) Emergency procedures;

d) Use of firefighting equipment;

e) Use of protective clothing/apparatus including breathing sets where applicable; and

f) First aid treatment for cryogenic burns. 

10.3 In addition, individuals shall receive specific training in the activities for which they are employed. 

10.4 It is recommended that the training be carried out under a formalized system and that records be kept of the training given and where possible, some indication of the results obtained, in order to show where further training is required. 

10.5 The training programme should make provision for refresher courses on a periodic basis and for changes of site personnel.

10.6 Safety in handling Neon depends upon the effectiveness of employee education, training and supervision. The education and training of employees to work safely and to use the personal protective equipment and other safeguards provided for them is a responsibility of supervisor. Employee education and training should emphasize the need of safely handling Neon according to the methods outlined in the manual, in order to avoid spilling or splashing, leaks, burns, inhalation of the vapor of burning material, or ingestion. Unauthorized and untrained employees should not be permitted in areas where Neon is being handled. 

10.7 Before being placed on the job, all new employees should be instructed and trained to maintain a high degree of safety in handling procedures. Older employees should be re-instructed and trained periodically.

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 First Aid

11.1.1 Contact with Skin

Flush contaminated skin with plenty of water. Remove contaminated clothing and shoes. Get medical attention if symptoms occur. Wash clothing before reuse. Clean shoes thoroughly before reuse.

11.1.2 Contact with Eyes

Immediately flush eyes with plenty of water, occasionally lifting the upper and lower eyelids. Check for and remove any contact lenses. Continue to rinse for at least 10 min. Get medical attention if irritation occurs.

11.1.3 Ingestion

An unlikely route of exposure. This product is a gas at normal temperature.

11.1.4 Inhalation

Remove victim to fresh air and keep at rest in a position comfortable for breathing. If not breathing, if breathing is irregular or if respiratory arrest occurs, provide artificial respiration or oxygen by trained personnel. It may be dangerous to the person providing aid to give mouth-to-mouth resuscitation. Get medical attention if adverse health effects persist or are severe. If unconscious, place in recovery position and get medical attention immediately. Maintain an open airway. Loosen tight clothing such as a collar, tie, belt or waistband.
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BUREAU OF INDIAN STANDARDS

Program of Work

CHD 7 : Chemical Hazards

Scope: To formulate Indian Standard for i) Terminology, methods of sampling and test , codes of
practices and guidelines relating to chemical hazards and Occupational Health and Safety
related to Chemicals , i1) Classification of hazardous chemicals and chemical hazards; iii)
Code of safety for operational hazards in Chemical industries and Chemical laboratories etc;
iv) Safety data sheets and cards for hazardous chemicals
Liaison:  ISO TC-336 (P): Laboratory design
Published Standards
S.No IS No. TITLE Reaffirm M-Y No. of Amds Eqv.
1 IS 10870 : 1984 Code of Safety for Hexane January, 2021 - Indigenous
Reviewed In : 2021
2 IS 10871 : 1984 | Code of Safety for Hydrzine and January, 2021 1 Indigenous
Reviewed In : 2021 Hydrazine Hydrate
Reaffirmed but not
taken up for revision
3 IS 10872 : 2023 Malathion Code of Safety (First - Indigenous
Revision)
4 IS 10920 : 1984 Code of Safety for Phosphorus January, 2021 1 Indigenous
Reviewed In : 2021 Trichloride
Reaffirmed but not
taken up for revision
5 IS11141:1984 | Code of Safety for Acrylonitrile January, 2021 1 Indigenous
Reviewed In : 2021
Reaffirmed but not
taken up for revision
6 IS 12033 : 1986 | Code of Safety for Dinitrotoluene January, 2021 1 Indigenous
Reviewed In : 2021 (Dnt)
Reaffirmed but not
taken up for revision
7 IS 12034 : 1986 Code of Safety for Methyl January, 2021 1 Indigenous
Reviewed In : 2021 Bromide
Reaffirmed but not
taken up for revision
8 IS 12035 : 1986 | Code of Safety in Microbiological January, 2021 1 Indigenous

Reviewed In : 2021

Laboratories

Downloaded by: SHUBHANJALI UMRAO, 70351, 23-09-2024 02:44:11






Reaffirmed but not
taken up for revision

9 IS 12141 : 1987 | Code of Safety for Methyl Ethyl January, 2021 Indigenous
Reviewed In : 2021 Ketone
Reaffirmed but not
taken up for revision

10 IS 12142 : 1987 Code of Safety for 1,1,1 - January, 2021 Indigenous
Reviewed In : 2021 Trichloro Ethane
Reaffirmed but not
taken up for revision

11 IS 12143 : 1987 Code of Safety for January, 2021 Indigenous
Reviewed In : 2021 Tetrachloroethane
Reaffirmed but not
taken up for revision

12 IS 13440 : 1992 | Methyl Chloride - Code of Safety December, 2023 Indigenous
Reviewed In : 2023
Reaffirmed but not
taken up for revision

13 IS 13441 : 1992 Ethyl ether - Code of safety December, 2018 Indigenous
Reviewed In : 2018
Reaffirmed but not
taken up for revision

14 IS 13442 : 1992 Trichloro Ethylene - Code of December, 2023 Indigenous
Reviewed In : 2023 Safety
Reaffirmed but not
taken up for revision

15 IS 13447 : 1992 | P - Nitro Aniline - Code of Safety December, 2023 Indigenous
Reviewed In : 2023
Reaffirmed but not
taken up for revision

16 IS 13910 : 1993 | Sulphur Dioxide - Code of Safety December, 2023 Indigenous
Reviewed In : 2023

17 IS 13911 : 1993 Sulphur - Code of Safety December, 2023 Indigenous
Reviewed In : 2023

18 IS 13914 : 1993 Perchlorates of Ammonium, December, 2023 Indigenous
Reviewed In : 2023 | Potassium and Sodium - Code of
Reaffirmed but not Safety
taken up for revision

19 IS 14165 : 1995 |Handling Carcinogenic Substances December, 2018 Indigenous
Reviewed In : 2018 - Code of Safety

20 IS 14200 : 1994 Hydrogen Peroxide - Code of May, 2022 Indigenous
Reviewed In : 2022 Safety

21 IS 1446 : 2024  |Classification of Dangerous Goods Indigenous

(Third Revision)
22 IS 14518 : 2023 Acetaldehyde - Code of Safety Indigenous
(First Revision)
23 IS 14572 : 2022 | Chloroform Code of Safety (First Indigenous
Revision)
24 IS 14631 : 1999 Styrene - Code of Safety January, 2021 Indigenous

Reviewed In : 2021
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25 IS 14814 : 2023 | Acetylene - Code of Safety (First Indigenous
Revision)
26 IS 14983 : 2022 | Phosphorous (White or Yellow) - Indigenous
Code of Safety (First Revision)
27 IS 14984 : 2001 1,3 - Butadiene - Code of Safety August, 2023 Indigenous
Reviewed In : 2023
28 IS 14985 : 2001 Methyl Acrylate and Ethyl August, 2023 Indigenous
Reviewed In : 2023 Acrylate - Code of Safety
29 IS 15200 : 2024 |Hydrogen Sulphide Code of Safety Indigenous
(First Revision)
30 IS 15201 : 2022 | Hydrogen- Code of Safety (First Indigenous
Revision)
31 IS 15465 : 2015 Gases and Gas Mixtures - January, 2021 Identical under dual
ISO 10156 : 2010 | Determination of Fire Potential numbering
Reviewed In : 2021 and Oxidizing Ability for the
ISO 10156 : 2010 [Selection of Cylinder Valve Outlets|
(First Revision)
32 IS 15548 : 2005 |Hydrofluorocarbon (HFC - 134a) - May, 2022 Indigenous
Reviewed In : 2022 Code of safety
33 IS 15656 : 2006 Hazard Identification and Risk September, 2023 Indigenous
Reviewed In : 2023 Analysis - Code of Practice
34 IS 15738 : 2007 [Stable Bleaching Powder - Code of September, 2023 Indigenous
Reviewed In : 2023 Safety
35 IS 16529 : 2022 [Determination of Toxicity of a Gas Identical under dual
ISO 10298: 2018 | or Gas Mixture (First Revision) numbering
ISO 10298: 2018
36 IS 17752 : 2021 Testing and Evaluation of Indigenous
Chemical Warfare Agent Detectors
— Code of Practice
37 IS 17889 : 2022 Material Safety Data Sheets - Indigenous
Guidelines
38 IS 17893 : 2023 Work Permit System - Code of Indigenous
Practice
39 IS 18099 : 2022 Sodium Hypochlorite - Code of Indigenous
Safety
40 IS 4155 : 2023 Glossary of Terms Relating to Indigenous
Chemical and Radiation Hazards
and Hazardous Chemicals (First
Revision)
41 IS 4209 : 2013 Chemical laboratories - Code of August, 2023 Indigenous
Reviewed In : 2023 safety (Second Revision)
42 IS 4262 : 2022 Sulphuric acid - Code of Safety Indigenous
(Second Revision)
43 IS 4263 : 1967 Code of Safety for Chlorine December, 2023 Indigenous
Reviewed In : 2023
44 IS 4264 : 2023  |Caustic Soda Code of Safety (First Indigenous
Revision)
45 IS 4312 : 1967 Code of Safety for Lead and its January, 2021 Indigenous
Reviewed In : 2021 Compounds
46 IS 4544 : 2000 Ammonia - Code of Safety (First May, 2022 Indigenous
Reviewed In : 2022 Revision)
47 IS 4560 : 2024 NITRIC ACID- CODE OF Indigenous
SAFETY First Revision
48 IS 4560 : 1968 Code of Safety for Nitric Acid September, 2023 Indigenous
Reviewed In : 2023
49 IS 4644 : 1968 Code of Safety for Benzene, December, 2023 Indigenous
Reviewed In : 2023 Toluene and Xylene
50 IS 4906 : 2017 | Radiochemical Laboratory - Code October, 2022 Indigenous

of Safety (First Revision)
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Reviewed In : 2022

51 IS 5184 : 1969 Code of Safety for Hydrofluoric January, 2021 Indigenous
Reviewed In : 2021 Acid
52 IS 5208 : 2024 ACETIC ACID - CODE OF Indigenous
SAFETY (First Revision)
53 IS 5302 : 1969 Code of Safety for Acetic January, 2021 Indigenous
Reviewed In : 2021 Anhydride
54 IS 5311 : 1969 Code of Safety for Carbon January, 2021 Indigenous
Reviewed In : 2021 Tetrachloride
55 IS 5685 : 1970 Code of safety for carbon January, 2021 Indigenous
Reviewed In : 2021 | disulphide (Carbon Bisulphide)
56 IS 5931 :1970 Code of safety for handling January, 2021 Indigenous
Reviewed In : 2021 cryogenic liquids
57 IS 6156 : 1971 Code of Safety for January, 2021 Indigenous
Reviewed In : 2021 Chlorosulphonic Acid
58 IS 6164 : 2023  |Hydrochloric Acid Code of Safety Indigenous
(First Revision)
59 IS 6269 : 1971  |Code of Safety for Ethylene Oxide January, 2021 Indigenous
Reviewed In : 2021
Reaffirmed but not
taken up for revision
60 IS 6270 : 2024 PHENOL a€” CODE OF Indigenous
SAFETY (First Revision)
61 IS 6818 : 1973 Code of Safety for Phosphoric January, 2021 Indigenous
Reviewed In : 2021 Acid
62 IS 6819 : 1973 Code of Safety for Calcium January, 2021 Indigenous
Reviewed In : 2021 Carbide
63 IS 6953 : 1973 Code of Safety for Bromine May, 2022 Indigenous
Reviewed In : 2022
64 IS 6954 : 1973 | Code of Safety for Caustic Potash January, 2021 Indigenous
Reviewed In : 2021
65 IS 7415 : 1974 Code of Safety for Aniline December, 2023 Indigenous
Reviewed In : 2023
66 IS 7420 : 1974 Code of Safety for Phthalic January, 2021 Indigenous
Reviewed In : 2021 Anhydride
67 IS 7444 : 1974 Code of Safety for Methanol December, 2023 Indigenous
Reviewed In : 2023
Reaffirmed but not
taken up for revision
68 IS 7445 : 2022 Acetone Code of Safety (First Indigenous
Revision)
69 IS 7812 : 1975 Code of Safety for Mercury January, 2021 Indigenous
Reviewed In : 2021
Reaffirmed but not
taken up for revision
70 IS 8185 : 1976 Code of Safety for Phosgene January, 2021 Indigenous
Reviewed In : 2021
71 IS 8388 : 1977 Code of Safety for Nitrobenzene December, 2023 Indigenous
Reviewed In : 2023
72 IS 9052 : 1978 Code of safety for Aluminium January, 2021 Indigenous
Reviewed In : 2021 Chloride, Anhydrous
Reaffirmed but not
taken up for revision
73 IS 9053 : 1978 Code of Safety for m - January, 2021 Indigenous
Reviewed In : 2021 Dinitrobenzene
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Reaffirmed but not
taken up for revision

74 IS 9277 : 1979 Code of Safety for January, 2021 1 Indigenous
Reviewed In : 2021 Monochlorobenzene

75 IS 9278 : 1979  |Code of Safety for Zinc Phosphide January, 2021 - Indigenous
Reviewed In : 2021

76 IS 9279 : 2023 Clamp, Compression, Muller's - Indigenous

Pattern - Specification (First
Revision)

77 IS 9744 : 1981 Code of Safety for Thionyl January, 2021 2 Indigenous
Reviewed In : 2021 Chloride

78 IS 9785 : 1981 Code of Safety for Aluminium January, 2021 - Indigenous
Reviewed In : 2021 Alkyls

Reaffirmed but not
taken up for revision

79 IS 9786 : 1981 |Code of Safety for Vinyl Chloride December, 2023 2 Indigenous
Reviewed In : 2023 (VCM)
80 IS 9787 : 1981 Code of Safety for Phosphoryl January, 2021 1 Indigenous
Reviewed In : 2021 Chloride
Standards under Development
Projects Approved
SI. No. | Doc No. Title
No Records Found

Preliminary Draft Standards

SL. No. | Doc No. Title
No Records Found

Drafts Standards in WC Stage

SL No. | Doc No. Title
No Records Found

Draft Standards Completed WC Stage

SI. No. Doc No. Title
1 CHD 7 (20672) Nitrous Oxide-Code of Safety
2 CHD 7 (25638) Code of Safety for Cryogenic liquid Part 1 Liquid Oxygen First Revision
3 CHD 7 (25639) Code of Safety for Cryogenic liquid Part 2 Liquid Nitrogen First Revision
4 CHD 7 (25640) Code of Safety for Cryogenic liquid Part 3 Liquid Argon First Revision
5 CHD 7 (25641) Code of Safety for Cryogenic liquid Part 4 Liquid Helium First Revision
6 CHD 7 (25642) Code of Safety for Cryogenic liquid Part 5 Liquid Hydrogen First Revision
7 CHD 7 (25643) Code of Safety for Cryogenic liquid Part 6 Liquid Krypton First Revision
8 CHD 7 (25644) Code of Safety for Cryogenic liquid Part 7 Liquid Neon First Revision

Finalized Draft Indian Standard

SI. No. | Doc No. [ Title
No Records Found

Finalized Draft Indian Standards under Print
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FOREWORD 

(Formal clause to be added later later)

Nitrobenzene is a pale yellow liquid with a distinct almond-like odour. The colour of the liquid varies from pale yellow to yellowish brown depending on the purity of the compound. Being a high boiling point liquid, the probability of poisoning by inhalation of vapour from the cold liquid is not much. Since nitrobenzene is a highly toxic substance, it will produce either acute poisoning by absorption of a large amount in a short time or chronic poisoning by continued exposure to small amounts. It can be absorbed by inhalation, ingestion, or directly through the intact skin. Its toxic reaction is enhanced by subsequent ingestion of ethanol. In industry, the major hazard is absorption through the skin. Observance of this code of safety will reduce the frequency and severity of hazards.

Nitrobenzene is also known as the oil of mirbane or nitrobenzol and is represented by the formula, C6H5NO2

The reduction of nitrobenzene to aniline probably outranks all other uses of nitrobenzene as an industrial chemical. It reflects its importance as the starting material for dyestuffs and other organic intermediates.

The properties of nitrobenzene listed under 4 have been taken from literature and have been included for information only. Moreover, these properties pertain to pure nitrobenzene. For technical nitrobenzene IS 2630 has been published.

This standard was originally published in 1977. With a view to update the standard based on the experience of the last five decades and on the currently available data the Committee felt a need to revise the standard. In this revision general properties, safety measures for controlling hazards, and essential information on symptoms of poisoning, first-aid, medical treatment, storage, handling, labelling and employee safety have been incorporated.

In the preparation of this code, assistance has been derived from Chemical Safety Data Sheet No. 21 ‘Nitrobenzene’ issued by the Manufacturing Chemists’ Association, USA.

1st SDS Sigma-Aldrich Chemical Pvt. Limited, Version 6.9, Revision Date: 07.06.2023, Print Date 24.07.2023.

2nd SDS Carl Roth, date of compilation: 27.01.2016, Revision: 18.11.2021, Article number: 4394, Versin GHS 2.0 en, Replaces version of: 27.01.2016, Version: (GHS 1)

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals. And the title of this standard has been modified.





1 SCOPE

1.1 This standard describes properties of nitrobenzene, the nature of hazards associated with it and essential information on its storage, handling, packing, labelling, disposal of waste, cleaning and repairing of containers, selection and training of personnel protective equipment and first aid.

1.2 This code does not deal with specification for design of buildings, chemical engineering plants, storage vessels, equipment for operations control and waste disposal.

NOTE

Attention of the users of this code is directed to the fact that the production, storage, transport, import, and export of nitrobenzene in India is controlled by the Chief Controller of Explosives of the Government of India under 'The In-flammable Substances Act 1952'.

2 REFERENCE

The standard given below 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 standard indication below:

		IS No

		Title



		IS 1260 ( Part 1) : 1973

		Pictorial marking for handling and labelling of goods Part 1 Dangerous goods (first revision)



		IS 2552 : 1989

		Steel drums (galvanized and ungalvanized) — Specification (third revision)



		IS 2630 : 2021

		Nitrobenzene — Specification (third revision)



		IS 2925 : 1984

		Specification for industrial safety helmets (second revision)



		IS 4155 : 2023

		Glossary of terms relating to chemical and radiation hazards and hazardous chemicals (first revision)



		IS 8519 : 2024

		Guide for Selection of Occupational Protective Clothing — Body Protection (Selection, Care, and Maintenance) (first revision)



		IS 8520 : 2023/

ISO 19734 : 2021

		Eye and face protection — Guidance on selection, use, and maintenance (first revision)



		IS 8807 : 1978

		Guide for selection of industrial safety equipment for protection of arms and hands



		IS 10245 (Part 1): 1996

		Breathing apparatus: Part 1 closed circuit breathing apparatus (Compressed Oxygen Cylinder) - Specification (first revision)



		IS 10592 : 2018

		Industrial emergency showers, eye and face fountains and combination units - Specification (first revision)



		IS 10667 : 1983

		Guide for Selection of Industrial Safety Equipment for Protection of Foot and Leg



		IS 15803: 2008

		Respiratory protective devices -self contained closed circuit breathing apparatus chemical oxygen (ko2) type, self generating, self rescuers - specification





3 TERMINOLOGY

For the purpose of this standard, the definitions given in IS 4155 shall apply.

4 PROPERTIES OF NITROBENZENE

4.1 General Information

The most hazardous property of nitrobenzene is its toxicity. Nitrobenzene can be absorbed through the skin and inhalation of its vapours can be harmful. At temperatures greater than nitrobenzene's flash point, air mixtures of nitrobenzene may explode or cause a flash fire. Vapours can flow along surfaces to distant ignition sources and flash back. Static discharge may also ignite nitrobenzene vapours, though accidental ignition is rare due to its relatively high ignition initiation energy point. Exposure to high vapour concentrations may cause eye, nose, and throat irritation, as well as symptoms such as headache, dizziness, nausea, and in severe cases, cyanosis (a bluish discoloration of the skin due to lack of oxygen). Nitrobenzene liquid produces significant eye irritation and can cause skin irritation upon contact.

4.1.1 Chemical Name — Nitrobenzene

4.1.2 Common Name & Synonyms

Nitrobenzol, Nitrobenzolum, Essence of mirbane, Oil of mirbane, Nitrobenzene, Phenyl nitride, and Benzene nitrite.

4.1.3 Uses

Nitrobenzene is used as a solvent for various plastics and certain synthetic fibers, similar to nitrobenzene. It finds application in thinning polyester resins, cleaning tools used with these resins, and dissolving two-part epoxies and superglues before they harden. Additionally, nitrobenzene is utilized as a volatile component in some paints and varnishes. Its strong degreasing capabilities are particularly useful in preparing metal surfaces before painting or soldering, as well as in removing rosin flux after soldering operations. It is useful in the preparation of aniline further processed into products such as dyes, pharmaceuticals, and rubber chemicals.

4.2 Identification 

4.2.1 Formula — C6H5NO2

4.2.2 CAS Number — 98-95-3

4.2.3 UN Number — UN1662

4.2.4 UN Class — 6.1 (Toxic substance)

4.2.5 Hazchem Code — 2X

4.3 Physical Properties

4.3.1 General

The material is stable under normal ambient and anticipated storage and handling conditions of temperature and pressure.

4.3.2 Molecular Mass — 123.11 g/mol.

4.3.3 Physical State — liquid.

4.3.4 Colour — light to dark yellow.

4.3.5 Odour — sweet and characteristic, bitter-almond-like.

4.3.6 Boiling Point (at 760 mm) — 210 °C to 212 °C. 

4.3.7 Melting Point — (-) 94.7 °C

4.3.8 Freezing Point —– 4.97 °C to 5.13 °C

4.3.9 Density — 1.196 g/cm2 at 25oC-l

4.3.10 Relative Density at 20 °C/4 °C (water = 1) = 1.204

4.3.11 Vapour Density (air = 1) — 4.24

4.3.12 Specific Gravity — 1.20 g/cm3 at 25 oC

4.3.13 Viscosity 

4.3.13.1 at 20 °C — 2.03 mPa.s

4.3.13.2 at 20 °C — 1.811 2 mPa.s

4.3.14 Vapour Pressure

4.3.14.1 at 20 °C — 0.2 kPa

4.3.14.2 at 25 °C — 4.3 kPa

4.3.15 Heat of Combustion — N/A

4.3.16 Refractive Index at 20 °C — N/A 

4.3.17 Solubility in Water

0.19 percent soluble in water at 15.6 °C. Sparingly soluble in all proportions in water.

4.3.18 Solubility in Other Solvents

Miscible with benzene, diethyl ether, methanol, chloroform, and ethanol. 

4.3.19 Light Sensitivity — no change

4.3.20 Hygroscopicity — N/A

4.3.21 Latent Heat of Vaporization — N/A

4.3.22 Latent Heat of Fusion — N/A

4.4 Chemical Properties

4.4.1 Reactivity

4.4.1.1 Nitrobenzene is incompatible with bases, oxidizing agents, and reducing agents. It reacts vigorously with strong bases and may react with oxidizing or reducing agents to produce hazardous conditions.

4.4.1.2 Nitrobenzene may react explosively with materials such as chromic anhydride, chromyl chloride, hexachloromelamine, hydrogen peroxide, nitric acid, acetic acid, nitrosyl chloride, nitrosyl perchlorate, nitryl perchlorate, permonosulfuric acid, potassium tert-butoxide, thiodiglycol, and hydrogen peroxide.

4.4.1.3 For safe storage, nitrobenzene should be kept in containers made of gas-tight steel that comply with safety regulations, fitted with appropriate filling apparatus, and sealed with well-fitting airtight screw plugs or caps.

4.4.1.4 Forms explosive mixtures with air on intense heating. The product is chemically stable under standard ambient conditions.

4.4.2 Polymerisation — it will not occur

4.4.3 Oxidation — oxidizing agent

4.3.4 Allotrope Formation — not available

4.4.5 Corrosion Properties

Nitrobenzene does not typically cause corrosion in carbon steel or 13 Cr steel under normal conditions. It is generally considered non-corrosive to these materials at ambient temperatures and concentrations.

4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature — not available

4.4.2 Auto Ignition Temperature — approximately 460 °C

4.5.3 Spontaneous Ignition Temperature — 495.6 °C 

4.5.4 Flash Point 

4.5.4.1 Open cup — 77 °C 

4.5.4.2 Closed cup — 87.8 °C 

4.5.5 Explosive Limit

4.5.5.1 Upper explosion limit — 40 percent by volume in air, 6.5 % by volume

4.5.5.2 Lower explosion limit — 1.8 percent by volume in air at 93.3 °C, 1.5 % by volume

4.5.6 Fire Risk

Nitrobenzene is combustible. Although the vapour given off at elevated temperatures is flammable, nitrobenzene may be handled with little danger of fire. The flash point of the liquid is much higher than the temperatures at which it is normally handled. Flammable toxic vapour may be given off at elevated temperatures if the material becomes involved in the fire.

4.5.7 Explosion Hazard

4.5.7.1 Nitrobenzene is not likely to explode, as are the higher nitrated derivatives. However, when this is heated beyond its flash point it becomes as dangerous as gasoline at normal temperature. Such mass of air which contain more than 1.8 percent of the vapour can be exploded at a temperature greater than the flash point.

4.5.7.2 Nitrobenzene should never come in contact with strong alkalis, like caustic soda and caustic potash, as a violent reaction ensues, and the mixture may catch fire giving rise to moxious fumes. Also, during manufacture of nitrobenzene, the concentration of m-dinitrobenzene remains below 0.01 percent.

4.5.8 Decomposition Temperature — 380 oC

4.5.9 Flammable Limits Lower — 1.8 %

5 HAZARDS ASSOCIATED WITH NITROBENZENE

5.1 General Information

5.1.1 Nitrobenzene is readily absorbed by direct contact through the intact skin, by inhalation of the vapour, or when ingested. Absorption in toxic quantities first manifests itself by cyanosis or ‘blue lip’. A bluish tinge may be seen in the finger nailbeds, lips, and lobes of ears, conjunctiva, mucous membranes, and tongue. Cyanosis is caused by the conversions of the hemoglobin of the red blood cells to methemoglobin, which, unlike hemoglobin or oxyhemoglobin, is incapable of releasing its oxygen content to the tissues of the body so that varying degrees of tissue anoxic or asphyxia result. Early in this type of poisoning, a mild euphoria or sense of well-being is usually noted. As the concentration of methemoglobin rises, a patient complains of headache, drowsiness and occasionally of nausea and vomiting. If the methemoglobin content continues to rise, the patient becomes stupors, and he may even become unconscious. Such patients are seriously ill and death may ensue, if proper treatment is not promptly rendered.

5.1.2 Hazards associated with nitrobenzene include irritation to the eyes, nose, throat, and lungs upon exposure to its vapours. Ingestion of nitrobenzene can cause stomach irritation leading to vomiting. Inhalation of vapours released during ingestion can exacerbate these effects and cause more severe damage. Proper handling procedures, including adequate ventilation and personal protective equipment, are crucial to minimize these hazards.

5.2 Routes of entry 

5.2.1 Skin

Repeated dermal exposure to liquid nitrobenzene can cause drying of the skin, and blue nails. Chemical burns may develop after prolonged exposure. Prolonged con-tact with skin may cause bluish skin, itching, irritation and eczema/chapping, and cracking of the skin.

5.2.2 Eyes

Nitrobenzene and its vapours are irritating to the eyes and mucous membranes. Exposure to high concentrations can cause severe effects. Symptoms may include a burning sensation, redness, tearing, inflammation, and possible corneal injury. Proper safety measures and personal protective equipment should be used to avoid these adverse effects.

5.2.3 Ingestion

In an unlikely event if nitrobenzene is ingested it could cause systemic toxicity with symptoms like headache, lethargy, lack of coordination. Higher amount of ingestion can be life threatening. Blue nails, lips can be noticed.

5.2.4 Inhalation

Inhalation of vapours may cause nausea, vomiting, head-ache, excitement, faintness, fatigue, and bronchial irritation may result from inhalation exposure. With high concentration exposures, systemic toxicity can occur similar to that seen with ingestion. May cause irritation to the mucous membranes and upper respiratory tract. In high concentration methemoglobin rises patient complains of headache, dizziness, occasionally nausea and vomiting.

5.2.5 Long term effects

Systemic effects

Repeated exposures to low concentrations of nitrobenzene may give rise to a clinical picture which has been reported as chronic nitrobenzene poisoning. Such cases may present varying degrees of pallor, low-grade secondary anemia, fatigability and anorexia. However, upon complete cessation of exposure, such individuals promptly regain their normal levels of health with no permanent residual pathology being demonstrable. Systemic toxicity most commonly occurs after ingestion or prolonged or high concentration inhalation, rarely after extensive dermal exposure. Repeated or prolonged exposure to the substance can produce target organs damage.

5.3 Toxicity information

Nitrobenzene is highly volatile. Available toxicity values areas following:

a) Threshold Limit Value (TLV): 5 mg/m3

b) Short Term Exposure Limit (STEL)  

c) Immediately Dangerous to Life or Health (IDLH) 

d) Lethal Dose (LD50), (rat), Dermal: 2 100 mg/kg

e) Lethal Dose (LDLo) (rat), Oral: 640 mg/kg

f) Inhalation (Rat) Lethal Concentration (LC): 2.81 mg/l at 4 h.

g) Odor threshold: 0.37 PPM

h) Recommended Exposure Limit (REL): 1 ppm

5.4 Antidote

Methyl blue should be given

5.5 Health Hazards

5.5.1 Signs and Symptoms

Mild nitrobenzene poisoning symptoms are head-ache, slurred speech, lethargy, lack of coordination, sweet taste in mouth. Severe systems are very rare and include coma, low blood pressure, and deep stupor.

5.5.2 Acute Toxicity

5.5.2.1 Toxic effects

Repeated exposures to low concentrations of nitrobenzene may give rise to a clinical picture which has been reported as chronic nitrobenzene poisoning. Such cases may present varying degrees of pallor, low-grade secondary anemia, fatigability and anorexia. However, upon complete cessation of exposure, such individuals promptly regain their normal levels of health with no permanent residual pathology being demonstrable.

5.5.2.2 Local effects

Very rarely a dry scaly dermatitis may develop in workers exposed to nitrobenzene and is probably due to the defatting action of nitrobenzene upon the skin.

Nitrobenzene, upon skin contact, can similarly deplete moisture and oils, leading to dryness, brittleness, and potential peeling, which is generally considered a minor effect. Prolonged or repeated exposure may result in drying, cracking, or irritation of the skin. High vapour concentrations can cause drowsiness and irritation of the eyes or respiratory tract.

Eye Contact: Nitrobenzene causes moderate to severe irritation, presenting symptoms such as sore, red eyes, and tearing. Vapours are also irritating to the eyes.

5.5.3 Chronic Toxicity

5.5.3.1 Systemic effects

Repeated exposures to low concentrations of nitrobenzene may give rise to a clinical picture which has been reported as chronic nitrobenzene poisoning. Such cases may present varying degrees of pallor, low-grade secondary anemia, fatigability and anorexia. However, upon complete cessation of exposure, such individuals promptly regain their normal levels of health with no permanent residual pathology being demonstrable.

Can cause dry, red, cracked skin (dermatitis) following skin contact. Frequent or prolonged contact may defat and dry the skin, leading to discomfort and dermatitis. May harm the nervous system. Conclusions cannot be drawn from the limited studies available.

5.5.3.2 Nitrobenzene tumors of the bladder

It has been thoroughly demonstrated that the absorption of nitrobenzene never gives rise to tumors of the bladder, either benign or malignant. The term ‘Nitrobenzene Tumors’ is, therefore, a misnomer.

5.5.3.3 Local effects

Nitrobenzene typically does not exhibit chronic local effects under normal conditions of use. However, it can cause acute local effects such as irritation and potential damage to skin and eyes upon direct contact. It is important to handle nitrobenzene with care to avoid such effects, and always follow safety protocols outlined in government-issued safety guidelines or relevant safety data sheets.

5.5.4 Threshold Limit Value (TLV*) in Air

The upper limit of nitrobenzene vapour concentration considered safe for continuous exposure for 8 hours work day and 40 hours work week is 1 ppm.

*As accepted by American Conference of Governmental Industrial Hygienists, USA.

6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use

6.1.1 While personal protective equipment is not an adequate substitute for good, safe working conditions, adequate ventilation and intelligent conduct on the part of employees working with nitrobenzene. Though it is considered as a second line of defence, the proper and adequate usage of the protective equipment shall certainly reduce the severity of the incidences. Furthermore, in many instances the only practical means of protecting the worker, particularly in emergency situations. One should keep firmly in mind that personal protective equipment protects only the worker wearing it, and other unprotected workers in the area may be exposed to danger. 

6.1.2 Eye and Face Protection

Wear chemical safety goggles and face shields when contact is possible.

6.1.3 Skin Protection

Avoid repeated or prolonged skin contact. Wear chemical protective clothing e.g. gloves, aprons, boots.

6.1.4 The correct usage of personal protective equipment requires the education of the workers in proper employment of the equipment available to them. Under conditions which are sufficiently hazardous to require personal protective equipment, its use should be supervised and the type of protective equipment selected should be capable of control over any potential hazards. Instruction and periodical drills regarding the location, purpose, and use of personal protective equipment shall be ensured.

6.2 Non-Respiratory Equipment

6.2.1 Eye and Face Protection

According to IS 8520 category H-4, which deals with chemical splash protection: Goggles should be worn along with a full-face shield. The face shield must be of sufficient length to cover the neck portion as well.

6.2.2 Head Protection

Hard hats should be worn where there is danger of falling objects. If hard hats are not considered necessary, soft- brimmed hats or caps may be worn to give protection against liquid leaks and splashes (see IS 2925).

6.2.3 Foot and Leg Protection

Workers handling nitrobenzene should wear leather safety shoes with steel toe caps or rubber gumboots for adequate foot protection. Leather leg guards are recommended to prevent exposure to spills and splashes. After any contamination, shoes must be thoroughly cleaned and ventilated to minimize further risks. These safety measures are essential for ensuring safe handling practices and minimizing potential health hazards associated with (see IS 10667).

6.2.4 Body, Skin and Hand Protection

Clothing made of impervious materials may be worn to protect the body against the splashes. Rubber gloves should be worn for hand protection. Fireproof overalls should be worn when operations involving nitrobenzene fires are encountered (see IS 8519 and IS 8807).

Caution: Skin creams do not afford adequate protection.

6.3 Respiratory Equipment

6.3.1 Severe exposure to nitrobenzene vapour may occur in tanks, during equipment cleaning, repairs, during de-contamination following spills, failure of pipelines or equipments. Employees who may be subject to such exposures shall be provided with proper respiratory protection such as:

6.3.1.1 Air-line respiration

These are suitable for use only where conditions will permit safe escape in case of failure of the compressed air supply. These masks are usually supplied with air pipes to the area from a compressor. It is extremely important that the air supply is taken from a safe source, and that it is not contaminated by oil decomposition from inadequate cooling at the compressor. The safer method is to use a separate compressor of the type not requiring internal lubrication. Pressure reducing and relief valves as well as suitable traps and filters, shall be installed at all mask stations. 

Better control of air quality pressure breathing air may be ensured by the use of high rom standard cylinders, with demand type valve and face piece.

6.3.1.2 Self-contained breathing apparatus

This apparatus permit the wearer to carry a supply of oxygen or air compressed in the cylinder see IS 10245 (Part 1)  and the self-generating type which produces oxygen chemically see IS 15803. These allow considerable mobility. The length of time, a self-contained breathing apparatus provides protection varies according to the amount of air, oxygen, or regenerating’ material carried. Compressed oxygen should not be used where there is danger of contact with flammable liquids, vapours, or sources of ignition, especially in confined spaces, such as tanks or pits.

c) Canister type gas masks (see 9.2.3).

This apparatus is equipped with full-face pieces with the proper canister for absorbing phenol vapour. These will afford protection against concentrations not exceeding 2 percent by volume when used in accordance with manufacturers instructions. The oxygen content, of the air shall not be less than 16 percent by volume. The masks should be used for relatively short exposure periods only. They may not be suitable for use in an emergency since, at that time, the actual vapour concentration is unknown and an oxygen deficiency may exist. The wearer shall be warned to leave the contaminated area immediately on detecting the odour of a harmful vapour. This may indicate that the mask is not functioning properly, that the vapour concentration is too high, that the canister is exhausted, or that the mask is not properly fitted.

[bookmark: _GoBack]Caution: Filter-type respirators do not offer protection against gases and are unsuitable for use when working with nitrobenzene.

6.3.2 The respirator should be selected (upper limit de-vices) based on Assigned Protection Factor (APF) as specified in Table 1.

Table 1 Respirator Selection

		Sl No.

		Assigned Protection Factor (APF)

		Respirator Selection



		(1)

		(2)

		(3)



		i)

		10 (Up to 2 500 ppm)

		Any chemical cartridge respirator with organic vapour cartridge(s), or any supplied-air respirator



		ii)

		25

		Any powered, air-purifying respirator with organic vapour cartridge(s)



		iii)

		50

		Any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front or back-mounted organic vapour canister; or any self-contained breathing apparatus with a full facepiece





6.3.3 Escape

Air purifying full face-piece respirator with a high efficiency particulate filter. Appropriate escape type self- contained breathing apparatus.

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

All personal handling nitrobenzene should use proper personal protective equipment. Appropriate firefighting equipment should be available in the vicinity while handling nitrobenzene. Persons handling nitrobenzene should have adequate training in use of firefighting equipment.

7.1.1 Equipment Design

The operation should be carried out in a perfectly closed type system. Because of the toxic nature of the material, equipment to handle nitrobenzene should be located in the open area or well ventilated area.

7.1.2 Ventilation

7.1.2.1 Good natural ventilation is considered sufficient in places where nitrobenzene is handled. Since nitrobenzene vapour is 4.24 times heavier than air, a down draught mechanical exhaust may be needed in those operations where general ventilation is considered inadequate. The air flow should be away from the work area.

7.1.2.2 Vent lines from closed system holding vessels should be extended well above the roof level of process buildings, so that vapour shall not enter buildings.

7.1.3 Air Monitoring

Certain regulations prescribe testing of atmosphere where the processes of manufacturing or manipulation of nitro-compounds are being carried out. Routine monitoring of contamination level indicates effective functioning of technical control measures and steps to be taken if it is not so.

7.2 Storage

7.2.1 Nitrobenzene is commonly stored in a steel tank. Locate storage tanks away from any area where fire hazard is acute. Bulk storage tanks should be located in the open. Storage of any combustible material should not be allowed in the building.

7.2.2 Storage tanks may be constructed of stainless-steel storage tanks should be placed in retaining basins, also to be constructed of concrete or welded steel. The basins should be adequate to retain the full contents of the tank or tanks. Water lines should be provided to allow instant flooding of basin.

7.2.3 Sealed tanks should be equipped with frangible discs or safety valves set to release at a predetermined pressure. End of pressure relief line should go out through flame arrester to a safe area.

7.2.4 Vent line of tank should go to a cooled condenser to condense the vapours and return it back to tank. An ample safety factor should be allowed to protect the tank itself. Vent of condenser should go to safe area through flame arrestor. Firefighting facilities applicable to the type of tank protected

7.2.5 Storage and handling facilities shall be sited in well-ventilated areas to prevent the accumulation of pockets of nitrobenzene vapours. Earth every tank to prevent static electricity from accumulating.

7.2.6 Build a dyke around storage tanks to keep the liquid from flowing out, so that disposal can be controlled in case the tank is ruptured. Inspect every tank periodically, and keep it under safe condition.

7.2.7 Pipelines shall be supported by steel stanchions or concrete sleepers. Wood shall not be used.

7.2.8 Pipelines shall have adequate electrical continuity and shall be earthed.

7.3 Handling

7.3.1 General

7.3.1.1 When nitrobenzene is transported, refrain from transporting it together with other materials. Adequate care shall be taken not to drop the containers or cause them any damage. 

7.3.1.2 Put a sign in a conspicuous place indicating the presence of hazardous chemicals. Protect the containers from direct sunlight. No smoking should be permitted in the vicinity of the material.

7.3.1.3 If leaks or spills occur, only properly trained personnel shall remain in the area. Leaking containers shall be removed to an isolated, well-ventilated area and the contents transferred to other sound containers. All spills shall be flushed away promptly with water.

7.3.1.4 All empty tanks or other containers which have contained nitrobenzene, except when they are opened for the purpose of cleaning them and rendering them free of nitrobenzene vapours, shall be kept securely closed unless they have been thoroughly cleaned.

7.3.2 Tanks

7.3.2.1 Protection against electrostatic charges which can cause ignition. This may include the bonding and grounding of the tank, piping, and other ancillary equipment and the use of bottom or dip-pipe loading to minimize material splashing in the tank.

7.3.2.2 In case flexible hoses is to be used, it should be metal braided hose of appropriate pressure rating. Upbraided hose should not be used.

7.3.2.3 Nitrobenzene, being a solvent, requires careful consideration of compatible materials to prevent dissolution. It is a polar solvent and should not come into contact with similar materials such as PVC or natural rubber, as these elastomers are susceptible to failure. Compatible materials for handling nitrobenzene include most metals, polytetrafluoroethylene (PTFE), and tetrafluoroethylene (ETFE). These materials are resistant to nitrobenzene's sol-vent properties, ensuring safe storage and handling without risk of material degradation. Adhering to these guidelines is crucial to maintain safety and prevent potential hazards associated with nitrobenzene exposure.

7.3.2.4 Nitrobenzene is pumped from storage tanks using suitable pumps. Filling small containers by gravity requires grounding of both containers and transfer pipes to prevent fires from static charges. This precaution dissipates static electricity that could ignite nitrobenzene vapours, ensuring safe handling and transfer operations.

7.3.2.5 One storage tank equal in capacity to the largest tank in use should be kept free at all times to transfer nitrobenzene in case of emergency.

7.3.2.6 Empty drums or containers used for nitrobenzene storage must be stored securely to prevent unauthorized interference and should be tightly closed. It is important to note that an empty container with residual nitrobenzene, sufficient to wet its interior, may pose a greater explosion risk due to the larger volume of explosive mixture it contains compared to a full container. Awareness of this potential hazard is crucial for safe handling and storage practices for nitrobenzene.

7.4 Packing

7.4.1 Each container (including tankers) should carry an identifying label or stencil as depicted in IS 1260 (Part 1). The material shall be packed in suitable drums conforming to IS 2552. The storage containers shall be labelled or marked to identify as follows: 

a) Name of material;

b) Name of the manufacturer;

c) Lot/batch number;

d) Net, gross and tare mass; and

e) Poison label [Figure 5 of IS 1260 (Part 1)].

7.4.2 The following cautionary label is recommended for use in combination with any other statements required by statutes, regulations, etc.:

NITROBENZENE

DANGER. EXTREMELY HAZARDOUS.

LIQUID AND VAPOUR RAPIDLY ABSORBED

THROUGH THE SKIN. SHOULD NOT GET IN

EYES, ON SKIN, ON CLOTHING. AVOID

BREATHING VAPOUR. USE ONLY WITH

SUFFICIENT VENTILATION.

7.4.3 In case of contact, remove at once contaminated clothing including footwear and flush skin or eyes with plenty of water (preferably with warm water) for at least 15 min. Get medical aid. Launder clothing before re-use.

7.4.4 Manufacturers name with label warnings required by regulations or ordinances form part of the label or placard.

7.4.5 Each drum shall be labelled as follows:

DANGER!  KEEP WELL CLOSED AND PROTECTED FROM

DIRECT SUNLIGHT. NITROBENZENE IS ABSORBED

THROUGH THE SKIN. AVOID CONTACT WITH SKIN

7.4.6 Each tanker and each railroad car carrying one or more containers of nitrobenzene must bear the "DANGEROUS" placard in addition.

7.5 Transport

7.5.1 Containers generally used for transport of nitrobenzene are:

a) Tankers;

b) Steel Barrels or Drums or Containers.

7.5.1.1 Unloading Tankers

Unloading stations should be equipped with safety show-ers. The truck should be spotted accurately and levelled. Stoppers/pegs should be used to avoid movement of truck during unloading. Supplier's instructions for unloading should always be followed and all caution markings on both sides of trucks should be read and observed.

Tanker unloading should be preferably to tank at same level or at lower level. Truck should not be unloaded to a tank at higher elevation.

7.5.1.2 Unloading Drums

Unloading can be done by gravity/siphoning or using a pump. Ensure that all fittings are tight. Ensure piping and containers are grounded to avoid build-up of static charge.

7.5.1.3 Driver

Only driver trained in flammable material handling should be employed for transportation of nitrobenzene. Driver should carry TREM card when vehicle is on road.

NOTE — If transport of the hazardous chemical is involved it shall be carried out in accordance with the Central Motor Vehicles Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into ac-count.

8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

All personal attending to spill/leak should use proper personal protective equipment and firefighting equipment while handling nitrobenzene.

8.2 Spillage

8.2.1 General Information

Proceed with caution. Restrict access to area. Keep unprotected personnel away and upwind of spill area to avoid vapours inhalation. Avoid contact with spilled product. Protect sewers and waterways from contaminated runoff. Notify proper authorities. Keep inert absorption media readily available.

8.2.2 Land Spill (Spill on Land)

8.2.2.1 Containment

Nitrobenzene may be contained by building dikes, digging pit or barrier using earth, and or similar materials. Absorb bulk material with fly ash, cement powder or commercial sorbents. Remove contained product as soon as possible to prevent spread of contamination. Remove trapped material using suction hoses.

8.2.2.2 Consequences

Any nitrobenzene that escapes may get vaporized or get absorbed in soil or get mixed in waterways.

8.2.2.3 Mitigation

Area cleared of spilled nitrobenzene should be flushed with water.

8.2.3 Water Spill (Spill in Water)

Nitrobenzene is sparingly soluble in water, meaning it dissolves to a limited extent. Its solubility in water is approximately 8.3 grams per liter at room temperature.

8.2.3.1 Containment

In the event of a spill, cease water use immediately. Notify relevant authorities to halt water intake or monitor for contamination. Nitrobenzene, which dissolves in water, poses contamination risks. Prompt action is critical to prevent environmental harm and ensure safety compliance.

8.2.3.2 Mitigation

Nitrobenzene is highly soluble in water. Contaminated water should be diluted or allowed to stand for nitrobenzene to evaporate. High concentrations require distillation for separation and safe disposal leakages

8.3 Leakages

8.3.1 General Information

8.3.1.1 In case of any leak of nitrobenzene from a drum or tank, isolate all ignition sources from immediate area. Do not touch or walk-through spilled material. Stop leak if it can be done without any risk. Arrange to transfer the contents to another tank or drum in case leak cannot be stopped.

8.3.1.2 Leak from a pipeline or storage vessel-nitrobenzene will form a pool of liquid on the ground. The liquid now can be restricted with earth and then absorbed using absorbents.

8.3.2 Leak from the Tanker

If possible, apply a sealant (suitable like M-seal) for minor leak. In case of major leaks, arrange to transfer the material in another tanker or fill in barrels/drums. Dripping leaks should be collected in smaller containers.

8.3.3 Caution

Eliminate all ignition sources (no smoking, flares, sparks or flames) from immediate area. Use PPEs while handling nitrobenzene. Remain upwind to avoid nitrobenzene inhalation. Use grounded pipes to avoid static charge igniting nitrobenzene.

8.4 Waste Disposal

8.4.1 General

8.4.1.1 Statutory regulations regarding health and pollution are to be strictly followed. Waste may be washed away to a sewer after being diluted with a large quantity of Water (approximately one percent slurry). 

8.4.1.2 Care shall be taken to keep any person away from the place where waste materials are buried. It shall be made certain that there is no danger of pollution of underground water sources used as sources of drinking water.

8.4.1.3 Small quantities of nitrobenzene or waste may be disposed of by burning. Disposal of containers and material should be hazardous waste.

8.4.1.4 Water contaminated with nitrobenzene should be treated before allowing it to flow out of the plant.

8.4.1.5 Returnable drums should be thoroughly washed inside and outside with water, drained, and covered tightly before returning. Non-returnable containers, before scrapping, should be thoroughly washed with water until all traces of nitrobenzene are removed.

8.4.2 Tank and Equipment Cleaning and Repairs

8.4.2.1 Preparation of tank and equipment

8.4.2.1.1 Since inspection, washing and repairs of tanks are hazardous operations, cleaning should be done under the direct supervision of trained personnel who are thoroughly familiar with the hazards and the safeguards necessary for the safe performance of the work. The main hazards are exposure to nitrobenzene (liquid and vapour).

8.4.2.1.2 Tanks and equipments pumps, lines and valves should be drained and washed before being repaired. No attempt should be made to repair equipments till free of nitrobenzene. While opening flanges, the lower bolts farthest away should be loosened first, taking care to avoid contact with the drippings.

8.4.2.1.3 Pipelines into or out of the tank should be disconnected, preferably by removing a complete small section and providing a blank flange on the open end to protect against human error and unsuspected leaks. Valves, cocks should not alone be relied upon.

8.4.2.1.4 Remove completely the residues by washing the tank with cool water. Then wash the tank with hot water (60 °C) repeatedly.

8.4.2.1.5 Introduce live steam in the tank, keeping open the bottom outlet for constant drainage of condensate water.

8.4.2.1.6 When all nitrobenzene smell is gone, cool the tank, and confirm the absence of nitrobenzene liquid and vapours.

8.4.2.2 Entering Tank/Vessel

8.4.2.2.1 A tank/vessel or any other confined space shall not be centered without a valid work permit clearing the equipment for safe entry.

8.4.2.2.2 be sure that the equipment can be left by the original entrance. Put on a respiratory equipment and a relief rope.

8.4.2.2.3 One man on the outside of the tank should keep the man in the tank under constant observation, and at least two men should be available to aid in case of any risk to the man in the tank.

8.4.2.2.4 Special ventilation and a continuous fresh air supply are recommended during the entire time men are cleaning, inspecting or repairing the tank.

8.4.2.2.5 During the course of the work, tests shall be made to determine that no further washing is necessary, that no oxygen deficiency exists and that no harmful gas or vapour is present. This is essential as the residues which are not completely removed by washing get stirred up and may decontaminate the tank atmosphere.

8.4.2.2.6 On tanks having opening only at the top, complete removal of vapour has to be ensured. Chances of exhaust gases being recycled inside the tank should be eliminated.

8.4.2.3 Repairs

8.4.2.3.1 No repair work such as cutting, riveting, welding should be undertaken on tanks and equipments unless a work permit has been issued by an authorized person.

8.4.2.3.2 In all cases, if repair work is interrupted for more than an hour, the work permit should be revalidated before resumption of work.

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 General

9.1.1 Nitrobenzene is combustible. In case of insufficient ventilation and/or in use, it may form flammable/explosive vapour-air mixtures. Solvent vapours are heavier than air and may spread along floors. Places that are not ventilated, such as unventilated below-ground level areas like trenches, conduits, and shafts, are particularly prone to the presence of flammable sub-stances or mixtures. Vapours are heavier than air, spread along floors, and form explosive mixtures with air. Vapours may form explosive mixtures with air.

9.1.2 The detection system shall be able to sense the presence of smoke or heat during the initial growth period of fires. Various types of detectors which operate at predetermined temperatures or which detect the smoke photo-electrically or electronically are employed to suit individual risks. Detectors are made to operate audible or visual alarms or both. They are also linked to the fire authority control room. Good as they are, automatic detection systems only detect the fire after it has started. Since fire patrols often discover conditions which might lead to a fire and correct them in time, consideration shall be given to establishing regular fire prevention patrols in addition to automatic systems. All personnel engaged in fire-fighting operations must use appropriate PPEs to prevent exposure.

9.1.3 Move container from fire area if without risk. Use water from side and from safe distance to keep fire ex-posed containers cool.

9.2 Prevention

9.2.1 As nitrobenzene is easily absorbed in human body, improve the equipment and operation methods lest nitrobenzene should leak or its vapour should transpire.

9.2.2 Adequate personal protective equipments are to be worn while washing, repairing tanks and other equipments or attending to leaks and spills.

9.2.3 The maximum concentration of nitrobenzene for a 60 min exposure is considered to be 100 ppm. In case of a lower concentration for a short-time operation, a canister type gas mask may be used provided oxygen in the air is more than 16 percent by volume.

9.2.4 In case vapour concentration is unknown or is above 100 ppm or oxygen is less than 16 percent put on an airline respirator or self-contained breathing apparatus.

9.2.5 It is advisable to absorb spellings in sand first and then wash the floor after collecting the moist sand to avoid exposure.

9.2.6 Caution to be taken during Use

9.2.6.1 Since drums are not pressure containers, do not use any pressurized gas to transfer nitrobenzene from the drums.

9.2.6.2 Avoid direct contact with skin.

9.2.6.3 Persons handling it shall wear personal protective equipment, such as goggles, aprons, gloves, and rubber sheets.

9.2.6.4 Workers should be instructed emphasizing the need for handling nitrobenzene in accordance with approved methods.

9.2.6.5 For emptying drums, place the bung up and use a bung wrench to remove the body plug. Stand on the side and open the plug about half turn. Allow the internal pressure, if any, to release and then open it full.

9.2.6.6 Do not use empty containers for any other product.

9.2.6.7 The empty containers, before discarding, should be thoroughly cleaned of their contents and treated with an inactivating agent.

9.3 Fire fighting

9.3.1 Although nitrobenzene is a nitrated compound, it behaves much like a straight hydrocarbon, that is, it requires an external supply of oxygen to burn.

9.3.2 Use carbon dioxide, dry chemical or foam extinguishers when fire is still small.

9.3.3 In case the fire gains headway, it becomes difficult to approach the fire because of too fierce flames and toxic gas. Put on breathing apparatus while fighting fire.

9.3.4 Water may be used successfully if applied in the form of a fog or spray. It is advisable to enclose the fire area with water jets.

10 TRAINING

10.1 Safety in handling nitrobenzene depends upon the effectiveness of employee education, training, and supervision. The education and training of employees to work safely and to use the personal protective equipment and other safeguards provided for them is a responsibility of the supervisor. 

10.2 Employee education and training should emphasize the need for safely handling nitrobenzene according to the methods outlined in the manual, in order to avoid spilling or splashing, leaks, skin contact, inhalation of vapours, or ingestion. Unauthorized and untrained employees should not be permitted in areas where nitrobenzene is being handled.

10.3 Before being placed on the job, all new employees should be instructed and trained to maintain a high degree of safety in handling procedures. Older employees should be re-instructed and trained periodically.

10.4 Each employee shall know the location, purpose, and maintenance of personal protective equipment (PPEs) and be thoroughly trained when and how to use it. Each employee shall know the location of safety showers, fountains for flushing the eyes, and hose lines.

10.5 Only reliable, dependable, and properly trained employees shall be given the responsibility of all operations involving storage, handling, transport, and emergency management involving nitrobenzene.

10.6 Employees should be trained to report to the proper authority all suspected leaks or equipment failure.

10.7 They should be instructed to inform supervisors of any signs of illness or skin-related problems.

10.8 Workers should be specifically instructed that ingestion of even small amounts of alcoholic beverages preceding or following absorption of nitrobenzene will increase its toxic effects. Habitual users of alcohol shall not be permitted to work in the area where potential exposures to this compound exist.

10.9 Each employee should know what to do in emergency and the first-aid measures and should realize the necessity for the prompt application of first aid in case of contact with nitrobenzene or exposure to the vapours.

11 HEALTH MANAGEMENT. FIRST-AID AND MEDICAL TREATMENT

11.1 Health Monitoring

11.1.1 Personal Hygiene

11.1.1.1 Carefully wash hands, face, and feet before meal. A warm water bath before leaving the factory is essential, taking care to wash the head properly.

11.1.1.2 Employees should bathe daily after finishing work. They should report any abnormality related to any inhalation or ingestion of nitrobenzene to the medical department. Avoid alcoholic drinks while being exposed to nitrobenzene or soon after the exposure, as these increase the risk of poisoning.

11.1.1.3 Food should not be stored or eaten near the place where nitrobenzene is being handled. Should not consume alcohol if the possibility of nitrobenzene inhalation, ingestion

11.1.1.4 Work clothes should be compulsorily laundered every day on the premises. Clothing contaminated with nitrobenzene while working shall be promptly removed and washed before reuse. To minimize the possibility of skin contact, men working with nitrobenzene should have two lockers and should be required to keep work clothing separated from personal clothing.

11.1.1.5 Emergency showers and eye wash fountains should be provided in areas where potential exposure to nitrobenzene exists (see IS 10592).

11.1.2 Physical Examination

11.1.2.1 Pre-placement physical examinations

Pre-placement medical examination should be directed toward the medical fitness of employees for a particular occupation. As a worker who handles nitrobenzene, it is unsuitable to employ an anaemic person, a person with heart and kidney trouble, a person suffering from any urinary disease, a person prone to allergy, and a heavy drinker. Carry out a blood test and employ a normal healthy person.

11.1.2.2 Periodic examination

11.1.2.2.1 Regular health examinations shall be carried out at intervals of not more than 3 months. Conduct blood tests every month. It is necessary to check the conditions of workers who may be exposed to nitrobenzene from time to time and confirm that no case of anaemia is found.

11.1.2.2.2 By conducting urine tests (urobilinogen, propyrin, occult-blood test, and the deposit), acute and chronic poisoning of nitrobenzene may be prevented. It is desirable to carry out the examination of urine once in two weeks, especially once a week in summer.

11.2 First Aid

11.2.1 General Principles

11.2.1.1 Take off the contaminated clothes at once and wash the skin immediately and thoroughly with plenty of soap and tepid water. Speed in removing nitrobenzene from the skin is of prime importance. Do not put on contaminated clothes again unless they are cleaned up sufficiently. Carry a toxic patient on a stretcher to the medical department or first aid station. No matter how slight his symptoms are, refrain from speaking loudly or doing anything which may disturb the patient. Do not give a patient any such stimulant which contains alcohol. Do not use any tincture (containing alcohol) as a cardiac.

11.2.1.2 If a patient has consciousness, he may drink fluids containing carbohydrates, such as orange juice and sweetened lemonade. Even though severe headache is complained of, drugs such as acetanilide, acetophenetidine, and other methemoglobin producers shall not be given. Headache may be relieved by codeine administered by nursing personnel.

12.2.2 Contact with Skin

Remove all contaminated clothing. Get under an emergency shower. Wash the affected area thoroughly with soaps and tepid water. 

11.2.3 Contact with Eyes

Wash the eyes with a large amount of water, holding apart the eyelids, for at least 15 min. Though nitrobenzene does not give too much irritation to the eyes, it is apt to injure the cornea. A competent physician should be consulted as early as possible.

11.2.4 Ingestion

Ingestion of nitrobenzene should be treated by the administration of an emetic such as mustard and water or a lukewarm emulsion of soap and water, provided the patient is conscious.

11.2.4.1 Caution

Never give anything by mouth to an unconscious person

11.2.5 Inhalation

Inhalation of the vapors requires the same treatment as that for skin absorption or ingestion except that an emetic is needed only when nitrobenzene is swallowed. Medical help must be provided in case of headache, slurred speech, or lethargy.

11.2.5.1 Burning nitrobenzene in a confined area may deplete oxygen from the air, causing asphyxiation. Remove the patient immediately to fresh air and start effective artificial respiration if breathing has ceased. Call a physician at once.

11.2.6 First-Aid Kit

Additional requirement of methyl blue in first aid kit. Flushing of skin or rinsing of mouth is first aid in case of a nitrobenzene poisoning. If a patient has consciousness, he may drink fluids containing carbohydrates, such as, orange juice and sweetened lemonade. Even though severe headache is complained of, drugs such as acetanilide, acetophenetidin and other methemoglobin producers shall not be given. Headache may be relieved by codeine ad-ministered by nursing personnel.

11.3 Suggestions to Physicians

11.3.1 If possible, while the patient is acutely ill, methemoglobin concentrations of the blood should be determined quantitatively at least every half an hour. Such a check should be continued until it is established definitely that the concentration of methemoglobin is steadily decreasing.

11.3.2 If the concentration of methemoglobin reaches 40 percent in venous blood samples, 1 000 ml of 5 percent glucose may be administered intravenously and repeated in an hour, if necessary. This appears to stimulate the reversion of methemoglobin to hemoglobin.

11.3.3 The patient shall be comfortable in an oxygen tent, Oxygen serves to relieve headache transiently, apparently due to supersaturation of the hemoglobin and plasma with oxygen, but does not seem to hasten the reversion of methemoglobin to hemoglobin. Under such treatment, acutely toxic patients with methemoglobin concentrations as high as 76 percent in venous blood samples usually make eventful recoveries within 24 h, with no demonstrable permanent, residual pathology.

11.3.4 It is imperative that patients be closely observed and remain in bed for 24 h if methemoglobin content has reached 40 percent.

11.3.5 An intravenous injection of 10 ml to 20 ml of 2 percent ammonium thiosulphate and a large dose of vitamin C at one time shall contribute to a quick recovery.

11.4 Medical treatment

Washing of skin or eyes using a large amount of water. Stomach wash by medical professionals.

12 ADDITIONAL INFORMATION

Additional information essential for particular equipment used for handling of nitrobenzene, Security measures to be taken while handling of nitrobenzene etc. as essential for controlling hazards may be collected and applied.
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FOREWORD

(Formal clause to be added later)

Benzene is a highly flammable, colorless, and aromatic hydrocarbon liquid with a sweet odor. It is a natural constituent of crude oil and is used extensively in the chemical industry. However, due to its carcinogenic properties, its use has been significantly restricted in many countries.

Benzene is used as a starting material in the production of various chemicals, including plastics, synthetic fibers, and dyes. It is also found in some industrial solvents and as a component in gasoline.

[bookmark: _Hlk174004523]This standard was originally published in 1968. The Committee felt a need to revise this standard with a view to update the standard based on the experience of last five decades and on the currently available data.

BIS has published a standard IS 4644 : 1968 ‘Code of Safety for Benzene, Toluene and Xylene’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to bifurcated into three parts based on the currently available data and last five decades experience.

This (Part 1) describes a code of safety concerning hazards relating to benzene. It describes the properties and essential information for the safety handling and use of benzene, safety measures for controlling hazards and essential information on symptoms of skin and eye irritation, health effects, poisoning, first-aid, medical treatment, transportation, storage, handling, labelling, training protocols, and employee safety.

The other parts of this standard are as following:

Part 2 Toluene — Code of Safety (first revision)

Part 3 Xylene — Code of Safety (first revision)

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals. And the title of this standard has been modified.







1 SCOPE

1.1 This code describes the properties of benzene, the nature of hazards associated with it, and essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repairing of containers, selection and training of personnel, personal protective equipment, and first-aid.

1.2 This code does not deal with specifications for design of buildings, chemical engineering, plants, storage vessels and equipment for operations control, methods and ingredients used in the manufacture, and equipment for waste disposal.

2 REFERENCES

The standards given below 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 revisions, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards given at below:

		IS No.

		IS Title



		IS 4155 : 2023

		Glossary of Terms Relating to Chemical and Radiation Hazards and Hazardous Chemicals (first revision)



		IS 1260 (Part 1) : 1973

		Pictorial Marking for Handling and Labelling of Goods Part 1 Dangerous Goods (first revision)





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES

4.1 General Information

4.1.1 Chemical Name — Cyclohexa-1,3,5-triene, 1,3,5-Cyclohexatriene, Benzol

4.1.2 Common Name & Synonyms — Benzene

4.1.3 Uses

Raw material in chemical industry

4.2 Identification

4.2.1 Formula – C6H6

4.2.2 CAS Number – 71-43-2

4.2.3 UN Number – 1114

4.2.4 UN Class – 3

4.2.5 Hazchem Code – H225 - Flammable Liquid Category, H340 - Germ cell mutagenicity Category, H315 - Skin Corrosion/Irritation Category 2, H319 - Eye Irritation Category 2, H350 - Carcinogenicity Category 1A, H372 - Specific target organ toxicity - repeated exposure Category 1, H304 - Aspiration Hazard Category 1.

4.3 Physical Properties

4.3.1 General – Benzene

4.3.2 Molecular Mass – 78.11 g/mol

4.3.3 Physical State – liquid

4.3.4 Colour – Colourless

4.3.5 Odour – Sweet

4.3.6 Boiling Point – 80.9 °C at 760 mm Hg

4.3.7 Melting Point – 5.49 °C

4.3.8 Vapour Density (Air=1) – 2.70

4.3.9 Specific Gravity –

a) Solid (water = 1) at 20 °C –

b) Liquid (water = 1) –

4.3.10 Viscosity at 30°C –

4.3.11 Vapour Pressure at 76.6 °C – 

4.3.12 Heat of Combustion – 

4.3.13 Refractive Index at 25 °C – 

4.3.14 Solubility in Water – 

4.3.15 Solubility in other solvents – 

4.3.16 Light Sensitivity – 

4.4 Chemical Properties

4.4.1 Reactivity – The alkyl side chain of aromatic rings can undergo oxidation by several mechanisms. The most common and dominant one is the attack by oxidation at benzylic carbon as the intermediate formed is stabilised by resonance structure of the ring.

4.4.2 Polymerisation – 

4.4.3 Allotrope formation –

4.4.4 Corrosion properties –

4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature – 538 °C

4.5.2 Auto Ignition Temperature –

4.5.3 Flash Point — –11.1 °C (closed up)

4.5.4 Explosive limits (percent by volume) in air – 1.58

4.5.5 Upper Explosive Limit – 8 (percent by volume) in air

4.5.6 Lower Explosive Limit – 1.5 (percent by volume) in air

4.5.7 Fire Risk — Avoid contamination with oxidising agents i.e. nitrates, oxidising acids, chlorine bleaches, pool chlorine etc. as ignition may result.

5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information

5.2 Routes of entry 

5.2.1 Skin – Open cuts, abraded or irritated skin should not be exposed, Entry into the blood-stream, through for example, cuts, abrasions or lesions, may produce systemic injury with harmful effects. Repeated exposure can cause contact dermatitis which is characterised by redness, swelling and blistering.

5.2.2 Eyes – Severe inflammation may be expected with pain

5.2.3 Ingestion – Swallowing of the liquid may cause aspiration into the lungs with the risk of chemical pneumonitis; serious consequences may result.

5.2.4 Inhalation – The symptoms of exposure to high vapour concentrations of benzene include confusion, dizziness, tightening of the leg muscles and pressure over the forehead followed by a period of excitement. If exposure continues, the casualty quickly becomes stupefied and lapses into a coma with narcosis.

5.2.5 Long term effects – Chronic exposure to benzene may cause headache, fatigue, loss of appetite and lassitude with incipient blood effects including anaemia and blood changes. Benzene is a myelotoxicant known to suppress bone- marrow cell proliferation and to induce haematologic disorders in humans and animals.

5.3 Toxicity information

5.3.1 Threshold Limit Value (TLV) — 1 ppm

5.3.2 Short Term Exposure Limit (STEL)

5.3.3 Immediately Dangerous to Life or Health (IDLH) — 500 ppm

5.3.4 Lethal Dose 50 (LD50) (rat, dermal) — >8260 mg/kg 

5.3.5 Lethal concentration (LCLo) (human) Oral — not available

5.3.6 Inhalation (rat) lethal concentration (LC), 7 h — 17 480.032 5 mg/l.

5.4 Antidote

5.5 Health Effects

5.5.1 Signs and Symptoms – 

5.5.2 Acute Toxicity – 

5.5.2.1 Systemic effects – 

5.5.2.2 Local effects — 

5.5.3 Chronic Toxicity — 

5.5.3.1 Systemic effects — Benzene is a myelotoxicant known to suppress bone-marrow cell proliferation and to induce haematologic disorders in humans and animals.

5.5.3.2 Local effects — Chronic exposure to benzene may cause headache, fatigue, loss of appetite and lassitude with incipient blood effects including anaemia and blood changes. 

6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use 

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection – Safety glasses with side shields and chemical goggles

6.2.2 Head Protection – Body kit (Not mentioned)

6.2.3 Foot and leg Protection – Wear safety footwear or safety gumboots, e.g. Rubber

6.2.4 Body, Skin and Hand Protection – Wear chemical protection gloves, e.g. PVC Apron.

Body kit and PVC Apron (Note some plastics personal protective equipment (PPE) are not recommended as they may produce static electricity so for large scale or continuous use wear  tight-weave non-static clothing(no metallic fasteners, cuffs or pockets))

6.3 Respiratory Equipment

Type A Filter of sufficient capacity (A (All classes) = Organic vapours)

Respirator selection (upper limit devices).

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

[bookmark: _Hlk174019119]7.1.1 Pre-Storage

The regulations include the type of containers that should be used with material that can safely store the chemical. Chemical should be stored in non-combustible well-ventilated structures in accordance with the rules framed under Petroleum Act.

7.2 Storage

Store in original containers in approved flame-proof area. No smoking, naked lights, heat or ignition sources.

7.3 Handling

The vessels and the pipe lines should be so grounded with heavy copper wires, in order to prevent accumulation of static charges. Use of air pressure shall not be permitted for removing benzene from piping as it is extremely hazardous. Approved pump or an inert gas has to be used for those purposes.

Samples shall be removed from the laboratory after tests are over even if it is in small quantity. Likewise, there are few more rules that has to be followed in storage and manufacture for the safe handling of these chemicals as they are considered to be inflammable and explosive.

Containers, even those that have been emptied, may contain explosive vapours. Do NOT cut, drill, grind, weld or perform similar operations on or near containers.

Electrostatic discharge may be generated during pumping - this may result in fire. Ensure electrical continuity by bonding and grounding (earthing) all equipment.

Avoid all personal contact, including inhalation. Wear protective clothing when risk of exposure occurs. DO NOT allow clothing wet with material to stay in contact with skin

7.4 Labelling

[image: ]

7.5 Transport

7.5.1 Unloading Trucks

7.5.2 Unloading Drums

7.5.3 Driver

Vehicle driver should be aware of the potential hazards of the load and should know standard procedure (dos and don’ts) in the event of an accident or an emergency.

Driver should carry TREM card when vehicle is on road.

NOTE — If transport of the hazardous chemical is involved it shall be carried out in accordance with the Central Motor Vehicles Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

8.2 Spillage

Major – Remove all ignition sources. Clean up all spills immediately.

Minor – Clear area of personnel and move upwind. Alert Fire Brigade and tell them location and nature of hazard.

8.2.1 General Information

8.2.2 Land Spill (Spill on land)

8.2.2.1 Containment — 

8.2.2.2 Consequence —

8.2.2.3 Mitigation —

8.2.3 Water Spill (Spill in Water)

8.2.3.1 Containment—

8.2.3.2 Mitigation—

8.3 Leakages

8.3.1 General Information

8.3.2 Leak from the Truck

8.3.3 Caution

8.4 Waste Disposal

a) Containers may still present a chemical hazard/ danger when empty. Return to supplier for reuse/recycling if possible.

b) Legislation addressing waste disposal requirements may differ by country, state and/or territory.

c) DO NOT allow wash water from cleaning or process equipment to enter drains.

d) It may be necessary to collect all wash water for treatment before disposal.

e) Recycle wherever possible. Consult manufacturer for recycling options or consult local or regional waste management authority for disposal if no suitable treatment or disposal facility can be identified.

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 General

9.2 Prevention

Avoid contamination with oxidising agents i.e. nitrates, oxidising acids, chlorine bleaches, pool chlorine etc. as ignition may result

9.3 Fire fighting

Form, Dry chemical powder used as fire extinguishing media.

10 TRAINING

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 Health Monitoring

11.1.1 Personal Hygiene

11.1.2 Physical Examination

11.1.2.1 Pre-placement physical examinations —

11.1.2.2 Periodic examination —

11.1.2.3 Medical examination —

11.1.2.4 Dental examination —

11.2 First Aid

11.2.1	General Principles

11.2.2 Contact with Skin

Immediately remove all contaminated clothing, including footwear. Flush skin and hair with running water (and soap if available). Seek medical attention in event of irritation

11.2.2.1 Caution — 

11.2.3 Contact with Eyes — wash out immediately with fresh running water.

a) Ensure complete irrigation of the eye by keeping eyelids apart and away from eye and moving the eyelids by occasionally lifting the upper and lower lids.

b) Seek medical attention without delay; if pain persists or recurs seek medical attention.

c) Removal of contact lenses after an eye injury should only be undertaken by skilled personnel.

11.2.4 Ingestion

If fumes, aerosols or combustion products are inhaled remove from contaminated area. Other measures are usually unnecessary.

11.2.5 Inhalation 

a) If spontaneous vomiting appears imminent or occurs, hold patient's head down, lower than their hips to help avoid possible aspiration of vomitus.

b) Never give liquid to a person showing signs of being sleepy or with reduced awareness; i.e. becoming unconscious.

c) Give water to rinse out mouth, then provide liquid slowly and as much as casualty can comfortably drink. Seek medical advice. Avoid giving alcohol, milk or oils.

1l.2.6 First-Aid Kit

11.3 Medical treatment

12 ADDITIONAL INFORMATION
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FOREWORD

(Formal clause to be added later)

Toluene is also known as methylbenzene, is an aromatic hydrocarbon similar to benzene but with a methyl group attached to the benzene ring. It is a clear, colorless liquid with a distinctive sweet odor, is widely used as a solvent in various industries. While it offers numerous applications, it also poses significant health and safety risks.

It is commonly used as a solvent in chemical laboratories for reactions, extractions, and chromatography due to its effectiveness in dissolving both polar and non-polar substances.

[bookmark: _Hlk174004523]Toluene's characteristics make it a versatile industrial solvent, but its flammability and health hazards necessitate careful handling and strict adherence to safety regulations.

This standard was originally published in 1968. The Committee felt a need to revise this standard with a view to update the standard based on the experience of last five decades and on the currently available data.

BIS has published a standard IS 4644 : 1968 ‘Code of Safety for Benzene, Toluene and Xylene’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to bifurcated into three parts based on the currently available data and last five decades experience.

This (Part 2) describes a code of safety concerning hazards relating to toluene. It describes the properties and essential information for the safety handling and use of toluene, safety measures for controlling hazards and essential information on symptoms of skin and eye irritation, health effects, poisoning, first-aid, medical treatment, transportation, storage, handling, labelling, training protocols, and employee safety.

The other parts of this standard are as following:

Part 1 Benzene — Code of Safety (first revision)

Part 3 Xylene — Code of Safety (first revision)

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals. And the title of this standard has been modified.







1 SCOPE

1.1 This code describes the properties of toluene, the nature of hazards associated with it, and essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repairing of containers, selection and training of personnel, personal protective equipment, and first-aid.

1.2 This code does not deal with specifications for design of buildings, chemical engineering, plants, storage vessels and equipment for operations control, methods and ingredients used in the manufacture, and equipment for waste disposal.

2 REFERENCES

The standards given below 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 revisions, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards given at below:

		IS No.

		IS Title



		IS 4155: 2023

		Glossary of Terms Relating to Chemical and Radiation Hazards and Hazardous Chemicals (first revision)



		IS 1260 (Part 1) : 1973

		Pictorial Marking for Handling and Labelling of Goods Part 1 Dangerous Goods (first revision)





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES

4.1 General Information

4.1.1 Chemical Name — Toluene

4.1.2 Common Name & Synonyms — Methyl benzene, Methyl benzol, Phenyl methane, Toluol

4.1.3 Uses

Solvent, diluent, chemical feedstock, or fuel

4.2 Identification

4.2.1 Formula – C7H8

4.2.2 CAS Number – 108-88-3

4.2.3 UN Number - 1294

4.2.4 UN Class - 3

4.2.5 Hazchem Code – Flammable liquids (Category 2), H225; Skin irritation (Category 2), H315; Reproductive toxicity (Category 2), H361d; Specific target organ toxicity - single exposure (Category 3), Respiratory system, H336; Specific target organ toxicity - repeated exposure (Category 2), Central nervous system, H373; Aspiration hazard (Category 1), H304; Long-term (chronic) aquatic hazard (Category 3), H412

4.3 Physical Properties

4.3.1 General – Toluene

4.3.2 Molecular Mass – 92.14 g/mol

4.3.3 Physical State – 

4.3.4 Colour – clear, colourless liquid

4.3.5 Odour – aromatic odor.

4.3.6 Boiling Point – 110oC to 111 °C

4.3.7 Melting Point – -60 °C

4.3.8 Vapour Density (Air=1) – 3.2

4.3.9 Specific Gravity – 0.87 at 15.5 °C

a) Solid (water = 1) at 20 °C –

b) Liquid (water = 1) –

4.3.10 Viscosity at 30 °C – 0.69 cST at 25 °C Approx. 

4.3.11 Vapour Pressure at 76.6 °C – 6.266 kPa at 20 °C Approx.

4.3.12 Heat of Combustion – 

4.3.13 Refractive Index at 25 °C –  

4.3.14 Solubility in Water – 0.05% at 25 °C

4.3.15 Solubility in other solvents – 

4.3.16 Light Sensitivity – 

4.4 Chemical Properties

4.4.1 Reactivity – This product is stable

4.4.2 Polymerisation

Hazardous polymerization will not occur. Reacts violently with strong oxidants causing fire and explosion hazard

4.4.3 Allotrope formation –

4.4.4 Corrosion properties –

4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature – 

4.5.2 Auto Ignition Temperature – 552 °C Approx.

4.5.3 Flash Point – 7oC

4.5.4 Upper Explosive Limit – 7.1 %(V)

4.5.5 Lower Explosive Limit – 1.2 %(V)

4.5.6 Fire Risk — 

5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information

This substance/mixture contains no components considered to be either persistent, bio-accumulative and toxic (PBT), or very persistent and very bio-accumulative (vPvB) at levels of 0.1% or higher.

5.2 Routes of entry

5.2.1 Skin

Frequent or prolonged contact may irritate the skin and cause a skin rash (dermatitis). Brief contact with the liquid will not result in significant irritation unless evaporation is prevented. Skin contact may aggravate an existing dermatitis condition.

5.2.2 Eyes

Irritating, but will not injure eye tissue.

5.2.3 Ingestion

Small amounts of liquid aspirated into the respiratory system during ingestion or from vomiting may cause mild to severe pulmonary injury and possibly death.

5.2.4 Inhalation

High vapour/aerosol concentrations (greater than approximately 1 000 ppm) are irritating to the eyes and the respiratory tract, and may cause headaches, dizziness, anaesthesia, drowsiness, unconsciousness, central nervous system effects, brain damage and possibly death

5.2.5 Long term effects –  

5.3 Toxicity information

5.3.1 Threshold Limit Value (TLV) — 20 ppm (75mg/m3)

5.3.2 Short Term Exposure Limit (STEL)

5.3.3 Immediately Dangerous to Life or Health (IDLH) — 

5.3.4 Lethal Dose 50 (LD50) (rat, dermal)

5.3.5 Lethal concentration (LCLo) (human) Oral — 5.580 mg/kg

5.3.6 Inhalation (rat) lethal concentration (LC), 4 h — 25.7 mg/l (Vapor)

5.4 Antidote

5.5 Health Effects

5.5.1 Signs and Symptoms –

5.5.2 Acute Toxicity – 

5.5.2.1 Systemic effects –

5.5.2.2 Local effects — dermatitis

5.5.3 Chronic Toxicity —

5.5.3.1 Systemic effects 

Prolonged or deliberate inhalation of this product may cause brain and nervous system damage.

5.5.3.2 Local effects —

6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use 

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

a) Use equipment for eye protection tested and approved under appropriate government standards such as NIOSH (US) or EN 166(EU). Safety glasses

b) Prevent eye contact Wear appropriate eye protection to prevent eye contact.

6.2.2 Head Protection – 

6.2.3 Foot and leg Protection – 

6.2.4 Body, Skin and Hand Protection

a) Prevent skins contact Wear appropriate personal protective clothing to prevent skin contact.

b) When wet (flammable) Work clothing that becomes wet should be immediately removed due to its flammability hazard (i.e., for liquids with a flash point <100°F).

c) Flame retardant antistatic protective clothing.

6.3 Respiratory Equipment

Filter A (acc. to DIN 3181) for vapours of organic compounds

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

7.1.1 Pre-Storage

The regulations include the type of containers that should be used with material that can safely store the chemical. Chemical should be stored in non-combustible well-ventilated structures in accordance with the rules framed under Petroleum Act.

7.2 Storage

a) Store in cool/well-ventilated place. Keep cool.

b) Store locked up.

c) Do not handle or store near an open flame, heat, or other sources of ignition.

d) Protect material from direct sunlight.

e) Material will accumulate static charges, which may cause an electrical spark (ignition source).

f) Use proper earthing (grounding) procedures.

g) Do not pressurize, cut, heat, or weld containers.

h) Empty product containers may contain product residue.

7.3 Handling

The vessels and the pipe lines should be so grounded with heavy copper wires, in order to prevent accumulation of static charges. Use of air pressure shall not be permitted for removing toluene from piping as it is extremely hazardous. Approved pump or an inert gas has to be used for those purposes.

Samples shall be removed from the laboratory after tests are over even if it is in small quantity. Likewise, there are few more rules that has to be followed in storage and manufacture for the safe handling of these chemicals as they are considered to be inflammable and explosive.

7.4 Labelling
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7.5 Transport

7.5.1 Unloading Trucks

7.5.2 Unloading Drums

7.5.3 Driver

Vehicle driver should be aware of the potential hazards of the load and should know standard procedure (dos and don’ts) in the event of an accident or an emergency.

Driver should carry TREM card when vehicle is on road.

NOTE — If transport of the hazardous chemical is involved it shall be carried out in accordance with the Central Motor Vehicles Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

8.2 Spillage

8.2.1 General Information

8.2.2 Land Spill (Spill on land)

a) Eliminate source of ignition.

b) Prevent additional discharge of material, if possible to do so without hazard.

c) Prevent spills from entering sewers, watercourses or low areas.

d) Contain spilled liquid with sand or earth.

e) Do not use combustible materials such as sawdust.

f) Recover by pumping (use an explosion proof motor or hand pump), or by using a suitable absorbent.

8.2.2.1 Containment— 

8.2.2.2 Consequence—

8.2.2.3 Mitigation—

8.2.3 Water Spill (Spill in Water)

a) Eliminate sources of ignition.

b) Warn occupants and shipping in downwind areas of fire and explosion hazard and request all to stay clear.

c) Remove from surface by skimming or with suitable absorbents.

d) If allowed by local authorities and environmental agencies, sinking and/or suitable dispersants may be used in unconfined waters.

8.2.3.1 Containment—

8.2.3.2 Mitigation—

8.3 Leakages

8.3.1 General Information

8.3.2 Leak from the Truck

8.3.3 Caution

8.4 Waste Disposal

Dispose of the contents in accordance to the local mandatory rules and regulations.

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 General

a) Wear positive pressure self-contained breathing apparatus (SCBA).

b) Structural firefighters’ protective clothing will only provide limited protection.

9.2 Prevention

9.3 Fire fighting

Extinguishing media

a) Dry chemical, CO2, water spray or regular foam.

b) Water spray, fog or regular foam.

c) Do not use straight streams.

10 TRAINING

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 Health Monitoring

11.1.1 Personal Hygiene

11.1.2 Physical Examination

11.1.2.1 Pre-placement physical examinations —

11.1.2.2 Periodic examination—

11.1.2.3 Medical examination—

11.1.2.4 Dental examination—

11.2 First Aid

11.2.1 General Principles

11.2.2 Contact with Skin

Soap wash promptly if this chemical contacts the skin, promptly flushes the contaminated skin with soap and water. If this chemical penetrates the clothing, promptly remove the clothing and flush the skin with water. If irritation persists after washing, get medical attention.

11.2.2.1 Caution

11.2.3 Contact with Eyes

Irrigate immediately if this chemical contacts the eyes, immediately wash (irrigate) the eyes with large amounts of water, occasionally lifting the lower and upper lids. Get medical attention immediately.

11.2.4 Ingestion

Medical attentions immediately if this chemical has been swallowed, DO NOT induce vomiting. Keep at rest. Get medical attention immediately.

11.2.5 Inhalation

Respiratory support if a person breathes large amounts of this chemical, move the exposed person to fresh air at once. If breathing has stopped, perform artificial resuscitation. Keep the affected person warm and at rest. Get medical attention as soon as possible.

11.2.6 First-Aid Kit

11.3 Medical treatment

12 ADDITIONAL INFORMATION
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FOREWORD

(Formal clause to be added later)

Xylene is a colorless, flammable liquid with a strong odor, often used as a solvent in various industries. It's a mixture of three isomers: ortho-xylene, meta-xylene, and para-xylene. Xylene can be harmful if inhaled or ingested. Short-term exposure can cause respiratory and neurological effects, while long-term exposure may lead to liver and kidney damage. It is also considered an irritant to the skin and eyes.

Xylene is used as a solvent in paints, varnishes, and adhesives. It is also used in the printing and rubber industries and as a cleaning agent. Additionally, xylene is a precursor for the production of various chemicals and isomers, such as terephthalic acid, used in polyester manufacturing.

[bookmark: _Hlk174004523]This standard was originally published in 1968. The Committee felt a need to revise this standard with a view to update the standard based on the experience of last five decades and on the currently available data.

BIS has published a standard IS 4644 : 1968 ‘Code of Safety for Benzene, Toluene and Xylene’. During the revision, considering the bulkiness of the standard, and recognizing the need for clarity, the committee decided to bifurcated into three parts based on the currently available data and last five decades experience.

This (Part 3) describes a code of safety concerning hazards relating to xylene. It describes the properties and essential information for the safety handling and use of xylene, safety measures for controlling hazards and essential information on symptoms of skin and eye irritation, health effects, poisoning, first-aid, medical treatment, transportation, storage, handling, labelling, training protocols, and employee safety.

The other parts of this standard are as following:

Part 1 Benzene — Code of Safety (first revision)

Part 2 Toluene — Code of Safety (first revision)

The various clauses of the standard have been aligned with the format being applied for all Indian Standards on code of safety of chemicals. And the title of this standard has been modified.







1 SCOPE

1.1 This code describes the properties of xylene, the nature of hazards associated with it, and essential information on storage, handling, packing, labelling, and disposal of waste, cleaning and repairing of containers, selection and training of personnel, personal protective equipment, and first-aid.

1.2 This code does not deal with specifications for design of buildings, chemical engineering, plants, storage vessels and equipment for operations control, methods and ingredients used in the manufacture, and equipment for waste disposal.

2 REFERENCES

The standards given below 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 revisions, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards given at below:

		IS No.

		IS Title



		IS 4155: 2023

		Glossary of Terms Relating to Chemical and Radiation Hazards and Hazardous Chemicals (first revision)



		IS 1260 (Part 1) : 1973

		Pictorial Marking for Handling and Labelling of Goods Part 1 Dangerous Goods (first revision)





3 TERMINOLOGY

For the purpose of this standard the definitions given in IS 4155 shall apply.

4 PROPERTIES

4.1 General Information

4.1.1 Chemical Name — 1,4-Dimethybenzene

4.1.2 Common Name & Synonyms — p-Xylene

4.1.3 Uses

Raw material for use in the chemical industry to manufacture Purified Terephthalic acid.

4.2 Identification

4.2.1 Formula – C8H10

4.2.2 CAS Number – 106-42-3

4.2.3 UN Number - 1307

4.2.4 UN Class - 3

4.2.5 Hazchem Code

 H226 - Flammable Liquid Category 3; H312 - Acute Toxicity (Dermal) Category 4; H332 - Acute Toxicity (Inhalation) Category 4; H315 - Skin Corrosion/Irritation Category 2; H319 - Eye Irritation Category 2

4.3 Physical Properties

4.3.1 General – 

4.3.2 Molecular Mass – 

4.3.3 Physical State – Liquid

4.3.4 Colour – Colourless

4.3.5 Odour – 

4.3.6 Boiling Point – 138.2-144.5

4.3.7 Melting Point – -47.8 to 13.25 °C

4.3.8 Vapour Density (Air=1) – 0.86

4.3.9 Specific Gravity –

a) Solid (water = 1) at 20 °C – 

b) Liquid (water = 1) –

4.3.10 Viscosity at 30 °C –

4.3.11 Vapour Pressure at 76.6 °C – 

4.3.12 Heat of Combustion – 

4.3.13 Refractive Index at 25 °C – 

4.3.14 Solubility in Water – 

4.3.15 Solubility in other solvents – 

4.3.16 Light Sensitivity – 

4.4 Chemical Properties

4.4.1 Reactivity

a) Xylenes attack some plastics, rubber and coatings

b) Unstable in the presence of incompatible materials.

c) Product is considered stable.

4.4.2 Polymerisation – 

4.4.3 Allotrope formation –

4.4.4 Corrosion properties –

4.5 Fire and Explosion Hazard Properties

4.5.1 Ignition Temperature – 

4.5.2 Auto Ignition Temperature – 463-528

4.5.3 Flash Point – 27-32

4.5.4 Upper Explosive Limit – 

4.5.5 Lower Explosive Limit – 

4.5.6 Fire Risk — 

5 HEALTH HAZARD & TOXICITY INFORMATION

5.1 General Information

5.2 Routes of entry 

5.2.1 Skin

a) The material may accentuate any pre-existing dermatitis condition.

b) Open cuts, abraded or irritated skin should not be exposed to this material

c) Entry into the blood-stream, through, for example, cuts, abrasions or lesions, may produce systemic injury with harmful effects.

d) Examine the skin prior to the use of the material and ensure that any external damage is suitably protected

5.2.2 Eyes

This material can cause eye irritation and damage in some persons.

5.2.3 Ingestion

a) The material is not thought to produce adverse health effects following ingestion (as classified by EC Directives using animal models). Nevertheless, adverse systemic effects have been produced following exposure of animals by at least one other route and good hygiene practice requires that exposure be kept to a minimum.

b) Swallowing of the liquid may cause aspiration into the lungs with the risk of chemical pneumonitis; serious consequences may result.

5.2.4 Inhalation

a) Inhalation of vapours or aerosols (mists, fumes), generated by the material during the course of normal handling, may be harmful.

b) The material is not thought to produce respiratory irritation (as classified by EC Directives using animal models). Nevertheless inhalation of vapours, fumes or aerosols, especially for prolonged periods, may produce respiratory discomfort and occasionally, distress.

c) Inhalation hazard is increased at higher temperatures.

d) Inhalation of vapours may cause drowsiness and dizziness. This may be accompanied by sleepiness, reduced alertness, loss of reflexes, lack of co-ordination, and vertigo.

5.2.5 Long term effects – 

5.3 Toxicity information 

5.3.1 Threshold Limit Value (TLV) — 50 ppm/220 mg/m3

5.3.2 Short Term Exposure Limit (STEL) — 441 mg/m3/100 ppm

5.3.3 Immediately Dangerous to Life or Health (IDLH) — 

5.3.4 Lethal Dose 50 (LD50) (rat, dermal)

5.3.5 Lethal concentration (LCLo) (human) Oral — 

5.3.6 Inhalation (rat) lethal concentration (LC), 4 h — 4 544.80 845 mg/l

5.4 Antidote

5.5 Health Effects

5.5.1 Signs and Symptoms –

5.5.2 Acute Toxicity –

5.5.2.1 Systemic effects –

5.5.2.2 Local effects — 

5.5.3 Chronic Toxicity —

5.5.3.1 Systemic effects

Long-term exposure to the product is not thought to produce chronic effects adverse to the health (as classified by EC Directives using animal models); nevertheless exposure by all routes should be minimised as a matter of course

5.5.3.2 Local effects —

6 PERSONAL PROTECTIVE EQUIPMENT

6.1 Availability and Use 

6.2 Non-Respiratory Equipment

6.2.1 Eye and face Protection

a) Safety glasses with side shields.

b) Chemical goggles

6.2.2 Head Protection

Wear chemical protective gloves, e.g. PVC.

6.2.3 Foot and leg Protection

Wear safety footwear or safety gumboots, e.g. Rubber

6.2.4 Body, Skin and Hand Protection

a) Overalls

b) PVC Apron

c) Some plastic personal protective equipment (PPE) (e.g. gloves, aprons, overshoes) are not recommended as they may produce static electricity

d) For large scale or continuous use wear tight-weave non-static clothing (no metallic fasteners, cuffs or pockets)

6.3 Respiratory Equipment

Type A Filter of sufficient capacity. (AS/NZS 1716 & 1715, EN 143:2000 & 149:2001, ANSI Z88 or national equivalent)

7 STORAGE, HANDLING, LABELLING AND TRANSPORT

7.1 General

7.1.1 Pre-Storage

The regulations include the type of containers that should be used with material that can safely store the chemical. Chemical should be stored in non-combustible well-ventilated structures in accordance with the rules framed under Petroleum Act.

7.2 Storage 

a) Packing as supplied by manufacturer

b) Plastic containers may only be used if approved for flammable liquid.

c) For low viscosity materials (i) : Drums and jerry cans must be of the non-removable head type. (ii) : Where a can is to be used as an inner package, the can must have a screwed enclosure.

7.3 Handling

The vessels and the pipe lines should be so grounded with heavy copper wires, in order to prevent accumulation of static charges. Use of air pressure shall not be permitted for removing xylene from piping as it is extremely hazardous. Approved pump or an inert gas has to be used for those purposes.

Samples shall be removed from the laboratory after tests are over even if it is in small quantity. Likewise, there are few more rules that has to be followed in storage and manufacture for the safe handling of these chemicals as they are considered to be inflammable and explosive.

7.4 Labelling
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7.5 Transport

7.5.1 Unloading Trucks

7.5.2 Unloading Drums

7.5.3 Driver

Vehicle driver should be aware of the potential hazards of the load and should know standard procedure (dos and don’ts) in the event of an accident or an emergency.

Driver should carry TREM card when vehicle is on road.

NOTE — If transport of the hazardous chemical is involved it shall be carried out in accordance with the Central Motor Vehicles Rules, 1989. While referring to the statutes, the stipulations given in the subsequent amendments of those statutes shall be taken into account.

8 SPILLAGE, LEAKAGE AND WASTE DISPOSAL

8.1 General

8.2 Spillage

8.2.1 General Information

8.2.2 Land Spill (Spill on land)

8.2.2.1 Containment— 

8.2.2.2 Consequence—

8.2.2.3 Mitigation—

8.2.3 Water Spill (Spill in Water)

8.2.3.1 Containment—

8.2.3.2 Mitigation—

8.3 Leakages

8.3.1 General Information

8.3.2 Leak from the Truck

8.3.3 Caution

8.4 Waste Disposal

9 FIRE PREVENTION AND FIRE FIGHTING

9.1 General

a) Store in original containers in approved flammable liquid storage area.

b) Store away from incompatible materials in a cool, dry, well-ventilated area.

9.2 Prevention

9.3 Fire fighting

Foam, Dry chemical powder.

10 TRAINING

11 HEALTH MANAGEMENT, FIRST-AID AND MEDICAL TREATMENT

11.1 Health Monitoring

11.1.1 Personal Hygiene

11.1.2 Physical Examination

11.1.2.1 Pre-placement physical examinations —

11.1.2.2 Periodic examination—

11.1.2.3 Medical examination—

11.1.2.4 Dental examination—

11.2 First Aid

11.2.1	General Principles

11.2.2 Contact with Skin

a) Immediately remove all contaminated clothing, including footwear.

b) Flush skin and hair with running water (and soap if available).

c) Seek medical attention in event of irritation.

11.2.2.1 Caution

11.2.3 Contact with Eyes

a) Wash out immediately with fresh running water.

b) Ensure complete irrigation of the eye by keeping eyelids apart and away from eye and moving the eyelids by occasionally lifting the upper and lower lids.

c) Seek medical attention without delay; if pain persists or recurs seek medical attention

11.2.4 Ingestion

a) If spontaneous vomiting appears imminent or occurs, hold patient's head down, lower than their hips to help avoid possible aspiration of vomitus.

b) If swallowed do NOT induce vomiting.

c) If vomiting occurs, lean patient forward or place on left side (head-down position, if possible) to maintain open airway and prevent aspiration.

d) Observe the patient carefully. Never give liquid to a person showing signs of being sleepy or with reduced awareness; i.e. becoming unconscious.

e) Give water to rinse out mouth, then provide liquid slowly and as much as casualty can comfortably drink

11.2.5 Inhalation

a) If fumes or combustion products are inhaled remove from contaminated area.

b) Lay patient down. Keep warm and rested.

c) Prostheses such as false teeth, which may block airway, should be removed, where possible, prior to initiating first aid procedures.

d) Apply artificial respiration if not breathing, preferably with a demand valve resuscitator, bag-valve mask device, or pocket mask as trained. Perform CPR if necessary

11.2.6 First-Aid Kit

11.3 Medical treatment

12 ADDITIONAL INFORMATION
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SECTION 2 HAZARDS IDENTIFICATION

2.1. Classification of the substance or mixture

Considered a hazardous mixture according to Reg. (EC) No 1272/2008 and their amendments. Classified as Dangerous Goods
for transport purposes.

Classification according to
regulation (EC) No

127272008 [cLP) (1]

H226 - Flammable Liquid Category 3, H312 - Acute Toxicity (Dermal) Category 4, H332 - Acute Toxicity (Inhalation) Category 4,
H315 - Skin Corrosion/Iritation Category 2, H319 - Eye Irritation Category 2

Legend: | 1. Classified by Chemwatch; 2. Classification drawn from Regulation (EU) No 1272/2008 - Annex VI

2.2. Label elements

Hazard pictogram(s) @ @

SIGNAL WORD WARNING

Hazard statement(s)

Page 1 continued...
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