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In recent years, the number of marine chemical accidents have increased with the quantity of hazardous and
noxious substances (HNSs) transported by ships. The Korean government is developing response systems for
such marine chemical accidents. Current technology for HNS monitoring includes various types of detection
papers and kits, gas detectors, portable analyzers, and laboratory analytical instruments. Many of these resources
are already in use by agencies responsible for marine chemical accident responses. However, most of these agen-
cies do not use unmanned air and water vehicles (UAV and UWV) for sample collection and real-time monitoring
of HNSs. In this study, we developed UAV and UWV disaster-management payloads for air and seawater sam-

plers and real-time analyzers and evaluated these at several port locations. Finally,

we make recommendations for

an HNS response system, including a control center, a command ship, and UAV and UWV components, and pro-
pose a three-step of response procedures for chemical accidents. This system enables emergency response per-
sonnel to respond to chemical accidents more efficiently and with improved safety.
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Table 1. List of detection papers, gas detectors, and portable analyzers used by national agencies
Ministry of Environment Ministry of National Defense Ministry of Public Admmlstratlon
and Security
Detection - Smart strip kit (HazMat) - Chemical papers (KM8 and KM9) L.
paper - Water test kit (M272) - Water test kit (M272) - Smart strip kit (HazMat)

Gas CDS)
detector - Handheld chemical detector (Chempro

Portable
analyzer

- Gas detection system (AP-20 and
CDS)

- Handheld chemical detector (APD-
2000, Chempro 100, GDA-P, 1Q-
1000, K-CAM2, and ToxiRAE)

- Gas detection system (AP-20, AP-
208, and CDS)

- Handheld chemical detector (Chempro
100, GDA-FR, LP-1, and RMX)

- Gas detection system (AP-20 and

100)

- GC/MS (HAPSITE)

- GC-TCD (Chem-ID)
-IR (Triple plus)

- Remote sense (HI-90)

- FT-IR (ExoScan 4100)
- GC/MS (HAPSITE) - GC/MS (HAPSITE)
- XRD (TERRA)

~"CHLORINE PH  FLUORIDE NERVE

CYANIDE
OXIDIZER ARSENIC SULFIDE

www. com
Ordaruusstions Cat (381) 38 7008

Fig. 1. Detection papers and kits: (a) chemical papers (KM8 and KM9, Luxfer Magtech, USA), (b) water test kit (M272,
Luxfer Magtech, USA), (c) classifier strip kit (Chemical classifier, Spilfyter, USA), and (d) smart strip kit (HazMat,
Safety Solution, USA).
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Fig. 2. Gas detectors: (a) gas detection system (CDS, Drager, Germany), (b) gas detection system (AP-20, Kitagawa, Japan),

(c) handheld chemical detector (Chempro 100i, Environics, Finland), and (d) handheld chemical detector (APD-2000,
Smiths Detection, UK).



40 YT - ol -

|1

N5, 7H B WS TSIy w8, 4%, F98
AL, sheaekdel S tie
AR7) AL, A, BAFs A, Wrke, 24 284

74, A SOl thE ARE AN STk IS0

2.12. ¥A7n)

sErtal @M e Al&e AlEd Y =
2Hol gFEER ) TEAAA EY veke 228 4
g 58T 5 d= FE FAERITE Ageic
AR hFet TR FE FAHIIE AREE AL e
o, 25 AlA JA A de FE A7)
£ Fig. 39 AXABIATE: () HF7H=5H71, (b) 7=
AR wpE 2 Z/A 54 7)(Gas chromatograph/mass
spectrometer: GC/MS), (c) F2lol W3 Ho)d E37]
(Fourier transform-infrared spectroscopy: FT-IR), (d)
XA 3-7](X-ray diffractometer: XRD). 7HE 4] <]
=4 7 B2 AACIA, A, A SF= 3
ojgltt. 7|E ATellMe o8 TR FE A7
s Hrelal AvE Jdsr] sl okt A9

KR
=
FYBATESOT) 2} Foig B2 A, 5

F

Coleg - A - oldE - WA - AYS

ek 5, Al 94 -8 Fo= Qs 538t
SALAL A7 A8l ofelgo] Utk

o sketatart AT ALEAY FE-
HZ2 Al 248 #38E F gle A9le %
S Fgalof AkFig 4). F7182L 7Fg F s
AR 2NE 7 e e AEEA7IMS)elth
714 AEY 7S, EEE7EX](Thermal desorption:
TD)E o83t A&t HAE7} 7FsshH, HANE
(Purge and trapyS ©|-&ste] HAY AEE 7|A1G Al
S8 A8 vk QA o] EHS] A, ol

A2 EIZ(Ton chromatograph: I0)2 &4 4=

9T}, 71% AT oleid B BAGHE o] 8e
7% AL ERe] BAMEE viaseh ) e,
7Y sErR AN el B ZPRNAF
2 ARt PY BRGNS} AR AAGNE A
S Pk A @] YR

2.13. A5 A FHAH]

A% theado] Al A 42 & e A9,
A B FlE 4e 44,

Fig. 3. Portable analyzers: (a) multiple gas detector (GDA2, Airsense Analytics, Germany), (b) GC/MS system (HAPSITE
ER, Inficon, Switzerland), (¢) FT-IR spectrometer (DX4040, Gasmet, Finland), and (d) XRD spectrometer (TERRA,

Olympus, USA).
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Fig. 4. Laboratory analytical instruments: (a) GC/MS (7890B/5977A, Agilent, USA), (b) TD (UNITY 2, Markes International,
UK), (c) stratum purge and trap concentrator (PTC, Teledyne Tekmar, USA), and (d) IC system (Dionex ICS-1600,

Thermo Fisher Scientific, USA).
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Table 2. Various types of air and water samplers, widely used in environmental studies

Air samplers

Water samplers

Name Picture Name Picture Name Picture Name Picture
S —
Passive air . \_I‘_\) Polyurethane Composite
Canister "
sampler N F ) foam sampler
Sz
- ‘ Semi
£ ~ < 1
Tedlar bag Adsorbent tube 3 | Van dom ﬁ permeable
sampler ¥ membrane
p—— ' ﬂ device
B FE Wgo] Bad Aol 940 ARE & R AR £8A6 = A, ZelolgA Pugel
AR T, AW BARNE AFgalor Fk 971 iRe] ARRo) §71228 TV
25 AL ] sl B 3 o|MY th¥st AlE AHGHE Ao, AE

f+713}8HE (Volatile organic compounds: VOCs)O]| L2,
7] e 8 ATl ARSEE VOC AlE A3
HIE A8t th(Table 2). h7IAE AHZH] T F5
7] ) # 7] (Passive air sampler)®} S23H(Adsorbent
tubey> FEHAl 7121 F71EES 2H6H, o]F &
FE e dEERRS A s Aol &-8-Hr
MUZEe} HEHYS HEE o]gsle] AlaL d79]
714 AEE EHE, FUlE e g B4
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Fig. 5. Unmanned air vehicle with disaster management payload for air sample collection: (a) front view, (b) back view, and
(c) UAV with an onboard payload. The payload contains two air pumps, a gas detector for total VOC analysis, a Tedlar

bag (1 L), and cable lines.
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Fig. 6. Disaster management payload for water sample collection by an unmanned air vehicle: (a) top view, (b) side view,
and (c) UAV with an onboard payload. The payload contains a winch system, three PUF disks, and cable lines.
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Fig. 7. Blueprint for an unmanned water vehicle: (a) top view and (b) bottom view.
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Fig. 8. Air monitoring system for an unmanned water vehicle: (a) air-bag sampler equipped with a 10 L Tedlar bag, (b)
portable FT-IR spectrometer, (c) interior of the UWV, and (d) air-bag sampler and portable FT-IR inlets.
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Fig. 11. Schematic diagram of an HNS response system including control center, command ship, and unmanned air and water

vehicles for marine chemical accident response.
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Fig. 12. Three-step response procedure for the marine chemical accidents.
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