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ABSTRACT

Purpose: To attain advanced performance certification, safety aspects along with functionality and perform-
ance are essential. Hence, this study suggests radiation leakage assessment methods for aviation security
equipment during its performance certification.

Methods: Detection technology guided the choice of radiation leakage assessment targets. We then detailed
measurement and evaluation methods based on equipment type and operation mode. Equipment was catego-
rized as container or box types for establishing measurement procedures.

Results: We've developed specific radiation leakage assessment procedures for different types of aviation
security equipment, crucial for ensuring airport safety. Using these procedures allows efficient evaluation
of compliance with radiation leakage standards.

Conclusion: The suggested radiation leakage assessment method aims to enhance aviation security and
reliability. Future research will focus on identifying risks in novel aviation security equipment detection tech-

nologies and establishing safety standards.

Key Words: Aviation Security Equipment, Radiation Leakage Assessment, Performance Certification,
Detection Technologies, Safety Standards

® Received 11 August 2023, accepted 29 August 2023

t Corresponding Author(kimys@kyonggi.ac.kr)

(© 2023, Korean Society for Quality Management

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0)  which permits unrestricted non-Commercial use, distribution, and

reproduction in any medium, provided the original work is properly cited.

AT FENEY FEHekg 45AEA F4E 9% APAEIE AR A AARS-2019-KAI5163De] ol
R EREIE



436 J Korean Soc Qual Manag Vol. 51, No. 3: 435-444, September 2023

1.4 &
9/11 Hgf o] F= &Rt HAAA o= W Tt A H L o, nas AFE 74, T & =71
A ALS T3l FEretl Ui el A AXL Ak 7] HE el A, wRelM Fie 2 AdEe] A
A

Aol AafstA = Aotk g Eebgu = g
719 7, 4, 28 BE 3 o) 8AES gde s 7], & 7] e AgsAY A A
= A8 EUES gA st AR Ol AFEEE AAHIE 2ndii(Kim et al., 2020). W)=t
AE FEQE H(United States Department of Homeland Security, DHS) A} W% 8 QHd(Transport Security
Administration, TSA)o] HQPgR| €] J5AFAE 838t =AUk o] FsAFAld wel, nl=exs Bl ]
Aeles g5k Xg ARy favizte] vhsd Ague] wm FEexe] Abgo] AgEItHHan et al.,
2023). o|AH wAHoE e S
AHE-S dstetal itk wEbA TS SldAe e Hol| A 2 vl T gatt), eu} S-2ufete]
A e HEPEN Y A ISA LT} b 55| eol i 3] HobdH] o] fJikow Al of
ol sl =Zag AAA EHo] s, ¢ T oy ojggo] m=ar gtk
(Eum, 2018; Jung et al., 2020). o]= 7§X&}7] 918 2018 AF-E] $-elvtete 3 uobgi] As ASAS 44
o & A&st] AlZtelGitt. SR AN NS Sall A EePIH] A J1SAY AR EflE 7563t
o] /1= Hol whg}, 20199FH =4t 7]| A YL S Robgn] o] A gRE 7| Ho g A5 o], QIF5A
7F Ao g ALE7] AAEITHWon et al., 2022).

35059 Ve 84 FgEHt gHle] ARgHE et $85 % VES AXEe HEASH 1A
2017-308 TatgEet 4uds B9 E97]5s0] vhaEY St o] 7|52 FaHetks fef AREE = )7} o g
AR E oo Bh=A] WEe] rAetH, Hebd A | T, A, AR, 9, 2Eal A RS A oig s
¥3slar dtH(Notice of Ministry of Land, Infrastructure and Transport 2017-308; Lee and Hwang, 2018).

TEWZHE TA] 2020-456°] w2, AE9Fo] EUEE A= A2XH YN (X-ray Screening System),
B )(EDS: Explosive Detecting System), =37 27H](Walk-Through Metal Detector), 871417}
H|(Whole Body Scanner), Z2-23528-x4H](Explosive Trace Detector), &h-&5<8-%48](Hand-Held
Metal Detector), | Z -5k 4] (Bottled Liquid Scanner), 212 4 241](Shoe Metal Detector) S & 8Z0]
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2.1 A A 8 'R Ve EF

AP S A e o2 375 Holghe 58S 7 Aoz dupid YA, el A, 71E 535
AR FAAAA, e @ A 28 =8 TH(No. of Directive of the Ministry of National Defense 641).

o]
H
FFRPP) WA A AT AGSHE 718 Aaie ARE s AR Aot ATH AR <)

3 AR o] Ak, ek e QA s A Fof whe WEE = AAH ] AR QlE] WA o] A

10HChadwick et al., 1990). d)2=X 3} Fhupd 5 Faeo] wj9- AA JAAE 34 5 AUtk o= Ql& 9Fx
AZE EAZE S 53] Abgkao] EA7E fek WA o] QlAle]l = E = WAl 1A Fuf ofFof ule} ujy-u) )
R FE o7 FRHITE YRIEH2 55, SAEAA, A 55 Fdl WA E4o] 1A Wil =ZH= Aol
ORI FHLE Q1A - AR o) mFE = S Sett) AR o] IAe nAE 217 9 A 9]
2 R E 2T AR gholl wlEldeh(Usic et al., 2010).

WA ARE 7]Eolm 2A] 7]Ee] WAIEY e TiE g@Ad] EEEE B4 7]&e o} Table 13} 7ol A
Al olw A 73t FkE EAEA Ve R 7Fesith oA Ve B #YVIY e A2 S o] 83 oy
A 71%S AHEEle] A e, Zuts EAEA] 7)ES 3] T BEHOE TUE RS #AA sk 7]Eolt

Table 1. Radiation—Based Explosive Detection Technologies for Aviation Security Equipment

Differentiate Technical description Detection method

A method of inferring the types of substances present and

X-ray based screening | . . . . . .
Y g interpreting results using the principles of X-ray interaction

Imaging Neutron based A method of interpreting objects and detecting explosives through
technology screening analysis techniques such as surface search using neutrons

Electromagnetic wave | A method of detecting frequency shifts generated in metals by
based screening emitting electromagnetic waves

Gamma/Neutron Detection of explosives using imaging and material filtering
Activation Technology | technology

Using gas chromatography to analyze separated molecules and

Gas chromatograph . i
graphy confirm the presence of hazardous materials

Explosive Electron Capture Detecting explosives by ionizing separated molecules and
Traces Detector generating free electrons
Detection
Technology | lon Mobility Passing ions through an ion channel based on the movement speed
Spectrometry of molecules, followed by analysis for explosive detection
Stepwise Mass Explosive detection using mass spectrometry based on ion
Spectrometry mass—to—charge ratio

Fluoroimmunoassay Detecting explosive antigens using a vapor—based detection device
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2.2 AL 71200 B3 34

o 27 ] oF Tk ek ] = WA o AR 7)ol A itk S EREE A] Al 2020-45691 A4
Aol arsgn] F A Agu] gl B gul o] FHAMAE 712 47 A Hx A 1
HAbAEEE 0] 5 puSv/h o]sto]ojoF dth(Notice of Ministry of Land, Infrastructure and Transport 2020-456).
k-8 AR wAgR] o] Qb el ofl gk g+ ] 79, A7 50 mSv, 5W%F A% 100 mSy o] ate]oof gt
(ICRP, 1991). @ll¢] 2] 7d-5- ANSI N42.44004 gAlE FHWAMIZE 7152 21 CFR 1020.40< w2t 5

Sv/h ¥& SRASHIATHANSI N42.44, 2008).
Sold B EulR GRebgu A% 4 FANE Fa ERBAATE 75 2. WA 2
) WSS AT P FANE AR Ak, EEPRATEL T AFE AN NIZ4S| 12 07 E
] é g 25 ol W

gutolo] MEaleel A7k 1 mSve ARE)ol| A 8¢l 74s 59 9 ;.* AERT} 1/10 000 SHA frA1d o= By
HEAgoltt o]& Ef|&E WA e] 1Al 71X & 43S SAs] Al WA A9E *}XH 1497 Agete s
7102 WAH 7)ol sk A] Rlskelnh AR 2 @& ke Av, RHAMISEL 10.4 pSv/h o]3}e]
o2 dAEY JE 7Es WA e T8 a7 AR B A 9 gpA ol Hl 3 dAg As & 5 9
o} wpebA] @ Ao WAlE 7] wE RHEAMAEE F7P 9 AAE el A7t °1E} werEo] &
HPARIRE S 5 pSv/hE 2783tk
Table 2. Dose Limits Based on Radiation Leakage Environment
Differentiate Dose limit
L 100 mSv over 5 years (20 mSv/y)
Radiation workers . .
Effective dose (However, up to 50 mSv is allowed for a specific year)

General public 1 mSv/y

Crystalline lens 150 mSv/y
Skin 150 mSv/y
Hands, Feet 150 mSv/y

Human organs
(Radiation workers)

y|Z A W SAF WA Ed] A AAlo ] AbAE 7S 248 THNo. of Nuclear Safety
and Security Commission Notice 2013-49). AN 7|5 AR&sh= ARE9 Fradzds SA & 24 4
A Fel A AIFS 7IF R Alghs = s Ao 7|giEr 7]
79 AA A ] FE+= Table 33 2om ad A4S Ao 283 7|3 s45A el thre] dat=
e 95k Agol A8 7IES Rt AR o] QA WA= S 94 e v 9o BRI}
i 7

o
Fbseth. FHYTE 1000 mGy olde] LTIt QA Ul A7 A GUAE EE A9, e AT
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B AF(1~12 Gyl w29 ) Wbl etk S4elth ulg e A oﬂw WAE 243 7)o 75
& EAb7)aL Hﬂiﬂ%, TE, 9E, Y 9 B A e 34 og 2 ojo}d % Ik TR 1,000
Gy VR WA EHLE o) ol 7170 F e SAelt), 182l A e i%qu:— ARYES
ol el 4717152 54 951 ol W 540l 219 4 AekLee, 2016, sk 20| AL A

S Eege] e AelE 92 5 gonw FFushulel PANS 24 % Brhel Ak ol olziAek it

Table 3. Concentration of radioactive substances at gaseous and liquid radioactive material boundaries

. L e . Annual
Applicable criteria Annual dose boundary Classification
dose value
Air absorbed dose due to gamma radiation | 0.1 mGy
Air absorbed dose due to beta radiation | 0.2 mGy
Annual dose at restricted Effective dose due to external exposure | 0.05 mSv
area boundaries due to | Skin equivalent dose due to external 0.15 mSv
Criteria to apply in gaseous emissions exposure '
the facility’s design Organ equivalent dose due to particulate
radio active materials, radioactive noble | 0.15 mSv
gases
Annual dose at restricted | Effective dose 0.03 mSv
area boundaries due to ]
liquid emissions Organ equivalent dose 0.1 mSv
Criteria applicablg when . Effective dose 0.25 mSv
operating multiple Annual dose at restricted
nuclear-related facilities | area boundaries .
Organ equivalent dose 0.75 mSv

on the same site

HAEE ] Bt g 9 g5l kg A Hakg 3 Selection of Radiation Leakage Criteria
S 7 UAES FFEPIH AT Q1T A F AN FET O A J
g H7HE Slgk Aot A AP ¥ S ELEE A oA
BAE FEF 7les WEekeA ASske Ao, & Aol e i

. Determination of equipment
AN & G AAE A 918 AT Z2AAE Figure 190 measurement location
Ueith & 8%9 garekgnle 448 Ve T IARS g8 Y g
2] AulE ARSI #E Fd A G tAXME AR BAL l
A FE VIS AAsEgon, b e b 54 99X % A5 Suggested testing and evaluation
t}. o]2 nlglo g Al HAE Aoksisit) procedures

Definition of radiation-use equipment

Figure 1. Research process
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SR AU S B G Xoray S AHEFBE Al 7] 70] WA FEF U 7] Z0] AFHIR
AP A7 &7 20 el AL E RS FHeok Wk 717 mrel o) WA
TERE 510 m AU 05 nith cIS2 Bl Uk T, ANl o Y= 2 Qo 29

= a2 Ak s, AN 8 FY ) A2 %*E%HMW W 7 e 2] A

Ao 71&] %

A HgARRE A7 H o 6}Elr(Yoon et al., 2021).
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Table 4. Aviation security equipment application technology

Type Technology Presence of radiation

X-ray Screening System X-ray 0

Gamma-ray 0

Explosive Detection System Neutron detection 0

Electron Capture Detector @)

Biosensor trace detection X

Explosive Trace Detector

Ion Mobility Spectrometry @)

Low pressure glow discharge ionisation X

X-ray Backscatter @)

Whole Body Scanner
Millimeter wave X
Walk-Through Metal Detector
Millimeter wave X
Hand-Held Metal Detector

Magnetic Resonance Imaging X

Bottled Liquid Scanner Raman spectroscopy X

IR Spectroscopy X

Shoe Metal Detector X-ray 0
TREEAAPIE T 8E, Fol 5948, L 5 SehEolAe) e 4R BAS Folo] FuEo} Zof
o] AL &xl= Bl AM Au R gy F2 AAE A E7](Electron Capture Detector, ECD) B o] &
o5 %= #3H(Ion Mobility Spectrometry, IMS)9] 7|&o] J&Hth AAXEIAE7| = WA LA 2 &5
2 s WERYAE E8sle] AR S S 7EE, AE7]9 I A Ao mEH = WAk 9
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ArelMs WA A 23 2 SRAEE Ao 7[wksto] WA FERel tid Ve AAsksl e, 8% A
T A=Az o 2R EAY], S0 S A TR ], AR A o] hE AR 2 1rF e dAE
AN SR F RS I ol A2 g of Tk A gulo] A DA A E o] glont Aol A=
Aell= B 71es BEUE RWPARZEES] 540 2ad FeHHE F7rE AAssiv.

7 Anlol A ARSshs TS delet 5 Aulel dejol 8 Al uet AR vER S 3 WU e T
AH o Aelapalvy. Agd A =3 Avloly Fejof v deje Bete] 54 U B AAE FFEI.
ol& Fall AH&AreF fgel thet A Bl AR 249 Fe e WAM] T2 W R AAE 7
e E = AGAS Attt Al Azl whel w A F gt 71k AR a2 Vel A
dsh=d] Ak Aafell weh a9l Ako] Thssitt. o2 WAMY e H7F U2 & Bt kA
W ABEE FEAE AR Ve

5 AT o R WA ool Ao AT VeEs BstaL 1o WE VIEs vhdstaat divt
 drs AR FER 97 B AR 24 sEloy st Ve AAF Askstal ik wEb A=
& BA VlEes BAStaL 7lee AAAR] Agel tivlste] e regn|e] S RAD 4 3l WU VIS
nhdajoF & Aotk
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