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Experience    People Who Perform

Björn and Sven Guericke, Technisches Hilfswerk (THW), Itzehoe, Germany
“We sit on packed trunks, so that we can set off in six hours. Our 
destination is somewhere where something has happened and peo-
ple urgently need help — especially clean drinking water. Whether 
it’s the result of an earthquake or flooding, there’s always a short-
age of drinking water. Drinking polluted water can be fatal, partic-
ularly for children. It kills more people every year than malaria. But 
we can help. One of the places where the THW has stockpiled 
specialized equipment is in Itzehoe, in north central Germany. Here 
there are portable processing machines that we can use to filter 
and sterilize large quantities of water.

We work in China, India, Indonesia and Africa. Maybe we’ve 
become closest to the people in Uganda. Especially the children 
in a refugee camp, who went to school every day despite the ter-

rible conditions after the floods in the fall of 2007. About 40 of us 
helped out, and we supplied 3,500 people with water. During the 
kids’ long break, we waited for them at the fresh water tap, and 
pretty soon we organized soccer games. The people made a big 
impression on us and knew how to achieve so much with the most 
basic resources. That’s why we traveled there again in a private 
capacity and founded the Oongora Partnership Project, which 
has already donated school uniforms and a power generator. At  
the start of a THW career, you’re fascinated by the technology. Then 
the ability to provide assistance takes over: We see how much we 
accomplish. And if something happens tomorrow? No problem, we’ll 
deal with it.” The THW is equipped with Dräger technology: from 
helmets to respiratory devices and gas measurement equipment.

Janine and Jörn Stührenberg and their six children, Bremen, Germany
“We’re waiting for our quad baby stroller right now. Until it comes, I’ve 
been putting our lightest baby in a sling, while three ride in a twin 
stroller. It’s cozy, but soon it’ll be too small. Living with quadruplets 
means you have to improvise. Unfortunately, a lot of people just aren’t 
into improvising as much as our family is. Many stores have discounts 
for twins, but just try to turn that into a discount for quadruplets! For 
baby swimming, you need one adult per child – but there are al-
ways only two parents, even for quadruplets. Despite all these obsta-
cles, we make do quite well, and that goes for our two older children 
too. The quadruplets were born in the 30th week of pregnancy, ten 
weeks early. The team working with Dr. Thorsten Körner at the ‘Klinikum  
Links der Weser’ was prepared for anything. The delivery room was  
almost as busy as a train station: there were physicians, an anesthesiol-

ogist, midwives and pediatric nurses, and – somewhere in the middle of 
the crowd – my husband. After the birth, I had to get used to the tech-
nology. You think that you’d actually like to care for the children yourself. 
But of course they need incubators and equipment to help with breath-
ing. They were given little masks, and I learned to understand everything 
pretty quickly. Before long, I could intuitively tell from the sounds whether 
the blood oxygen level or the pulse was falling. Everything worked reli-
ably; the children progressed well and no longer needed the equipment. 
We made it home by what was originally supposed to be the due date.

I found it comfortable in the hospital. Staff members often came to 
me and said: ‘Oh, we’re sorry, we’re giving you so little attention with your 
children’ — there was one emergency after the other coming in. And I was 
glad they just hurried past, because that meant everything was OK.”

What Moves Us — Dräger Worldwide
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Seeing Red in a 
Blaze
The Dräger Flame 5000 doesn’t miss  
a thing: If a flame is larger than 0.1 square 
meters, the robust CCTV camera will  
reliably register it from a distance of up 
to 44 meters within a horizontal viewing 
angle of 90°. The unit therefore offers the 
broadest coverage of any flame detector 
currently on the market.

The device’s software evaluates the 
typical shape and color structure of the 
flames, and intelligent algorithms ensure 
that false alarms are kept to an absolute 
minimum. The detector, which comes 
with either an aluminum or steel housing, 
is approved for use worldwide. It can  
be employed as an individual unit for trans- 
mitting live video images, or else be  
integrated into a control or fire alarm sys-
tem. Its easy-to-read LED status display 
lights up in red when flames are detected. 

Measuring Core Body 
Temperature in Space
On February 11, 2009, the European 
Space Agency (ESA) launched a rocket 
from Baikonur (Kazakhstan) on a journey 
to the International Space Station (ISS). 
On board was as well a new type of 
Dräger sensor. Initial studies carried out 
prior to the trip that this sensor can 
reliably measure human core body 
temperature without the need for an 
invasive procedure. Further studies  
have also shown that the results of  
this technique are so reliable that it can be 
used in lieu of invasive measure- 
ments that have been commonly employed 
in the past – such as those taken in  
the esophagus. 

The sensor is also being used in  
the space mission to transmit vital data  
to determine the physiological stress  
experienced by the astronauts. This con-
figuration is now being tested for  
various applications, including for use in  
a future manned mission to Mars.

Dräger Helping to 
Bring Cell Phones to 
Operating Rooms
Wireless communication is highly efficient. 
Until recently, however, the benefits of cell 
phones, WLAN etc. could not be enjoyed  
in hospital care areas because the electro-  
magnetic waves they emit can interfere 
with the functioning of medical equipment. 
The IEC60601-1-2 standard stipulates  
that – to ensure the greatest possible 
safety – there must be a distance of at 
least 3.30 meters between medical and 
electronic communication devices. 

“That is purely a precautionary value 
that’s used because the standard for 
shorter distances does not call for suitable 
testing methods,” says physicist Gerd 
Matzke, who helped develop a new testing 
procedure for Dräger that dramatically  
reduces the so-called protective distance. 
“Results to date show that Dräger medi- 
cal equipment can be safely operated at 
as short a distance as two foot lengths 
from all common wireless units.” 

Matzke and his team achieved this 
breakthrough by developing a small  
special antenna that enables an electro-
magnetic field to be brought very close  
to sensitive components in medical and 
safety equipment. “Through extensive 
tests with Dräger products, we determined 
that the previous safe distance of 3.30 
meters can be substantially reduced — in 
some cases even down to zero,” says 
Matzke, whose testing procedures yield 
reproducible measurements for achieving 
significantly lower safe distances, and 
could thus serve as the basis for a new 
standard. “Any device that successfully 
passes our test can be safely operated  
at a distance of at least 60 centimeters 
from a wireless communication device,  
if not closer,” Matzke reports. 

The new testing procedure can thus 
help expand the use of patient monitoring 
devices, for example, and also possibly  
enable the utilization of many wireless  
applications in the vicinity of sensitive 
electronic equipment for the first time.

Sensitive “Noses”  
Save Lives
Two devices with one common purpose — to protect 
humans from harmful gases: The new Dräger  
Pac 3500 and 5500 gas detectors quickly and 
reliably sound an alarm when they register  
concentrations of oxygen, carbon monoxide, and 
hydrogen sulfide. 

Both devices use XXS sensors with an anticipated 
lifespan of more than five years using a patented 
three-electrode technology prevents wear and tear. 
The oxygen sensor, which is completely lead-free, 
does not require any consumables for its operation. 

The battery, sensor, and filter in the Dräger  
Pac 5500 can all be replaced when necessary,  
which means the unit can be used again after  
servicing. The anticipated useful life of these de-
vices is between five and eight years, with the  
Pac 3500 operating for two years maintenance-free. 

Both units allow for gas to enter from multiple  
inlets, which increases the chance of timely  
protection in the event that any gas should bypass 
the sensor. The detectors boast a short reaction  
time (t50 of less than ten seconds), issue both optical 
and acoustic warnings, and are equipped with  
a vibration alarm.

Reliable gas warning.

News   

Cold outside, comfortable inside. A sharp eye for registering flames.

The Heat is on in Chongqing:  
Realistic Firefighting Drills
With a population of over 30 million, the Chongqing administrative district in central 
China is said to be the largest city in the world. Its many residents can now also sleep 
easier, thanks to a new training center and concept that the Chongqing Fire Brigade 
recently obtained from Dräger. The center, developed on the basis of globally recognized 
European standards, provides fire brigade staff with realistic training in firefighting and 
rescue techniques, as well as instruction in the proper response to terrorist attacks.

At the center of the training site is a ten-story building, the first floor of which  
contains two classrooms and a control center from which the entire facility is monitored 
via infrared cameras. The second floor houses a labyrinth style maze that can be 
flooded with training smoke and coupled with realistic noise simulations of various 
operational events. The building is also connected to a tower where training course 
participants can practice rescue operations at great heights, including exercises with 
turntable ladders. Two fire areas form the centerpiece of the training center.  
These gas-fired chambers are set up like an apartment, which enables realistic 
training enviroments such as kitchen fires (including grease explosions) to be  
realistically simulated under computer control. 

An additional scenario has a blaze in a bedroom, including a burning bed, and 
there are also realistic exercises for battling backdrafts. The training center was  
designed and developed in cooperation with architects from the local fire department. 
“The training center in Chongqing offers the kind of state-of-the-art technology  
that firefighters the world over have come to expect,” says Mat Lock, Regional Manager 
Dräger Safety Solutions — Asia Pacific.

Ensuring no one gets burned when it gets hot: Realistic exercises in the fire area.
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Focus    Helmet Production

 Here Comes the Helmet of the Future!
A fire helmet is a key component of personal protective equipment.  
Dräger plans to use a new production facility to generate momentum here — and to be a trendsetter.

Dräger? Respiratory protection! 
That’s the answer firefighters immedi-
ately give when they are asked about prod-
ucts made by the Lübeck-based company. 
Dräger usually isn’t associated with fire 
helmets, even though the company has 
developed models such as the HPS 4300 
and the HPS 6200 entirely in-house. So far 
these have been produced by a supplier. 
That’s about to change, however, as the 
company will soon launch its own produc-
tion operations at a facility in Chomutov, 
Czech Republic.

“We already offer an extensive prod-
uct line-up of personal protective equip-
ment, but until now we haven’t been well-
known for fire helmets,” says Markus 
Lamm,  Dräger Portfolio Manager and 
also responsible for strategic issues con-
cerning head protection. “The helmet is 
an integral component of a protection sys-
tem for firefighters,” he adds. The fire hel-
mets are to be produced by a joint venture 
with the German company Busch that was 
specifically established to make the hel-
mets. The new company, known as Dräger 
Busch Helmets Production s.r.o., will pro-
duce only Dräger helmets. 

About 80 individual parts

Gaining Busch as a partner company was 
a smart strategic move: “It combines the 
production experience of Busch with 
Dräger’s project management in product 
development, and its process manage-
ment in production,” says Dräger produc-
tion expert Werner Jumpertz, one of the 
new manufacturing firm’s two managing 
directors. The new production operation 
also is seen as a way to generate momen-

tum with fire helmets — and to expand the 
range of business possibilities. A fire hel-
met consists of about 80 individual parts, 
and a manufacturer must always consider 
how each part can be further improved. 
The result must be oriented toward  
prevailing market prices and should be 
affordable — without sacrificing quality or 
safety. Calculating the price involves de-
termining which parts can be produced by 
other companies at a lower cost (outsourc-
ing), and which could be better produced 
in-house. A company engaged in this pro-
cess almost always prefers its own solutions.  
Today the vertical range of manufacture 
extends down to the smallest detail. The 
synthetic material Nomex is purchased 
from outside for the helmets, but the 
stitching it requires — for production of the 
helmet liners, for example — is handled by 
Dräger. Quality is an obligation. “The cus-
tomer expects that a helmet with the name 
Dräger on the outside will also be Dräger 
on the inside,” says Markus Lamm. “And  
some day we may see helmets with built-in 
thermal imaging cameras and displays 
integrated into their visors,” says his col-
league Jumpertz.

An ambitious goal

Egon Busch, the founder and managing 
director of the company that bears his 
name, is confident the new joint venture 
will be a success. Although up until now, 
the company’s products have not included 
fire helmets, the specialists at Busch did 
score a major coup by producing the Ger-
many military’s combat helmet. Made 
of aramid fibers, the helmet’s shell pro-
vides unsurpassed puncture protection A helmet is also more than the sum of its parts — and every one of them has been optimized for        extreme safety.

and is very comfortable to wear. Today this 
helmet construction has a global market 
share of about 80 percent. “We want to 
bring the world’s best fire helmet to mar-
ket,” says Egon Busch in summing up the 
objective of Dräger Busch Helmets Pro-
duction. The entrepreneur from Güter-
sloh, who will serve as the joint venture’s 
other managing director, is certain this 
goal will be attained. 

Of added benefit here is the fact that 
the helmet market is relatively resistant to 
crises: “Even at times like these, the safety 
of fire and rescue personnel will not be 
compromised,” says Busch. “The need for 
safety is increasing — along with demand 
for high-quality protective equipment.”

The helmet as part of a system

The helmet, which is compatible with all 
attachments and accessories as part of a 
complete system, has a central role to play 
here. With development and production 
from a single source, new opportunities 
emerge: “It is now much easier and much 
less time-consuming to realize an inte-
grated head-protection system, in which 
the helmet, mask, and accessories — for 
example communication and monitor-
ing systems — perfectly complement one 
another and thus contribute to greater 
safety,” says Lamm. The integration of 
new functions and sensor technology in 
the helmet raises new questions, however. 
“Enhanced sensor technology for moni-
toring firefighting and rescue operations 
and improved visualization technologies 
must be critically evaluated in terms of 
their usefulness for fire departments,” ex-
plains Jumpertz. “Just because something 

Perfect gloss: 
Manual grinding 
and polishing is 
time-consuming, but 
there’s nothing  
better for the perfect 
combination of  
form and function. D
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Focus    Helmet Production

is technically possible today doesn’t mean 
it should be used. Some system ideas, for 
example health monitoring during rescue 
operations, pose new concerns in terms of 
safety. And in any case, the Dräger Body-
Guard II signal and warning unit for com-
pressed air breathing apparatus already 
enables firefighters today to not only gauge 
device data but also measure ambient tem-
perature and telemetrically forward this 
information to a command center.” 

There are several versions of the hel-
met-mask combination. With the S-Fix 
system, breathing masks such as the 
Dräger FPS-7000 are clamped to the hel-
met’s exterior, which means the mask can 
be used in combination with helmets from 
other manufacturers, and vice versa. The 
HPS 6200 helmet, on the other hand, is 
available with the alternative Q-Fix system, 
which makes it suitable for use with the 
Dräger-FPS-7000 full-face mask. With this 
combination, an additional safety button 
is used to prevent the breathing mask 
from becoming unclamped as a result of 
an impact. This shows how an optimally 
coordinated system can ensure a higher 
level of safety. In addition to helmet-mask 
combinations, accessories available for  
Dräger fire helmets include spotlight  
attachments, which use Ex-protected 
LED or even extremely bright Xenon 
technology. 

Tomorrow’s criteria:  
Safety and light weight

One man who would be delighted to see 
further technological advances is Dr. Dirk 
Hagebölling, the Chief of the Bochum Fire 
Department and Vice President of the 

Hazardous Substances and Fire Protection 
Research Association. As chairman of the 
corresponding committee of the German 
Institute for Standardization (DIN), Hage-
bölling is extensively involved with the  
future of personal protective equipment.

“If you ask me about the need for new 
developments in terms of fire helmets, I 
would have to say there’s an urgent need 
for a lightweight helmet variant,” he says. 
“Such a helmet would be used above all 
by rescue personnel and technical assis-
tance teams. The helmet primarily needs 
to be light and very comfortable to wear. 
We now have helmets on the international 
market for forest firefighters, which is a 
step in the right direction.” Hagebölling 
also reports that the idea of having a light-
weight helmet is already on the agenda of 
the standards committee. 

Fire helmets for personnel wearing 
breathing apparatus should also be able to 
deliver important data by means of sensor 
technology. “The oxygen tank pressure 

Despite the high degree of automation, it is skilled personnel who provide the final touch of quality. 

A computer-controlled machine tool drills mounting holes, which will later be carefully inspected by critical eyes.

The Dräger Helmet
The tradition-rich Lübeck-based company is breaking new ground with the in-house 
production of helmets. In the 1980s, Dräger entered into a collaboration with the  
French helmet manufacturer Gallet. The F1-series of helmets developed by Gallet for 
French firefighters was vastly different in terms of shape and color from any of the  
fire helmets used at that time. Dräger marketed this helmet very successfully (over a 
period of two decades) in Europe and Asia. Dräger has contracted with Schuberth  
for the production of its fire helmets since 2002. Schuberth also manufacturers the BMW 
motorcycle helmet worn by the German police, and it developed the Formula 1  
helmet worn by Michael Schumacher. Dräger will begin manufacturing fire helmets at  
the Dräger-Busch helmet factory in 2009.

level and the temperature are crucial,” 
says Hagebölling, which is why it should 
be easy to call up such data: “Do I have 
enough air, is an ambient temperature 
limit being exceeded to the point where a 
gas-oxygen mixture at ceiling level could 
ignite?” Cost concerns can be addressed 
by means of a modular concept. “Some-
one has to help the team leader put on 
his equipment while en route to the site 
anyway,” Hagebölling says. “That person 
could simultaneously equip him with the 
necessary sensors, although not all func-
tions are needed by all response person-
nel, of course. When it comes to lighting 
today, fire departments are still ‘groping in 
the dark’. Powerful LED lights are already 
available, so they should be integrated into 
the helmet.”

The sum of all properties

Along with municipal fire departments, 
volunteer firefighters are authorized with 
the major line of firefighting defense in 

 Safety is built in with the steps of production

One a minute:  
A five-armed 
coating robot  
applies one  
of seven colors  
to the helmet.
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Germany. Compared to the 28,000 pro-
fessional firefighters, the more than one 
million volunteers in the country form a 
veritable army. In Hesse, for example, only 
cities with more than 100,000 residents 
are required to have municipal fire de-
partments. The small city of Neu-Isenburg 
(pop. 36,000), not far from Frankfurt, has 
a volunteer fire department with 120 fire-
fighters, and nine full-time employees to 
manage the operations of this relatively 
large organization. One of them is Frank 
Burger, an equipment attendant for the 
Neu-Isenburg volunteer department: “A 
fire helmet must have what it takes for 
any possible response scenario,” says 
Burger. “One helmet for technical assis-
tance teams and one for firefighters — that 
wouldn’t be economical for us.” Burger is 
hoping to see a modular helmet-shell con-
cept. “We need a helmet with a light or a 
suitable light attachment, one that we can 
wear while still being able to hear clearly 
and handle radio communication.” After 
conducting its own evaluations of possi-
ble fire helmet choices, the Neu-Isenburg 
firefighters selected the HPS 6100 and the 
HPS 6200. 

Comfort is personal

“Head protection is of the utmost impor-
tance to firefighters, but there’s no such 
thing as the perfect helmet,” says Helge 
Weber. For many years, this veteran of the 
Berlin Fire Department was co-responsible 
for the procurement of protective clothing 
at a vehicle and equipment service unit. In 
September 2003, the Berlin Fire Brigade 
purchased the Dräger HPS 4100 helmet for 
all firefighters. This meant equipping ap-

proximately 5,000 firefighters belonging 
to both Germany’s largest professional fire 
department and the city’s volunteer fire 
departments. Today Weber works at the 
State Firefighting Academy, where his fo-
cus is on emergency vehicles, but as the 
Respiratory Protection Officer of the Ber-
lin Fire Department he remains closely 
involved with the issue. “For interior at-
tack, we use respiratory protection masks 
with a five-point head harness, a two-ply 
hood and the helmet.” The protective com-
ponents also have to be put on in exactly 
this order. That sounds complicated, but 
there doesn’t appear to be any alternatives. 
“We currently use three different types of 
masks with various designs,” says Weber. 
“After all, facial shapes differ, and there 
are also female firefighters. This is the 
only way we could optimally equip nearly 

5,000 firefighters, both male and female.” 
Weber has no doubts about what charac-
terizes a good fire helmet: “High comfort 
and low weight are important.” 

The professional fire department in 
the Danish capital of Copenhagen only 
switched to the Dräger HPS 6200 in 2007. 
“With the previous helmet from another 
manufacturer, we had problems with heat 
damage,” explains Niels-Ole Blirup, Chief 
of the Copenhagen Fire and Rescue Ser-
vices. The new helmet had to take more 
punishment: “We tested six different hel-
mets, sending four firefighter instructors 
wearing the helmets under consideration 
into our training building, and the Dräger 
helmet exhibited the best resistance to 
heat.” Noting that there have been hardly 
any material failures after a year in ser-
vice, Blirup adds, “The helmet is also im-

pervious to strong impacts; the coating of 
the helmet shell can take a lot of abuse.” 
Still, even a good helmet can stand im-
provement. Blirup shared his experiences 
with Dräger, and one detail of the HPS 
6200 was modified as a result. “Based on 
the experiences during the heat test, we 
had an additional heat barrier installed 
in the area of the forehead, since comfort 
is another important argument in addi-
tion to heat resistance,” says Blirup, who 
is responsible for protecting roughly 600 
heads in Copenhagen. “Safety and com-
fort have absolute priority. If the helmet 
of the future could be a few grams lighter 
while offering the same level of safety and 
the thermal stability, I would be utterly 
satisfied.”

On site in the Czech Republic, 
April 2009

Two men gaze intently through the window 
into the cleanroom and monitor the work 
of the special helmet-coating robot. Are all 
of the spray head motions and settings cor-
rect to ensure the even application of the 
coating? “That looked very good,” opines 
the coating expert, and his colleague nods 
in silent agreement. After allowing it to dry, 
the two men inspect the helmet, looking at 
it from all sides, checking the edges and 
the inside. The tension in their expressions 
gives way to smiles. “The coating was ap-
plied perfectly,” says the expert. “We can 
get started as far as we’re concerned,” his 
colleague adds.� Mario Gongolsky

A recipe with a future
The basic shell design of Dräger fire helmets combines safety with comfort. 
The centerpiece of the Dräger “Head Protection System” (HPS) is a  
helmet shell of glass-fiber reinforced duroplastics. This exceptionally light 
combination of materials is extremely resistant to very low and very  
high temperatures. The tests for the certification of a fire helmet according 
to EN 443:2008 are very rigorous: A fire helmet must withstand a helmet 
temperature of nearly 300 °C for eight minutes while exposed to a heat flux 
of 14 kW/m2. The helmet should also survive ten seconds at 1,000 °C 
during “full engulfment” without catching fire or melting away. At temperatures 
between 250 and 270 degrees (depending on helmet color), Dräger helmets 
can withstand a five-kilogram ball dropped from a height of 2.5 meters, and 
effectively protect the head against the impact energy. It can also prevent 
penetration by a one-kilogram pointed object from a height of 2.5 meters.

Safety without borders 
The European standardization process ensures the 
greatest possible safety in line with state-of-the-art technology. The 
current standard for fire helmets, EN 443:2008, is exemplary world- 
wide. Author Markus Lamm worked on the formulation of this standard 
as a member of DIN and CEN committees for fire helmets.

Standards guarantee basic safety and comparability, offering a reliable  
minimum framework, and globalization is driving a transition from national to  
European and international standards. 

DIN 14940, in force in Germany since the Second World War, describes the fire  
helmet as a head covering offering protection against the effects of impact and heat, 
comprising a helmet shell, inner lining, a chin-and-neck strap, and neck protection. 

Through the end of 1997, every country in Europe followed its own standard.  
EN 443 has applied throughout Europe ever since, and is reviewed every five years:  
Is it still appropriate in light of current and future requirements? Where is there  
room for improvement, such as can be achieved through the use of innovative materials? 
The fact is that human lives are at stake, after all. It’s all about safety in extreme  
situations such as fires and chemical incidents, accidents or technical failures, both  
outdoors and inside buildings. 

Of course, standards are also updated in the interest of harmonization. Several  
years ago, users and manufacturers began an intense discussion regarding the revision 
of the 1997 version of EN 443, in which Dräger also played a major role. 

The result of this was the new fire helmet standard EN 443:2008, which went  
into effect in February 2008. Technical Committee CEN-TC 158 “Safety Helmets” is  
responsible on the European level for the formulation of the standard and is assisted  
on the German side by the “Personal Protective Equipment for Firefighters” working 
committee of the Firefighting and Fire Protection Standards Committee (FNFW). 

The result is impressive: Not only is EN 443:2008 oriented toward current and  
very realistic scenarios, but many international helmet experts also consider it to be the  
most rigorous and comprehensive firefighting standard, even in comparison to the  
requirements of the American NFPA 1971 standard or the Australian helmet standard  
AS/NSZ 4067.

EN 443:2008 also takes a new approach: Rather than describing structural  
requirements (as the former DIN 14940 did), it describes the performance requirements 
for a fire helmet for fighting fires in buildings and other structures. The standard  
differentiates between two types of helmets for the first time: Type A is the designation 
for half-shell helmets and Type B for full-shell helmets. Fire departments can choose  
the helmet best suited to the type of operation, required degree of protection, and ergo-
nomic considerations. 

The requirements and test methods were developed primarily from a reassessment  
of the hazard analysis and in consideration of practical experience. 
Some major improvements for even more effective personal protection are:  
u a flame engulfment test in which the equipment is completely engulfed in flames 
u shock absorption after heating 
u penetration after heating 
u increasing the radiant heat to 14 kW/m2
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Further information online:
 New production facility 

www.draeger.com/97/helmet
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Report    Confined Space Entry

It’s just a dummy — a “woman” 
model that weighs only 55 kilograms and 
is filled with granules. “But this dummy 
feels twice as heavy as your girlfriend if she 
weighed the same,” says Michael Bergold, 
a Dräger Service staff member in Ham-
burg, Germany. Bergold’s job is to provide 
theoretical and practical instruction on 
how to safely rescue people — even when 
unconscious — if they become trapped in 
confined spaces (rooms with poor air cir-
culation that are surrounded partially or 
completly by solid walls). Both, theory 
and practice, have to be taught, and var-
ious regulations in regards to the differ-
ent employer’s liability insurance associ-
ations (especially BGR 117) stipulate that 
such instruction and exercises be carried 
out once a year.

Dräger has had mobile training 
modules since 2005, and these modules 
make it possible to conduct either one or 
two-day training sessions (the latter for 
safety supervisors) directly at the custom-
er’s place of business. Customers include 
power and waste water companies, or any 
in which some employees can only reach 
their place of work through a narrow 
entry way or a confined space. 

Protective equipment is a must

Werner Ochse, Dräger Business Develop
ment Manager for the Mining and  
Utilities Sector, helped to develop the 
mobile training module. Together with 
a team, Ochse created a system for  
providing everything he needs for a  
realistic training session. What’s more, 
he did so on an area measuring just  
ten by ten meters: “Course participants 

 Training Before Things Get Tight
Working in confined spaces or tanks can be very risky — but risks can be substantially reduced by adhering  
to regulations and guidelines. Some regulations require staff to regularly receive theoretical and practical safety 
training. The Dräger Academy offers the relevant courses in a mobile training module.

climb through a narrow hole, pass 
through a room that can be made misty 
or overheated when necessary, and then 
climb into a labyrinth of pipes to rescue 
an unconscious colleague — that’s the 
dummy.”

This generally takes about seven to 
ten minutes, as Bergold has discovered 
in numerous training courses. “Good 
preparation is also important here,” 
he says. The theoretical segment of the 
course involves a review of laws, regu-
lations, stipulations, and general occu-
pational safety information. It is in this 
theoretical area where he has observed 
an alarming lack of knowledge, especial-
ly at many municipal water treatment 
companies. This ignorance can some-
times be deadly. “Sometimes you’ll have 
employees climbing into underground 
canals alone and without any personal 
protective equipment,” Bergold, him-
self well over two meters tall, reports. 
“Those who don’t take a gas detector 
with them can’t even check for the pre
sence of dangerous gases at the bottom 
of the space — something you need to do 
before entering such an area.” Although 
what he describes is not the rule, it’s also 
not the absolute exception. “The point is 
that ignorance is not an excuse; if some-

thing happens, somebody is going to be 
held responsible,” says Bergold. 

Three mobile units worldwide

Even though participants are instructed 
to bring along and use their own person-
al protective equipment, the module also 
includes everything from gas detectors 
and compressed air breathing apparatus 
to harnesses — all of which are provided to 
those participants whose companies still 
haven’t given them the necessary equip-
ment. “Still, even when participants bring 
everything themselves, they often don’t 
know how to use the equipment properly,” 
says Bergold. Participants almost always 
set the belts on the harnesses too loose-
ly, which can cause them to get twisted 
between their legs and even cause seri-
ous injury in a fall. A lot of participants 
also don’t really know how to use their 
gas detectors properly.

For this reason, the theoretical seg-
ment of the program provides the foun-
dation for what will later be demon-  
strated and practiced in reality. “Our 
training courses also include discus-
sions on less well known but nevertheless 
important things like suspension trau-
ma,” says Katharina Nadolny from the  
Dräger Academy, who is responsible for 

ensuring awareness of, and the prop-
er response to, this issue worldwide. If  
someone falls and is left hanging in a  
harness or a belt for, say, 20 minutes, 
their bodies can suffer serious damage 
due to diminished blood circulation, for 
example. Only those who are aware of this  
can prepare by developing proper rescue 
techniques.

All of this is obviously very important 
to companies, as is shown by the fact that 
demand is now around three times higher 
than was originally anticipated. “We cur-
rently have two mobile units in Europe 
and one in Australia,” says Nadolny, who 
adds that she’s considering setting up a 
new one in Brazil. These units are not only 
used to ensure that personnel are aware 
of applicable regulations, but are also tar-
geted at associations of smaller sewer sys-
tem operators in specific regions, reports 
Ochse, as co-developer of the training 
module. Such associations organize joint 
training events at regular intervals. In  
any case, the existence of the mobile train-
ing modules means that ensuring em- 
ployee safety no longer depends on a  
company’s size or location. For more 
information on this training module, see 
page 36.� Nils Schiffhauer

What’s down below? Knowledge and practical training provide experience and ensure safety.

Just an exercise — and  
yet participants sometimes  
get a little panicky.



At midday the air is humid 
and the temperature is 32° Celsius. The 
scorching sun shines through a thin veil of 
clouds over Vung Tau, a peninsula about 
120 kilometers southeast of Ho Chi Minh 
City, the former Saigon. Jumping into the 
blue pool seems like the most refreshing 
thing imaginable right now. But the faces 
of the 12 men in blue overalls appear sub-
dued and concerned rather than delight-
ed. Assembled at the edge of a pool four 
meters deep, they put on their safety hel-
mets. It’s time for them to face a very seri-
ous task, a challenge for which they have 
just received hours of meticulous prepa-
ration: escaping from a helicopter forced 
to land in water.

“This is scary,” says instructor Hoang 
Van Manh. Earlier today he gave a grip-
ping presentation to the course partici-
pants that lasted nearly three hours, teach-
ing them how to overcome fear by means 
of strict training and mental control. His 
lesson included an explanation of the six 
categories of emergency landings: “Con-
trolled, half-controlled, and uncontrolled 
landings — and each category includes 
landings with windows that have either 
been smashed or remain intact.” The 
instructor gives examples of landings, 
shows videos of helicopter accidents, poses 
review questions and gives hands-on dem-
onstrations, of the life vest for example: 
“If you inflate the vest while you’re still 
in the helicopter, you’ll probably barely fit 
through the narrow emergency exit!”

Watching and listening to his instruc-
tions leaves you convinced that this type 
of Helicopter Underwater Escape Train-
ing (HUET) should be mandatory for 

everyone who travels over water by heli-
copter — not only for those who shuttle 
between land and drilling platforms, as is 
usually the case here at PetroVietnam. But 
in practice things are sometimes differ-
ent, as Jo-Frey Valenzuela from the Phil-
ippines, who works for the Tanker Pacific 
company, found out. “I took part in a sim-
ilar kind of training, but it was all dry the-
ory,” he says. Neither Valenzuela nor his 
employer were satisfied. So he booked a 
place in Vung Tau’s course, which calls 
for realistic, hands-on practice. A partici-
pant who successfully completes the train-
ing has his qualifications documented 
with a stamp entered in a personal “Safety 
Logbook.”

Don’t lose your orientation!

PetroVietnam claims to be one of the big-
gest companies in the petroleum and nat-
ural gas sector in Asia to have invested in 
this combination of theory and practice. 
Concern for people’s well-being is what 
made this service imperative, says Trinh 
Hai, Deputy Director of all the company’s 
training centers, in the interview on page 
19. At the edge of the pool, the men in blue 
overalls are ready to begin. The instruc-
tor familiarizes them with the enclosed 
unit that simulates the interior of a Super 
Puma, which PetroVietnam uses in addi-
tion to the Russian Mi 17 and the Eurocop-
ter EC155B for transporting personnel. 
The unit features two seats in the front 
for the pilot and co-pilot, and six in the 
rear for passengers, who face one anoth-
er. The grate floor allows water to imme-
diately rush in during a simulated emer-
gency landing at sea, and the windows 

Seven Seconds
The emergency landing of a helicopter is a dangerous maneuver — especially if this scenario occurs 
over water. Passenger training, including theory and practical exercises, significantly increases the  
chances of survival for the occupants. Vietnam Oil and Gas Corporation — PetroVietnam — offers training 
courses designed precisely for this type of emergency situation.

>

Ditching a 
helicopter is a 
highly danger-
ous maneuver. 
Survival is often 
dependent on 
performing a few 
critical actions 
that need to be 
practiced in 
realistic training 
sessions.©
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Report    ditching

Head-over-heals: 
The simulated  
helicopter cabin  
can be rotated.  
Escaping requires a 
lot of concentration.



can be easily installed and removed for 
the various training stages. The blue 
simulator hanging from a single-girder 
comes with a traveling six ton crane. The 
suspended unit can not only be moved 
clear across the training pool but also tilt-
ed at a wide range of “off angle” orien-
tations — these functions are controlled 
electronically from the poolside. “When 
it’s turned upside down,” the instructor 
knows from experience, “many occu-
pants quickly become disoriented.” He 
has already made that clear in the class-
room by asking the participants whether 
a passenger sitting on their left before 
the simulator turns over on its longitu-
dinal axis (known as “roll”) will be sit-
ting on their left or their right after the 
roll. “On the right” was the incorrect 
answer from most of the participants, 
demonstrating that intuition alone can’t 
be trusted in such a situation and that 
practical training is a must.

The first six participants make them-
selves as comfortable as possible on the 

Aluminum seats and fasten their seat-
belts — and then evacuate the simulator. 
They don’t realize it yet, but they’ve all 
just passed the first test: “controlled 
emergency landing on land.” After they 
climb aboard again, the crane takes 
them out to the “high seas” of the train-
ing pool, which is comparable to a large 
swimming pool, except for its depth. The 
simulator’s occupants try to hide their 
jitters, but they are clearly in a state of 
suspense, some of them fidgeting with 
their overalls. Two divers with diver’s flip-
pers and scuba tanks are standing by, of 
course, as is a doctor. But it’s only the 
skills they have acquired that can really 
ease the participants’ minds — after the 
training exercise.

The simulator is resting on the sur-
face of the water, and the water inside 
is up to the occupants’ ankles. Each of 
them calmly proceeds to a life raft float-
ing alongside. What they failed to notice 
amid the excitement was that the trim 
system of the simulator wasn’t quite right 

when they climbed out, and the simulated 
helicopter was at risk of turning over. The 
instructor points this out to them. Next 
time everything will not only be better, 
it will also be more difficult. In the next 
phase, the simulator won't just be rest-
ing on the water — it will sink. Everyone 
counts to seven. Slowly. The way they were 
trained to do. That’s how long it takes for 
the helicopter’s main rotor to stop turn-
ing. The spinning rotor is the greatest 
danger when leaving the machine — on 
land, too. The videos showed the dire con-
sequences this can have. No-one who has 
seen it will ever forget how long a rotor 
can keep on churning up the water.

Making an impact 

That had an impact. “Standing at the 
edge of the pool, seven seconds go by fast; 
under water it seems to take forever,” 
 snorts Cao Van Tuan, one of the partic-
ipants. The poolside observers applaud 
when the occupants all come to the sur-
face — each giving a big thumbs up. Mean-
while, divers are installing windows into 
the simulators air frame. The instructor 
had previously explained in detail that 
the windows can most easily be removed 
by hitting them at one of the four cor-
ners, rather than in the middle. “And 
keep your seatbelts buckled at first! The 
water that rushes in will be like a whirl-
pool and spin you around, causing you 
to become disoriented!” Everything goes 
smoothly.

Now the participants are ready for the 
biggest challenge: getting out of the simu-
lator after it has turned 180 degrees on its 
longitudinal axis. They are amazed that 

PetroVietnam — A company in the fast lane
PetroVietnam was founded in 1975 with the aim of extracting crude  
oil from deposits off the southern coast of the Southeast Asian nation. 
Five years later, Vietnam and the former Soviet Union transformed  
the company into a joint venture. Since 1981 it also has been extracting 
natural gas. In 2008 the company’s earnings were over $16 billion,  
an increase of more than 30 percent compared to the previous year. 

PetroVietnam’s crude oil exports account for 18 percent of the country’s entire  
export volume, and the earnings from the oil exports finance nearly one third of the  
country’s budget. The search for further offshore oil fields also is a success  
story: PetroVietnam tapped into five more fields in 2008. (www.petrovietnam.vn)

“Our employees are in  
demand worldwide”
Trinh Hai, Deputy Director, PetroVietnam  
Manpower Training College, is convinced that this is  
due in large part to their outstanding training. 

How important are training programs at your company?
We employ more than 10,000 people, and all of them are working in an industry with  
a high level of risk. So we have to prepare them well. This is why we set up our  
center for all types of safety training in Vung Tau back in 1993. And we are continuously 
ensuring that it measures up to the very latest technological standards.
In this regard PetroVietnam is really setting the pace,  
and not only in Southeast Asia…
That’s right. We have, for example, offered a training program that teaches the  
participants how to escape from a helicopter that has been forced to land in the water. 
The safety of our employees is well worth the related investment. Participants have 
been completing the course with great success since August 2008 — and today they 
come from all over the world.
Why did you award the contract to Dräger?
We were aware of the company’s reputation, especially for reliable respiratory protection 
products and gas detectors. And for the training aspect we found highly qualified  
and personable employees who understand exactly what we want. Their work also allows 
us to take part in a fair exchange of the most modern safety technology. And  
Dräger satisfied all the criteria for being awarded the contract — including our budget.
Is PetroVietnam’s need for safety technology likely to grow in the future?
Definitely. After all, we want to post higher turnover and expand our areas of  
business. In addition to oil, we have been extracting natural gas since 1981,  
and alongside new deposits off the coast of southern Vietnam we want to tap  
into deposits in the waters off northern Vietnam.
Will the focus remain on exporting crude oil and importing refined products?
No, our first refinery in Dung Quat began operation in February 2009. Two or  
three more should follow. We are already training people here how to manage refineries.
How do you find qualified employees?
That has become more difficult since the government began granting permission for 
foreign companies to operate in Vietnam — these offer very attractive salaries, for  
example. We have to offer comparable remuneration. And in terms of further training, 
we’re trying to set standards. This too enables us to recruit employees with excellent 
qualifications, for whom there is strong demand at many other oil fields worldwide. This 
demand shows us that we are also on the right course when it comes to training.

the excellent training is enabling them to 
leave the simulator so rapidly although 
they’re gradually running out of breath. 
Not long before, they had sat together 
over chicken soup with chili, fried crab 
on coriander, and sautéed beef strips with 
garlic spinach, all prepared by the train-
ing center’s own kitchen staff. But after 
completing the training course, they will 
also be able to apply their new skills on 
an empty stomach. Underwater, howev-
er, the trained safety divers are already 
installing the windows. The participants 
take their seats again, fasten their seat-
belts, and hit the water. The capsule turns 
over and they slowly count to seven before 
smashing out the window while hanging 
upside down, then release their seatbelts 
and swim to the surface, one after the 
other. Applauding along with everyone 
else, the next six participants have near-
ly forgotten that it’s their turn next. They 
also pass the tests with flying colors.

“I could hardly imagine different 
results,” sums up the instructor, who has 
three years of experience, even with older 
equipment. Only one in 300 participants 
fails the course. This new system was com-
pleted by Dräger in August 2008. “It was 
fun! And thanks to the practical training, I 
feel prepared should an emergency arise,” 
says Cao Van Tuan . While no serious acci-
dent has ever occurred in the petroleum 
and natural gas industry off the southern 
coast of Vietnam, it’s better to be safe than 
sorry. � Nils Schiffhauer

Trainer Hoang Van Manh explains what the participants will shortly have to do: Escape from a ditched helicopter.

Further information online: 	  	
 Training center 

www.draeger.com/97/dss
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Hazardous Waste Landfill Site     Report

 An Alien Planet
It’s a unique project — a landfill site containing large quantities of hazardous waste is undergoing  
renaturation in the Swiss village of Kölliken. It’s been so successful that it has become a benchmark for 
other landfill operations. Protection of people and the environment are especially high priorities there.

From a distance, the Kölliken 
Hazardous Waste Landfill looks as if the 
artist Christo has been wrapping up the 
landscape again. The bow-shaped con-
struction is a white hill nestling in the 
spring-green surroundings. Driving 
west along the highway from Zurich, 
you probably wouldn’t even note the 
building in the snows of winter, it looks 
so innocent. But you won’t get in with-
out a special permit, and you probably 
won’t get one of those. And if you did? 
Then it’s on with the breathing mask 
and the one-piece chemical protec-
tion suit and through the airlock to the 
around 300,000 cubic meters of hazard-
ous waste and contaminated ground ly-
ing behind the concrete. 

You could, however, get a glimpse of 
this alien world through one of the ab-
solutely airtight windows glued into the 
wall. The ground is laid open, with just 
a few people visible. They are wearing 
heavy protective equipment, with yel-
low rubber suits to protect their entire 
bodies. A tracked vehicle with an illumi-
nated glass cockpit is parked in the cen-
ter of the hall. It looks as if everything 
is in place for a mission to the moon. 
An excavator is driving around, digging 
up rust-corroded drums with extreme 
caution.

From worst to best practice

What is happening in the hall in Kölliken 
is unique to date: An old hazardous waste 
landfill site is undergoing renaturation. 
Never before has a landfill of such size 
with such contents been removed again. 
Within five years, the hall will be gone 

and the site will be a green field once 
more. The current operators are turn-
ing the results of an old environmental 
problem into an exemplary project — at 
a cost of 445 million Swiss francs (ap-
proximately 300 million euros). And the 
world’s waste management industry is 
keeping a close eye on Kölliken, for what 
is happening here could soon be neces-
sary in other parts of Europe, the USA, 
and Asia too. 

The story of the Hazardous Waste 
Landfill Site (whose German acronym 
is SMDK) begins in 1976 on the edge 
of the village of Kölliken, population 
4,000, in the Swiss canton of Aargau. In 
that year, the Tonwerke Keller AG com-
pany applies for planning permission to 
turn its one-time claypit into a garbage 
landfill site. The cantons of Aargau and  
Zurich and the Basel chemical industry 
join together to establish an operating 
company for a hazardous waste landfill 
site. The site in question, a hillside, lies 
just two hundred meters away from an 
aquifer. 

It all happens quickly. On the basis 
of three test bores, the expert responsi-
ble attests that the site’s hydrogeological 
and technical properties are optimal for 
the safe deposition of wastes from the 
chemical industry. 

The official start of operations is in 
May 1978. Over the next seven years, 
the site takes in 350,000 tons of waste, 
including mercury batteries, cyanide-
bearing dusts, ammonium chloride, 
manganese sulfate, phenols, resins, dye 
residues, chlorinated hydrocarbons, and 
toxic slags. Records are kept of the mate-

rials received, but there is no complete 
check of what arrives — only its color, 
smell, and consistency are noted.

No escape for the poisons

The site is closed in 1985 as a result 
of protests by the residents of Kölliken 
against the stink of chemicals around the 
landfill, in the drains, and in their laun-
dry rooms. The ground that had been 
thought to be impermeable clay is also 
letting the toxic leachate from the land-
fill seep through. After these and other 
incidents, the operator consortium is re-
organized and plans are developed to im-
prove the safety of the landfill site. 

At this time, the chemist Jean Louis 
Tardent arrives in Kölliken. His task is to 
improve the situation — to the extent that 
the landfill can be reopened within five 
years at most. The investigations, how-
ever, reveal the need for massive and 
drawn-out protective measures. Tardent, 
in the end, also becomes responsible for 
coordinating the renaturation of the site, 
once it becomes clear that the landfill 
will remain an environmental threat for 
generations to come. It also becomes ev-
ident that the long-term costs for main-
taining the safety measures will exceed 
those of its renaturation. 

So in 2003, the most extensive depol-
lution project in Switzerland’s history is 
approved: the complete renaturation of 
the SMDK. Work starts on the construc-
tion of the gigantic hall in March 2006. 
The entire area of the old landfill site 
is enclosed with a wall and roofed over. 
The steelwork supporting the hall roof is 
32 meters high, and there isn’t a single 

You might think they were 
astronauts — working  

on the renaturation of a 
landfill site calls for the  

best possible protection. >
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and burned under controlled condi-
tions; the leachate undergoes numerous 
stages of purification before it can be re-
turned to the natural hydrological cycle. 
Not another gram of hazardous material 
is allowed to escape from the old land-
fill site — at least, not without Tardent’s 
express permission. Since his work be-
gan, the hazardous material is only per-
mitted to leave the hall in airtight con-

tainers, on its way to specialist disposal 
companies. 

Tardent shows us what is happen-
ing to the drums and the contaminated 
ground through one of the observation 
windows in the concrete wall. Yellow exca-
vators and green transport vehicles stand 
ready in the hall. “All of them are custom-
made,” says Tardent. Every vehicle has 
its own air supply. The workers enter the 
vehicles via “docking stations” — airlocks 
which project into the hall like the air-
bridges at an airport. A slightly reduced 
air pressure is permanently maintained 
in the hall itself. “That way, should the 
envelope spring a leak, nothing can es-
cape into the environment.”

Continual surprises

The biggest problem in Kölliken is the 
uncertainty. Tardent may have obtained 
precise measurements of the surround-
ings and the geology, but no one knows 
exactly what’s waiting for the workers 
in the landfill. The trust that was once 
placed in the honesty of those delivering 
the waste means that, for example, an ex-
tra ration of extremely toxic cyanide can 
always be lurking in the declared sludge 
from an electroplating company. “Every-
thing that can be expected is under con-
trol,” says Tardent, “but we continually 
come across surprises.” 

Two men in full protective suits and 
breathing apparatus bend over a con-
tainer and take samples. “We try to re-
move the drums intact,” says Tardent. 
“Everything that we find is analyzed.” 
Small sample bottles are filled from an 
excavator shovel full of earth, and the 

content of drums can also be checked in 
the in-house laboratory within 48 hours. 
The batch of waste or spoil is then subject 
to triage, using the composition as the 
criterion for deciding on its fate. Weakly 
contaminated earth is processed by soil 
washing; most of the material, however, 
is incinerated or transported to secure re-
positories such as the underground land-
fill at Herfa-Neurode in Hesse, Germany, 
where it is walled in to old mine workings 
700 meters below ground. 

Once the fate of a load has been de-
cided on the basis of an analysis of its con-
tents, containers standing in the “White 
Zone” are filled with the contaminated 
material from the “Black Zone” in an air-
lock, sealed so that they are airtight, and 
washed down. Huge forklift trucks mar-
shal the sealed freight through the clini-
cal-looking hall of the White Zone, which 
can be entered without the need for a 
protective suit. Winding paths lead to the 
control room — a screen-filled room from 
which personnel monitor the interior of 
the removal hall around the clock. 

The building is a lively spot during the 
normal working shift. The project man-
agement reckons on a removal rate of 500 
tons per working day in order to meet the 
schedule. “But the safety of the employ-
ees and the local residents has top prior-
ity despite the rigid performance require-
ments,” says Tardent. 

That’s why the hall is brightly illumi-
nated during the shift. Every step carried 
out in the Black Zone is monitored by 14 
steerable cameras. Furthermore, every 
employee in the danger zone is equipped 
with a GPS unit on his helmet. The per-

sonnel in the control room can thus follow 
every step made by every worker. The hel-
met sensor can even distinguish whether 
the wearer is standing, walking, or has just 
collapsed, explains Tardent, who himself 
has one of the boxes on his helmet. Before 
the New Year, additional thermal imaging 
cameras were installed after three fires oc-
curred in the removal hall. Most recently, 
in summer 2008, eight-meter-high flames 
shot out of a drum containing magnesium 
swarf, and the renaturation work paused 
until January 2009.

Waste: tomorrow’s resource

Directly adjacent to the control room is 
the storeroom for the personal protective 
equipment (PPE) used by the employ-
ees in the Black Zone. Dräger Safety has 
looked after the operations with one of its 
employees on site as a PPE attendant since 
the beginning of the renaturation work.

Michael Sigrist is responsible for en-
suring that the mobile and stationary 
gas detectors always work perfectly. He 
inspects the masks, compressed air line 
breathing apparatus, gastight protective 
suits, and compressed air breathing ap-
paratus, along with the escape suits that 
are kept in every vehicle in case of emer-
gency. He also maintains, and where nec-
essary repairs, the equipment in a ded-
icated workshop. And, of course, he has 
access to all of the calibration and test 
equipment required for these purposes.

Making sure that the explosive mate-
rial detectors on the excavator shovels do 
their job without any problems is another 
of Sigrist’s tasks. The driver of a vehicle 
can take a gas sample at the push of a but-

ton — and know whether or not he’s in a 
dangerous spot just 20 seconds later. 

Kölliken is regarded as an exemplary 
operation in the industry — a benchmark 
for the depollution of other hazardous 
waste landfill sites. A similar hall is cur-
rently being constructed over an old pit 
full of chemical waste in Bonfol (close to 
the border with France). The Basel-based 
chemical industry deposited some 114,000 
tons of hazardous waste here between 1961 
and 1976. Remediation work is scheduled 
to commence in 2010. Here, however, the 
operators are planning to let robots carry 
out the most dangerous tasks. 

Now that the protective technology has 
proven itself effective for both people and 
the environment, the project could mark 
the beginning of a whole series of renatur-
ation operations worldwide. The German 
Federal Ministry for the Environment, Na-
ture Conservation and Nuclear Safety es-
timates the global volume of hazardous 
waste at 400 million tons. Like Bonfol and 
Kölliken, future renaturation projects will 
only become possible thanks to a series of 
technical innovations. 

It’s not just the health of the people and 
the environment that are the driving forces 
behind this development — there’s also good 
business in what companies considered to 
be waste just a decade ago. The operators 
of Herfa-Neurode already sell part of the de-
posited waste: selenium-bearing waste, for 
example, goes to microchip manufacturers, 
and scrapped transformers are a source of 
copper for recycling. Advanced recycling 
technology and exploding prices for raw 
materials make it possible. Today’s waste 
is tomorrow’s resource.� Hanno Charisius

Suddenly, an eight-meter flame shot out of  
a drum containing magnesium swarf

The huge framework of the self-supporting hall roof rears up into the sky 
over Kölliken. And the world’s waste management industry looks on.

Jean-Louis Tardent; 250 bores have been carried out to investigate the landfill site.

Precise analysis: Maren Schwalm is head of the laboratory in Kölliken.

column to get in the way of the re- 
mediation work under the entire span 
of 170 meters. 

Today, almost 25 years later, SMDK 
director Tardent and his family still live 
in Kölliken. No one else knows the land-
fill site as well as he does. A total of 250 
bores have been carried out in order to 
investigate the surroundings of the site. 
The flammable landfill gas is collected 
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Background    gas detection technology

In the beginning, there was the  
canary: The delicate finches warned  
miners of dangerous gases below ground. 
If they stopped chirping, the miners had 
to hurry to the surface. Such crude and 
inexact methods for determining gas 
concentrations in the atmosphere are 
now ancient history. Today, precision in-
struments monitor the concentration 
of dangerous gases and flammable  
vapors. Compact, small, robust and flexi- 
ble multi-gas detection instruments re
present the state of the art. 

Gases and vapors are not inherently 
harmful — after all, they make up the 
Earth’s atmosphere. It is only in instances 
where their concentration exceeds or 
falls below critical values that they can 
become a threat. Exceeding these values, 
which vary from substance to substance, 
leads to toxicity and explosion hazards, 
while a concentration of oxygen that is 
too low poses a risk of suffocation. This 
is why portable gas detection equipment 
is used in so many different areas of ap-
plication in a number of different indus-
tries, with scenarios ranging from indi-
vidual employees or smaller work groups 
to major deployments, such as the indus-
trial shutdown of an entire petrochemi-
cal plant. 

Targeting local conditions

The extremely heterogeneous scope of 
applications is what makes the develop-
ment of portable gas detectors so chal-
lenging. Have toxic gases accumulated 
above waste water, 30 meters down in the 
lower level of the sewer system? Can an 
employee safely enter the tanker truck 

that was just emptied? Where is the leak 
in the transport line? Have flammable 
vapors been generated in a petroleum 
processing plant? And is the atmosphere 
still safe where cable is being installed 
underground? 

These questions reflect typical appli-
cations for portable gas detection equip-
ment: Personal monitoring, pre-entry 
and control measurements, area moni-
toring, and searching for leaks are key 
applications. Sensor design is not funda-
mentally different from that of stationary 
gas detection equipment, with catalytic, 
electrochemical, and infrared sensors be-
ing the most commonly used solutions 
(see Dräger Review 381, pp. 22–27). In 
order to comply with increasingly strin-
gent limit values and occupational safety 
requirements, which are already very de-
manding, there is a need for even more 
precise measurement technology.

In contrast to stationary systems, 
which can be custom-configured for spe-
cific local conditions and the substances 
expected there, portable measuring de-
vices must be suitable for use in a va-
riety of scenarios. This requires a high 
degree of flexibility, and multi-gas instru-
ments are ideally suited for satisfying this 
need. Companies that want to provide 
better protection for their employees by 
using new measurement equipment are 
also following the trend to these versa-
tile devices. 

Scheduled for release in the second 
half of 2009, the new Dräger X-am 5600 
multi-gas detector, which is equipped 
with a dual infrared (IR) sensor for flam-
mable gases and vapors as well as car-

bon dioxide, is designed with employee 
protection in mind. The product can 
detect and measure up to six different 
gases simultaneously. This device pack-
ages reliable infrared technology into 
a particularly compact design at an at-
tractive price, making state-of-the-art 
personal gas detection equipment avail-
able for wide-scale procurement. The 
X-am 5600’s long “on-person” operating 
times and large number of units in ser-
vice shows that, in addition to reliability, 
compact devices with good ergonomics 
and low procurement and maintenance 
costs are very much in demand for per-
sonal protection applications.

With an eye on overall costs

The operating costs of the X-am 5600 are 
significantly lower, for example, than 
those of catalytic sensors. And as Ulf Os-
termann, Portfolio Manager at Dräger 
and responsible for portable gas detec-
tion equipment, explains, this benefits 
the companies: “This factor — the to-
tal cost of ownership — is lower with in-
frared technology than with electroch-  
emical and catalytic sensors. That’s be-
cause IR sensors are more robust and  
require less maintenance. The higher 
procurement price relative to instru-
ments using other measurement tech-
nology is therefore amortized over a rea-
sonable period.”

Bernd Römer of BIS Prozesstechnik 
GmbH believes this development toward 
compact multi-gas instruments with 
their tremendous flexibility is a step in 
the right direction. Römer, an expert for 
gas detection technology and a member 

 Portable Protection against Invisible Hazards
 Portable gas detection technology must be able to reliably measure various  
substances under changing conditions, while at the same time being easy to calibrate and maintain.

The Dräger X-am family
The new X-am 5600 portable gas detector with infrared sensor technology is designed for long  
operating times. As with the other members of the X-am family it shares the compact mobile phone  
design. The entry-level solution in this line of products is the X-am 2000 for the measurement of  
flammable gases and vapors, oxygen, carbon monoxide, and hydrogen sulfide. At the upper end of the 
product range is the X-am 5000, a five-gas instrument. Its catalytic Ex sensor can be precisely  
adjusted for specific measurement tasks, and the device also supports custom sensor configurations. 
Whereas this type of device is intended primarily for personal monitoring, larger devices such as the 
X-am 3000 and the X-am 7000 are intended mainly for pre-entry measurements, confined spaces moni-
toring and leak detection. The Dräger X-am 7000 can be equipped with a combination of electro- 
chemical, catalytic, infrared, and photoionization sensors.

Always with you, a portable gas  
detector provides the necessary 
protection wherever you are.

>
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of the Expert Committee for Chemistry, 
Subject Group “Measurement and  
Warning Devices for Hazardous Gas Con-
centrations” of the Employers Liability 
Insurance Association of the Chemical 
Industry (MEWAGG), also emphasizes 
the need for a broad range of personal 
gas detection instruments. Users require 
relatively simple devices for defined, re-
curring tasks as well as modular, high-
end equipment. 

Fast and safe

Many users deploy a very wide range of 
devices. The Hamburg Sewage Authority 
(HSE, a company of Hamburg Wasser), 
uses short-term tubes for the targeted 
measurement of momentary concentra-
tions, whereas the Dräger X-am 7000 is 
used for pre-entry measurements and 
area monitoring, according to Gerd 
Götte, Team Leader of HSE System Op-
erations. The primary parameters mea-
sured are oxygen concentration, flamma-
ble gases, and hydrogen sulfide, which 
are the critical gases for the sewage ex-
perts who care for one of the oldest and 
largest sewage systems in Germany.

What are the most important capa-
bilities of a multi-gas detector? In addi-

tion to featuring a robust design, Götte 
explains, it should offer fast reaction 
times, pre-entry measurement at a depth 
of as much as 30 meters via an extension 
hose, and a sound concept for mainte-
nance and calibration. Dräger always de-
votes a great deal of attention to this as-
pect of service and organization when it 
comes to its portable gas detection tech-
nology. The keyword here is service effi-
ciency, because simple and dependable 
operation in the field depends on reliable 
calibration and configuration. 

This begins with a daily function 
check (bump test) using a test gas. This 
is followed by calibration of the sensors, 
which is performed at intervals ranging 
from one month to one year, depend-
ing on the technology used. Finally, the 
annual inspection ensures that all ele-
ments of the gas detector function prop-
erly. The bump test, which must be per-
formed prior to any safety-related use of 
the device, is an established part of the 
daily routine when dealing with porta-
ble gas detectors, just like registration 
documentation, and cleaning. Simple, 
fast, and reliable test routines therefore 
are also part of the complete package 
that comes with Dräger devices. 

There are good reasons for the frequent 
testing: After all, the instruments are re-
lied on to ensure the health and safety of 
employees. A portable gas detector is re-
ally “put through the wringer” during its 
service life, according to Römer. Such de-
vices are subjected to heat and must be 
able to deliver accurate results in clouds 
of dust and under damp conditions. “Ro-
bustness inside and out” together with 
simple, reliable function testing are the 
expert’s top priorities. The standard for 
the IP 67 protection class describes the 
balancing act that is expected of the hous-
ing, which must be water-tight yet perme-
able to gases and vapors. And the func-
tion test includes a check of membrane 
permeability. 

Experience that matters

The experts at Dräger not only design 
the devices, they also offer customers 
comprehensive service that covers all 
aspects of portable gas detection tech-
nology. “The service behind the devices 
is a factor every bit as important as the 
functionality,” explains Thielo Ham-
mer, Sales and Marketing Manager of 
Dräger Shutdown & Rental Management 
(SRM) Europe. Dräger uses SRM to cover 

short-term needs for measurement and  
safety equipment in applications in-
cluding shutdowns of large production 
plants, up to and including offshore  
oil rigs. “DrägerService works closely 
with the customer and Dräger SRM 
to ensure that the devices are prop-
erly calibrated for the target gas,” says 
Hammer. 

And Michael von Gahlen, Operation 
Manager of Dräger SRM, is confident 
that any industrial customer who has ex-
perienced Dräger portable gas detectors 
on an SRM assignment will often choose 
equipment from the Pac and X-am prod-
uct lines for its daily operations. “I use 
our own devices for major international 
shutdown projects and have witnessed 
the good performance of tens of thou-
sands of Dräger gas detectors in action,” 
reports von Gahlen. 

And that’s also enough to con-
vince customers of the outstanding 
performance of the detection equip-
ment — ranging all the way to the sim-
ple and reliable handling of the asso-
ciated Dräger E-Cal station and the 
bump test station for the function tests  
and calibrations that are required by 
applicable regulations.� Peter Thomas

Sensors: A “nose” for the job
Sensors are the “noses” of gas detectors. They must be sensitive to the  
target gas, which they accurately detect even in various mixtures. Here is an  
overview of the most important Dräger sensors.

Dual sensor DrägerSensor XXS CO H2 compensated: Thanks to this product’s 
four-electrode technology, in which two separate measurement electrodes are used  
in addition to the counter-electrode and the reference electrode, this electrochemical 
sensor for detecting carbon monoxide is not affected by the cross-sensitivity  
to hydrogen that is typical of such measurements. Whereas the first measurement 
electrode measures carbon monoxide and hydrogen together and thus accepts  
the effect of cross-sensitivity, the second electrode detects only hydrogen. The precise 
correction factor for the display of the hydrogen-compensated CO value is calculated 
from these two signals. The carbon monoxide level displayed deviates by only +/- 15 ppm 
at 1,000 ppm hydrogen in the atmosphere measured. Only carbon monoxide is  
used for function testing.

DrägerSensor XXS O2: This O2 sensor from the XXS family boasts a particularly 
long service life because it features innovative three-electrode technology. The electro-
chemical sensor is equipped with a counter electrode, a reference electrode, and a 
measurement electrode. This design allows non-consuming operation, which is impos-
sible with conventional oxygen sensors. The patented design is reflected in the  
Dräger sensor’s expected service life of more than five years, which is three to four 
times longer than that for commercial two-electrode sensors containing lead. This  
in turn results in significantly lower maintenance costs.

DrägerSensor IR CO2: Infrared technology offers important advantages over electro-
chemical and catalytic sensors in portable gas detection equipment. Foremost among 
them are the high measurement accuracy compared to electrochemical sensors, not to 
mention significantly lower maintenance requirements as a result of enhanced long-
term stability: Whereas the expected service life of an infrared sensor is over five years, 
electrochemical CO2 sensors generally must be replaced after one year of use.  
The DrägerSensor IR CO2 is a transducer that uses the infrared absorption principle 
to detect a carbon monoxide concentration in the atmosphere. The sample gas is  
exposed to broadband, multiply reflected infrared radiation in a cuvette. If the sample 
gas in the cuvette contains carbon monoxide, a portion of the IR radiation in a typical 
range of wavelengths is absorbed. Measurement with the dual-element detector quanti-
fies this absorption. 

DrägerSensor IR Ex: This miniaturized infrared transducer relies on the  
infrared absorption principle to determine hydrocarbon concentrations quickly and  
precisely. The sample gas diffuses into the measurement cuvette through an  
IP 67 protection class membrane. The broadband infrared radiation is absorbed  
in a specific range of wavelengths as a function of the hydrocarbon concentra- 
tions. The sensor uses two narrow-band interference filters to measure the degree  
of absorption, from which it calculates the hydrocarbon concentrations. Besides  
ensuring rapid response and having a long service life, the advantages of these  
sensors include their insensitivity to sensor poisons and their suitability for use  
in inert (oxygen-free) atmospheres. The Ex signal from the infrared sensor can be 
coupled in the Dräger X-am 5600 with an electrochemical hydrogen sensor to  
obtain a complete Ex signal. 

In many environments gas is an invisible hazard. Portable gas detectors sound an alarm quickly and reliably before a gas concentration in the	       atmosphere can harm humans. A bump  
test (see the image at right) must be performed prior to each safety-relevant use. Easy-to-perform test procedures increase the effectiveness 	       of protection.
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A mask only offers  
optimal protection if it  
is properly seated.  
Standards can help 
ensure that it is.

>

D
-1

0
9

23
-2

0
0

9

D
-1

0
9

24
-2

0
0

9
D

-1
0

9
25

-2
0

0
9

The Human Factor
A standards development group of the 
International Standardization Organization 
(ISO) is taking an entirely new  
approach to a new global standard 

for respiratory protective  

devices and focusing on require-
ments rather than technology.

It’s all quite simple in the case 
of a screw: If its characteristics such as 
length, diameter and pitch are stan-
dardized, the screw can be produced 
with the same quality (within tolerances 
that are also standardized) anywhere 
in the world. But things get more com-
plicated with equipment and devices  
destined for many different kinds of 
wearers, because human beings can-
not be standardized. 

In the case of respiratory protective 
devices (RPDs), this fact requires a new 
approach that is oriented toward require-
ments rather than technology. The inter-
national experts who comprise the ISO 
TC 94 SC15 standardization committee 
are currently identifying these require-
ments. The future standard will focus on 
the people who use these devices. Their 
characteristics, called “human factors” 
in standardization jargon, are the foun-
dation on which the experts will develop 
and formulate the future standard. 

The respiration factor

Human beings need air to breathe. 
The more active they are, the more air 
their muscles need and the more deeply 
they breathe. Respiration is described 
in terms of respiratory minute volume 
(RMV) and measured in liters per min-
ute (l/min).

The standardization committee there-
fore considered typical activities requiring 
varying levels of exertion and classified 
them into groups. A respiratory protective 
device must safeguard human respiration 
in each of the described work scenarios. 
This was then used to develop a classifi-

cation system based on the RMV required 
for the respective scenario. 

The highest class will be 135 l/min. 
This is essentially the practical limit of 
human respiratory capacity over several 
minutes. Many work scenarios, such as 
walkthroughs, are much less physically 
strenuous. A 50 l/min-class RPD is en-
tirely sufficient for these types of activi-
ties. And this also clearly illustrates the 
concept: Classification according to the 
required level of respiratory capacity en-
ables the selection of appropriate respi-
ratory protective devices. 

The future standard will benefit 
manufacturers and wearers alike. The 
cornerstone was laid with the publication 
in fall 2007 of the results of these studies 
and analyses as the first document of 
the ISO series “Human Factors ISO 
16976 Part 1 — Metabolic rates and flow 
rates,” with others to follow. Part 2 of 
the “Human Factors” series concerns 
anthropometrics, the science of mea-
suring the human body.

The facial contour factor

Respiratory protective masks must fit 
like a glove. Only a secure connection be-
tween the mouth, the nose, and the RPD 
protects the wearer in a contaminated 
atmosphere. People come in a wide va-
riety of sizes and shapes, and their facial 
features vary just as widely. The objective 
behind the future ISO RPD standard is 
to make it applicable to 90 percent of all 
wearers worldwide.

 In order to meet this target, the ISO 
is tapping into a project in the USA: The 
American National Institute of Occupa-

Every face is unique.  
Masks can adapt to  
them within certain limits.  
Five different carefully  
defined categories ensure 
this — on a global scale. 
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bon dioxide must be present in concen-
trations that permit the wearer to per-
form unimpeded. Corresponding limits, 
such as the minimum concentration of 
oxygen or the maximum proportion  
of carbon dioxide, are defined in Part 3 
of the standard. 

The work of breathing is performed 
by the respiratory muscles. Breathing 
through a filter, for example, requires 
a greater than normal amount of work. 
In this case, greater respiratory pres-
sures must be developed to overcome 
resistance and the work of breathing 
becomes noticeable. Here too there are 
quantifiable human limits. The stan-
dards authors at ISO are addressing this 
issue and will publish another founda-
tion document, Part 4 “Work of Breath-
ing and Breathing Resistance.” 

Ergonomics is a broad term for the 
science of human work, and this aspect 
is covered in Part 5 of the series. The 
limits of human beings’ tolerance of fac-
tors such as visibility, noise, temperature 
(both cold and heat), and humidity are 
listed here to ensure that the “human-
RPD” system also functions in extreme 
cases. It is only after these factors have 
been determined that the standardiza-
tion committee is provided with a frame-
work within which the new standard for 
respiratory protection can be defined. 
The requirements for a state-of-the-art 
respiratory protective device can then 
be internationally justified, derived, and 
documented for the long term using a 
broad base of data.  The analytical pro-
cess described above is the path to this 
result, but this path would be a dead end 

if the result of the process were simply the 
definition of the safety-relevant charac-
teristics of respiratory protective devices  
derived from human tolerance lim-
its. The choice of an appropriate RPD 
must also consider the respective 
application. 

Standardization of  
use and maintenance

Should standardization also be allowed 
to intrude here? The answer from the 
standardization committee is a resound-
ing yes! Only by so doing can one ensure 
of a selection process that uses compar
able methods worldwide. Although it is 
not always possible to avoid a certain 
amount of overlap with national and 
governmental regulations, they must 
not prevent the standard from serving 
as a supporting guideline for the selec-
tion process. 

The standardization of use and 
maintenance is the subject of ISO 16975 
“Selection, Use and Maintenance.” Work 
on this was begun long before the pub-
lication of the actual new performance 
standard in order to ensure that suitable 
selection and assessment processes for 
these aspects would be available at the 
same time. This document calls for two 
necessary steps: the implementation of 
an RPD program and the performance 
of a workplace risk assessment. Without 
a risk assessment, a respiratory protec-
tive device cannot be properly selected 
and effectively used, no matter how well 
it is described and designed. A ques-
tionnaire systematically guides the cus-
tomer through the complete risk assess-

parameters, are also registered by the 
questionnaire. Once all of the selec-
tion criteria have been listed, applica-
tion of the standard provides the speci-
fications of the ideally suited respiratory 
protective device, which can then be 
procured.

Standard expected by 2014

In this sense, standardization serves as 
a way to provide customers with cer-
tainty in the selection and use of these 
devices, while also enabling a trans-
parent procurement process and the 
direct comparability of basic require-
ments. Of course, such a system of stan-
dardization also allows sufficient space 
for the integration of company-specific 
characteristics.

The powerful economizing effect of 
the standard is the result of a highly 
complex procedure — the complexity of 
which extends well beyond the purely 
technical aspects — that requires a 
holistic approach. Ever since it was first 
established in 2002, the standardiza
tion committee ISO TC 94 SC15 has 
identified those human factors that 
serve as the foundation for the success-
ful standardization of respiratory pro-
tective devices while at the same time 
investigating the subject of RPD proper-
ties. The objective that is to be reached  
after another five years of intensive work 
is to present a global specialist public with 
a comprehensive set of new standards for 
respiratory protective devices that will  
enable not only the cost-effective procure
ment of these devices but also their use, 
which often saves lives.�Wolfgang Drews

Five face types that fit
More than 3,000 faces from around the world were measured in  
three dimensions. The PCA Panel diagram represents schematically  
the evaluation of the two most important features (the first and  
second principal components), resulting in five face types that account  
for roughly 90 percent of all mask wearers worldwide. These are  
shown above with their English designations: “Small,” “Medium,” and 
“Large,” as well as “Long/Narrow” and “Short/Wide.” This categori- 
zation is the basis of a comprehensive process of development, inter- 
national coordination, formulation, and publication of standards  
that began in mid-2002. This process has contributed step by step to 
various parts of the ISO 16900, 16972, 16974 to 16976, and 17420 
families of standards, and will continue to do so in the future. Scheduled 
for completion in 2014, this new standard will be the global pre- 
requisite for transparent procurement with respect to safety, wearing 
comfort, and price. 

How the “human-RPD” system functions  
even in extreme situations

>

ment process, with each answer leading 
to the next selection step. In the future, 
a distinction will continue to be made 
between filtering devices and supplied 
breathable gas devices. In addition to 
fundamental respiratory-physiological 
and mechanical-physical properties, 
the classification process also consid-
ers factors derived from specific appli-
cations such as firefighting or mining, 
for example.

This means that in addition to the 
basic requirements, an RPD must also 
satisfy special application-based require-
ments if necessary. A specially developed 

classification system addresses these 
interrelationships and will facilitate the 
comparison of different types of RPDs 
later on. An RPD with the same classifi-
cation thus will offer the same protec-
tion regardless of whether it is a com-
pressed-air breathing apparatus or a 
regeneration device. 

Additional selection factors besides 
these basic and specialized applications 
are also being addressed. The character-
istics of the individual mask wearers as 
well as any special features of the work, 
e.g. if special tools must be used or if 
there are any special environmental 

tional Safety and Health, NIOSH, took 
three-dimensional measurements of the 
faces of more than 3,000 adult working 
men and women of all races and a variety 
of ages. A supplemental study was con-
ducted in China with NIOSH support. A 
mathematical model was used to com-
press the flood of data to obtain a distri-
bution pattern. 

From this database, five character-
istic face/head shapes were derived. 
“Medium” alone accounts for approxi-
mately half of all mask wearers. The vari-
ants “Small,” “Medium” and “Large” 
plus “Long/Narrow” and “Short/Wide” 
bring the coverage up to 90 percent (see 
illustration). Modern computer-assisted 
design techniques facilitate this process 
in three ways. First, they compute the 
required data from the 3D facial scans. 
Second, the data can then be used to 
fine-tune the seal geometries of respi-
ratory protective masks. Finally, these 
data are used to produce the correspond-
ing dummy heads for testing purposes. 
RPDs are among the personal protec-
tive equipment that is subject to testing 
and certification according to EU direc-
tives, for example. The subjects are given 
masks of the proper size and classifica-
tion for the subject’s facial dimensions, 
and they wear these masks while per-
forming practical exercises to test their 
suitability. 

The work of breathing and 
ergonomics

Not just the volume of inhaled air but 
also its composition is a crucial factor 
in human performance. Oxygen and car-

Narrow and wide, long and short: The four basic characteristics  
of face shape are used to define five categories that together  
ensure an optimal fit for roughly 90 percent of all mask wearers.  
See below for the explanation.
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Insight    Soda Lime

the right touch: Thorsten Peters 
takes a small lump of white soda lime 
paste in his left hand and scrapes part of 
it off with the thumb of his other. The Pro-
cess Technician — who originally trained 
as an Electrician — can tell whether or 
not the paste has the correct properties 
for further processing, simply by studying 
the shine of the fresh surface. Peters is 
standing in a large hall, where soda lime 
is manufactured 24 hours a day, 365 days 
a year. “We develop and manufacture our 
soda lime ourselves, so we can ensure that 
everything works together trouble-free,” 
says Mechanical Engineer Benoît Donot, 
explaining the reasoning behind the con-
cept. As Project Manager, Donot planned 
and supervised expansion of production, 
while his colleague Peters was in charge 
of the move from the old production lo-
cation to the large factory hall on Reval-
strasse, Lübeck, Germany.

Soda lime. It absorbs carbon dioxide 
from exhaled air flowing through it (see 
also box p. 34). In fact, the world’s first 
anesthesia device with a rebreathing sys-
tem (1924) relied on a development from 
Dräger’s plant. At a glance, today’s gran-
ules look a little like c at litter, only whiter 
and in the form of half-round (planocon-
vex) lenses, each weighing in at just 25 
milligrams. The cartridge of a BG4 dis-
posable absorber contains about 120,000 
of these pellets, which in total have an in-
ternal surface area roughly equal to that 
of three soccer fields. As Peters explains, 
only this regular form of soda lime can en-
sure the high efficiency and consistently 
reproducible performance that is the ob-
jective of in-house production. 

Until the end of the 1970s, production 
in Lübeck was exclusively in the form of 
broken lime, which was always irregu-
lar in texture, despite careful comminu-
tion into defined grain sizes — and so suf-
fered from associated inconsistencies in 
its properties. Manufacturing the mate-
rial was a very dusty process, and this un-
desirable formation of dust continued to 
cause problems: The sharp edges of the 
grains rubbed against one another during 
transport in containers and cartridges, re-
members Peters. In addition, formation 
of unwanted channels through the bro-
ken lime was a recurring problem dur-
ing its use — the respiratory air would take 
the path of least resistance through the 
irregular lime, forming channels. These 
channels in turn reduced the effective re-
action area, and therefore the useful life 
of the soda lime.

Recipes for every application

The quality of the soda lime thus clearly 
has a decisive effect on how the overall 
system functions. That is another reason 
why Dräger keeps the entire production 
chain in house. Thanks to the company’s 
wide range of recipes, it can make sure 
that closed-circuit diving and breathing 
apparatus or anesthesia devices with re-
breathing systems function optimally for 
their specific application and according 
to the latest technology, says chemical en-
gineer Annette Kosegarten, explaining a 
decision made in 2002 that called for ini-
tially putting two production lines in a 
new hall — to which a third line was re-
cently added, in order to keep up with the 
strong demand. 

The production sequence is basically the 
same for all lines and all recipes. Highly 
reactive and pure white lime from a 
specific quarry in central Germany is 
exclusively used for the starting mate-
rial, because, as Kosegarten says, qual-
ity starts at the beginning.

The food-grade ground lime is deliv-
ered in semi-trailers capable of trans-
porting up to 26 tons, and compressed 
air is used to blow the material from the 
trailer tanks into the silos. Water and 
other chemicals are then added to form 
a paste. This triggers a strongly exother-
mic reaction, rapidly releasing enormous 
amounts of heat.

Parallels with industrial baking

“For reasons related to environmental 
protection and economics, the company 
uses a cyclic system,” explains Donot, who 
has also saved significant amounts of en-
ergy by utilizing the reaction heat. Cal-
cium hydroxide is the main constituent 
of the paste. The most important minor 
component is sodium hydroxide, which 
serves to accelerate the desired reaction 
with carbon dioxide. Additional chemicals 
are used to optimize the recipes for use in 
safety technology, which places higher re-
quirements on respiration rate and tidal 
volume than medical technology. In the 
Drägersorb Free soda lime, which was 
developed for use in anesthesia, special 
chemicals prevent the formation of un-
wanted decomposition products, which 
can occur in contact with standard inha-
lation anesthetics. Some recipes also in-
clude an indicator to show when the CO2 
has dissolved in the water of the soda lime 

Plain Little Pellets
Dräger has always made soda lime in-house, for its closed-circuit breathing apparatus and anesthesia 
devices. It may look a little like cat litter, but it is developed and produced using a high-tech process.

>

Machines developed 
in house ensure 

efficient production, 
all the way to the 

cartridge-filling stage.

D
-1

0
9

14
-2

0
0

9

D
-1

0
9

15
-2

0
0

9

D
-1

0
9

16
-2

0
0

9

D
-1

0
9

17
-2

0
0

9

Quality starts  
at the beginning: 

From the raw 
paste to finished 

soda lime, in 
cartridges and 

ready for 
use — Thorsten 

Peters and six 
employees have 

the entire pro-
cess chain well 
under control.



34 Dräger Review 97 | May 2009

Insight    Soda Lime

and formed carbonic acid. The pH value 
changes from basic to acidic, causing the 
previously white-colored indicator to turn 
distinctly violet. This provides a clearly 
visible signal indicating that it is time to 
change the soda lime.

The parallels between the production 
of soda lime and industrial baking, which 
also relies on secret recipes and process 
steps, should already be apparent — and 
they are unmistakable in the next steps. 
After being placed in a vat, the paste is 
granulated. The pellets of soda lime are 
dried and shaken out of a mold. And that 
is it, finished. 

Yet even the steps from the paste to 
the pellets are the fruit of many patent-
worthy processes and long series of ex-
periments. Dräger specified and devel-
oped the machines in close collaboration 
with plant engineers, Donot says, refer-
ring to the construction of the produc-

tion line. The process involved give and 
take between equal partners. An open ex-
change of ideas and a transparent, fair 
price for the machinery lead to constant 
but affordable improvements, adds Pe-
ters, who also uses a concept called TPM 
(Total Productive Management), which 
makes it possible for suggestions for im-
provement from production personnel 
to be rapidly implemented in the produc-
tion process.

Making an impact

The smooth, stainless steel walls of the 
drying cabinets, in particular, conceal 
lots of refinements. Even the fittings of 
the doors hold a few secrets. And that is 
even more true of the drying process, as 
Peters says, because the company wants 
to achieve consistent results with a mini
mum heat energy. Otherwise the soda 
lime pellets will fracture, leading to irreg-

ular shapes and an increased tendency 
toward dust formation during container 
transport. Baking oven manufacturers 
test their designs in a similar way, using 
a cookie dough that reveals the scope for 
improvement if it displays uneven brown-
ing. Once we get to the beater, Peters is 
wavering between pride in the design, 
which is unique in terms of the material 
and technology used, and the essentially 
secret nature of one of the central produc-
tion steps. This module is equally impor-
tant in terms of quality and cost-effective-
ness, and it is the result of a great deal of 
inventiveness.

Before the soda lime pellets go on to 
be packaged, samples are taken and sub-
jected to strict checks in the in-house qual-
ity assurance department. These checks 
go far beyond the usual standards of such 
inspections: Every batch is tested in the ap-
plication for which it is intended, using an 
original apparatus. Only after this step it 
can be released for filling. The material is 
supplied in drums for applications in the 
area of safety technology, and in cartridges 
for use with closed-circuit equipment. 

A total of six employees manufac-
ture soda lime, using a fully automated 
process in a hall half the size of a soccer 
field — with less dust to be found than you 
would expect to see in the back corner of a 
closet. The computer-supported processes 
can be remotely monitored and controlled 
via the Internet, Peters reports. The team 
ensures that a consumable material upon 
which lives depend will continue to be  
produced in Lübeck — in consistent qual-
ity, for various purposes, and in increasing 
quantities. � Nils Schiffhauer

>

The right chemistry:
Exhaled air contains around four percent carbon dioxide. Soda lime removes  
this CO2, so that the remaining air — enriched with oxygen — can be fed back into the 
breathing circuit. The process takes place in a number of steps: 
u Carbon dioxide and the water contained in the soda lime react to form  
carbonic acid: CO2 + H2O = H2CO3

u In the second intermediate step, the carbonic acid reacts exothermically with sodium 
hydroxide to form sodium carbonate and water:  
H2CO3 + 2 NaOH = Na2CO3 + 2 H2O + heat
u Finally, the sodium carbonate reacts with the slaked lime to form calcium carbonate 
and sodium hydroxide: Na2CO3 + Ca(OH)2 = CaCO3 + 2 NaOH

100 grams of soda lime can absorb up to 15 liters of carbon dioxide.  
The soda lime produced by Dräger utilizes the kinetic limits of these reactions to a very 
high degree.

A hall full of details that deserve to be patented: Every production step is optimized for perfectly consistent quality.
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Respiratory protection and 
portable gas detection 
equipment sales by location

NORTH 
Albert-Schweitzer-Ring 22 
22045 Hamburg 
Tel. +49 40 668 67 0 
Fax +49 40 668 67 150

EAST 
An der Harth 10 b 
04416 Markkleeberg 
Tel. +49 341 35 34 660 
Fax +49 341 35 34 661

SOUTH 
Vor dem Lauch 9 
70567 Stuttgart 
Tel. +49 711 721 99 0 
Fax +49 711 721 99 50

WEST 
Kimplerstraße 284 
47807 Krefeld 
Tel. +49 2151 37 35 0 
Fax +49 2151 37 35 50

AUSTRIA 
Dräger Safety Austria GmbH 
Wallackgasse 8 
1230 Wien 
Tel. +43 1 609 36 02 
Fax +43 1 699 62 42

SWITZERLAND 
Dräger Safety Schweiz AG 
Aegertweg 7 
8305 Dietlikon 
Tel. +41 44 805 82 82 
Fax +41 44 805 82 80

REGIONS

EUROPE SOUTH  
Dräger Safety France S.A.S. 
3c, Route de la Fédération 
67025 Strasbourg Cedex, France 
Tel. +33 3 88 40 76 76 
Fax +33 3 88 40 76 67

NAFTA 
Draeger Safety, Inc. 
101 Technology Drive 
Pittsburgh, PA 15275, USA 
Tel. +1 412 787 8383 
Fax +1 412 787 2207

ASIA / PACIFIC 
Draeger Safety Asia Pte. Ltd. 
67 Ayer Rajah Crescent # 06-03 
139950 Singapore 
Tel. +65 68 72 92 88 
Fax +65 67 73 20 33

Dräger Safety AG & Co. KGaA 
Revalstraße 1 
23560 Lübeck, Germany 
Tel. +49 451 882 0 
Fax +49 451 882 2080 
www.draeger.com
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Safe in, Safe out!
Using the Dräger Training module for entering confined spaces, shafts, 
and tunnels. First, locate the accident victim 1  . Wearing personal pro-
tective equipment 2  and under the direction of the Dräger Academy 
trainer 3  , the participant will find the person at the end of the labyrinth 
and carry out the rescue. There’s a safety railing 4  around the platform. 
Once the manhole cover 5   has been raised and the safety measure- 
ments have been carried out, the system is entered with the anti-fall  
device attached to the tripod 6  . The breathing apparatus 7  reduces 
mobility and increases the physical burden, while a gas detector that is 

also carried takes continuous measurements. On entry, the ladder 8  pro-
vides a first point of orientation. Then the course participant is enveloped 
in an artificial mist 9  . An additional, adjustable heat source can also raise 
the thermal stress on the participant. If required, water on the floor of the 
module can also make the search even more realistic. When the rescuer 
reaches the victim, the person must be brought out via the narrow tube 
system 10   . The supervisor 11  monitors safety throughout the exercise, 
and all participants welcome rescuer and rescued — this time only a  
rescue dummy — back to the outside world (see also page 14).

Close-UP    TRAINING MODULE
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