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Abstract

Unmanned Aerial System (UAS) technology is evolving rapidly, lowering cost and technology barriers to use in
many applications. This review and commentary summarizes the relevant literature in related fields and assesses the
potential applications and utility of UAS technology in the occupational health field. Areas closely related to industrial
hygiene are investigating potential applications and in some cases already using this technology for research or
commercial purposes. The literature is screened to produce a cross-section of how UAS technology is used in these
closely related fields and can inform or guide potential uses in industrial hygiene. We discuss UAS applications
in environmental monitoring, emergency response, epidemiology, security, and process optimization. The rapidly
evolving state-of-the-art shows that this technology can be useful in industrial hygiene. Benefits include cost savings,
time savings, and remote sensing to avoid hazardous environments. The occupational health community can look to
relevant areas for insights and apply them to their own practice.
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Introduction

Unmanned Aerial Systems "UAS" ("UAS", short for unmanned
aerial systems, is used throughout this article. These systems are
sometimes referred to as unmanned aerial systems, remotely
piloted aircraft, unmanned aircraft, micro aircraft, etc.). The media
and literature are rapidly changing and can offer researchers and
commercial companies new ways to accomplish their tasks in an
efficient manner. In recent years, the market for relatively inexpensive,
high-performance off-the-shelf commercial systems has thrived,
and UAS technology has spread rapidly. Commercial UAS sales are
expected to double over the next decade [1]. Recreational users, in
particular, are not expected to be the main source of growth for the
UAS market. Both military and non-military uses of UAS are expected
to grow significantly [2]. A number of commercial and governmental
(non-military) applications of UAS technology are being considered
to see if the business case and other benefits can be realized. Many
potential UAS applications can be found in related or closely related
professions and disciplines where industrial hygienists, researchers
and safety professionals often congregate. Therefore, it is important for
industrial hygienists to have a brief introduction to this technology and
understand how it can benefit their field and practice. Simply defined,
a UAS is probably more than a layman might imagine when thinking
of either remotely operated recreational aircraft on the "low end" of the
technology spectrum, or military Predator drones on the "high end" is.
One of many examples is America for Defense's Unmanned Systems
Integrated Roadmap, FY2013 - 2038 [3], which classifies systems
based on aircraft weight, maximum speed, and maximum operating
altitude) US Department of Defense, 2013. A modern small UAS
typically includes an airframe, power supply, mission-specific sensors,
electronics, and software. Devices often also have communication and
navigation capabilities, such as 3G or 4G cellular chips, WiFi or other
wireless network protocols, global positioning chips, and the ability to
communicate with commercially available smartphones and tablets
[4]. Just as smartphones have become very powerful tools, so too can
a small UAS take advantage of the same computing power. Industrial
hygienists should be aware of this technique for two reasons. First, the
technology could be an additional tool in a toolkit for rapid exposure
assessment, screening, environmental data collection, or situational

awareness in new ways. Its high mobility in a 3D environment and the
ability to carry advanced sensors has the potential to be applied to all the
predictive, detectable, and assessable and control activities performed
by hygienists. Second, some industrial tasks involving occupational
hazards may be suitable for her UAS employment because hazards to
workers can be avoided or minimized.

Monitoring Chemicals

Deployment of UAS has potential as a flexible mobile platform
for contaminant sampling, detection, characterization, and/or remote
sensing. Several applications have been pursued by researchers
who can directly inform methods of employment and restriction in
occupational health and exposure assessment roles studied and derived
source terms for modeling [5]. Particulate matter, metals, polycyclic
aromatic hydrocarbons, and volatile organic chemicals were monitored
in this study. Using a balloon platform is likely to be less costly than
traditional UAS, and this approach may impact workers and other
vulnerable populations requiring long stays and a stable sampling
platform useful for measuring pollutant emissions. UAS has been used
by researchers trying to characterize volcanic plumes. In particular,
the technical methods used in these studies can be easily transferred to
industrial hygiene for monitoring hazardous atmospheres. One study
investigated SO 2 and CO 2 fluxes using mobile infrared spectrometers
and electrochemical sensors [6]. Another study examined biases that
can be introduced by UAS migration speed and sensor response
time [7]. For example, if your UAS platform is logging georeferenced
data with timestamps, but the t90 (time to 90% response) for a given
sensor is a few seconds, it lags behind Global Positioning System
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coordinates. There is a bias between the sensors response. This is an
important complication to consider whether these devices will be used
for industrial hygiene and deserves additional research and remedial
measures. A miniature mass spectrometer with sensors was used to
monitor, H S, CO,, pressure, temperature and relative humidity [8].
Note that the more powerful sensors used in this study are not only
suitable for monitoring human exposure to chemicals, but also for heat,
cold or cyclonic stressors. An active research area is the use of UAS with
chemical sensors and software algorithms to track or map contaminant
concentration gradients and autonomously identify or characterize
pollutant sources. A researcher developed his UAS platform based on
a small balloon with the aim of chemically detecting explosive mines
using various mapping strategies [9]. In this study, we used metal oxide
chemical sensors and compared autonomous and controlled flight
detection paths with ethanol as a surrogate contaminant. Another
study investigated the feasibility of autonomous UAS-based sensors for
monitoring carbon capture and storage facilities, especially CO, leaks
[10]. They evaluated his two sampling strategies. The first is based on
a predefined UAS path, the second on a so-called "adaptive sampling"
path. The term is increasingly used in the literature to describe
autonomous surveillance that is modified as sampling progresses based
on artificial intelligence algorithms. Essentially, the device changes its
destination based on what it detects. This could be an area of innovation
in the ongoing modernization of environmental monitoring and
exposure assessment. The same research team also publishes details of
an algorithm developed to implement adaptive sampling [11].

Emergency Response

Emergency response (including disaster and humanitarian
response) is another area where UAS is rapidly being deployed. Many
hygienists are employed as members of response teams or provide
expert advice to support such units. The use of robots in emergency
response is nothing new. For example, commercial ground robots have
long been used by state and local law enforcement agencies to detect
explosive devices. A forward-looking 1993 article proposed a chemical
and radiological contaminant detection UAS equipped with day and
night optical sensors for emergency and disaster response purposes
[12]. All of the aforementioned UAS capabilities can be applied to
chemical, biological, or radiological detection for screening potentially
hazardous environments, or emergency response involving gas, vapor,
and aerosol collection devices. Small aerial platforms can be equipped
with visible and infrared video transmission to locate ruptured
chemical containers or leaking infrastructure (pipes, tanks) or used
for search and rescue purposes. A recent publication comprehensively
examined the impact of robotics (including UAS) in 31 disasters and
accidents from 2001 to 2013 [13]. As industrial hygiene practices
evolve into the future, more and more interdisciplinary practitioners
are working in safety, environmental management, and other related
fields. The field of emergency response is expected to be an area where
industrial hygiene will continue to contribute. Remote sensing is also
used in epidemiology and infectious disease research. This area would
complement the use of UAS for environmental data collection. A recent
review and critical discussion of the potential of UAS in epidemiology
highlights several strengths and weaknesses of this approach [14].
Environmental factors and other spatial variables suitable for UAS
detection that are also determinants of infectious disease transmission
are important data sources for risk mapping and analysis. Examples
include land-use change, animal reservoir tracking, and hydrological
monitoring (such as mosquito reservoirs). Using remote sensing data
to study patterns of infectious diseases is nothing new. Malaria is an
example where dereferenced satellite data can provide information to

predict or explain transmission [15]. Another example is the use of the
UAS platform to study spatial determinants of tuberculosis in Spain
[16]. It is important to note that, although not as directly applicable
to occupational health practice as other applications highlighted
in this article, UAS techniques are expected to increase the creation
of advanced dereferenced variables is in order to help. UAS is also
evaluated for occupational safety applications. One example is using
UAS to raise awareness of the occurrence of hazardous situations
and worker compliance with safety requirements. The research
explored what kinds of interfaces and information would be useful
for monitoring construction work simulated using visual feeds from
mobile UAS platforms. Indeed, it is hypothesized that the device
should act as a “safety officer’s backup drone” to facilitate frequent and
prompt workplace inspections [17].

Conclusion

UAS is evolving rapidly. As industrial hygiene evolves into its future
state, new technologies must be evaluated and considered as part of this
evolution to remain relevant. This paper reviews UAS applications in
the closely related occupational health literature.

References

1. https://www.worldcat.org/title/world-unmanned-aerial-vehicle-systems-market-
profile-and-forecast/oclc/759862371?referer=di&ht=edition

2. https://higherlogicdownload.s3.amazonaws.com/AUVSI1/958c920a-7f9b-
4ad2-9807-f9a4e95d1ef1/Uploadedimages/New_Economic%20Report%20
2013%20Full.pdf

3. http://www.defense.gov/pubs/DOD-USRM-2013.pdf

4. Cavote JS (2014) Drones promise faster, easier inspection of boilers, stacks,
towers, and more. Power 158: 26-33.

5. Aurell J, Gullett BK, Tabor D, Williams RK, Mitchell W, et al. (2015) Aerostat-
based sampling of emissions from open burning and open detonation of military
ordnance. J Hazard Mater 284:108-120.

6. McGonigle AJS, Aiuppa A, Tamburello G, Hodson AJ, Gurrieri S (2008)
Unmanned aerial vehicle measurements of volcanic carbon dioxide fluxes.
Geophys Res Lett 35: 1-4.

7. Roberts TJ, Saffell JR, Oppenheimer C, Lurton T (2014) Electrochemical
sensors applied to pollution monitoring: Measurement error and gas ratio bias -
A volcano plume case study. J Volcanol Geotherm Res 281: 85-96.

8. Diaz JA, Pieri D, Wright K, Sorensen P, Kline-Shoder R, etal. (2015) Unmanned
aerial mass spectrometer systems for in-situ volcanic plume analysis. J Am Soc
Mass Spectrometr 26: 1-13.

9. https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.69.8087&rep=rep1
&type=pdf

10. http://oru.diva-portal.org/smash/record.jsf?pid=diva2%3A644493&dsw
id=-1599

11. Neumann PP, Bennetts VH, Lilienthal AJ, Schiller JH (2013) Gas source
localization with a micro-drone using bio-inspired and particle filter-based
algorithms. Adv Robot 27: 725-738.

12. Zafrir H, Pernick A, Steinitz G, (1993) Unmanned airborne system in real-time
radiological monitoring. Radiat Prot Dosim 50:295-299.

13. https://mitpress.mit.edu/9780262534659/disaster-robotics/

14. Fornace KM, Drakeley CJ,William T, Espino F, Cox J (2014) Mapping infectious
disease landscapes: unmanned aerial vehicles and epidemiology. Trends
Parasitol 30: 514-519 .

15. Machault V, Vignolles C, Borchi F, Vounatsou P, Pages F, et al. (2011) The
use of remotely sensed environmental data in the study of malaria. Geospat
Health 5: 151-168.

16. Barasona JA, Mulermo-Pazmany M, Acevedo P, Negro JJ, Toress M, et al.
(2014) Unmanned aircraft systems for studying spatial abundance of ungulates:
relevance to spatial epidemiology. Plos One 9:1-17.

17. http://sipb.sggw.pl/CRC2014/data/papers/9780784413517.184.pdf

Occup Med Health, an open access journal
ISSN: 2329-6879

Volume 10 « Issue 8 + 1000422


https://www.worldcat.org/title/world-unmanned-aerial-vehicle-systems-market-profile-and-forecast/oclc/759862371?referer=di&ht=edition
https://www.worldcat.org/title/world-unmanned-aerial-vehicle-systems-market-profile-and-forecast/oclc/759862371?referer=di&ht=edition
https://higherlogicdownload.s3.amazonaws.com/AUVSI/958c920a-7f9b-4ad2-9807-f9a4e95d1ef1/UploadedImages/New_Economic Report 2013 Full.pdf
https://higherlogicdownload.s3.amazonaws.com/AUVSI/958c920a-7f9b-4ad2-9807-f9a4e95d1ef1/UploadedImages/New_Economic Report 2013 Full.pdf
https://higherlogicdownload.s3.amazonaws.com/AUVSI/958c920a-7f9b-4ad2-9807-f9a4e95d1ef1/UploadedImages/New_Economic Report 2013 Full.pdf
http://www.defense.gov/pubs/DOD-USRM-2013.pdf
https://www.cheric.org/research/tech/periodicals/view.php?seq=1335276
https://www.cheric.org/research/tech/periodicals/view.php?seq=1335276
https://linkinghub.elsevier.com/retrieve/pii/S0304389414008504
https://linkinghub.elsevier.com/retrieve/pii/S0304389414008504
https://linkinghub.elsevier.com/retrieve/pii/S0304389414008504
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2007GL032508
https://ui.adsabs.harvard.edu/abs/2014JVGR..281...85R/abstract
https://ui.adsabs.harvard.edu/abs/2014JVGR..281...85R/abstract
https://ui.adsabs.harvard.edu/abs/2014JVGR..281...85R/abstract
https://link.springer.com/article/10.1007/s13361-014-1058-x
https://link.springer.com/article/10.1007/s13361-014-1058-x
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.69.8087&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.69.8087&rep=rep1&type=pdf
http://oru.diva-portal.org/smash/record.jsf?pid=diva2%3A644493&dswid=-1599
http://oru.diva-portal.org/smash/record.jsf?pid=diva2%3A644493&dswid=-1599
https://www.tandfonline.com/doi/abs/10.1080/01691864.2013.779052
https://www.tandfonline.com/doi/abs/10.1080/01691864.2013.779052
https://www.tandfonline.com/doi/abs/10.1080/01691864.2013.779052
https://inis.iaea.org/search/search.aspx?orig_q=RN:25002545
https://inis.iaea.org/search/search.aspx?orig_q=RN:25002545
https://mitpress.mit.edu/9780262534659/disaster-robotics/
https://www.cell.com/trends/parasitology/fulltext/S1471-4922(14)00146-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1471492214001469%3Fshowall%3Dtrue
https://www.cell.com/trends/parasitology/fulltext/S1471-4922(14)00146-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1471492214001469%3Fshowall%3Dtrue
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0115608
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0115608
http://sipb.sggw.pl/CRC2014/data/papers/9780784413517.184.pdf

	Title
	Corresponding Author
	Abstract



