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Abstract:In this paper, the identification of the physical hazards of hydrogen that are present during its 

production, storage, and application in the petrochemical industry and in general, the chemical and process 

industry, was carried out. It is assumed that physical hazards can be identified based on data from the chemical 

safety data sheet issued by the manufacturer. Hydrogen produced in the petrochemical industry, which is used as 

an intermediate (or technical gas) in the chemical and petrochemical industry, is a physical hazard because it is 

an easily flammable gas, forms explosive mixtures with air, and belongs to the class of gases under 

pressure.Knowledge of the physical properties of the chemical, during handling and its storage, significantly 
contributes to the reduction of risks and the increase of personal safety in the working environments of the 

petrochemical/chemical/process industry where hydrogen is present. 
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1. INTRODUCTION 

Hydrogen is one of the most important end products and intermediates of the modern 

petrochemical and chemical industry.Today, hydrogen gas is widely produced by catalytic conversion 

processes of hydrocarbon raw materials, originating from fossil sources [1]. 

Wet reforming of methane or light hydrocarbons is the most common syn-gas production process, 

from which pure hydrogen is produced by subsequent separation of the reaction mixture. The 

separated hydrogen can be used as an end product or, more often, as a raw material for a whole range 
of syntheses in the basic chemical industry, e.g. for obtaining ammonia and, in the next step, artificial 

fertilizers. Hydrogen can be used as a technical/working fluid in the chemical process industry or for 

the production of hydrogen fuels in the latest generation petrochemical complexes. Hydrogen 
produced in the petrochemical industry can also be used, e.g. in the oil-petrochemical and polymer 

industries or chemical complexes as hydrogenation reagents [1]-[3]. 

The application of hydrogen includes certain processes in the food industry, metal processing, 

welding, medicine, etc.[2]. 

The hydrogen industry and the development of hydrogen systems occupy a significant place in the 

concept of sustainable energy development and increasing energy efficiency in industrial and transport 

systems, e.g.through the application of fuel cells [2,3].  

The development of the hydrogen industry implies an increase in the risk of physical hazards 

during handling and storage and raises the issue of risk control [2,3].  

In this paper, the identification of the physical hazards of hydrogen that are present during its 
production, storage, and application in the petrochemical industry and in general, the chemical and 

process industry, was carried out. It was assumed that physical hazards can be identified based on the 

data from the hydrogen gas safety data sheet [4], issued by the producer of HIP "Petrohemija", 

Pancevo. The paper also analyzed the impact of the basic physical and chemical properties of 
hydrogen (shown in the safety data sheet and product specification [5]) on the physical hazards that 

can manifest in industrial systems where it is used, as well as in warehouses. 
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2. DETERMINATION OF THE PHYSICAL HAZARDS OF HYDROGEN BASED ON DATA 

FROM ITS SAFETY DATA SHEET 

To determine the physical hazards of gaseous hydrogen, an example of its safety data sheet [4] 

was used.Considering that according to the Law on Environmental Protection [6] and the Law on 
Chemicals [7] hydrogen gas is a dangerous substance, the safety data sheet is a quality starting 

document for the analysis of data on physical hazards that may occur during its production, storage 

and application. The safety data sheet should be used in combination with the product specification 

and other documents about the chemical because the data in them must not be contradictory or 

imprecise[7]. 

According to the data from the safety data sheet [4], the name of the considered chemical is 

hydrogen.Hydrogen is a petrochemical intended for use as a chemical reagent (finished product), for 
hydrogenation processes, and welding.Hydrogen produced in HIP “Petrohemija”, Pancevo, is a 

substance with a purity of more than 95% (m/m).Substances present as impurities do not significantly 

affect their physical properties during their production, storage, and application. 

According to the data from Chapter 2 of the safety data sheet - Hazard identification [4], it follows 

that the classification of hydrogen was carried out according to the Rulebook on the Classification, 

Packaging, Labeling, and Advertising of Chemicals and Certain Products by the Globally Harmonized 

System for Classification and Labeling of the UN [8] (inhereinafter: CLP-GHS Rulebook). 

The analysis of the available data determined that the considered gaseous hydrogen belongs to the 

following classes of physical danger [4]: 

 Flammable gases, category 1;  

 Gases under pressure (compressed gas). 

By the classification into the class: Flammable gases and the associated category 1, the hazard 
statement H220 - highly flammable gas [4] is indicated.By the classification in the class of Gases 

under pressure, the hazard statement H280 also applies - contains gas under pressure, and may explode 

if exposed to heat. 

Precautionary statements when handling hydrogen as a substance that causes physical hazards, are 
by the identified hazard classes and categories and are shown in Table 1 [4].Belonging to hazard 

classes is aligned with labeling elements [4,8] and is also shown in Table 1. 
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Table 1 -Precautionary statements when handling and storing hydrogen, hazard pictograms as 

labeling elements 

Precautionary statements Description of Precautionary statements Hazard pictograms 

P210 
Keep away from heat sources/sparks/open flames/hot 

surfaces. No smoking. 

 
Flammable gas,GHS02 

 

Gas under pressure,GHS04 

P337 
Gas leak fire: Do not extinguish unless the leak can be 

stopped safely. 

Р381 
Remove all sources of ignition if it is possible to do so 

safely. 

Р403 Store in a place with good ventilation. 

 

Based on the data analysis from the safety data sheet [4], it can be considered that the hydrogen 

produced by HIP “Petrohemija” from Pancevo is a highly flammable and explosive gas. It is explosive 
within the limits of explosion when mixed with air. The classification into appropriate classes and 

categories of danger was made according to the physical dangers it can cause, but also according to the 

basic physical properties. Physical hazards require attention (according to the signal word: warning 

[4]) and are described with appropriate hazard statements and pictograms. The prevention of physical 
hazards of hydrogen is illustrated by the corresponding precautionary statements (Table 1.) and can 

constitute a basic guide for the prevention of physical hazards, which is intended for employees in 

working environments with hydrogen. 

The identified flammability and explosiveness of hydrogen are used as input parameters for risk 

modeling in all stages of technological processes with the presence of hydrogen, primarily in the 

stages of handling and processing, but in storage areas during storage. 

Hydrogen is most often transported as a gas under pressure (compressed gas).Risks of 

flammability and explosiveness during preparation for transport, loading, and unloading of hydrogen 

cylinders/containers must be taken into account when determining the overall conditions of safe 

transport. 

Identified physical hazards in the presence of an open flame/spark/heat source can cause fire and 

explosion in hydrogen work environments.The consequences of manifested physical hazards can cause 

chemical accidents and accompanying unwanted effects on property in production processes, on the 

life and health of employees, and also on the environment. 

3. REMEDY OF THE CONSEQUENCES AFTER THE OCCURRENCE OF PHYSICAL 

HAZARDS CAUSED BY HYDROGEN 

In the event of chemical accidents, it is necessary to immediately evacuate employees to the 

working environment with hydrogen and prohibit access to the affected area.In the event of the 

appearance of dangerous vapors during the burning of hydrogen, it is necessary for the persons who 

clean up the accident to wear prescribed personal protective equipment.In the next step of the 

procedure, prevent the emergence and appearance of flames [4]. 

In the event of a fire with hydrogen, fire brigades should urgently implement all necessary 

measures to extinguish the fire and prevent an explosion.It is necessary to approach the fire with 
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caution because the temperature is very high in the flame during hydrogen combustion.During 

combustion, the hydrogen flame has no characteristic color [4].  

Do not extinguish the fire while hydrogen is being released in any part of the technological 

process.Use a water jet to cool the tanks affected by the fire.Use large amounts of water in the form of 

mist and spray.Move away immediately in the event of a high-intensity sound from the safety 

valves.Avoid inhalation of hydrogen combustion products. 

According to the above, it is necessary to take the prescribed measures [4] to prevent the fire from 

getting out of control and to avoid catastrophic consequences on a wider scale for the life and health of 

people, the technological process, and the environment.  

4. PRECAUTIONS FOR SAFE HANDLING AND PREVENTION OF PHYSICAL 

HAZARDS WHEN HANDLING HYDROGEN 

Consistent application of precautionary statements (Table 1) reduces the risk of manifesting 

negative effects of identified physical hazards [4] that can manifest when handling them. To increase 

the safety of employees and technological processes in which gaseous hydrogen is present, it is 

necessary: 

 The handle is fully enclosed, grounded, properly designed pressurized systems with adequate 
ventilation; 

 Keep hydrogen away from heat sources and incompatible materials; 

 Strictly adhere to the ban on smoking and access to open flames in storage areas and hydrogen 

handling areas throughout the technological system; 

 Ground all tools and systems for the transfer of hydrogen and all other materials used in the 

system to avoid the effects of static electricity; 

 Take necessary precautions when cold cutting or repairing lines or when cleaning and disposing 
of empty tanks; 

 Use appropriate personal and collective protective equipment.  

5. REQUIREMENTS FOR SAFE STORAGE OF HYDROGEN 

Hydrogen is stored in pressure vessels, very often in a liquefied state, where the physical hazards 

of the compressed gas can easily manifest.Storage space in technological processes should be [4]: 

 clearly defined; 

 well illuminated; 

 without damaging the construction materials, 

 accessible only to trained and authorized persons.  

Store hydrogen in grounded, properly designed, and approved pressure tanks, away from 

incompatible materials. Keep away from sources of open flames and heat sources [4]. Safety valves 

for pressure vessels should be above ground and comply with the regulations for the specified area. 
Hydrogen must be stored according to the appropriate standards and regulations for liquefied gases 

under pressure for vessels, valves, and pipes. In the spatial arrangement of facilities in technological 

systems with the presence of hydrogen, the prescribed distance between buildings and rooms must be 

respected. 

6. THE INFLUENCE OF THE PHYSICAL AND CHEMICAL PROPERTIES OF 

HYDROGEN ON THE DETERMINATION OF THE PHYSICAL DANGER CLASS 

According to the CLP-GHS Rulebook [8], the classification of chemicals into appropriate classes 

and categories of physical hazards is carried out depending on the physical, chemical, and Physico-

chemical properties of the substance, that is, depending on the degree of physical danger it causes.  
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According to data from its safety data sheet (chapter 9 - Physical and chemical properties) [4] 
hydrogen is a colorless and odorless gas under normal, ambient conditions.It is very low density.It is 

highly flammable.The lower limit of flammability (explosiveness) in a mixture with air is 4% by 

weight.The upper limit of flammability (explosiveness) in a mixture with air is 75% by weight.[4]. 

According to the above, identification of the presence of hydrogen in the air in working 
environments is not possible based on color and smell. Very low density (significantly lighter than air) 

indicates the distribution of air and air mixtures, which can be important for fire and explosion risk 

modeling. The fact that it is highly flammable directly implies its classification in the class of physical 
danger called Flammable gases, category 1. Data on limits of flammability (explosiveness) indicate 

that hydrogen is flammable (explosive) within wide limits of explosiveness in mixtures with air. The 

above points to the need for increased attention of employees in working sessions with hydrogen 
because the wide limits of explosiveness represent a significant physical danger that can arise if the 

limits of explosiveness are entered, e.g. during the operation of the technological process. 

Based on the analysis performed in this paper, it can be considered that physical characteristics 

significantly influence the definition and the possibility of physical danger. To reduce the risk of 
exposure to physical hazards in working conditions, e.g. technological processes and/or storage areas, 

it is necessary to ensure work beyond the explosive limits and install hydrogen presence indicators 

(which will signal the concentration of hydrogen in the air and alarm the urgent implementation of 
measures to move away from the explosive limits, e.g. airing the rooms or implementing adequate 

ventilation systems). Knowledge of the physical and chemical properties and procedures for proper 

handling of hydrogen can also be considered important factors in the prevention of the manifestation 

of physical danger and thus negative consequences for employees, technological systems, process 

equipment, and, ultimately, the environment. 

7. CONCLUSION 

High-purity hydrogen gas, manufactured by HIP “Petrohemija” from Pancevo, is a dangerous 
chemical, more precisely a dangerous substance. The physical and chemical properties of the 

considered hydrogen are listed in the safety data sheet and its technical specification. According to 

current regulations, hydrogen is classified as a physical hazard, Flammable gas (category 1), and Gas 
under pressure. The classification was made based on the physical and chemical properties of 

hydrogen, that is, according to the degree of physical danger, it causes. Hydrogen is a highly 

flammable and explosive gas. Identified physical hazards are of a high degree and require attention 

according to the listed warnings, are described with appropriate hazard notices, and are pictorially 
depicted with pictograms. Simple displays of the high degree of physical danger from hydrogen serve 

to make it easier for employees to pay attention to them. 

Acquainting employees (in working environments with hydrogen) with its physical and chemical 
properties, which require an appropriate level of protection against physical hazards and strict 

handling and storage procedures, are very important elements for reducing the risk of chemical 

accidents occurring due to the manifestation of certain physical hazards. 

In case of manifestation of physical dangers from hydrogen, that is, its flammability and 

explosiveness, it is necessary to implement all measures to eliminate the negative consequences for 

technological processes, the life, and health of employees, and the environment. 

Based on the results of this work, it can be considered that knowledge of the physical properties 
and resulting physical hazards during the production, handling, storage, and application of hydrogen; 

significantly contributes to reducing the risk and increasing the safety of employees in the working 

environments of the chemical/petrochemical/process industry, in which hydrogen is present. The 
consistent application of all precautionary measures contributes to reducing the risk of the occurrence 

of unwanted consequences from physical hazards in technological processes that use hydrogen and 

increases the safety of the working process and/or storage of the chemical.   
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