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Viability of using the spectroscopic methods developed in MetAMCII
project in other continuous trace gas monitoring applications
INTRODUCTION
As part of the MetAMCII project several measurement techniques, i.e. NICE-OHMS, cantilever
enhanced photoacoustic spectroscopy, CRDS and dTDLAS/WMS for ultra-sensitive continuous
detection of HCl gas are being developed. The target measurement sensitivity of the systems is
better than 1 nmol/mol in 1 minute and the target application is clean room measurements. In this
review, the applicability of these techniques in other fields is evaluated for increasing our
understanding about the potential usability of the project results.
Continuous and sensitive measurement of trace gases is a common need. Depending on the
application, the competitive advantage of the developed techniques versus currently used devices
may be one or a combination of these: better sensitivity or selectivity, faster response time, lower
price or operating costs, portability, reliability or ease of use. Besides the replacement of present
analysis techniques in existing applications, it is also possible that new applications can be brought
out when new kind of measurement devices are introduced. In this review, the focus is in reviewing
existing trace gas applications where there is potential for the application of existing MetAMCII
techniques, or following device modification, to cover new target gases.

AIR QUALITY MEASUREMENTS
The harmfulness of several toxic gases for the climate have been known for decades, and plenty of
work has been done in measuring and reducing their amounts in the air. However, as our knowledge
increases and technology advances, new pollutants are recognized all the time creating a need for
even better measurement techniques and devices. At the same time, the pollution sources and
relative amounts of pollutants are changing. For example, the amount of SO2 emissions has
decreased remarkably in Europe thanks to the strict legislation, but in the same time emissions of
volatile organic compounds (VOC) have increased. This is mainly caused by increased used of
biofuels. [1]
The United States Environmental Protection Agency (EPA) has acknowledged 187 hazardous air
pollutants that require control. From this list, 30 compounds are stated as urban air toxic pollutants,
that pose the greatest potential health threat in urban areas. Most of these are VOCs. [2] These 30
compounds are shown in Table 1.

Table 1. EPA’s list of 30 most potential health thread compounds in urban areas [2].

VOCs are problematic in several ways. First, some are toxic by themselves (e.g. benzene and
formaldehyde) and secondly, in the presence of sunlight they can react and produce ozone, one of
the main climate pollutants [3]. Besides the biofuels, major sources of VOC emissions are also glues,
paints, cleaning chemicals, furniture and interior decoration materials, meaning that VOC levels are
usually even higher in indoor air compared to outdoor levels.
Total VOC concentration (i.e. sum of all VOCs) can be measured with, for example, relatively
affordable and portable photoionization detectors [e.g. 4, 5]. However, selective and sensitive
measurements of VOC compounds need chromatographic techniques, which are laborious,
expensive and need sampling for laboratory analysis. Thus, a need for portable and easy-to-use
continuous VOC-analyzers capable for selective and sensitive measurements is evident and growing
all the time.
When individual VOC compounds are measured, averaging over hours and sometimes days can be
required, because of a lack of a continuous measurement techniques. Moreover, measurement
locations are few because of the complexity and price of accurate measurement devices. For
example, in Helsinki, the capital of Finland, there are only eight urban air quality measurement
stations and common carcinogenic compounds, for example formaldehyde and benzene, are not
measured in these stations. [6]
In future, it is probable that besides stationary measurement stations, the emissions of individual
vehicles will be tracked for SO2 and NOx emissions as is done today for ship plumes [7]. For that

purpose, portable and relatively fast and accurate gas measurement devices are needed for target
gases such as formaldehyde, benzene, NOx, CO and acetaldehyde. Currently, these measurement
systems are being investigated within European Union’s Horizon 2020 project called CARES [8].
On the other hand, one possibility for creating a dense air quality measurement network in a city is
to implement a large number of moving low-cost measurement devices, which are calibrated by a
few high-accuracy analyzers, such as those being developed within MetAMCII. This kind of Smart City
-related concept is currently investigated and is being demonstrated in Finland in the co-innovation
project MegaSense, where 5G and artificial intelligence are utilized for calibrating the portable lowcost sensor outputs in real time against a stationary high-accuracy gas analyzer [9].
The European Parliament passed a resolution “A Europe that protects: Clean air for all” on March
2019, within which it “calls on the Member States to ensure adequate, representative, accurate and
continuous measuring and monitoring of air quality” [10]. It is expected that more and more
accurate, selectable and portable ambient air quality measurements will be a hot topic in the future
and new market possibilities are opened also for MetAMCII results, related to, for example, VOC
detection both from indoor and outdoor air.
To summarize, we have described the ambient air quality aspects in general. However, while the
knowledge of hazardous compounds and their effects are growing all the time, it is possible that new
regulations will be introduced for continuous control of concentration levels of individual chemicals
not only in the cities or homes, but also at possible pollution hot spots, such as stack gas, fence lines
of industry sites or inside the manufacturing plants. This would open new markets for gas measuring
devices capable of accurate continuous and on-field measurements of individual gases. Even though
existing allowed chemical levels are already being tightened, there may be need for more sensitive
detection compared to that achievable by current monitoring devices.

AEROSPACE
One interesting application for MetAMCII based trace gas analyzers could be atmosphere
composition measurements done from airplanes and satellites. Both individual measurement
campaigns and more regular and continuous measurements have been already performed. In these
applications, the interesting gases are, e.g. HCl, SO2, formaldehyde and VOCs, such as acetone,
acetonitrile and methanol. [11, 12, 13, 14]
In principle, measurement devices of MetAMCII could be sent into space and we could thereby
investigate the compositions of atmospheres of planets other than the Earth. Comparable
measurements are already done within ESA’s ExoMars 2016 Mission, where ExoMars Trace Gas
Orbiter investigates gas concentrations of Martian atmosphere. [15]

MANUFACTURING INDUSTRY
Controlled AMC monitoring could enhance the yield and even security in several industrial fields,
including semiconductor, pharmaceuticals and aerospace and astronomical component
manufacturing. In each of these examples, even a small amount of an unwanted chemical can
reduce the quality of the end products remarkably. For food and pharmaceuticals AMCs can be
potentially dangerous, while in the case of semiconductor products this is a question of energy
efficiency. As the semiconductor products are parts of electrical devices, poorer quality usually
means less efficiency, i.e. more energy is needed to achieve the same result than with better quality
component. This is also related to the price of the products and production failures.
It is expected that manufacturers will be more and more interested to control AMC levels during the
manufacturing process when the knowledge of its capabilities increase, and devices are more

affordable and easier to use. The standardization work done also during the MetAMCII project is one
way to promote this topic.
Besides monitoring unwanted chemical components, trace gas detection can be used also in other
ways. In the packaging industry, the airtightness of, for example, food and medical device packages
can be investigated by filling them with a trace gas and measuring its concentration outside, telling
us about leakage through the packaging material or holes in the package. [16]

HEALTHCARE
Gas composition of exhaled breath tells us about the health of the person, and there are research
papers showing how analysis of respiratory air can be used as a diagnostic tool. This research is
mainly in a laboratory state where markers for diseases are searched. As soon as markers are
acknowledged, the portable and easy to use gas analysis devices with low detection limits will be
needed for field use. The changes in gas concentrations caused by a disease are typically small, and
thus the measurement technique used must be extremely sensitive. Breath analysis is an interesting
method for diagnosis as it is non-invasive and potentially cheap, easy and doable outside the
laboratory. [17, 18]
An example is chronical kidney diseases, which can be detected as raised level of ammonia in
exhaled breath [19]. NH3 is one of the target gases of MetAMC projects, and thus this example is
extremely interesting from our point of view.
The similar kind of approach is to diagnose plant diseases based on the VOC emissions from the
plant material, e.g. trees. Electronic noses consisting of sensor arrays have been developed for this
application, but they lack sensitivity. [20] Measurement techniques developed in MetAMCII are
potentially capable for measuring simultaneously several gas compounds with high sensitivity.

CONCLUSION
In this review, several possible future applications for measurement techniques develop in the
MetAMCII project are listed and speculated. As a whole, the market of trace gas monitoring
applications is vast, and demands for measurement devices and their properties differ considerably
even within one application. Thus, the content of this review only gives a broad overview, but still
offers an insight into how diverse the utilization possibilities are of the project results. The
spectroscopic techniques developed in the project could be used in the future for example as a
diagnosis tool for diseases as well as mapping atmospheric composition of planets, and many other
applications between these two extremes.

REFERENCES
[1] European Environment Agency. Renewable energy in Europe: key for climate objectives, but air
pollution needs attention. Published 19 Dec 2019.
https://www.eea.europa.eu/themes/energy/renewable-energy/renewable-energy-in-europekey#tab-based-on-data [referred to: 23.1.2020]
[2] U.S. Environmental Protection Agency. Urban air toxics, Urban air toxic pollutants.
https://www.epa.gov/urban-air-toxics/urban-air-toxic-pollutants [referred to: 23.1.2020]
[3] U.S. Environmental Protection Agency. Annual report: Our Nation’s Air, the nation’s air quality
status and trends through 2018. https://gispub.epa.gov/air/trendsreport/2019/#highlights [referred
to: 23.1.2020]
[4] Ambilabs®. Ambi-VOC Portable Photoionization Detector. https://www.ambilabs.com/vocmonitoring [referred to: 12.2.2020]
[5] Ion Science Ltd. Cub Personal VOC Detector.. https://www.ionscience.com/products/cubpersonal-voc-detector [referred to: 12.2.2020]
[6] Finnish meteorological Institute. Observation stations, Air quality (urban).
https://en.ilmatieteenlaitos.fi/observationstations?p_p_id=stationlistingportlet_WAR_fmiwwwweatherportlets&p_p_lifecycle=0&p_p_state=n
ormal&p_p_mode=view&p_p_col_id=column4&p_p_col_count=1&_stationlistingportlet_WAR_fmiwwwweatherportlets_stationGroup=EXTERNA
L_AIR_QUALITY#station-listing [referred to: 23.1.2020]
[7] Beecken, J., Mellqvist, J., Salo, K., Ekholm, J., and Jalkanen, J.-P. Airborne emission measurements
of SO2 , NOx and particles from individual ships using a sniffer technique. Atmos. Meas. Tech.,2014;
7, 1957–1968, https://doi.org/10.5194/amt-7-1957-2014
[8] CARES City Air Remote Emission Sensing. Project funded by European Union’s Horizon 2020
research and innovation program under Grant Agreement No. 814966. cares-project.eu [referred to:
23.1.2020]
[9] University of Helsinki. Sensing and analytics of air quality.
https://www.helsinki.fi/en/researchgroups/sensing-and-analytics-of-air-quality/research [referred
to: 5.2.2020]
[10] European Parliament resolution of 13 March 2019 on a Europe that protects: Clean air for all
(2018/2792(RSP)), P8_TA(2019)0186. https://www.europarl.europa.eu/doceo/document/TA-82019-0186_EN.pdf [referred to: 23.1.2020]
[11] Phys.org. Air quality measurements in the sky over Europe. https://phys.org/news/2017-08-airquality-sky-europe.html [referred to: 5.2.2020]
[12] In-Service Aircraft for a Global Observing System. IAGOS-CARIBIC Flying Laboratory.
https://www.iagos.org/iagos-caribic/
[13] Phys.org. Aircraft mission to determine impacts on air quality and climate change.
https://phys.org/news/2015-08-aircraft-mission-impacts-air-quality.html
[14] Li, X., Cheng, T., Xu, J., Shi, H., Wang, P., Zhang, X., Ge, S., Wang, H., Zhu, S., Miao, J., Luo, Q.
Monitoring of Trace Gases over Antarctic by GaoFen-5/AIUS: Algorithm Description and First

Retrieval Results of O3 , H2O and HCl. Preprints 2019, 2019060257. doi:
10.20944/preprints201906.0257.v1. https://www.preprints.org/manuscript/201906.0257/v1
[referred to: 5.2.2020]
[15] European Space Agency. ExoMars Trace Gas Orbiter. https://exploration.esa.int/web/mars//46475-trace-gas-orbiter [referred to: 5.2.2020]
[16] Illinois Institute of Technology, Institute for food safety and health. Trace gas detection method.
https://www.ifsh.iit.edu/iir-inspection-method/trace-gas-detection-method [referred to: 23.1.2020]
[17] Corradi, M., Mutti, A. Exhaled breath analysis: from occupational to respiratory medicine. Acta
Biomed. 2005;76 Suppl 2(Suppl 2):20–29. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1455483/
[referred to: 23.1.2020]
[18] Das, S., Pal, S., Mitra, M. Significance of Exhaled Breath Test in Clinical Diagnosis: A Special Focus
on the Detection of Diabetes Mellitus. J Med Biol Eng. 2016;36(5):605–624. doi:10.1007/s40846016-0164-6. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5083779/ [referred to: 23.1.2020]
[19] Bevc, S., Mohorko, E., Kolar, M., Brglez, P., Holobar, A., Kniepeiss, D., Podbregar, M., Piko, N.,
Hojs, N., Knehtl, M., Ekart, R., Hojs, R. Measurement of breath ammonia for detection of patients
with chronic kidney disease. Clin. Nephrol. 2017; 88(1): 14-17. doi: 10.5414/CNP88FX04.
https://www.ncbi.nlm.nih.gov/pubmed/28601120 [referred to: 23.1.2020]
[20] Cellini, A., Blasioli, S., Biondi, E., Bertaccini, A., Braschi, I., Spinelli, F. Potential Applications and
Limitations of Electronic Nose Devices for Plant Disease Diagnosis. Sensors (Basel, Switzerland),
2017; 17(11), 2596. doi:10.3390/s17112596
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5712907/ [referred to: 23.1.2020]

