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ABSTRACT

Mallipo is a representative beach contaminated by Hebei Spirit oil spill accident in
December 2007. This study aims to compare the differences of two seasons (winter
and summer) for the spatio—temporal variation patterns of oiling status in the whole
area and divided five regions of Mallipo beach. In the whole area, the decreasing rate
of average TPH (total petroleum hydrocarbon) in winter was twice greater than
summer during four years. According to the spatial variation pattern analysis of oiling
status using weighted mean center and weighted standard distance, the oil
concentration was clustered on southwestern region in winter, however, the TPH was
dispersed in the whole area in summer. Temporal variation pattern of TPH in each of
Mallipo’ s five regions showed that TPH had been consistently decreased in winter,
but oil concentration had not been changed in summer since 2009 except the
southwestern region. Therefore, in order to evaluate and predict the progress of oiling
status, it i1s needed to analyze the spatio—temporal variation pattern of TPH using
spatial analysis after separating data into seasons (e.g., winter and summer). In
addition, time series analysis is wuseful in the regional scales through spatial
partitioning rather than the whole beach area for the understanding of temporal
variation pattern.

KEYWORDS : Oil Spill, Total Petroleumn Hydrocarbon, Spatio-Temporal Variation, Weighted
Mean Center, Weighted Standard Distance, Mallipo Beach

(Kim et al, 2010). 201197H4 9] 724
N =2 FUE Y mEd e S50 v-l%%
7t AEHoR Asste AEFS RAAT
20079 12€ 79 1% 1,800F wpAA A A= A8 w2 edFAE W
W oEHlo] ANYESS] FEE A& fFFF = Ao® yEth 53] 2011d 199
= Abah dAsieit fEe e A% i EEE Hef 3.5ppb, il 22.3ppbE X
BEAFoR Q3] w=2A 274 Yoz H Ql WhH, 699 fit-s%== Bt 21.3ppb,
Fatalon, ﬂlo} A 53X, WE, A 3 288.4ppbEM FHAZE FARCG w& A
gz 5 o ArEdsE LANRAT(H = B3tk
Bk 2009) AP ol e AE sl Ry fste] 2d g Al - ¥4
S840 S EHE S5t flste] =ik HshEls datst AlEE o Aok
B E oM TS (HAE Qap Aol Gonzalez et al(2006)<2 20024 11¢¥€ 23
S el =g O‘ﬂ(TPH Total Q1 <Igkella] AT Prestige F7H3E Ak
Petroleum Hydrocarbon)S =43dt= XA} % @4 vl DDPH(Dissolved and Dispersed
7} A&EFo R o]Fo|X 1 UUH(FESFH, Petroleum Hydrocarbons) £ PAHs (Polycyclic
2012). At z7] YIS fEEE7 Aromatic Hydrocarbons) & Z#3slo] A3
2,700ppb=A] Bl Wl AFHI|IEAQ 8] v F sfiHe] sl Algkel] WE

10ppbell Hlsl ¢ 2 FA7F #5H U0 TR AR wE ®igEs wlwsicth



92 A Spatio~Tempordl Variation Pattern of Oiling Status Using Spatial Andlysis in Mallipo Beach of Korea

Soriano et al.(2006) ¥l AMAsl= &
ol " PAHs Aol thidh A7 Bl
E 9% vk 9ler, PAHs H% 5 7 44
9 &= W ZZ &4 (fluoranthene) ¥
(pyrene) 8] HE&S AFE 7Ieox AEE
2 v|wskgty. T3, Wattayakorn et
al. (1998) 2 efd A=t sjodof tjste] 1993

WEE 199597H%] DDPHE B]&3§ g% u}
o 2R/ A e Fihast dyg v
wapglct. o9} o]l f-F{FE At olF %
AAGAA AZF e el A )
Hol| st 242 o]Fojf ot FihEA W
NS o] &3 A - F3F HsE A4 A%
H A= Sl

GIS &iHEA 7S ol g3t FiHEd W
sholel AFE EAAIE FofellA] AT ¥
rols oAF Al FE o] FAF T (FAore} A
4, 2006; AEH 5, 2009). s Foko
Ae e gl B35 29 Al - 3HE
HEslElS A7) S8l 729 Thseiks
A EFAAEIAE o] g3 Aldlyt Stk

T A A S A o
steto] Bosty. f{ifE A dEe
& vt Asier sine] B¢ sk =
S2 QI gk PAEAR oFolA 9l
W, 53] weEs Ak A8l v
dploen AFH Ao QAF &l AR
AE fado] AKHoz AP Uy
WA 2005). £, FACle A

2

R 77FA

)

(e offt Mz ol M oot o o A poh X okl i BN pZ

Msoz die] BRrt s
S| E e T A wE
Aol g2 A yehdth (AR E &, 2010).
wpbA whEE S EgT o] AdE A
213 A EAo] Mz U2 AL AE
A5 55U f59 ¥sk vwrt 2

>
o
o)
>

m oft o

ol S5 s 2
o AzHE WEA B A
A Qelst wE gojow P
st BAG A A - FH WEIEo]
o g Aolg MoliA FIHEA /ML of

Ao a1 19 a)gh 2o
$1% 36" 47 N, A= 126° 8 Ec] 91X
st ol FHEE Hiekr Adw mge]
2 dEggolry. ¥t £A4E A% Wl
% 19] b gk o] W s A Ao
2 Aojaint. 3, g sl welEs
=& b el EAeta STl (A
5) & AR QIS sl ko] iAo
= dgeA oe A9Hd 540 EAw.
urEb A Gl @A AdHQl Al - 53t
4 WE 545 7 vustaAt A7AS9S
571 4o (A~E) o2 F3F B3t

[} .
B s 2008dHE 20119744
FAQL) 9} sAGE) e v
32~5671 A HelA AFHT EHAH =]
ANEE olgslth ¥4
Aol SA] sll5 ol EA8HE
o] TEE JPEATIE ol gk 3
(Lambert et al, 2003)& =3 TPH
St (HEN SN, 2009; HEF
2010; FESfFER,  2011; TE3NG
2012). TPHE @#fjokolA] AFAZ oz & &
FALRE fYHE Fo LAEARA FR
o, A, AESR, ¥ACHE Ast 291 o

o
& ddste 7150l ¥ (Gesamp, 2007).

L
:C:l:‘,
b

B
o B
of ML 3 Jo o Jo

iy o Mo orlo A Lo

M1 X do fz 2l oX (L

ay

o - :‘1

£ o

AT

A A il Ao % st
7] S B5E FEEE @e 21 A9
Wasle] T A FREIAEE ALe



=2
rn
Mo
1%
~
od
M)
Fet
bt
&
o
od
i
o=
e
el

93

126°0'E 126°10'E

126°20'E

o -
S
()

%y 375
Oil Spill Location @ ’

126°8'0"E 126°8'30"E

36°47'30"N

(¢)
\g\Q
Light House @’b

¥
LE%
®

Ll
(@)
C
X
m
9
1
>
2
ro
o
o
m
%
4
1o
03
10
ﬁ
ﬂ
)
o
x
T
0H
[~
Al
ok
08
12
o

ok m=3h Sk sl el B %
T2} 5 VN 2EAARE AHEsta, 7 OAE
o Hit FEEEE AolE TAFOE vl
7] 93%te] K—S(Kolmogorov—Smirnov)
ARS TR 7 A Hd fEsE
(log scale)2] AJzte] w}E W3lael vl w e}
ol 2t 34 AHY fFiEsEE AR
3h= 7335 4) (weighted mean center:
WMO) 3 7t 2F A2 (weighted  standard
distance: WSD) & Al ¥7H4 WAt
= Hlwskink ofee] RHE @9 A 94
Ql FAFolE nlwetr] 98 S/E 2

A Geld et fEEEY A sk
© EA skt

i)
s

fu

Aol

K

LY

r-‘%

o

[

(@]

—

)

N

N

2 ]
>, _&:
NN
% 3
og ok

StAL Apge dist st FAE
HF B AdFdME TR s 9A
7}% B (inverse distance weighted)
o] g3t 524 (contour) EFYS] A=
ztak gttt

A&é
"
2o o i 3e

7 s A #5%
A Z2Z% AAA AZstuA AMEH
A (SFEATY, 2004) 024 7
9] A%, ul ZARAIW A" b A
sk ¢} o5 A g3kt
o] AIZHY wAskE vl

it

<faliA



94 A Spatio~Tempordl Variation Pattern of Oiling Status Using Spatial Andlysis in Mallipo Beach of Korea

ArcGIS 9.2(ESRITM) £& o434tk
Fs%d (mean center: MC)ol#t 7]3}8H4
o] IR TS vk, WMCs
o] 718kt 1A opdEt A7} 7HA
e PSR R ol &5 FEe T4
13t (Smith and Goodchild, 2007).
M= ¥ 19 bk ol A7-A Y
& 7letetd F4s MCE A
1om, MCe ARAL 24 13 2k of
71 Xme, Yme = MCY x, y #Ho|i n
AA AR S xi, vi & AA AR F i W
x, vy #EE v|dt. g A A
e #A3 HREE ol8ste] MCE

N

¢

2

2

o b
o oX

Eore
oo

10 O iz o rf N N ol rlo

ol
il

;O

M= (ZWZ%)‘(E’W) ()

WMCe] Aiba2 2 29} Zom, of7]A
x, v F3xE} 7t w5 AA kA §
o7 W #e Htelth Xwme, Ywme
WMCE x, vy &Folr, wi 7FEx2A 2
of slgsl= &4 el

b rle

Ewixi Zwi,yi
d (2)

LA —
Ewi Zwi
i i

= (Xwme , Ywme)

WMC=

EFAAA(SD) = 2t HE°] MCE H-H
Auht FakEo] QeAE AR YERE
A4 Weltt. FEAXAYY F4F
So] WAtEe] 9low, RFHAAYE HHA|

FOoE sk 9& aHoEN MCEHE 7+
Ase WHEE ¥agd & b
(O'Sullivan and Unwin, 2003).
B Ao es fEFES 7FEX R o] 4e)
o] WMCe| o]&sltls& R
S FHoR fFio] Eakd HEE YERYY)
A

flstel WSDE 8 314

A& 1#sle] SDE AAtel= WRoEH
Fo] 1 BISFE WSDE 2 e 7HH
H, ¥ T fEo] FHEH Bx g
2 WSDE &2 #ks 7Y WSDe At
=] ] 1

i

Ewi (z; — Xmc)* + Zwi (y, — Yme)?
WSD = :
Ewi

—~
w
N2

N
MHI
e
02
12
%
30
i
10
>
oK
)
e
_}'o_ll
§='
rm
o
El

:Oé
N
o
N T
lo
fo
N
=
ok
1o
fol
2
o

of

Lo
laﬂ_lﬁo
o o
5 G
. )

o o oy M

o bo
o
o
- -
o, Fio‘i
N N
ey
SIS
£ %

T
3
I
o L

R

NFEOE FHHYOM, B
1070 o1 A3

o8 Ayl

=2

o o

B

w
VU(T){_“ »-»ZB
o [0 % o Oh X X fo Ao o & N

o

2
k
il
12

Flo Jh
o
=

X 1o
8]
et
o

22 o R A

1)
2
:Cl)g
rO
ot
o
rC'
=
2
[
a1
=
1o
N ot Mz
rﬂ\l_‘ m

gate] wE AARAL A~EAA 571

[}
EFejmon Bystdh olgd A% 74 9

9% oz Awd BAG A BE f
BEng Austel geus T AEe A
F7+ WshlE S Wl



TUEY TS o4t HElE A AT T WH 2N/ URE - AEd YET HEE 95

Za 9 E9| = HAANE sHAlel= 17 29] h)9F Zo] &

& #WelA fE=rt 10ppb o]l 29

1. Sz} B 3 SHE Aol wEH o] 201093} o] FARG T

2008 19%E 20119 69714 whal % W2 2R Yol YERRTE

ArEgA 2R fE AR ol gt WX fiEm ARE ool A 4
a8 29 g GEEIACE s dzke] A et s sl 640.9
ol oJolo gHl) 1,000ppb o] Aol ppb, shAlCl 111.0 ppb O]U%, ErdAeE §
9odo] Ask Hojolw FLHA golo fEe Alell 5,852.7ppb, kAl 754.8ppbE F 7
I} B g 9971322 10ppb )5kl A Ao Py HA= F AolE B o]

oot

AbaL 27191 2008dell= 19 29 a) 9 11
H 29 e) gk o] FAG A BT v
Aol 24 £ %E‘—%Eé H"ﬂob} AZE
of Aol wel F Ad BF FE FE7t
LR 2009%377PX]% A
stAlell el e @A o] o W &
wolou 201092 1§ 29| g) 9 o] A
b EACE 29 o % Bl o ‘538
d Aol #AEHU 20119 FAE 1
29 d)oF #ol F AHs AL B Xl‘%ﬂol
Fi 557 10ppb o8tz AA HatE G

Ph OHW

il

Po_

Jan. 29,2009 -

a) L
Jan. 22, 2008 '

Winter
e) N
Jun. 9, 2008 Jul. 22, 2009
Summer 4
\.' p ‘

FIGURE 2. 447H2008 ~2011) SA 2t otA 2t2|x

b)

A=k

Z31& WHA717] 98te] THP A&
1 RS SRt

ATNNE BAK A AL P
o el

Ol-ﬂ m
=
o
—

%\*E‘r. 4979 %‘ﬁ FisEs

olm, &tAel 1.03ppb(log
HAx}= ZA o 0.88ppb (log

ppb(log scale)
scale) oJt}. ¥

scale), stAl°l 0.68ppb(og scale) ]t}
T oA AA fEsE Azl oigh

K-S #3443 #AAZEAZES 0.08, Fogds

) d)
y Jan. 12,2010 Jan. 21, 2011
"+, TPH (ppb)
[1<10
[ ] 10-50
[ ] 50-100
[ 100-300
[ 300-500
I 500 - 1000
B >1000
9) s )
Jun. 17, 2010 Jun. 16, 2011 g
A
0 150 300 Goﬁleters
NE-SEO HAEEH |FE(TPH) 22X =



96

A Spatio~Tempordl Variation Pattern of Oiling Status Using Spatial Andlysis in Mallipo Beach of Korea

TABLE 1. 34, sl mE2l SAXE

Year Season N : Io;Pt';'argz?:r)med K=S test

Mean S.D. D p—value
vews  Summer 195 103 063 005 o1
008 Symmer a5 oo W o
N R S ohi 0@ oo
2010 SVL\lfrlrrllrtIfér ﬁ 8:2(1) 8:;8 0.18 0.43
0 Gummer 3 om 051 00 oo

(p—value)> 0.51Z o+ 0.059014 F
Ad Hd FEsEY Zol7t A ERSTL
ANl dmE FoAES B 4y
2010 =ell= frejgtEo]l 04322 F7%
stAlCl Fte]  Aolrk gllou,  ymA|
2008, 2009, 20119 A$ BF Fol¢+
0.058 T} e FolgaEs He 7 A-e 34
i+ FEEEl 27t ol Ao®E YersTh

Log
Scale
2.5+

2.0+

1.5+

1.0+

TPH (ppb)

0.5+

2. MMIYY REZES AlZHH s} miH

20079 128 §F4E A olF A%
S welE e dAEd FF i
Wk % 33 2k 2008d# 2009¢

AL A R EErt sHART ¥ =8k
L 201092 3% 13 o] F AEe] Wt
Bx=% zto]7b 0.01 ppb(og scale) & 2+
WEle Btk AT 201192 FAN

flo Jo [0 rlo

—@— Winter
—(O— Summer
—————— Winter Trend

'''''''''' Summer Trend

0.0 .
2008

o
(@)
C
2
m
S
ofn
>
10
_O'ﬂ
R
g
il
e

2009

2010 2011



k o I [S i |

1) FEFEY 7HE3E4 ol A4

A sHAS] A WMC 37t ol&#A4
I H FEEsEE A xds] Sls 4
WMCe] fIAeA Byt fitsEs WEE
2 Uepit (™ 4). 29 4004 WEAE
A2 97 Om Oom) e welE H5-EF A
A Agel B FHl S MCE 9

Log scale

2.16 ppb ('08)

n)&t, zF A17]2] WMC #¥E MCE 7)&
Ao gt AdiAgl AXE oulsitt,

Al WMCx Ak 27191 20081
MCoIA Bl 7M7he 3 (=49m, —10m) el
AT o= WY A Ao FRFL
b BE =7 wEolth o] 2009d
2010l = Ho FE5rt AHHew 7
ZatHA] WMCZF RHE o AR ellA wie
X SO fAS PA] SHO R o)Fdhe b
HS B

S fFFTE AL ol F oF 671€e] At
2008 sl Qo S ekl ARAb
i (-118m, —130m)el X&) o=
a9 29 e)ellA sk o] whxE T W S|
WO it Tt sAIekE Apol7E AL

!

WelE F9 % ¥E A9 Farh we) of
Foil7] WEow weHAT. o F 20004
- 50

0.82('11)

0.54('11)

-150 -100

(m)

0.81('10)

-
-

------------ 0 100 150

@ Winter

L -100 O Summer

- -150
N

A

L -200 (m)

FIGURE 4. 342t s 2| E Ed REsE(TPH)2 37|12 7I587tsd 015 HA



98 A Spatio~Tempordl Variation Pattern of Oiling Status Using Spatial Andlysis in Mallipo Beach of Korea

7 2010619 SHAlell= FAI9 EA WMC A& ARL 49 <1 2011del= 57
7b So W s BE sow o)%st 9 A EF WMCrF 979 EZo) 9x)3)
= E = H

Hel-& Bk

2010d7k4 WMCE] olF# Aol AARid S
of $IAgk Ao Kol thE Aol vl F Wl v o8 Ad9s Adyez
o W e fFEESES O =4 FAEA 3] A dERR7] vl
S5 ¢ & Uk BACE 5% g S
o e W] ftol o w2 REdES 2) FEEEY IsEFAR H3 J"
Hola, sHAlelE ol WEF siw ¥ ohygt A A 4 AR R EEE Ut
5E dNeAE 2409 A$It AEKFHow FAR s WSD W3t dele 19 59 ¢
o] wel WMC ®E3h BEz0 7 o]%3s} . WSD7} =29 whelE A4 ZAPE Aol o
= Jhs B sto] eyt FFHAeE 1§ FAEEHY
ol FAlol WL siet e sl 3 Aths 2g oJulsk, WSD7F zhow A4
Ay % die] neEz dAoz Qg o® H2 TR fwo] XYgHow A
odo] Sof W apE A B=d Zo o] ®Bxshe oujditt FAl= 20080l
2 HolH, A ALFA FEeEd Ay WSD7} 603m= 7 A JEhT, o]%
2 Qg ity AR A" 55E 54 2011del= 523m7HA] A&F o' ZpolA| =
ek ginle] fAEo] BF el e 5+ P BTh sAlelE 2008 548mellA
AEE0] B ETZFoE =y wEo=R 2010d 591mol o|E 7] &R0 2 AX|
F % = JeS Bk

—@— Winter

(m) —O— Summer
600 -

570

540 -

Weighted standard distance

510 , . ;
2008 2009 2010 2011

Year

FIGURE 5. A2 5tA ot2lZx SESZ(TPH) ZISEEHE(m)Q HEY 3|



FUEA TS OIS T AR B WE U BH / Uk AU Ve AR 99
2008 A%H  20106d7k4 FAI9E 8HA 9 WMCe| olF #AHS &8 & Ay =
WSDe] =7] W3k ANEEA YERsTE o] S Zhesttt. &, W S-S 2ol
Aol wEw FAlddE ARke] Ades o et WEder Addits Ad 21ow
FoAe oAt £t o 2ol A9 = D AHHYd sk #4 ddes B
Aoz IAE Wb, sl 2] A ojm, 2) WMC7F &3t541]l €4 MCell 7}
Aol et whEA Fastel Al = ZAIAWA, 3) WSDZF Ad o 5 37HE
AAFAA fts o] Apol7h A4 okob & B wSE w2 dhevh
AHEl o e
4. 28 G928 RESES Al - SZH #HE IiE
3 frEeme 304 Ws A 4 % 62 s el BRI fE%
T el WMCsE WSDe] WSt RS B ol wgegg aegselth. 1% 69 a): B
wakd o3 2k sAlels 2010974 Aol §ien wmaam Al z7]el 20084
WMC7} vbg] 2 Sl ®& sRior o]Fstd o] 9ol E= ok 3 ppb(log scale)@
A WSDZF Zpeprlic RS 23t ol A o p qere) majA) we wgth BAE 57
AAow FEshs dadiod, Ao Jolo ] A &Aoo SR} 7hasl b
2 o W sRelN FEsEt SREo Bl nolon E3 S wak gwel g
Bxsh= e ulgth AT Sl E- 02 9ol nle] weE 7ains no
20109707 WMC7p Wl g2 522 ©f g po11@e)i 570 ozt Bt fsnd
oA EA L= W E WSDZF AA = A o)z} Al glglon, BE &4y 9ol
F= BTk o= sHAlel= wdl W W A7)%212 1 ppb(og scale) ©]3H7} LSt
W ootE, MRS BH AAANNE SE g g9 69 b sAe e sk,
frieish Afstel wakd FEE AME 45 zo19 2008de wmd wsd B
sk Zlolth g 201149 FAIS sHA gEETE par) o]F 9ol A~D= 9o |
s WMC7E §50.% olgsldd WSD7F o mstel we gassgs 7b4 20004 ol
Aot e mETh ofS EU® A 5 qppn ojste) frwEE ngth 99 B
BT oeH R NS el o oge) male] 9 gh $EF Rolt
aragot S AT o] Al oo11yee gE 99 nsw A e
e i et A AERE gon. spele st $E gay
e 5 9. | 9o Bshs @el 99 A% 99 Dt
A R 3elA oA B e gp09uny, 99 B 99 C 201097
£ o] &% Al W3t Y-S vwst Ay AE GEETIF 7425 o3 H]ZEA] =
AL o7 ARl Hadhs Jds B HES W)
ot S An Al AT A% we A% A G e WA
F NS L9RS BAZE AGHORE B ngg A 9o BE Aln 27 4 2@l
TS & 5 AUtk webA B FEF AshA urAlE K odo|gl o Aba w3
e s guvtew 294 AHS AR o) gupg Aol e 9w nsw fi
Bl @Ea] olegrl, 334 W& A A oo wgy wa, sl SAd e
HE WA A FoF At FREE Page] Agkov], 2011419 3§
oleh gol Fehid 719l WMCk WSD - ne goey frwmst SA6 e #e
o s AR w4g B edE A9 B pog net oA BE o AR 23
3 AT AEE AR S S B o,



100 A Spatio~Tempordl Variation Pattern of Oiling Status Using Spatial Andlysis in Mallipo Beach of Korea

Log Area
Scale Q) —0— A
o -e— B
A C
—4— D
= 2 ] —— E
o
=
T
o
B N
2008 2009 2010 2011
Log Year
Scale
3, D)
3 21
&
o

2008 2009 2010 2011

Year
FIGURE 6. 2H2|Z £ I A a)2t ot b) &
REST(TPH)Q #Hs}
JE Fio] wEHE oz FHH 2010; 7144, 201D e 9g3bd FA(12) el
2009 FE] 2011d7FA] e & ol At v TAFo] fAst, sHA6~T7TE) el @
7174019 wlEgm = (7174, 2009; 71784, Fo] AEATH(IE 7). ol AEFTY



FURH TS 0143 URE 42 A-FT UE WY BY / U HEs URT - NHE 101
Jan. 2009 3 Jan. 2010 N Jan. 2011 N
w E w @ E w @ E
6 s 8
9 9 12
. 12 12 16
Winter
So 3 6 9 12 15% S o 3 3 9 12 15% S o 4 8 12 16 20%
Jul. 2009 N Jun. 2010 N Jun. 2011 N
w w w b -. E
15
20
Summer _
So 4 8 12 16 2% Sao 7 14 21 28 35% So 5 10 15 20 25%
d(oﬁm
3 —
(%) J) ! !
6.55 345 ‘B.DS ‘13,95 (m/s)
FIGURE 7. S} st712 M4k 7| ATH BIZHAD| £ (20095 ~20111)
WEo] vl sue] wE FAllE &7 ol% Btk T 2010G7HA] AIRFA Wi}
WEFor HAAZ|AL sl FAAE W2 A9 e9Gst £ Aol Blsto]
AeE F4 Thedit F ol wes AgEgon], 20118 s

g0 ¥ A=
B AFoA= 2007 FHlo] AYHE &
FREAILRE JE Y2 WX S-S
Aoz HA ddx 5719 B o=
T35t T AR (FAYL ) Y FEER
AZHE st e 374 WsleelS vlwst
Sk AEAA BAVIES vEs e ¥
s T 2EARQ] IS VS
ol g3sto] wh X SFEe] FReY WE
S B4 Fo Ays 83 @)
AR, T K-SH4 A3 S48} st
A F ALY H FEsEE AR A

Bt et ARG =4 YEeRs

374 W3 oY B4 Ay 5 oAE
A= AR or BFSe dAst
Atk 201097H = A2 294 o]
1 ez FHEE HEs, sl
Hele Bk 201198 F A
el wls) ol @ sHe

L Ae noth
o
&

=

E=A,

=
=
=

Qo] AA Bt

olt El;
=
o 2
12
L

S
off
ki

1
m
O

(e

o
2
™

3
o
+

2 o o
[ o

N
B N
o o,
32 o
N
T‘l ol rr N
gl
=2 ox
e o
ofl
fr xR

2

SHA|

f



102 A Spatio~Tempordl Variation Pattern of Oiling Status Using Spatial Andlysis in Mallipo Beach of Korea

2009 o|F =
A BAF FFO
FAo] Qofuh Wk &1 W aule|A
HA@A] LA, Aol FEEF A
F AR Q8 S BT e E3F sl
e FE FEE S BROT B
gk,

o9 2e ATATe] wp=m, vl E
sgolq A% ale] A AlF7A
PRI Aot e ® oheh, %
M Ao A0 0 A
WsEe] thge & 4 gt
Aok S Aol A2 AR sk xm
mow AT GFL Wi Asiekld 1

Aol vepd Zolg Azker) e *1 A

)
ot
A3
ot
Y
0
32,
o
o
|

N

.

%

o -

@
—1N'r-1mr£rzﬂio§$1:o}mmﬂn$"m91° ro;‘gomﬁozizlo—w

el el fReY mUHPE 3
A% BAS s 2t AFHOR X
Hojok ahvl, B Aoje] AL F]
2 oogee ARAgel BE = g
P BEe BR AR U] B
e o & Ak obgd FFedd 3
A9 ek 34 @ A2 s8] B
M 8% ARG FF TRI
UE F HReQY 9T we o A
o gl dEAE EAt s F
wxel A -3 | $H5 gL
7HHQl @7} st s

o 28

SEQITY. 2004 FRHEAIIY. ot

STEHURE. 2009. A TFFAF 2 AU
A BAAT 2008, 145—148%,

TR, 2010. 72 FAGITEIF U
S EAAT 2009, 65:168—174.

HESGT 2011 el ST U
AR QAT 2010. 65:175—176.

Al
i
:OL_',
%
-z

. 2012, fRe9d APy U

A EAAT 2011, 65:112—114.

(‘

71747, 2009. 7134 E 149, 79 94%,
71787, 2010. 71732 K 14, 649, 94%.

71745, 2011, 71749 R 14, 6€9. 95%

79%F, 71387k 2009. FAEA T H3)
49-50, 87—88%,

AR, 49, Fe&, A7s, duw, Hd
. 2010. *Fo17] FrdHd2(0SL) dﬂ%
e Se W Ejk Al gk
Hl At #48k8] %] 46(3):207-219.
AeE, HAS 2012, FFed ZUEHE =

59 GIS FAIE A= Aap 79 A g
21 sts]#] 15(1):1-15.

o

é _|th r’o{'

¥, WAk 2005 w2 SNIEH =9
A7) HART. F=AGEI A 12(2):87

5, AR, 2011 Ao PR WE B
grale Z34ed AFd wWE g
B3 =AY 1EkE] A 14(4):182—-193

F4ok, PYE. 2007. AHLE Aol Yol 9
T FAE NS 018 S w34 B
¥ AT @RAYREIA 10(2):11-21.

Fg2), A5A, WgE, urEek 1996, A

Ml alinlelAe] EAA-ge] ARs)
Ocean Research 18(1):37—45.

GESAMP. 2007. Estimates of oil entering
the marine environment from sea—based
activies. GESAMP Report and Studies
75, UK., 48pp.

Gonzalez, J.J., L. Vinas, M.A. Franco, J.
Fumega, J.A. Soriano, G. Grueiro, S.
Muniategu, P. Lopez—Mahia, D. Prada,
J.M. Bayona, R. Alzaga, and J. Albaiges.
2006. Spatial and temporal distribution
of dissolved/dispersed aromatic

hydrocarbons in seawater in the area



ol-l']
=2
e
Mo
1
~
od
)
Fot
bt
&
o
od
i
o=
rie
)]

103

affected by the Prestige oil spill. Marine
Pollution Bulletin 53(2006):250—259.

Knauss J.A. 1997. Introduction to Physical

Oceanography. Prentice Hall, USA,

309pp.

Kim, M., Y.H. Yim, S.H. Hong, J.H. Jung,
H.W. Choi, J.G. An, J.H. Won and W.J.

Shim. 2010. Hebei Spirit oil spill
monitored on site by fluorometric
detection of residual oil in coastal
waters of Taean, Korea. Marine

Pollution Bulletin 60(3):383—389.

Lambert, P., M. Goldthorp, B. Fieldhouse,

7. Wang, M. Fingas, L. Pearson and E.
2003. Field fluorometers as
dispersed oil—in—water monitors.
Journal of Hazardous Materials 102:57—
79.

O'Sullivan, D.
Geographic

Collazzi.

and D.J.
information Analysis.

2003.
John

Unwin.

Wiley & Sons, USA, pp.80—81.

Smith, M.J., MJF. Goodchild and P.A.
Longley. 2007. Geospatial
Matador, USA, pp.79-80.

Soriano, J.A., L. Vinas, M.A. Franco, J.J.

Gonzalez, L. Oritz, J.M. Bayona and J.
2006. Spatial
trend of petroleum hydrocarbons in wild
mussels from the Galician coast(NW

Analysis.

Albaiges. and temporal

Spain) affected by the Prestige oil spill.

Science of the Total Environment

370(2006):80-90.

Wattayakorn, G., B. King, E. Wolanski and
P. Suthanaruk. 1998.
dispersion of petroleum contaminants in
the Gulf of Thailand. Continental Shelf
Research 18(1998):641-659.

Wong, D.W.S. and J. Lee. 2005. Statistical
Analysis with Arcview GIS. John Wiley
& Sons, USA, pp.35—50. KAGIS

Seasonal




