
H2S - Knowledge can save lives
Basic information on the safe handling of hydrogen sulfide
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H2S is one of the most dangerous gases found in the oil and gas industry. Even today, there are regular occurrences 

of injuries and deaths due to H2S exposure. That is why it is so important to have proper knowledge and training on 

how to detect it, how to protect yourself, and what to do in case of a high concentration exposure.
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Caution, fatal hazards!

You are an expert in your trade - you know all the dangers and safety- 
critical moments of your daily work. Working in the oil and gas 
industry, at a refinery or other plants in the process industry is  
associated with an often underestimated danger: Hydrogen sulfide, 
a toxic gas, which can unexpectedly occur during routine work. 
H2S is a gas that sneaks up on you because it is colorless and thus 
invisible. The distinctive rotten egg odor is perceptible only in low 
concentrations - at higher, more dangerous levels, H2S numbs a 
person‘s sense of smell. Inhalation may lead to acute poisoning, 
and death by suffocation occurs extremely fast. 

This e-book will help you better assess potentially dangerous  
situations involving hydrogen sulfide.
 
It explains where H2S may occur and which work situations are  
particularly dangerous. Case studies make it clear where and when 
workers may be surprised during refinery processes by the presence 
of H2S. An overview shows the impact of H2S on the human body 
at various concentrations. 

The information contained is intended to help you and your coworkers 
prepare before commencing work in areas with dangers of H2S 
and to take the proper precautions. However, detailed instructions 
on location at the facility as well as any special training for hazards 
and emergency situations are essential to ensure safety.

The ultimate message is that incidents can be prevented through 
knowledge and action. 
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Real risk during  
everyday work

In the chemical and petrochemical industry as well as other  
refinery facilities, there are almost daily incidents worldwide  
involving H2S - some fatal, others with serious injuries. An Internet 
search for “H2S incident” yields more than 1.9 million hits*. The 
consequences of such incidents are often so dramatic that the 
events are included in public news reports.

*December, 2020 
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(Source: United States Department of Labor, link: https://www.osha.gov/pls/imis/accidentsearch.
accident_detail?id=200556389 [download date: December 11, 2020). 

In March 2011, at a refinery in Norco, Louisiana, USA, an external 
10-member service team was commissioned to service 
a tower with a height of about 165 ft. Two workers were 
to install a nozzle at a height of about 90 ft, while their  
colleagues were getting ready for the required CSE  
(technical term, abbreviation for: confined space entry). The 
two colleagues at the 90 ft level were equipped with portable 
gas detectors, which sounded an alarm. One of them informed  
the rest of the team and the supervisor on the ground  
about the occurrence of H2S. All workers then immediately  
began to descend; the two workers who had raised the 
alarm subsequently reached the increasingly toxic environ-

ment as part of their descent. They lost consciousness and 
fell from the basket of their cherry picker. One landed on an 
intermediate roof near the 90 ft level, the other slid down 
to the underlying roof. As a result, he reached a less toxic 
atmosphere and survived with minor injuries. His colleague 
died of the consequences of the impact.

CASE STUDY 1:  

 Death after fainting caused by H2S
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(Source: United States Department of Labor, link: https://www.osha.gov/pls/imis/accidentsearch.
accident_detail?id=200784957, [download date: December 11, 2020).

In January 2010, some workers at a sulfide refinery in Doug-
lasville, Texas, USA, were busy relighting a waste heat boiler/
reaction furnace. Their task was to remove the sight glass, 
push the lighter into the valve and the burner, and to remove 
the lighter, close the valve, and reinsert the sight glass. When 
they discovered that the sight glass had become warped, the 
workers decided to replace it - without obtaining a safety permit 
and without locking and venting the system first. Meanwhile, 
hydrogen sulfide leaked into the air. 

One worker died from H2S poisoning on location and another 
worker had to be taken to the hospital with symptoms of H2S 
poisoning. Another five workers also showed symptoms of 
poisoning but did not require hospitalization.

CASE STUDY 2:  

Death by H2S during unauthorized maintenance
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(Source: Case study > Fatal Incident at a Refinery: Exposure to H2S<, Oil Industry Safety Directory 
(OISD), India, link: https://www.oisd.gov.in/Image/GetCaseStudyAttachment?caseStudyID=41, 
[download date: December 21, 2020).

The section manager of an Indian refinery had to take waste-
water samples as part of his routine duties during the night 
shift. He inhaled vapors containing concentrated H2S during 
one of the tasks. As the subsequent investigation revealed, 
the H2S detector near the wastewater manhole was broken; 
at the same time, the victim had neither a personal portable 
gas detector nor did he carry a respiratory protective device. 
The worker collapsed near the site and lost consciousness. 
During the shift change the next morning, his coworkers were 
wondering about his absence, and when a colleague appro-
ached the sampling site, his mobile gas detector showed an 
H2S concentration of more than 20 parts per million (ppm). 

He put on his Respiratory Protective Device (RPD), discovered  
the unconscious colleague and pulled him from the danger  
zone and into fresh air. At the hospital, however, the doc-
tor pronounced him dead. Several interlinked circumstances  
led to this serious incident: The night shift manager had mis-
sed a routine sampling – during which the H2S-containing 
vapor collected on the ground and subsequently escaped 
through the nearby open manhole. Here, the H2S concen-
tration was between 40 and 50 ppm – well above the safety 
limit.

CASE STUDY 3:  

Death by H2S after disregarding safety rules

H₂S KNOWLEDGE CAN SAVE LIVES | 8



Worth knowing: The characteristics of hydrogen sulfide

H2S is colorless and invisible but can be perceived in very 
low concentrations by our sense of smell. Because of its  
distinct odor of rotten eggs, it is also known as sewer gas,  
digester gas, or marsh gas. However, hydrogen sulfide 
numbs olfactory nerves starting with a concentration of  
about 100 ppm* People are no longer able to smell this  
gas at these concentrations. concentrations higher than  
1,000 ppm can be immediately fatal. H2S is heavier than air 
and therefore often collects in low-lying areas and working 
sites near the ground.

Hydrogen sulfide ignites on its own at a temperature of 270 
degrees Celsius (518 degrees Fahrenheit). Because it is 
highly flammable, an explosive atmosphere may occur when 
combined with air. Strong reactions are possible that can  
trigger spontaneous combustion, explosions and detonations 
in case of contact with peroxides, bromates, ammonia, or other 
chemical substances. H2S combined with air and humidity 
or moisture also may corrode metals (such as in pipes, 
tanks, vessels, etc.) through the formation of sulfuric acid.

(source: IFA / GESTIS, FOOTNOTE: http://gestis.itrust.de/nxt/ gateway.dll/gestis_de/000000.
xml?f=templates$ fn=default.htm$3.0, [download date: December 11, 2020]).
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Explosive limits in air (typical for Germany):

UEL: 45.5 Vol.-%
LEL: 4.3 Vol.-%
Hazard symbols:

Water pollution class: 2
Kemler code: 263
Danger sign:  263/ 1053

Specifications of H2S

Identifiers
CAS-No.: 7783-06-4
EINECS-No.: 231-977-3
UN-No.: 1053
Ignition temperature: 270 °C / 518 °F
Ionization energy: 10.46
Temperature class (EN): T3
Explosion group (EN): IIB
Vapor pressure: 18,100 hPa (at 20 °C / 68 °F)
Molecular weight: 34.08 g/mol
Density: 0.002 g/mL (at 20 °C / 68 °F)
Melting point: -85.6 °C / -122.08 °F
Boiling point: -60.2 °C / -76.36 °F

S
H           H     

Note: Details of toxic limit values on page 23. Source: Dräger VOICE
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Ninety percent of hydrogen sulfide occurs in the environment – 
for example in rock masses and hot sulfur springs. The remaining 
ten percent are the result of, bacteriological decomposition of 
organic material in a biogas plant, sewage treatment plant or  
industrial manufacturing processes. Here, H2S is a by-product 
of the refining of crude oil or gas, among others. It occurs in  
processes in the chemical industry, in pulp and paper production, 
or in the production of pesticides. Detailed information about H2S 
in the processing industry is available on the following pages:

Where can H2S occur?

90%

10%
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H2S occurs during oil production, storage, transportation, 
and the processing of oil and gas, especially in refineries 
where H2S is separated from natural gas and crude oil. 

H2S CAN OCCUR AT:
– wellheads,
– pumps, piping systems, and eliminators,
– oil and water tanks,
– flare stacks,
– bottom of drilling rigs,
– shale shaker equipment, sludge filters, mud pits.

Production of more than 70,000 different intermediate and 
final products made of organic and inorganic substances.

H2S MAY OCCUR DURING
– production of sulfur and sulfuric acid,
– inorganic sulfur recovery,
– preparation of metal-sulfur mixtures,
– purification of nickel and manganese,
– use of catalysts, e.g., with activation,
– treatment of metal surfaces,
– production of heavy water for the nuclear power industry,
– production of highly compressed lubricants.

OIL, GAS, AND PETROLEUM INDUSTRY CHEMICAL INDUSTRY 
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Metal and aluminum smelters, metal processing industry 
in general, ship construction, and floating terminals.

H2S MAY OCCUR DURING
– metal working,
– iron smelting / coke ovens,
– flotation of ores,
– treatment of metal surfaces.

Relates to the production of paper from  
fibers such as wood pulp. The pulp and 
paper industry is the largest source of  
industrially produced H2S.

H2S CAN OCCUR 
– during processing,
– with brown stock washers,
– during combustion of the pulp liquor.

Such as sewage and water treatment  
plants, landfills, geothermal systems, etc.

H2S MAY OCCUR DURING 
–  bacteriological composting of waste  

in landfills,
– dewatering of sewage sludge.

PULP AND PAPER INDUSTRY

PUBLIC UTILITIES 

HEAVY AND METAL INDUSTRY 
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Hazard potentials when working at a refinery:
How and where do incidents occur involving H2S? 
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STORAGE 

DESCRIPTION:
Crude arrives either via pipeline or barge and 
is stored here waiting to be processed.

POTENTIAL H2S HAZARDS:
Contained in head space of tank
Can reduce tank life (corrosion)
As a tank fills, the head space concentration increases

SAFETY CONSIDERATIONS:
Stationary gas detection systems
Area monitoring during maintenance and inspections
Fire response plan
Confined space equipment
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DISTILLATION COLUMNS 

DESCRIPTION:
Crude is separated into various components based on boiling 
points. The lightest used for gas and heaviest for asphalt.

POTENTIAL H2S HAZARDS:
Closed system, but H2S is present in heat exchanger, furnace, 
tower flash zone, vacuum furnace, bottom exchanger
Caution during sampling, inspection, maintenance,  
and turnaround  
Any leak has potential for H2S

SAFETY CONSIDERATIONS:
Stationary gas detection systems
Personal gas monitors
Escape respirators  
Maintenance/turnaround equipment

H₂S KNOWLEDGE CAN SAVE LIVES | 16



HYDROTREATER & HYDROCRACKER

DESCRIPTION:
Hydrotreater is used to remove sulfur, and Hydro-cracker breaks 
(cracks) long hydrocarbon chains into shorter chains to create 
more efficient petroleum fuel products. Performed over a catalyst 
at high pressure and temperature with excess hydrogen. Hydrogen 
and sulfur combine to form H2S, which is sent to a recovery unit  
to create water and sulfur.

POTENTIAL H2S HAZARDS:
Due to high operating temperatures, H2S content of feedstock must 
be strictly controlled to minimize possibility for severe corrosion
Caution during sampling, inspection, maintenance,  
and turnaround
Any leak has potential for H2S

SAFETY CONSIDERATIONS:
Stationary gas detection systems
Personal gas monitors
Escape respirators 
Maintenance/turnaround equipment
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BLENDING 

DESCRIPTION:
Physically mixing various hydrocarbons to produce 
a finished product with desired characteristics.

POTENTIAL H2S HAZARDS:
Caution during sampling, inspection, maintenance,  
and turnaround

SAFETY CONSIDERATIONS:
Stationary gas detection systems
Escape respirators
Maintenance/turnaround equipment
Confined space equipment
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CHEMICAL TREATMENT PROCESSES

DESCRIPTION:
Removing contaminants such as sulfur, nitrogen, oxygen,  
dissolved metals, salts, etc.
Improves odor, color and oxidation stability
Hydrogen sulfide is commonly used during the sulfur recovery 
and hydrogen sulfur scrubbing processes.

POTENTIAL H2 S HAZARDS:
Closed process, thus exposure under normal conditions  
is minimal
Potential exposure to H2S
Caution during sampling, inspection, maintenance,  
and turnaround

SAFETY CONSIDERATIONS:
Stationary gas detection systems
Personal gas monitors
Escape respirators
Maintenance/turnaround equipment
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POWER GENERATION 

DESCRIPTION:
Refineries have other operations as well, including electric  
generation, steam generation, cooling towers, wastewater  
treatment, flaring systems, etc.

POTENTIAL H2S HAZARDS:
Cooling tower water and wastewater can be contaminated  
with H2S
Caution during sampling, inspection, maintenance,  
and turnaround

SAFETY CONSIDERATIONS:
Personal gas monitors
Escape respirators
Maintenance/turnaround equipment
Air purifying respirators

H₂S KNOWLEDGE CAN SAVE LIVES | 20



H2S acts as a so-called nitrogen gas, which damages the lungs 
and the central nervous system and can cause skin and mucous 
membrane irritation. Typical symptoms of poisoning are headache, 
fatigue, dizziness, dry mouth, anxiety, agitation, confusion, lack of 

Effects of H2S on the human body

coordination, sensory problems. Even low single doses of H2S can 
already be harmful if continuous exposure over several hours or 
days. High concentrations can quickly lead to unconsciousness, 
coma, and death - just within a few short breaths.

Eye irritant – soreness,  
tearing, light sensitivity

Disabled sense  
of smell

Blocks cells from 
receiving oxygen

Skin irritation

What happens where?

 

 
 

Death – due 
to asphyxiation

Neurological – dizziness,  
headache, nausea, shock,  

confusion, unconsciousness

Pulmonary – sore throat,  
coughing, chest tightness,  

fluid in lungs, apneal

“Knockdown” – brief  
exposure to high level

H2S KNOWLEDGE CAN SAVE LIVES | 21



Exposure levels and possible effects
0 – 20 PPM H2S

0.00047 Recognition threshold, 
50% of humans can detect 
the odor

0.13 Threshold of odor  
detection

0.77 Readily perceptible odor

4.6 Easily noticeable odor 
Prolonged exposure may 
deaden the sense of smell

5 Metabolic changes in  
exercising individuals, not 
clinically  significant

10 Eye irritation, soreness, 
redness, burning

10 – 20 Causes painful eye,  
nose and throat irritation,  
headaches, fatigue,  
irritability, insomnia, gas-
trointestinal disturbance, 
loss of appetite, dizziness. 
Prolonged exposure  
causes bronchitis and 
pneumonia.

21 – 99 PPM H2S

27 Strong, unpleasant, but 
not intolerable odor

30 up to this level, the rotten 
egg odor is recognizable

30-100 Odor becomes sickly 
sweet 
Prolonged exposure will 
cause serious eye damage, 
migraine headaches, nau-
sea, dizziness, coughing, 
vomiting and difficulty 
breathing.

100 – 1,000 PPM H2S

100 Immediate irritation of eyes 
and respiratory tract

150 Sense of smell can  
be paralyzed quickly  
(in 2-15 min)

200 Headaches, dizziness, 
nausea

500 Unconsciousness leading 
to death within 30-60 
minutes
Strong stimulation of  
nervous system, rapid 
breathing

1,000 Immediate loss of consci-
ousness and respiratory 
paralysis leading to death

At these levels, Occupational  
Exposure Levels (OEL) in  

all regions have been exceeded.
Respiratory protection  

must be worn!
Eye protection should  

also be worn.

IDLH* limits have been exceeded.
An APR** should not longer be 
worn, use a supplied air system.
Eye protection is indispensable.

*IDHL: Immediately Dangerous to Life and Health
**APR: air-purifying respirator
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Toxic limit Values (selection)
To protect yourself it is useful to know the current national or international limits of H2S in occupational circumstances. H2S can be  
identified in each language and country by the international chemical abstract service registry number (CAS). It is called 7783-06-4.

 Authority   Description  TWA  STEL  IDLH 

  NIOSH    REL   C 10 ppm    C 15 mg/m3 for 10 min   100 ppm   

  OSHA    PEL   C 20 ppm   50 ppm for 10 min      

  ACGIH    TLV   1 ppm   5 ppm      

  UK    WEL   5 ppm   10 ppm      

  Canada    OEL   10 ppm TWA   15 ppm Ceiling      

  Australia   OEL   10 ppm   15 ppm      

  Germany   AGW   5 ppm         

  South Africa   TWA   10 ppm   15 ppm      

  Brazil    OEL   8 ppm (max 48hrs/wk)     100 ppm (IPVS)   

  International   AGW   5 ppm        

NIOSH: The National Institute for Occupational Safety and Health (USA)
REL: Recommended Exposure Limit
IDLH: Immediately Dangerous to Life and Health OEL: Occupational Exposure Limit
OSHA: Occupational Safety and Health Administration (USA)

STEL: Short-Term Exposure Limit TLV: Threshold Limit Value AGW: Arbeitsplatzgrenzwert
ACGIH: American Conference of Governmental Industrial Hygienists (USA)
TWA: Time-Weighted Average WEL: Workplace Exposure Limit PEL: Permissible Exposure Limit

H₂S KNOWLEDGE CAN SAVE LIVES | 23



At a glance: How to protect Yourself?

IDENTIFY SOURCES OF DANGER!
Typical H2S formation places such as pipes, wells and 
valves must be identified as possible sources of danger 
before starting work. in particular, work in confined 
spaces (CSE) is extremely dangerous.

WEAR PERSONAL PROTECTIVE EQUIPMENT!
Never enter a work area where H2S may occur without 
suitable protective equipment (respiratory protection,  
safety glasses, protective clothing, etc.).
Never attempt to rescue others without wearing adequate 
personal protective equipment yourself.

MEASURE FOR SAFE LEVELS!
Always take a H2S reading before commencing work! 
always carry along a mobile gas detector, especially in 
confined or deep spaces such as holes, pits, and shafts. 
reduce the risk of spontaneous combustion of H2S

MAKE SURE VENTILATION IS AVAILABLE!
Make sure the work area is sufficiently ventilated.

FAMILIARITY WITH SAFETY INFORMATION!
Before starting work, become familiar with and  
memorize the  escape and rescue plan of the plant and  
learn about local safety regulations and the required  
level of protective equipment.

This information is for informational purposes only. Always obtain information about  
currently applicable limit values before starting work.

H₂S KNOWLEDGE CAN SAVE LIVES | 24



When working with hazardous gases like H2S it is absolutely 
necessary to keep on monitoring the gas levels on your site.  
Selecting the right monitoring equipment for H2S comes with  
several issues that need to be considered. Because gas detection 
management has to be reliable all the time – even under harsh 
conditions. Gas detection sensors with fast response times and 
a wide temperature range (-20 °C / -4 °F up to 55 °C / 131 °F) 
are needed. In some areas the employees should additionally be 
wearing gas detectors with alarms to warn of peak concentra-
tions. Facing the high potential of extreme and therefore deadly 
concentrations of H2S the recovery time of the sensor technology 
has to be as short as possible: Because every second counts.

In order to provide maximum protection, it would be best to have an 
electronic instrument that could measure both short term (STEL) 
and time weighted average (TWA) exposure. It should also store 
the results for review after the monitoring was complete. The  
device would have an alarm to warn of high H2S levels and it 
would be easy to operate.

Monitoring the dangers of H₂S
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PRODUCT TYPE
USE RANGE 
The resolution and product ranges will 
vary among manufacturers.

COMMENTS

Tubes Typically available range:  
0.2 ppm to 400,000 ppm 

Instant spot measurements
Very cost effective
Easy to use
No power supply required

Analyzer with MicroTubes Typically available range: 
0.1 ppb to 50 ppm 

Instant spot measurements
Easy to use
Very low concentrations
Portable - meant to be carried on an individual

Single Gas  
Monitors

Typically available range:  
0.4 ppm to 200 ppm

Continuous measurement
One gas only
Portable – meant to be carried on an individual

Multi-Gas  
Monitors

Typically available range:  
0.4 ppm to 2,000 ppm

Continuous measurement
Certain models can measure up to 6 gases
Portable – meant to be carried on an individual

Fixed Gas  
Monitors

Typically available range:  
0.5 ppm to 1,000 ppm

Continuous measurement
Not mobile – fixed into plant‘s system layout,  
including electronics
Typically specified into plant‘s design

Area  
Monitoring

The resolution and product ranges will vary 
among manufacturers.

For strategic placement around an area susceptible  
to leakage. Can be used during working operations or for 
constant monitoring in case of an emergency situation

 

Gas Measurement Systems
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Excursion: Dealing with 
high risks for personnel

Working in sour gas-containing oil fields, e.g. in Mexico, 
North- and South America as well as the Middle East (Saudi   
Arabia, Dubai Emirates etc.), holds exceptionally high risks 
for the personnel, i. e. serious health damages or even death  
by asphyxiation. The oil of these wells contains very high  
concentrations of H2S, which can cause a contamination of 
250,000 ppm or more within the ambient air during incidents 
or accidents.
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»You must have a lot of confidence  
in your safety equipment«
Hans Simon Cray, Former Global Marketing Manager, Protection Solutions

Special challenges for working at sour gas-containing oil fields

To provide devices that can protect people working under 
these conditions is one of the key competences of Dräger.
Hans Simon Cray, Global Marketing Manager for Protection  
Solutions at Dräger, advises customers on this difficult task. Hans 
Cray is an expert for the creation of application-oriented safety  
concepts for the Oil & Gas Industry. He developed integrated  
solutions for breathing protection systems in H2S environments – 
including customized escape, clarification and maintenance  
scenarios. In an interview he explains the need for devices with 
exceedingly high protection factors:
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Mr. Cray, extremely high hydrogen sulfide concentrations  
are a topic you are researching intensively.

Hans Cray: Right, here again we are dealing with practical  
requirements that are not covered by the standards. Hydro-
gen sulfide is lethal starting at 1,000 ppm (parts per million). 
Exposed to this level of contamination or higher, you will be 
unconscious within fractions of a second. The breathing reflex  
continues to function and one or two breaths lead to death. 
The current regulations for respiratory protectiondevices  
specify concentrations of up to 50,000 ppm H2S. In the newly 
developed oil fields, however, we are not talking about 50,000 
but more than 250,000 ppm, i.e., about 250 times the lethal 
concentration. As a user, you must have a lot of confidence in 
the performance of your safety equipment to work carefree in 
such environments!

As a rule, certificates should generate this type of trust.

Hans Cray: Right, and of course they do so in most cases But 
when you talk about an oil field, in which up to 250,000 ppm 
can occur, it just is not enough when a device complies with 
the requirements of NIOSH/ OSHA, or the EN.

How can higher performance then be demonstrated?

Hans Cray: Well, there are several options, such as to test the 
tightness of a respirator. We are familiar with scenarios where 
subjects are exposed to an atmosphere with artificially gene-
rated particles and the particle concentration is measured in 
the room and in the protection system. The problem with such 
comparative testing, of course, is that the utilized dust particles 
or aerosols behave very differently than gas particles. Other 
tests work with gas, but the masks are not worn by people but  
placed only on the heads of dummies. These are rigid and 
immobile, however, which makes the scenario also not very  
realistic. But the user needs a protection system that has been 
tested under conditions as closely as possible to the requi-
rements of the real-world application or task – both outlined 
test variants do not map this sufficiently. So we sat down and 
considered how a test should be conceptionalised that really 
helps the user.
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What considerations have played a role?

Hans Cray: To test with real hydrogen sulfide is not possible  
due to ethical reasons, of course. We have thereforeopted for 
a replacement gas, which behaves similarly as H2S but is not 
harmful to humans. And it was important for us to test the masks 
in a setting that comes as close as possible to the conditions 
in the field. Our volunteers simulated movements of a typical 
oil worker: carrying something, climbing up or down ladders, 
speaking through the mask, etc. During all of these activities, 
continuous measurements were taken of the concentration 
of the gas in the atmosphere and in the system. Testing was  
implemented and carried out by an independent technical  
monitoring organization to ensure a neutral analysis.

And what was the result?

Hans Cray: For us, after all the elaborate test preparations, the 
results were enormously gratifying: In fact, tests have shown a 
nominal protection factor of 33,000 for our respiratory protective  
devices. And that under conditions that are well comparable 
with those of an oil or gas production plant.

Excursus: Learn more about protection factors. Read our whitepaper 
‘Safe breathing–even with extremely high H₂S concentrations’ 
https://www.draeger.com/Library/Content/h2s-hans-cray-999-en.pdf
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Selecting an Air-Purifying Respirator (EN)

NPF = highest permissible leakage level, indicating the maximum protection performance of the device.
OEL =  concentration of a specific airborne substance, which is not threatening ones health if exposed to 

it on a daily base.

When selecting an air-purifying respirator you need to know the 
Nominal Protection Factor (NPF) for the respiratory protection  
device (see EN 529:2005 and BGR 190).

You then evaluate the Minimum Protection Factor of the respirator. 
For that you need to know the concentration of the hazardous  
substance as well as the occupational Exposure limit (OEL) of the 
substance.

You can also determine the Maximum Permissible Protection of 
the contaminant for which you can use respiratory protection.

MINIMUM
PROTECTION
FACTOR

CONCENTRATION OF SUBSTANCE

OEL

MAXIMUM  
PERMISSIBLE  
CONCENTRATION

NOMINAL  
PROTECTION 
FACTOR

OELx
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For EN Filters use a “B” rating, as marked with a grey stripe.
Do not exceed the concentration level based on the filter class!
Class 1: 1,000 ppm
Class 2: 5,000 ppm
Class 3: 10,000 ppm
When choosing a filter mind the Protection Factor!

The filter has to be “HS” rated.
When following NIOSH you must know when to change 
the filter based on calculations!
Do not rely on taste or smell!
An APR (HM, FM, PAPR) can be used up to 100 ppm. 
If a half mask is used, eye protection should be worn!

Selecting an Appropriate Filter

EN NIOSH
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PRODUCT TYPE USE RANGE COMMENTS

Half Masks1 NIOSH
0 – 99.9 ppm 
EN 5292

0 – 2503 ppm  
1H2S is an eye irritant, thus gas tight goggles should 
be used above 10 ppm.

2Calculation based on EN NPF values. Please be  
aware that some countries use lower Assigned  
Protection Factors (APF) which limit the use of APR. 
These additional local regulations must be followed. 

3Upper limit is limited by filter class. Locally valid  
protection factors might lead to lower maximum  
concentrations.  
ATTENTION: Please consider the implications of 
using APR's in concentrations above the IDLH value 
of 100 ppm.

Full Masks NIOSH
0 – 99.9 ppm or for escape 
EN 5292

0 – 10,0003 ppm 

Powered Air-Purifying  
Respirators

NIOSH
0 – 99.9 ppm
EN 5292

TH3: 0 – 2,5003 ppm 
TM3: 0 – 10,0003 ppm 

Filters NIOSH
see mask limitations 
EN 14387
Class 1: 1,000 ppm 
Class 2: 5,000 ppm 

For EN approved filters, use a „B“ rated filter.
For NIOSH approved filters use an „HS“ rated filter.

 

Air-Purifying Respirators
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Mostly based on surroundings and duration,  
not limited by concentration

Surroundings 
e.g. tight spaces, 
confined spaces, 
wide open…

Duration 
e.g. all day use, 
emergency only, 
short-term use…

SCBA 
You can move freely, but air supply is limited. Use in tight spaces 
for short-term work (< 45min)

COMPRESSED AIR HOSE UNIT 
Unlimited air supply, but limited range of motion. Use while exten-
ded working operations

SAR 
An escape bottle (i.e. 5 or 10 min) should be used in case of a loss 
in the supplied air.

BREATHING AIR SUPPLY SYSTEM 
Ensure plant air is filtered to breathing class air according to local 
regulations. If plant air is not available, consider a mobile compres-
sor or compressed air cylinders.

Selecting a Supplied Air System
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PRODUCT TYPE USE RANGE COMMENTS

Airline NIOSH All levels 
EN < 10,000 ppm1

 

1According to NPF calculations in EN529 when used 
with full face mask. Additional local regulations must 
be followed. according to BGR 190, an upper limit to 
these devices cannot be derived.

Self Contained NIOSH All levels 
EN < 10,000 ppm2

2According to NPF calculations in EN529 when used 
with full face mask. Additional local regulations must 
be followed. according to BGR 190, an upper limit to 
these devices cannot be derived.

Breathing Air Supply 
Systems 
Compressors

All levels To ensure the provision of safe and pure breathing air 
in accordance with international standards.

Breathing Air Supply 
Systems 
Storage

All levels To ensure the provision of safe and pure breathing air 
in accordance with international standards.

Breathing Air Supply 
Systems
Hoses, Filter Panels

All levels To ensure the provision of safe and pure breathing air 
in accordance with international standards.

 

Self-Contained Breathing Apparatus
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Selecting the Appropriate Body Protection

Determine the hazard. If it is unknown, use highest protection 
level. For liquid H2S, only use a gas-tight suit! Skin penetration of 
H2S gas is negligible.

USE WITH...
an APR:  suit with integrated full mask or facial cuff is needed
a SCBA:    wear the SCBA over or under the suit (depending on 

environment space and decontamination)

IF...
work environment is restricted: a tight fitting suit is best
damage to suit is likely:a limited-use suit may be appropriate
contaminants are difficult to remove: wear SCBA inside the suit

Choose a suit that best fits associated risks, e.g. very cold,  
flammable, explosion, toxic gas.
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PRODUCT TYPE USE RANGE COMMENTS

Limited-Use, 
Tight Fitting, 
Gas Tight

Note: concentration limited by type of respiratory protection 
used. See appropriate breathing protection limitations.
Also, check manufacturer data for permeation times of 
the suit material per EN or ASTM tests.

SCBA is worn outside suit. Can be used 
with a full face filter mask.
Good for tight spaces. limited-use suit –  
makes sense if needed < 3x / yr.

Limited-Use, 
Gas Tight

Note: concentration limited by type of respiratory protection 
used. See appropriate breathing protection limitations.
Also, check manufacturer data for permeation times of 
the suit material per EN or ASTM tests.

SCBA is worn inside suit
Limited-use suit –  
makes sense if needed < 3x / yr.

Reusable, 
Tight Fitting, 
Gas Tight

Note: concentration limited by type of respiratory protection 
used. See appropriate breathing protection limitations.
Also, check manufacturer data for permeation times of 
the suit material per EN or ASTM tests.

SCBA is worn outside suit
Can be worn with full face filter mask
Good for tight spaces
Reusable

Reusable, 
Gas Tight

Note: concentration limited by type of respiratory protection 
used. see appropriate breathing protection limitations.
Also, check manufacturer data for permeation times of 
the suit material per EN or ASTM tests.

SCBA is worn inside suit
Reusable

Eye Protection
Gas Tight
Goggles

0 – 250 ppm1 1Limited to same levels as a half mask  
respirator. Higher levels require a full mask 
respirator, thus goggles cannot be worn.  
additional local regulations must be followed.

 

Protective Suits and Safety Goggles
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Selecting the Appropriate Escape Device

WHAT TO CONSIDER?

1. Risk Potential:
The most important factor to consider when selecting the appro-
priate escape device is the specific risk potential. Therefore, the 
degrees of severity that the event will present and the potential 
exposure levels, as well as the maximum concentration possible 
must be assessed. Other factors that determine the specific situation 
on-site, like the escape route, the location for the device and other 
chemicals than H2S, have to be kept in mind when selecting the 
right escape device.

2. Possible oxygen deficiency
In areas where there is a chance of oxygen deficiency, one should 
consider a 10-15 minute Emergency Escape Breathing Apparatus 
(EEBA) with a cylinder and hood for short escape distances or a 
wall hanger SCBA for longer escape distances.

3. Time needed to escape 

4. How is the escape device used?
The specific use case plays an important role for selecting the  
appropriate escape device. Some escape devices, e.g. EEBAs 
and SCBAs require periodic maintenance, are heavy and difficult 
to carry. The alternatives – an APR or APR and escape hood –  
require low maintenance, are small and lightweight and thus can 
be belt worn.
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PRODUCT TYPE USE RANGE COMMENTS

Mouthbit Filter
Escape

NIOSH Non-IDLH DIN 58647-7  
2,500 ppm – 15 min
10,000 ppm – 5 min

Utilizes a mouthbit with nose clips

Half Mask Filter
Escape

NISH Non-IDLH DIN 58647-7  
2,500 ppm – 15 min
10,000 ppm – 5 min

Utilizes a half mask with head strap

Hooded Filter
Escape

NIOSH1 Escape only DIN 58647-7 
2,500 ppm – 15 min
10,000 ppm – 5 min

Can be used to enter a hazardous environment 
only to rescue personnel. 1No NIOSH 
approved product currently available

Full Mask Filter
Escape

NIOSH2 above IDLH is for escape only EN 529 
Follow mask filter limitations previously stated

2The upper limit depends on the approval.  
Gas mask with canister (14g) can be used 
above IDLH, 23C is for below IDLH.

Oxygen Escape Escape only
Various durations available  
(from 25min to 90min)

Mouthbit style with goggles  
Usually used in mining

Compressed Air  
Escape with Hood

Escape only
Any range
Usually 5, 10 or 15 min.

Most hooded types are constant flow, which 
means once the bottle is turned on it will flow 
for the rated time

Compressed Air  
Escape with Mask

Escape only
Any range
Usually 5, 10 or 15 min.

Usually contains an LDV and breathes like an 
SCBA, meaning air only flows when taking a 
breathe

 

Escape Masks / Accessories
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Concentration of H2S - ppmEquipment Type

Note: This is only a general overview. Strictly respect local regulations/guidelines when selecting equipment.

0 - 5 6 - 10 11 - 20 21 - 99 100 - 250 251 - 500 501 - 750 751 – 1,000 > 1,000

Half Mask with Catridges
NIOSH

EN

Full Mask with Cartridges
NIOSH

EN

Supplied Air Respirator
Self Contained Breathing Apparatus

Filter Escape
NIOSH

EN

Compressed Air Escape
Eye Protection
Body Protection
Gas Measurement – Tubes
Gas Measurement – Single Gas
Gas Measurement – Multi-Gas
Gas Measurement – Fixed
Emergency Rescue Shelters

Overview – Equipment Selection Based on Concentration
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If something does happen: First aid

−  General: Develop an understanding of the typical symptoms of   
 H2S poisoning. It is important to recognize the seriousness   
 of an incident, to sound the alarm, and to take the right actions.  
 Watch your colleagues: Does someone show typical symptoms  
 of H2S poisoning?
− When H2S occurs, protect yourself first. Only then you should 
 rescue victims from the contaminated area, leading them to   
 fresh air and keeping them warm.
−  Call the emergency doctor.
−  If the victim stops breathing: Ventilate by machine (operated   
 by you or someone else); do not inhale the breath of the injured  
 yourself.
−  In case of skin contact and subsequent irritation: immediately   
 remove clothing, flush contaminated skin with clean water,   
 and consult a physician; keep person warm, and use sterile   
 dressings. 

−  After eye contact: Rinse the injured eye for at least ten minutes  
 under running water while protecting the uninjured eye. 
 Consult an ophthalmologist. 
−  The following applies to each contact with H2S: seek medical 
 attention and inform rescue and medical personnel about the   
 circumstances of the incident, what type of first-aid measures   
 have already been carried out, provide information about the   
 amount or extent of the inhaled dose – if known.

The above information may not be relevant for all customer 
locations. Please obtain information about current 
HSE guidelines of your customer and currently applicable limit 
values before starting work.
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Train the safe use of escape devices

To keep workers a step ahead in their personal safety when 
confronted with a H2S event, it is of the utmost importance that 
they have easy access to an escape respirator and follow rec-
ommended and required safety procedures and protocols. The 
right respirator will only maximize safety for those workers who 
know how to make use of it in an H2S event. Panic often ensues 
in these situations, making it necessary to train on why an escape 
respirator may be needed and how it provides protection, in order 
to encourage second nature use by employees.
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Rescue in an H2S event

Incidents with H2S in harsh and remote areas are a special chal-
lenge. Between the first escape and the possibility to leave the 
contaminated area entirely is a big gap to be bridged. During this 
time personnel must have the chance to reach a safe haven or at 
least to be supplied with breathing air for a longer time. These 
facilities have to be planned meticulously: How do you ensure that 
sufficient breathing air is available – even for extended periods and 
a large number of persons? Which system delivers the best and 
safest solution for the particular requirements? It’s important to 
develop a basic understanding of the different technical approaches 
of setting up a temporary refuge and keep in mind their advantages 
and disadvantages.
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FILTRATION PROTECTION
The protection principle is based on the fact that overpressure is 
generated in the temporary refuge due to a ventilation solution. 
During this procedure, outside air is drawn in from an uncontam-
inated area, is cleaned as thoroughly as possible via a filter line 
and is then “pressed” into the inside of the temporary refuge. For 
this procedure, a filter system adequate for H2S as well as a gas 
measurement system before and after the filter are required, in 
order to check the concentration and detect any filter damages 
early enough. A filtration protection system requires constant power 
supply and is rather complex to handle in an emergency case.

ISOLATION PROTECTION
The key advantage of this system is the protection of persons inde-
pendent of the external atmosphere: The isolated temporary refuge 
is pressurised with stored breathing air and no exchange with the 
contaminated atmosphere takes place. In an emergency, the isola-
tion solution does not require external power supply. Furthermore 
this solution protects from any given hazardous materials and 
requires low maintenance effort.

ISOLATION PROTECTION: REGENERATION OF THE 
BREATHING AIR
For the isolation solution, the supply with breathing air can either 
be realised by supply from compressed air cylinders or through the 
installation of a breathing air regeneration system. This alternative 
is not only an attractive solution when it comes to safety, but also 
regarding the costs.
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SUMMARY

INVISIBLE, UNEXPECTED, AND OFTEN UNDERESTIMATED: HYDROGEN SULFIDE. 

By reading this e-book, you have taken the first step towards the conscientious handling of H2S. Where 
can H2S occur? What is the impact on our bodies? What can I do in case of an emergency? and even 
more importantly: How can I protect myself to prevent H2S incidents from even happening? Answers 
to these questions and additional useful information is provided by this e-book. Knowledge is the best       
prevention! Always remember: Detailed instructions on location as well as any special training for hazards 
and emergency situations is essential so that you can return home safely at the end of each shift. 

Technology for life. www.draeger.com
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