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[Abstract]

Globally, various disasters such as typhoons, floods, earthquakes, fires, explosions have caused work
to be halted. If there is a large-scale disaster at public institutions in charge of major national affairs
and their works are interrupted, not only will there be property damage, but there will also lead to a
decline in national credibility and direct and indirect impacts on the people. Therefore, it is necessary
to ensure continuity of operation by minimizing the interruption period of critical operations due to
disasters. Overseas advanced countries such as the United States and Japan developed guidelines for
Continuity of Operation (COOP) to prevent unexpected work disruptions caused by disasters.
Recognizing the necessity of COOP in South Korea, a relevant law has been newly established in

"the Framework Act on the Management of Disasters and Safety; to enable public institutions to
establish the COOP in response to this situation. In this study, the definition, the necessity and overseas
cases of COOP were investigated and described. Using the templates developed by these results,
operational impact analysis, risk assessment, operational continuity strategies and operational continuity
procedures were applied to “A” City Hall in Gyeonggi-do province and those results were described.
The objective of this study is to substantially contribute to the introduction of COOP to local
governments through their pilot application and implications of COOP.

» Key words: Disaster, Interruption period, Continuity of Operation (COOP), Work disruptions, the
Framework Act on the Management of Disasters and Safety, Templates
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I. Introduction
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otz Atitax W, 7] S tHal, 7|HiA]d- e 0]
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8¢ Zuts AABIICE ORI Aol AEE 7185t
WA e|ute] AGARILAE COOPS =317] ¢lat
AVl thal =ofsteict.

II. Preliminaries

2.1 The definition of COOP

COOPE §8710] W 4 Sl ek 971
2%, AR, o, B2 5 Q
S} s Aol culstol SRSl 7159 HAAel 2
d= E’E}ﬁ} A, F571do] At Qg mslE B2t
SA|Ejojof BH= SA7]50] FUEA] ¢ o
Thsotes ohe Z1%g oojart

COQOP £79] Al Algto 2 =
%8 715 et 7152 AP 4 ol A2
AstH, ASSHA APt Bl AFE 2
AP Wokg oftsts Zlolct.

2.2 International cases of COOP

o)ZoA= 19989 &= F=-67 (Presidential
Decision Directive-67)9|A 25 3of thsto] A&
o] Jjdoe J|sAs4e AEsigion, o2 7|
=oadAEol COOPog HH5Y A, 20019 9118
o} 20054 sl2)719l FHERNE AP|2 BARoR YA
SHL}. o]% BA] ¥ Fold 20073 =71 &3+
Z-5](National Security Presidential Directive-51,
NSPD-51)xt 2 EQTH &3 -3 -20(Homeland
Security Presidential Directive-20, HSPD-20)& =4
02 U5 AFGYA=Y] AFIQl F71A4 7 oA
(National Continuity Policy Implementation Plan,
NCPIP)e BESICL 71ES] Qaguel 94X
(Enduring Constitutional Government, ECG)1t HE
H&M(Continuity of Government, COG) 02 &=
o] ®Fstd A=E NCPIPOJA stLte] 7|5a4/dos
Yottt

qe %O}HRMJOWL KH0H7} TS O

251 ASPI B 152l Sl clet Uigolck

F=r 9Jel9] wigtoz w4 dfjd] AJlE 2Ry(Civil
Contingencies Act, CCA)E& 2004do] AAst3ict.
CCA9) th Zlee Fgnel Aol £ Al
= 130] 2Jstal 9717 WAsioElE A4lel ¢Re
2a00] hsstes BAHQ el A 23 % Sl
of gtk mAlsL 9k

III. The Proposed Scheme

3.1 The application scope of COOP
COOPY] 292 Yutso g PDCARDS & &3t APy
02 =] JlriFig. 1).

|

Fig. 1. PDCA model for COOP
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» Operational classification
« Operational procedure analysis
* RTO (Recovery Time Objective)

« Determination of risk assessment methods

« Determination of risk assessment criteria
Risk

P « Calculation and processing of risk index

« Alternative strategies by resources

Continuity
strategy

« Alternative facility strategies

« Accident management structure

PPN - Communication

procedure

Fig. 2. Establishment Procedures of COOP
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3.2 Templates
3.2.1 Operational impact analysis

1) Operational classification
715 7 @AM E 4 715y 58742 AlSk,

Table 1. Operational classification of “A” City Hall

7} &R O 715 BN 70 QAHRIT e
715 metslof ol 7} 7|Be T B YL UE
ofo} sj}, 7o) Y FAek Kol wet g 7155
BRI £ 1 7ls0 it A g S Tlesior gt

o= ‘Cvse]_ o OL%
501 288 4 ke AL W Tk ol ol
2 AP A7 AT A AR 5448 22
Yt 2 7155 1R ERIAAL, s 2E
Mol 715 AR AR HFREIR

(recovery time objective, RTO)& 3A|7F o]y, 1¥ 0]
U, 1~3Y oy, 3€~2% o]y, 25 o= 7|&S A

AR RANS 5Fgal, Zizko] B2 577 A 2
AAlstelth. A2 At A 715 BA, A
x} B3, A A 5 & 107702 YEhgon, o] &
wRE 7150 RIS asRhE B8 Ay 2
+ off9] mo dRE AAIsIAtHTable 1).

2) Operational procedure analysis

7S BAREAE 2R 7l o] Beoh RE =1
& mofol FAE} ke TAIRA F71E TAT A
71 eBARRAA = liF VsS4 oo}—tﬂ sk Ql
A A, IT A28, @k 8 (Y 7419JA1> o]
Be) ol % e, s o, apEle de A
1 gule BSIGICHTable 2). 715EARY Aite 5
I 7371% "A” Al »8 A7} olid 7|52 434t
Qg Q4o mofo] 7HsstiTh

[u]

olr
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3) Recovery Time Objective (RTO)

=8B/ RHRTOPIF 7)50] 50 ol%, 8578 %
BE St 7|72 YJulstH, ol Adis 8571t W
EAfstofot git}. RTOE 315 7o) B2 st 7XHS
ZA7dsloF 5t & ZAMA = B S AZHGBARE 14,
29 2%1’ 3%1’ 401 = EH ) E'—_rl‘oﬂ m_g_a} ZS]j\_O]Eﬂ al

A, 974 g A 20 Jk= odH1.E 135t Table
3). ZA} Ax}, 747]% A" APl HEEAIY AHust K1Y

Operational name Recovery Time Objective (RTO)

Basis for RTO

Fair trade Within a day

Tasks that need to be recovered as soon as possible

Consumer protection Within three days

Minimize consumer inconvenience

A local public company Within three hours

Rapid recovery of public enterprises, investment and
contribution institutions, fund affairs

(Continued)
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Table 2. Operational procedure analysis of “A” City Hall
. Management of . . S
Operational | Man- . . . . . Required Required | Facilities/
name ower IT system Required information information capacit authorit cquioment
P media / form pacity Yy | equip
-Safety Management
Administrative Plan Over 3
Fair trade 2 information system -Standard Action IT System months of - -
y Manual for Natural related work
Disaster
-Safety Management
. . Plan Over 3
A trat .
C::t::?:r: 2 info;jrrr?e:?ilc?nras I:fem -Standard Action IT System months of - -
P ¥ Manual for Natural related work
Disaster
A local marll_aOC:rlnzztansCIsatlem -Enforcement Decree Management
public 1 gement SYSteM. | o¢ the Public IT System g - -
Administrative ) and Support
company . . Enterprises Act
information system

(Continued)

Table 3. Recovery Time Objective (RTO) of “A” City Hall

. Minimum required Minimum required Remote or Home
Operational name RTO L
manpower resource availability of work
Fair trade Three days 2 2 Possible
Consumer protection Three days 2 2 Possible
A local public company Three days 2 2 Possible
Infor.mat.lon and Three hours 1 1 Impossible
communication network
Information support Three hours 1 1 Impossible
B i .
roadcast.lng .and Three hours 1 1 Impossible
communication
(Continued)

WA 22 752 U2 S Al T2 B7i5et

ow vl
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3.2.2 Risk assessment
1) Determination of risk assessment methods
2]A 3 HI7Hrisk assessment)= 7|1H9] 7|5 SHE
2 9l ZFxA Q] 9] Q Ql(potential risk)z} 0]
2 g ARl G Bk Tfolt. Aukso
2 AT "It AFA 2l A 3 H7Hquantitative risk
assessment)?} AR 2]A3 HIHqualitative risk
assessment) 2 L& =], HFA 2|23 Frh= 2jA3

2 Q% AR sl 1% W) St Zo] 1 o

g

A34E A RS, A9 243 B Aol
= BERE ik ofYX|et 71| B]5 QA thRojof
st 2JATE AR 0 2 Al&sHA AEsth 4 9tk AP

o sirk. 2o Wy 7154 o oy wpto] et
3pslof stAlE, 9147
e BYR AA3 BIIE AgIIE

_[-7;1_‘
r_R
r4>1

gt 2 ALoflM = 7St BE3e olgsto] 2A3
TR F AR WS ol8e AuE AXIsIA),
2lA3 F7HE {19k A3 X|x(risk score)= Eq.(1)
1} Z¥o| Burtles (2007)7} A|Qtst gk (impact), 1=
(frequency), @e] $Z&(mitigation level)9] A 7}A] <l
AHE o]&sto] APsHITHT.
Impact X Frequency

Risk =
ke seore (Mitigation Level)? Ea.

Fig. 37 20 A8 A3 A4t 12 71502 3
e Ggn w2 270 Mabgol tiet W) 7hsst
o olg Sof, P23 A4} 180} £ Prat wel
270] ulsh gAY GPol Ackn WY 4 Y

Brp g 2aat we) 250 uls) A Al

—_
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(Medium), =2(High)o.2 Wo] H7stict.
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Potential Risk (I*F)

Mitigation Level (MZ)

Fig 3. SMART Risk analysis

2) Determination of risk assessment criteria
Pla3 W 1Ee 2HsP] PENE U elas
A2g AP et P AR B, BlE, B
g0l e 71Ee ARstolof Btk 7t IR 40
718 s5wor] YRALSIAES AFshL =9 B
ol Qi3 FjUcle] Ale Atustol thea) 7o) 7}
71Z2 uldste] 5A Az g HH‘*o}OﬂD}(Table 4).
o714 YZ=(impact)2> A2 @aclo] et
ok Zbgae O, 1o dae St 452 ololsty
= (frequency)= 28 7Hsd % oJujstui of= AEd
gEeelo) gus & 4 % 52 ol 2] 5
Z(mitigation level)2 23 4 oju]-of-g-of ot 73
% ks 252 uistol 2 :
Rl AR, W A|AH 5 2 Eéﬁjt}.

3) Calculation and processing of risk index

2jA3 A4 APgat A2l &0lE 2A50 tisto]
2jA3 A|eE APt A2 ®ekS AAlshe THlolY
ejAdE 28, ou], A7L dPer FHEsto gAis

&2ttt o714 2]A3 48(acceptance)S HEO] F

Table 4. Evaluation criteria for risk assessment

7RI 2A1F FI5HA] e AR ulstal, A=
g]uj(avoidance)= 2| AFE SAISHA] 94l Wsh= Za
olujgtct. El*q d7Htransfer)= 2|2 3.9] 0*531: 4
1] 55 2 HAA 52 &5 moll B 22
W2 oujaty, JA 3 77} (mitigation) S TLEA 0] AL
sl 7EAQl wiow ofdojulsiol el Hastete
72 jujsto] s sjto] AMMOR h 4 9l
71 &abRlol 1 §-8A0l uhHo|c),
£ ATolE B7h oy gaglel dish F71E A
NA A BRlS BRI gl HAIY ST, U
Al oM EA|IE gAto g AR ZAF U QIEHE
3 cheat 7ro] alA3 x|2E UERJQtKTable 5).
oA Wi vle} o], 2123 @4 F maAio] Qi
Ao 9al2A w5, Tuktn, 22 H), A
ZAEQIAL, msfiAtdo] A2 B8 B AF
39 508 ZAEQILH E3], H7]= A AoA] EAY
g 4 e Adacl 137 g5 oM felied +E
(risk score=1.000), 22]A H|2{(risk score=1.000),7Zt
A"(risk score=1.111), 8Fll(risk score=1.250), A
el
wo

lfi:l OHﬂ

ofn r

(risk score=1.250) 59] @ AEL 2]AT K|4 AA
1, g g0 vlsl duiRier Hd aF0] =2
(high)o 2 LR} meata ol2ist F552 Afld &
37t =71 izl Ado] sl e o Mol F
H2]2 sfot 5t 7t |s¥E =589 RTOS Zul5}A]
R A o o B A2k S3slof sk

3.2.3 Continuity strategy

Pls A4y Rk AAolME 1R 71 Fto] WAy
she Aol tiulsto] Z15AIE 913 Hoke Abdl 2
Aafio sherl, oi7]olAE Aot A7} HAIsS o

Rank Impact Frequency Mitigation level
V high
5 Very high (mor:?harllgonce Excellent
(The discontinuation of the functions of the institution) ) (Recovery in 1 hour)
in three months)
High High Good
4 (The discontinuation of the functions of multiple (More than once ;
o (Recovery in 6 hours)
departments) in six months)
Moderate Moderate
. . . . . Average
3 (The discontinuation of the functions of a single (More than once )
. (Recovery in 1 day)
department) in a year)
Low
2 Low (More than once Below average
(The discontinuation of the functions of a single team) L (Recovery in 3 days)
in five years)
Very low Very low Failing
1 (The discontinuation of the functions of a small number of (More than once (Recovery in excess of
manpower on of the functions of a small number in ten years) 3 days)
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Table 5. Calculations of risk index of “A” City Hall
Hazard Risk Damaged Tl | Frasems Management Risk Hazard
resources Level score level
Flooding Building 2 1 4 0.125 Low
Typhoon Traffic paralysis and Staff 1 4 0.125 Low
unable to work
Flooding Building 2 1 4 0.125 Low
Heavy rain Traffic paralysis and Staff ) ) 4 0.250 Low
unable to work
Heavy snow Traffic paralysis and Staff 2 1 4 0.125 Low
unable to work
Hazardous substance Casualties Staff 4 1 2 1.000 | High
leakage
Explosion Casualties and building S.taff 4 1 3 0.400 Low
damage Building
Physical terrorism Casualties and building S.taff 4 1 2 1.000 High
damage Building
Infectious diseases Casualties Staff 5 2 3 1.111 High
Strike Discontinuation of Staff 4 1 4 0250 | Low
relevant functions
Staff
Fire Machine room fire Building 5 1 2 1.250 High
Utility
Power outage of Korea Utilit
Blackout Electric Power s Styem 5 1 2 1250 | High
Corporation (KEPCO) y
Cyber terrorism Unavailable IT System IT System 4 1 3 0.444 Low
Compuftae”rurneetwork Unavailable IT System IT System 3 2 3 0.667 | Medium
Commgnlcatlon Ur?ava.nable I Utility 2 2 3 0.444 Low
failure communication facilities
7150] £80%]7] st AFHQl 7AE, QI IT AJAHL 2) Alternative facility strategies

Quele], Al 44, AW, AE L FIEe ARG

Q9] o]go] of2fe

g0z stof Aol W

7152 9xlsh] 9fst FA9] The ue, 1%

4 o o] 540},

24 7159

Nl culstol oAl Az 2 A

) Aleke oRisto} ac.

B AT TS GFRAY AT Bt A% bt
WSS Alol, 771 A A5

Fdol 7}

oay s 9iel

Yooz "R oAl A, oAl Al Aol oS

BARH

2ik2 Yepgick

1) Alternative strategies by resources

x| Al O] oA O] A A9

st @

£ Alle] ORIk Olishs 7oz Hrjsos aqe

F4 Aol AF8st Azoltt. QM 71T EAS E
8] E5% 7]=Y(operational name)y} E1Z217|7F
(RTO)= Ard OiAl &= 23 Aloll &5t o47]
oA Z1S ARl APEE 912, Me] 2 gl IT
AAEL ABE/AR OAS AR 5, 7} OiR] Heg

iR A1A Azre B]@A 2 80] Kfuo] WS
/\

o Met Aoz o] e AT FU R E -

T150] A& 4 g AES QuFi) B ARoA
3670) TR Aol thgt £ALS: sion, 7} o] Al
M2 09§ PC, B 79, A)/0l5AT/ARZE IT A
28 BT 87 ARAY] 9 58 R AUS Y

UeRJ9IcH Table 7).

3.2.4 Continuity procedure
473 AR AN = 9

]Ol—ﬁ

ChgHE SPHAIY AL B0 T2 B £4E 2
oot e S J1Re 54y S 590 9

A|7HS Aokst 22t
el xRt 71TrL47ﬂOl*4 gt 5
AollA = Hadk 2ol 7l
2l pxet ARUACIIS

WA 4 erg AAJsIT

owva

1) Accident management structure
AR TAE AL W Aol 7 K]
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Table 6. Alternate strategies by resources of “A” City Hall

. _ Equipment IT System Information medium
Operational RTO e Current Plans Raguiled] Current Plans Raauiled Current| Plans e Llee
MEIS (PO time time time

One Utilizing Within |Local financial
Budget work da 1 - backup three management -
y server days system
Management
of the . . . .
. Cooperation| Within |Administrative Backup
operation of | One ; . . A
1 - with three information - using
the Veterans| day . . IT .
) another city| days system Immediately alternate |Immediately
Affairs system
storage
Center
Management memory
of social Cooperation| Within |Local financial
; Three ;
security 1 - with three management -
. ; hour .
information another city| days system
system
(Continued)
Table 7. A list of alternate facilities of “A” City Hall
. A Spare | Employee | Space scale Distance IT system Office
Al iRsliEs PC PC (m?) / transportation / time access status furniture
“A” city central library | 92 26 12,268.00 2.21km/vehicle/9 minute Conditional available Existence
“A” city “B” library 82 19 2,927.73 1.09km/vehicle/4 minute Conditional available Existence
“A” city “C” library 34 8 1,316.90 2.09km/vehicle/7 minute Conditional available Existence
“A” city “D” library 20 12 1,569.00 4.72km/vehicle/12 minute Conditional available Existence

(continued)

I ulA 7 Aol alal et dgrg Al
SoY5HES: Sfjof sh= TAlOIT. of7]ollM & Atalde]ef H
Hsto] vldeAlER, S2ARRE, 7SI, teAE
B AIRIRIAR, YRS Rslol M} 3 of=o
71] _Q_:rL L sk} RHOlS L}E}Lﬂﬁiﬁ}(Table 8).

- 1= 1Taas

(e}

Table 8. Roles and responsibility of “A” City Hall

2) Communication

ARUAR) Aol sl 7|22 o ojsaRt
of uly gletohe Ak HAtete] ARUARIA A
of oish Abdlof JHgsliof gttt & ALollA = 7] 5A 47
AR 5 A7 1% A ARY ARUAeld tld H U2 Uie

Classification Person in charge

Roles and responsibilities

Emergency control headquarters Director (mayor)

- General tasks

General command division

Integrated command team

- Strategic decisions

Operational redevelopment

division team

Emergency facility recovery

- Emergency facility recovery and resource support
activities

Response plan division

Situation analysis team

- Collecting, analyzing, and setting target priorities in
responding to disaster information, and forecasts
of disaster situations

Resource support division

Resource support team

- Manpower support team: field manpower support
and resource assembly area operation

- Equipment support team: field necessary equipment
mobilization and support

- Facility support team: field necessary equipment
mobilization and support

Rescue / suppression team -

Rescue / suppression support

Field control team

- Evacuation plan support

Field command division
team

Emergency pollution control | -

Emergency pollution control and resource support
activities

Emergency relief team

- Emergency relief and resource support activities

Emergency medical and resource support activities

Emergency medical team -

(Continued)
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Table 9. Communication target and contents of “A” City Hall

Target

Communication contents

Field response team
Damage investigation team
Emergency recovery team

Emergency
behavioral know-how

situation,

emergency evacuation, results of action,

Internal Operational redevelopment team
Employees Emergency situation, action results, behavioral know-how
Employee family Emergency situation, behavioral know-how
Superior offices Report of disaster situations/response, regulatory violation
Public offices Report of disaster situations/response
Police stations Peripheral area control request, crackdowns on misconduct
External Fire stations Fire suppression, supporting the evacuation and rescue of people

Hospitals

Emergency relief

Cooperative organizations
Communities

Damage status, request for service and resource support
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02 RS, ARUALINY o) o AR ],
BN, AN, 2WA, 9, BN, AR 78
8ol 7F PR ARUARIA W82 ARIsHC,

IV. Conclusions

2 ALoflM = COOPe] 7iEx} £ slilAtlE RASEH
1L ojof] A5} st FERS 7idste] L2lu2t 5571
o] COOPg = % A8-2 At Weks WANGHIAL 519
cf. COOP ®1E319] 72 ul=, 42 59 sierEl=
Azsilal, 7idet COOP ’IES S vl o g AYARR|H
Al % 371% A" A8E tdor AF RAME AlAolo]
A Hgs) ugron & olo] Aze rhedt Pk

1715 282 58] Ueht Z7]E ‘A AR 715
2 107712 Uehg, 7 7150 tiste] B18m7)zke
SARE oWl / 19 oY / 1~3Y o]y / 3Y~23 oY /
25 olfor FRst A ZAR Auh, AR #E|ot
3Ro s Hed FEEAIY, FESHK|Y, 584l 7]

& dAo|u AN WY 4~ gle 71seR, Vs
g A&sH 542 vt Y2 ¥ 4 At

2. 371= "A” A9l AR el 9 A 4~ 9l
+ AdaRlozE= AAl, AAl6HY, B, 84 7l %
GAF St 22 AFAREESE ofYet | A, B4l WE,
o6, Y&, &= 5 Z7P[UAIAQ] vfelet HHY St
SO2 Qe ARt e® UERgT) ofd T FEH
(impact), ¥l&Z(frequency), 2] ZF(management
level)& o]gsto] 2JA3 X|4(risk score)E Aol

ro

rok o

i o
11

A, TEirigol Aol BoE AR vE, B

—
= HE U559 502 AAED 2R 9de
A F g23 Agvt 18 Ee 2ads

o
L- T
225 g, 29, o, YHo2 ZAslo] Aol %
B3SO o 259 U2t WA oz AAEY

.
3. COOPS 7|29 F/he] Bejmote de] A4y
o o] 7k Z0.2 COOPH Aol 9l ol

AVEHEA $27 Eer S71E Zlo= . 0]=0]

v
e
-

B
my
rlo
=(|DL_:
o
=
X
rr
)
Pa)
Pa)
1o
re
apr
ox
o
T

S 15k 7toleafelo] oju] AFdE|o] Qlu o]F Fl
COOPg & % sl UARF L2jueh= ofA] =9
@Alo1.

B AolA] JsE COOP BlE2lg o] &ste] ZAGH

Ang 5ol 5 SRt AYARIDAPE COOPS &
st Zlojz 4 ik Hekc,

ACKNOWLEDGEMENT

This research was supported by a
grant(MOIS-DP-2015-05) of Disaster Prediction
and Mitigation Technology  Development
Program funded by Ministry of Interior and

Safety(MOIS, Korea).



166 Journal of The Korea Society of Computer and Information

REFERENCES Authors

. | Young-Jin Jang received the M.S. degree in
[1] National Emergency Management Agency (NEMA), A Study on

Interdisciplinary Program in Crisis, Disaster
the Introduction of the Public Institution’s Continuity of =3
Operation Plan (COOP), 2013. <> University

[2] Shin, H., Koo, W. and Baek, M., “A basic study for securing ‘ .

the business continuity of local governments in the event of

and Risk Management from Sungkyunkwan

earthquake and tsunami”, Journal of The Korean Society of
Disaster Information, 11(2), pp.227-234, 2015.

[3] Kwon, J, Yun, H., Jung, W., Cho, M., “Development of COOP
Guidelines for Government Office”, Journal of the Korean
Society of Hazard Mitigation, 16(4), pp.71-79, 2016.

[4] National Law Information Center (NLIC), Framework Act on
the Management of Disasters and Safety, http://www.law.go.kr/
IsInfoP.do?lsiSeq=208135#0000.

[5] National Law Information Center (NLIC), Enforcement Decree
of the Framework Act on the Management of Disasters and
Safety, http:/www.law.go.kr/IsInfoP.do?1siSeq=210369#0000.

[6] International Organization for Standardization (ISO), “IS022301

Societal security —Business continuity management systems —

Won-joon Wang is currently a M.S. degree
student in the department of civil engineering
from Inha University. He is interested in
urban flooding, economic evaluation model

and potential flood damage.

Jae-Wook Jung received the Ph.D degree in
the civil engineering from  Kyonggi
University. He is currently a director of
Disaster =~ Management Research  Center
(DMRC), Seoul, South Korea. He is

2

interested in disaster safety and prevention.

Requirements”, 2012. Yong-Seok Seo received the Ph.D degree in
[7] Burtles, J., “Principles and Practice of Business Continuity: Tools @ the department of environmental health from
b Seoul National University. He is interested

and Techniques Second Edition. Rothstein Publishing”, 2016.

\/ in the sources, transport, transformations and
‘@ . fate of air pollutants including mercury and

particulate matter (PM) as well as disaster safety and

prevention.



