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Present

NITROGEN OXIDES in the urban atmosphere are considered
hazardous, but they also play a key role in occupational safety.

Extremely sensitive and reliable gas detection technology is
needed in order to be able to monitor compliance with strict limits.

Text: Peter Thomas

This S-Bahn tunnel opened
in 1978 and runs beneath

the banking metropolis of
Frankfurt. Its new signaling
system entered service in
August 2018
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From the imminent prospect of vehicle

bans in German city centers to manipulat-
ed engine management systems on diesel
vehicles, nitrogen oxides are never out of
the headlines these days. The debate sur-
rounding the danger to human health and
the environment caused by nitrogen mon-
oxide (NO) and nitrogen dioxide (NO,) will
be immediately apparent to anyone who
has seen photos of a traffic jam during the
city center rush hour. Combustion engines
are just one of several sources that emit
nitrogen oxides here. Nitrogen oxides are
produced wherever oil, wood, coal, or gas
is burned, but also in the metalworking
industry - during welding, for example. Var-
ious industries are affected, including the
energy sector, coal and steel industry, and
companies that manufacture fertilizers.
The subject is not exactly new. It has
been known for many years that nitrogen
oxides (or NO_for short) are toxic. NO, is
considered the more dangerous substance.
It irritates respiratory passages and eyes,
damages mucous membranes, and can
cause chronic cardiovascular diseases fol-
lowing long-term exposure. The environ-
ment also suffers as a result of the highly
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reactive nitrogen oxides, which contribute
to the formation of ground-level ozone.
This shone the spotlight on both gases back
in the 1990s. Nitrogen oxides are not just
closely monitored among the bustling traf-
fic on the road, but also deep in the Earth’s
interior. How do they get there? The answer
is provided by a dragon with a yellow coat
of paint that suddenly emerges from the
darkness of a railroad tunnel. The mon-
ster hisses and screeches as it crawls along
the shiny steel section of track. Huge die-
sel engines power this new track construc-
tion machine. The machine works on the
S-Bahn underground network in Frankfurt
am Main which is undergoing reconstruc-
tion and receiving new signaling and safety
technology in the kind of project that only
happens once in a century. The actual proj-
ect started in 2015 following extensive pre-
liminary work. The latest-generation elec-
tronic interlocking system is set to enter
service this year.

Demanding occupational safety

“The health and safety of all employees is
the number one priority,” says Ralf-Ulrich
Michalski. The engineer planned the ven-
tilation of the underground construction
sites on behalf of DB Netz, a subsidiary of
Deutsche Bahn, in order to channel away
emissions produced by the engines and
the works on the tracks. Besides dust, the
focus is on nitrogen oxides. They play a key
role in occupational health and safety. The
task of staying within workplace exposure
limits has been particularly demanding
ever since new threshold values for both
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Light at the center of the
tunnel: Construction work on
Germany’s busiest stretch of

track, the S-Bahn tunnel in

Frankfurt am Main

gases, which are up to ten times stricter
than previously, were introduced in May
2016 in Germany’s Technical Regulations
for Hazardous Substances (Technische
Regel fiir Gefahrstoffe; TRGS 900 “Work-
place Exposure Limits”). In the latest ver-
sion, published on January 31, 2018, TRGS
900 gives the upper limits per cubic centi-
meter of air as 2.5 milligrams for NO and
0.95 milligrams for NO,. Adults should be
able to withstand exposure to these con-
centrations in the workplace for eight
hours without detriment to their health.
Converted to the more commonly used
parts per million (ppm), this is equivalent
to 2 ppm (NO) and 0.5 ppm (NO,). These
values are also in line with the recommen-
dations of the Scientific Committee on
Occupational Exposure Limits (SCOEL)
and EU Directive 2017/164, which came
into force in January 2017 and is based
on these recommendations. “Activity sur-
rounding this subject has really gathered
pace - both in terms of the strategies for
staying within the permissible limits and
the reliable measurement of the concen-
trations,” says Christoph Feyerabend. The
engineer works for Drager in the mining
division. With regard to NO, there is an
overlap between mining and construction
work in underground transport networks
and new tunnels, says Feyerabend. Even

in the field of ore mining, for example, —>»
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Ventilation
like in mines
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strategies for staying within the permissi-
ble limits have also led to concepts such as
the electric mine. The idea here is to pow-
er as many generator units as possible with
electricity instead of combustion engines.
This also reduces carbon dioxide emissions
and has benefits with regard to environ-
mental regulations. Blast fumes are a sec-
ond source of emissions with which tun-
nel boring operations, among others, must
get to grips. They also contain high con-
centrations of NO_. This year’s “Schlema
IX” symposium on hazardous substances
organized by Germany’s professional asso-
ciation for accident insurance and preven-
tion in the chemical industry and the han-
dling of raw materials (BG RCI) provided
further proof that the subject is highly top-
ical. The delegates discussed new mea-
surement technologies and concepts for
dealing with nitrogen oxides in the min-
ing industry. Underground transport net-
works have proved for some time that
nitrogen oxides don’t necessarily have to
be a problem. During ongoing operations
of electrified sections of track in tunnels,

for example, NO_emissions play virtually

no role. British engineers working on the
London Underground used this effect of
e-motors running emissions-free at local
level when they built the world’s first deep-
level tube network, which opened in 1890,
long before the first workplace exposure
limits. Due to the harmful emissions, it
would have been impossible to run steam
locomotives in the tunnel systems, but it
was these very locomotives that pulled the
carriages in the early years of the world’s
oldest subway system after the opening of
the first stretch of track close to the sur-
face with numerous ventilation shafts in
1863. The modern S-Bahn network in the
Rhine-Main region is, of course, a world
away from the steam age, but emissions
from machines such as diesel locomotives
and high-power bolting equipment dur-
ing phases of intensive construction work
present a challenge. And the situation has
become even more challenging in recent
years, as engineer Michalski explains: “For
one thing, the limits are now stricter, but
the performance of the machines has also
significantly increased - and with it the
emissions. For these reasons alone, it is
impossible to manage without a carefully
devised ventilation strategy.”

Sophisticated ventilation

The solutions used in Frankfurt’s under-
ground tunnel network have a great deal
in common with those used to ventilate

Large fans are used
when working in un-
derground transport
systems to channel
away emissions from
machines

Portable gas
detectors like the
Drager X-am 8000

are used on tunnel
construction sites
alongside stationary
devices, depending on
requirements

mines. In terms of their complexity, they
are equal in every way to the systems used
in the mining and transporting of coal, ore,
and salt. That’s because the S-Bahn tun-
nel network that opened in 1978 and runs
beneath the financial center of Frank-
furt am Main branches out in all direc-
tions and consists of lines and stations,
connections, junctions, and emergency
exits. “Compared to a conventional rail-
road tunnel, which has just two portals and
the duct that runs between them, this is
highly sophisticated,” says Michalski. As
such, not only airtight pipes were used for
ventilation during the peak phase of emis-
sions-heavy construction works, but also
large mobile and rotating ventilators, each
with 200 kilowatts of power. Yet channel-
ing away emissions in a safe and controlled
manner is one thing, but controlling the
impact of the substances on people is quite
another. “That is why a measurement con-
cept for particularly emissions-heavy work
has been drawn up in the alarm and haz-
ard prevention plan and the operating and
construction procedures,” explains Chris-
tian Ludwig, project engineer for the new
electronic interlocking system. To this end,
DB Netz has used stationary and mobile
devices. In addition to both types of nitro-
gen oxide, the stationary devices also mon-
itor carbon monoxide and dioxide, oxy-
gen, air humidity, and the direction and
strength of the airflow. In addition, crews
working close to emissions sources have
been equipped with mobile gas detectors.
The concept proved a success, says Ludwig.
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Not least because all companies working
on behalf of DB Netz also complied with
the occupational health and safety regula-
tions. “The fact that such processes have
been established is every bit as important
as the measurements themselves. It is the
only way in which the appropriate action
can be taken in the event of critical read-
ings,” says Gero Sagasser, product man-
ager for stationary gas detection devices.
The long-standing construction site on
Germany’s longest underground S-Bahn
network may be especially complex, but
it is not an isolated case. In fact, Sagasser
says that the number of construction or
upgrading projects involving underground
transport systems is rising. This includes
major railroad projects like the Brenner
Base Tunnel as well as urban tunnel infra-
structures. Whether on a construction site
orin amine, the matter of NO_is ever-pres-
ent in view of ever stricter limits.

Measurements from 0.04 ppm

In Canada there is a trend toward even low-
er workplace exposure limits than those
in force in Europe. Some provinces in the
country have already set workplace expo-
sure limits for the toxic NO, at 0.2 ppm.
Ten years ago, it was barely possible to
reliably detect such concentrations with-
out using analytic measurement technol-
ogy. “Nowadays, however, we supply sen-
sors capable of detecting extremely low
concentrations - with new electrode tech-
nology based on carbon nanotubes,” says
Christoph Feyerabend. “They can be used
in our current mobile and stationary gas
detection devices.” NO, LC sensors have
been available for portable gas detectors
for about seven years and fitted in station-
ary detectors since 2013. They measure
NO, in concentrations from 0.04 ppm in
mobile devices (e.g. Drager X-am 8000)
and 0.05 ppm in stationary devices (e.g.
Dréger Polytron 8000). This is how mod-
ern measurement technology is helping
to reliably monitor ever stricter workplace
exposure limits. «
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Westerland

This map produced by

the German Environment
Agency shows the impact of
NO, on people in Germany
with average annual values.
It is based on data from
local measuring stations

Measuring site

Measuring network
headquarters
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Zugspitze

Nitrogen oxides: Measuring
sites from Sylt to the Zugspitze

Nitrogen oxides have been an issue in the field of environmental protection for
some time. This ranges from dealing with acid rain and ozone pollution to the
current debate surrounding emissions and vehicle engines. Reliable measurements
of NO, concentrations in the atmosphere are essential for an evidence-based
examination of the subject. The German Environment Agency collates such data
from across Germany and has also been taking measurements itself ever since

it was founded back in 1974, including NO, concentrations in the atmosphere.
Various continuous and intermittent methods have always been used here. “The
technology used has improved significantly over the years,” says Dr. Axel Eggert
from the German Environment Agency. The pace of innovation has particularly
increased over the last five years. At the beginning, for example, scientists used the
Saltzman method. This involved passing air through wash bottles with a solution,
which turned red if it came into contact with NO,. So-called glass frits were still
used until 2017. These have a large surface and are impregnated with sodium
iodide and sodium hydroxide. When air is passed through these frits, the NO,
reacts with the impregnated surface. However, the German Environment Agency
has been using photometric methods for some time now, including chemilumines-
cence and cavity-enhanced absorption spectroscopy. One area of focus for the
work of the German Environment Agency is on background measurements.

This involves not just taking local measurements where emissions are known to
be high, but establishing how pollutants travel over long distances. The seven
measuring sites are therefore deliberately located away from built-up areas and
far away from industry or power stations. The northernmost station is on the
island of Sylt; the southernmost on the Zugspitze.
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