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Abstract

Polycyclic aromatic hydrocarbons (PAHs) were investigated in seawater and marine sediment from Anmyundo coastal
area after oil spill. The concentrations of total PAHs in surface and bottom of seawater at August were 31.1 to 142.6 ng/L
and 5.9 to 50.9 ng/L in August and November, respectively. The concentrations of PAHs in sediment were 21.0 to 102.9 ng/g
D.W. and 32.3 to 57.4 ng/g D.W. in August and November, respectively. PAHs concentrations in seawater and sediment in
August were higher than those in November about 2.5 and 1.4 times, respectively. Diagnostic ratio (PhA/AnT and FluA/Pyr)
were investigated to identify source of PAHs in seawater and sediment. The PAHs in seawater originated from pyrolytic
source and those in sediment originated from pyrolytic and petrogenic source. The glass, wood and coal origin was higher
than petroleum origin on the combustion origin of PAHs in seawater and sediment. The seawater of Anmyundo costal area
recovered from oil spill, but the sediments of that were weakly influenced by oil spill until now. Because this area is
developed many fishing grounds, demanded Long Term Environmental Monitoring Program (LTEMP). The concentrations
of PAHs on depth of sediments were investigated at station 8 and 10. The concentrations of PAHs were decreased with
increasing depth.
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(HOCs)= 75 ™ w4l (benzene ring) &=
H fr71slekEolth PAHs 3l<F, B4 S, alg A
s G A 7P A AT T e A=
9] shtoln, Wekdat EARodS ek
713 d 2 A elof ATl S ask B
AFEoj gt Lipiatou 5, 1997; Wu 5, 2005;
Yunker 5, 1993). PAHs:= 1% B4 E- izl &2
= =3t 5402 sl A7t RS
HtiLan 5, 2007; Platt¥} Mackie, 1979; Wu %,
2001). ©]2]3}F o]foll A v]=rol] A= Mussel Watch in
the US.A. o} -2 T}kl 2 RUHY 22 73S
2AERAL Q1S ¥Rk o} 2} US EPA (the United State
Environmental Protection Agency)<} - 13l A

Jo wX MU ox

i

§-217 2174 9 454 (priority environmental pollutant)
2 I3k AtiFarrington 5, 1983; Henner 5,
1997; Wild®} Jones, 1995). Z}7+9] PAHs:= 22| 3}
g2 ddo] thEr) UNA S E PAHsE W &5
=9} 3eAd-S 711 WA octanol F-8l Al (octaniol-
water partition coefficent; K,,,) 2 SAT= A5 0]
& sheEo v Z7e] EAbEFeIL S (ring) o] oAt
o WA K, 2] Eelsketa 5A4do] ato] LA
o} ol g S 0= QI all R E A EolA Z17te)
PAHsE X34 UE Fel& W7F3cKFerrares 5,
2008). W=3F A PAHsES W|[AES] Aol-8A
(bioavailability)©] Ho] 4 Bt} @ g F-F3viar 4
A AT Luthy 5, 1994; Taylor<} Jones, 2001).

PAHs= theFeh Rlol| o3l a3 E o= {91
= gy o g A 2 7|ef HAAH o2 QlE &l
A FrZAA T =AY A4 frlEo] el o]
A FEEE AR A4k, ok, 7] e
DSV AR 22 1A LRl o5t ]
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1992).
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Folx glom o]F PAHsE UF X He] 714

EUEHe] v A% sgE=H o845 ik
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Fig. 1. The location of the station of seawater and marine

sediment from Anmyundo coastal area in August
and November, 2008.

2.2. 315 % E14E F PAHs ] ¥4

AV 165 PAHs S 2418 9l3) Uiy-eE4
(d4-1,4dichlrorobenzene, dj¢-acenaphthene, di,-chrysene,
ds-naphtalene, di>-perylene, dio-phenanthrene,: 46955-U
Internal standard Mix, Supelco, Bellefonte, PA,
USA)S #7138k 4= 1,000 mL2S dichloromethane
100 mL= 23] HeNZujFE e Fof 2330 &
AEL X% AE 10 g soxhlet FE7]0A
hexane:dichloromethane(1 : 1) 200 mL2] &2 A}

g3t AR & siGith A7) FEES 94

o] UheFaEEElSlR Ay (PAHSs) .90l w3l A 1423

silica-gel (grade 923, 100-200 mesh, Aldrich,
Milwaukee, WI, USA)S ©]&3lo] AAISIL 10%
dichlroromethane-& $-3F hexane £ 70 mLZ &
=313tk NO; gas 5571014 =5 oF 1 mL7}
A 5535 Ao A FLAIA 50 pLE HE 55
7k

2.3. GC-MS &41=4

MSD (Agilent 5973, US.A)7} 2% gas
chromatography (Agilent 6793N U.S.A.)E AR8-5l
35 2 3l B4 E 5 PAHsE #41519{Th Column
2 DB-5 MS column (length 30 m, i.d. 0.25 mm, film
thickness 0.25 Am, J&W Scientific, Folsom, CA)=
AH8-511 31 column oven?] === 80 CollA 5&3F
A 3280 C7HA] £ 5T A5A1A 280 Tl 6
w3 A AF . o] carrier gas™ helium= AR
3}99t). PAHsT= EPA (Environmental Protection
Agency) method No. 610°] SAE 1652 PAH
(NaP), (AcPy),
acenaphthene (AcP), fluorene (Flu), phenanthrene
(Phe), anthracene (AnT), fluoranthene (FluA), pyrene
(Pyr), benz[a]anthracene (BaA), chrysene (Chr),
benzo[b]-fluoranthene (BbF), benzo[k]fluoranthene
(BKF), benzo[a]pyrene (BaP), indeno[1,2,3-cd]pyrene
(InP), dibenzo[a,h]anthracene (DbA), and benzo[ghi]
perylene (BghiP)]E *¥&sli= PAH Mixture (TCL
PAH Mix, Supelco, Bellefonte, PA)E ¥=2 2 A}
gk

[naphthalene acenaphthylene

2.4. Quality assurance/quality control (QA/QC)

FFUZEZ(SRM) 1944b (NIST, US.A)E &
3k 3| Bl X E PAHs 2] 31582 83+23%1T) 717]
HESA(IDL)= PAHs9] ol w} 0.61-2.44 1
SIAILQ) = 1.86-7.93 pg/LRon BA131
A(MDL, S/N=3)x 0.0003-0.0012 ng/Lo]{t}. ©] %t

< ICH (International Conference on Harmonisation
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validation= ©]-8-3}o] AH=313iT
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3.1. 85 % PAHs9] 5=

20081 8€9] 3l T & PAHs®| 5%+ station
129] ¥ ARolA 142.6 ng/LE 7 =4 Vel
o1 station 39] AF A|FEANA 31.1 ng/LZ 7P o
Al ZAFE AT (Table 1). Station 1914E X5 A&
(57.0 ng/L)7} A% A& (127.4 ng/L) BU} SHA] ZA}
EA L station 2004 F=3} ASollA ZH2F 657 2
68.3 ng/L = M]S| bRt 1e]ar 71 9] €] 2]
oM B FSA RS & PAHsO 557} B4 =
AFE A 11929 3l 5 % PAHsS] -5+ station
99] ¥ AlRolA 50.9 ng/LE 7 = A UERt o™
station 22] A5 Al &0l A 5.9 ng/LZ 717 WA A}
%9t} Station 1 (% 13.8 ng/L, A% 15.8 ng/L)S
AQ)gh e Aol A 3EFo] He ATE HAth 3%
9] FPAHsS| T BX =897 119 Z5F8-12
Aol A et AR s YERIAL A
9] PAHs9] 5% $X& 8Y A|FolA] 12 A|¥o] =
Al vreRd v 119 ARl M= B35 FALSHA 8 -
129] %] o] 7| LEfstt.

djgroll A UubA o & %22} PAHS (light PAHs) =

182} PAHs (heay PAHs)oll H]&ll B L% K, 7} Sto}
S|t =rhar d# A Qti(Ferrares 5, 2008). ©]
21e AT AE Bl o & PAHs O] S w3 54
= AuE ) g b A2 AEA PAHst 7}
stationol| 4] ThsiAl B-E3slaL 9ot ghe] 7 W
2 382} PAHs= AEEA @AY 2% AEEE
Ao % Hol o w7k vl 152 A4} PAHsEO]
[e)

8L AE T AT R AT AR HusEe 27
76.5 ng/L 2 47.1 ng/L= Ao 119 247}
29.6 ng/L 2 18.1 ng/LE 89 9] AlR7}11€¢] A&
o vl3l) oF 2.5u A% A FARE AL SGe] 2
2 71515 Sl &S vA= S8k 8l
o] shEA Y AR F 5 PAHsS] ko] 1199 A
Foll H]gl] =& A& 42 (8€: 24.8 T, 11€Y: 16.87)
2] zjolof| 7]2138t Ao g Al T T Abrahamson &,
2008).

Reddy <} Quinn (2001)2 LuHa 02 (79 AA}
3 A 31529] PAHs ¥ TPHO| %+ 1701€ 9
background valueZ EoRal B35 o
W YAl A B R ZHAT FFAA
L AR HRor A Bardo)l )b Apardkay 3

Table 1. Total concentrations of 16 PAHs in seawater and sediment from Anmyundo coastal area in 2008

Seawater (ng/L) Sediment (ng/g)
Stations AUG NOV
Surface Bottom Surface Bottom AUG NOV
1 57.0 127.4 13.8 15.8 43.1 50.4
2 65.7 68.3 9.6 59 v 389
3 74.1 31.1 16.5 7.7 33.5 41.4
4 57.4 352 11.0 8.7 25.1 39.7
5 43.6 34.6 14.5 8.1 98.9 554
6 48.0 42.5 15.3 7.6 78.9 323
7 52.4 36.9 36.1 20.9 81.4 40.9
4,
8 106.9 312 483 276 Iy 33.0
9 60.6 36.9 50.9 424 97.8 51.2
10 98.4 37.2 45.6 334 102.9 57.4
11 111.6 46.6 47.3 14.6 75.5 439
12 142.6 373 46.3 24.6 59.5 49.5
Totals 918.2 565.3 355.4 217.3 792.6 534.0
AVR 76.5 47.1 29.6 18.1 66.0 44.5
STDEV 31.0 27.2 17.3 11.8 29.1 8.2

* is the concentration of PAHs in sediments before oil spill in 2007
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21 32F =AM Z3] sl U] PAHs 555
ek Aal A A o2 S0 240 - 330 pe/L, 5
o= 50 - 140 pg/L =2 Akaro] A kS 313613
1 HslekEl gk, 2002). o2 gk Ay
Hpgo 2 H vttt 574 2] 9] | & & PAHs ]
F5E 31 50 - 140 ng/L, 57 10 - 50 ng/LO.2 9}
A3} @ ZAow AR EH 31 d Fdl A ZHAAT AL 3
d o} AR sg WHd Zlo g deke) Beet
5ol A PAHsS] 78 HaL 5448 AuE Az
A% HlaA] JAF7]7re] &S light PAHs7} 2ol &
Agh= A¥= slellA] PAHs] 57 O ol
A T oS AARskaL e

€ 11499 sl 259 A3 793 2 744
o] Fel 2 FAIEHAAto| & A H Y| 9late] Akt
A1 (ANOVA)S AAIEt {2 SHE5(P value)E A
HQITE A o] gl i Apols YEhE RTT
A2 vl A 8D 2] P valuet= 0.0461 & L}EFE
31192 0.0018°] ATk BS54 o] 5| w2 2}
o1& Yehll= 88} 1129 AHZE P value 7t
7} 0.7523 2 0.0008 % LEFRTE ©] A¥E 0.005K.
o} S8 Pvalues VERE 89 W 11¥€9] ¥57 A
= Atolo] A g 1192 FHgke] Aok fo
AL gleE Ao s detec

X oL

o

3.2. B4E 5 PAHs9 5=

89 2] |4 & 5 & PAHs 9| 5%+ station 1091 4]
102.9 ng/g D.W. 2.2 71 =7 UERE2H station 2
4] 21.0 ng/g D.W. 0= 7P GEA| LEFRATH (Table
). 11¥9] 54= 5 7P¢ 358 & PAHs 5% HERA
A2 57.4 ng/g D.W. 2] station 10°]%].0™ 717 v
2 FEE YERH 32 32.3 ng/g D.W.2] station 6°]
et 847 1199 it E X E2] 5 PAHsS] s
217} 60.03} 44.5 ng/g D.W. 2% 80| 11 H|3}
o] oF 149 = VRt sigret fAkeE AEks Bl
ol e 4 B4 5] % PAHs 9] = 2ol &
= (¢F 2.59) Ho} ola] E|A &S] PAHs %
2ol| vlal FEFs A A vh= A 0= et

2007 59 R GRS ] A A7)
HAHE A8 5 station 29} 109] & PAHsY 52

ZAVsE A3t 217} 33 4 ng/g D.W. 2 38.7 ng/g D.W.

2 UeRE fRARL o) F:2) PAHS 5l HlE) S
AP mebd S5 0] 591 20084 ¥
AEe fRode] GRS AN WE Jow weky
o}

S} 199] HHE-S PARHE Fa)

Sk A3} 8
23} 1199 P value= 0.0175% LFebaL 2 447

EAREs

9] P valuet= 0.2357% YERY F-olA-S B wat
A A7ell whE Atol= YRk oL S]] Aol=
UERFA] g8 A 02 A= ST

Moon 5(2007)°] ¥t =5 o5l ExAY
2 g=ro] mK(E A E: 207-2670 ng/g D.W.), A
(B13%: 6.0-2,396 ng/lg D.W.) 2 37 (4=
9.1-1,400 ng/g D.W.) 59| Th& A ¢] Agho| H]3)
4= (15.9-49.5 ng/L) 2 EAE (95.9 ng/g D.W.)°l
A Bl vk s E vehditiar B sl o] 9k
Hlas) & ) wioh B2 2] o2 sl 2 B Eel A=
U] TR 29 9] <Agtel] Hlg) vl v = E
BTk 28y Yim 5(2007)°] 2000133} 2001 §F
= A 1177 BHE Akt sl H4E +
PAHs 5 =5 AR 5 Hargk A4 3ol oahd B
ok} oF5 #|99] EXE F PAHs9| =i 77
13.7 ng/g 2 48.0 ng/g 0% Bl 31tk “N T~
T AARL ARFFEPERE A9 Kalxo] ofapd
ARL A 31 91 3} Aol 4] - 20 H A=
& o R ShaSRslRAyPAHs) o] s E 54
A, Afrel AEA| o] AR EAEA 1 FE
7} 20 ng/g B3= 800 ng/g A= AT vt Bl s
AT G521, 2002). o]oll BIs] obA T ¢doto]
X E-0] FE= HA 21.0 ng/g D.W.olA L 102.9
ng/g D.W.2A NZAA5 799 T Ko 1)
&l G ARSI ol e A= Aafeh A5A]
K} P Ao FAkarA| g te] A7t H7
wjizol] J S A A vk 3l 0 = FhekEch

QAL ARbe] EjA &0 F) wlg- A AR
71 @49k o1} PAHs O] 57374 FAlzte] 7] vl
A AN AP B ask A o 2 e t) 2 Payne
5(2008)> 19891 L7l A @S Exxon
Valdez®. F-5ARL - Akl 295 2017 RUEH
gt A sl o] ArA el wEw ARarz]
Aol e] Aef e} 2|82 g7l whet back ground 4k

2
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o7 Folrh= 7|3te] Aol 53] uhrEg A
o2 defzgtel Z2 ool & dE ol A
o]|=2 Long Term Environmental Monitoring
Program (LTEMP)°] 2A3] & 75]& X YJolg} AR
Hr

B2 &3 all=2] PAHsSF] AHHAIE dotiy]
98] BB T3 A 2 AFeNske] HARY
= & Pvalues ARSI (Fig. 2). B4 =3 %5
4= 2 A5G} 3]0l A P value= 0.005 5.

1£20.0775 2 0.7380 2.2 LERL} B2 E-2] PAHs
o] T%¢} 3572] PAHs S+ Aol e

Es
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2
0 :

PAHSs in sediment (ng/g D.W.)

Fig. 2. Correlations between the concentration of PAHs in
marine sediments and seawater.

3.3. PAHs®] 719 %4

39 U] PAHs | 24AS 303k A, 838l
7} o ekl v} A 5212 PAHs 7 & PAHs 2] o
FtS 2ol 8¢9 9 119 35 - PAHs 9] &
%5 %73} Diagnostic ratio (PhA/AnT and
FluA/Pyr) 2 PAHs 2| 7|91& A Hojt) dukz oz
PhA/AnT®] 10 ©]&}, FluA/Pyro] 1 ©]-S el
A7)0 PhA/AnTO] 10 )73, FluA/Pyro] 1 ©]
3= e o] §-77]19¢ o2 73 (Baumard -5,
1999; Colombo 5, 1989). o] A}l 4=
PhA/AnTo] E5 5 o|s}= YEbskal A A station 5
2F70%9] station®| 4] FluA/Pyro] 1 o]0 & FALE
At wpEbA] deoll ke PAHs = 47 ell 7

7he A o] Be 7 o 7 eV THFig. 3a). Li 5
(2006)-& AnT/(AnT+PhA) 2] H|-& = PAHs 9] 7]9S
AL719 7Y o2 B89 9 AnT/(AnT+
PhA)<] H]&0] 0.5 Ho} 28 o) §-77]¢, 0.5 &
o Ax7]¥o®E #5733 Yunker 5(2002)2
FluA/(FluA+Pyr) 2] H]-& 24 PAHs 2] 7195 43}
St} FluA/(FluA+Pyr) 2] H]&-0] 0.4180}F 2hS ] £
Fr1de s BEalelom 0.4240.5 Alelol] 1S wi=
PAE] Aar|doR 05K S ueE e s
L7 SollA 7113 Ao & BFEAT) Liu 5(2009)
2 o] F /A S T8l PAHs 9] 719S
213191 © ™ Figure 3b Liu 5-2] #4HS 0] &3]
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Fig. 3. Analysis on origin of 16 PAHs in seawater with
diagnostic ratio. (a) is relationship between phenanthrene/
anthracene and fluroranthene/pyrene, (b) is relationship
between phenanthrene/(phenanthrene+anthracene)
and fluroranthene/(fluroranthene+pyrene).
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FluA/Pyro] 1 o]0 & ZA}E| AT} (Fig. 4a). Liu &
o] WS 73 A7 9s AR A A
algeell vlsl A& A9 ARAdsEe] At
o] FoJ= Z o0& YEFNT Fig. 4b). o] g A=
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