Kor J Fish Aquat Sci 43(6), 705-714 BhE A, 43(6), 705-714, 2010

Heber Spirit 3. 5= A3l o] %
Blok kool A AERF FE W
APl ] H G A
SYaa o FRA, A AT L AAB7 T,
S PN PN E R

Variation in the Residual Oils in the Culture Grounds
on the Taean Coast, Korea after the Hebei Spirit Oil Spill

Hyung Chul Kim, Wan Seok Lee*, Un Ki Hwang'

and Yong Suk Choi’

Marine Environment Research Devision, NFRDI, Busan 619-705, Korea
'Fisheries Resources & Environment Division, West Sea Fisheries Research Institute,
NFRDI, Incheon 400-420, Korea
Aquaculture Industry Division, West Sea Fisheries Research Institute,
NFRDI, Incheon 400-420, Korea

N

The residual oil concentrations in seawater and sediments were investigated along the Taean coast of Korea,
following the Hebei Spirit oil spill, which occurred on 7 December 2007. The oil concentration in seawater
ranged from 0.059 to 0.866 ug/L for the tidal flat culture grounds and from 0.016 to 0.943 pg/L in the
fish cage areas in 2008. These were dominated by the seawater temperature relationship. Polycyclic aromatic
hydrocarbons (PAHs) in sediments were also analyzed and the concentrations ranged from 3.4 to 509.7
ng/g dry weight. The average PAH level was higher in seawater from the Sinduri area than the Padori
area, while the average PAH level in sediments was higher in Padori. The diagnostic ratio of PAHs was
investigated to determine the origins of the PAHs. The PAHs in the Seongam area, which was not affected
by the oil spill, are of pyrolytic origin, while the PAHs in Padori and Sinduri were of petrogenic origin.
The residual oils in the areas affected by the oil spill tended to decrease over time, except in summer.
The oils in pore water remained 6- to 16-fold higher, as compared to the seawater overlying the tidal
flat, implying that residual oils will continue to influence the affected region for the foreseeable future.
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Fig. 1. Location of sampling sites around Taean coastal areas
of Korea after the Hebei Spirit oil spill. Tidal flat culturing
grounds: Seongam (SG), Padori (PD), Sinduri (SD), Fish cage
culturing grounds: Dangamri (DA), Yeongmok (YM),
Garorim (GR), Hatcheries: Naeri (NR), Gomseom (GS),
Dangamri (DA).
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Table 1. Sediment particle size interval (um, %) in the
sediments of study area

. TOC Gravel Sand Silt Clay Mean_ .. . Sediment
Station (%) (%) (0 )Sortlng Kewness Kurtosis ype
Seongam 081 25 265461250 57 38 04 25  Sady

Sinduri 027 1.0 981 09 00 25 06 -51 480  Sand
Padori 060 02 625225147 47 30 16 46 "’S";‘fféy
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Fig. 2. Monthly variation of oil concentration and seawater
temperature in seawater from impacted culturing grounds by
the Hebei Spirit oil spill, 2008: (a) tidal flat culuring grounds,
(b) fish cage culturing grounds, (c) hatcheries.
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Fig. 3. Monthly variation of oil concentration in seawater
from study areas, 2008: SD (PW) represents the oil
concentration in pore water from Sinduri.
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Table 2. Summary of sea water quality in study area: SG,
Seongam; PD, Padori; SD, Sinduri; DA, Dangamri; YM,
Yeongmok; GR, Garorim; NR, Naeri; GS, Gomseom; DA,
Dangamri

Tidal flat culturing ~ Fish cage culturing

Hatchery

PAMs Unit ground ground
S6G PO SO DA YM GR NR GS DA
Mean 16.32 1643 16.11 17.02 16.06 15.57 16.20 17.32 17.79
Temp. T SF)* 858 817 712 838 783 627 58 779 733
Min 256 248 367 380 340 620 734 616 729
Max 27.97 29.04 2644 27.00 25.70 23.70 23.10 26.80 25.40
Mean 31.36 32.15 32.34 31.63 32.05 31.99 3252 31.88 31.84
Saliniy SD 249 123 235 145 068 043 064 1.73 209
Min 2572 29.21 25.30 27.50 30.70 31.50 31.30 28.66 26.65
Max 33.49 3335 33.58 3270 33.00 32.50 33.43 33.81 3342
Mean 790 785 791 817 828 809 793 804 803
oH SD 017 029 022 026 033 034 024 016 043
Min 761 733 742 787 782 735 760 774 733
Max 818 826 818 867 890 847 828 830 895
Mean 934 975 1013 802 813 820 857 847 986
DO mgll SD 312 412 442 234 217 114 277 243 450
Min 561 574 455 534 553 655 547 591 491

Max 13.50 16.95 19.93 13.20 1324 10.19 13.33 13.88 16.80
*SD represents standard deviation.
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% 26655 ) WEso] FHoERE R 2 3

o el FholRE s 7.33~8.95 Wl 3t 8.00
] Z7F 2 i wels B2 w R 9okl
&4 %EL 4.91~16.80 mg/L Wl 1t 8.96 mgL=
ZAFE A A7 WS B o) SAlo] Fal kAl W
X5 Kol AR, % Fa] Ao A 5~79 (8.88~12.30
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Table 3. Total concentrations of PAHs in sediments in 2008

(ng/g D.W.)
Stations
Months Sungam Padori Padori Sinduri Sinduri
Surface Subsurface Surface Subsurface
FEB 509.7 157.6 119.7 48.7 69.3
MAR 157.2 145.3 46.6 334 35.6
APR 417 121.8 44.0 8.8 19.3
MAY 101.5 68.3 7.9 3.4 21.8
JUN 263.2 161.6 491 7.9 41.6
JUL 211.8 118.1 94.3 7.5 24.8
AUG 147.9 65.1 471 18.6 19.1
SEP 103.1 44 .2 45.0 12.3 14.3
OCT 102.4 57.4 40.2 13.8 17.8
NOV 94.8 43.8 37.2 9.7 23.3
DEC 87.2 36.1 314 7.1 18.6
MEAN 165.5 92.7 51.1 15.5 27.8
SD* 130.0 48.7 30.4 13.7 16.0

* SD represents standard deviation.
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ZAijolt), F PAHsY w2 A7 Aol 22 509.7 ng/g
DW.22 7Md &2 =& Yehlda, 215 A
590l 34 ng/g DW.O& 7Hd @e ww=2 vehligl
Ao 11ME3 5 W3l Folg %
29¥ (509.7 ng/g D.W)o v]$- =7 YeEhd &
7]l 79 (1632 ng/g D.W.)ell otz & tha =
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Fig. 4. Concentrations of PAHs in sediments with box
plotting.
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ng/g D.W.)2] % PAHs®| w57} A vehd e A7 %<
HH29) QA7 vhS 23 7] 8] FFo] Fom, ¢l
x5 JEate] WAL o r BT (Comelissen
et al., 2008). X E 2] 44 o] AHE (sand) Et} YA (clay)2l
SPEkO] =2 Fxg= EF (36.1~161.6 ng/lg D.W., H 92.7
ng/g D.W)Ol A ] FE7} o}3ETF (7.9~119.7 ng/g D.W., H1t
51.1 ng/g DW)RE T A e o @29l Abd B2 =<l
AT E o} FF (14.3~147.9 ng/g D.W., B¢ 39.5 ng/g D.W.)
o] &% (3.4-48.7 ng/g D.W., H 1 15.6 ng/g DW)ET} FL&
FEE Lehhglch

AL o] F F A% W PAHs EE 24 }ﬂ‘ﬂﬁ
B 2/19TNE o1§T HEZHNES Y
7}7) o] FolA AL glom, 29919 Prestiges.
F, ool AeAH AN BB
E| A &9 PAHs 15~211 ng/g D.W. mﬁiﬁ’ﬂ (Franco
et al., 2006), Long et al. (1995)°l 2|&) A¢ted EHHE 7
(sediment quality criteria)?] ERL 4,022 ng/g D.W. ¥ ERM
44792 mg/g D.W. ©o|at& EZ3}I, OSPAR (2000)2]
ecotoxicological assessment criteriag! 1,050 ng/g D.W. HUt}
A3 W2 3hs YeRNAY 18] a1, w5 Exvon Valdez%.
FFE AP A, S Z-F21 Rhepoxynius abroniussS A&
3lo] TPAHsS] H2 % =4 7]%X2 2,600 ngkgl = AA 3}
ST} (Page et al, 2002). EiQFA ] ¥ A Bol A %Al PAHs
o] %+ A 509.7 2 4 3.4 ng/g DW.E FALE O
ecotoxicological assessment criteria H] 3l /33| WX Ao =
ebst.

Reddy®} Quinn (2001)2] A H 3ol o]shH FFALLL o] F
d4~2] TPH ¥ PAHs9] s%=+ 17H%°]ﬂ4 background # o=
Solitin waalt. 1y HA R e AP 847
20 W} HuEE Av)E s w b waaeie
(Carls et al. 2006). Yim et al. (2007)2 -FAFL o121 200013
I} 2001 300 Shar AobA Y 1177 E|HE W PAHs 555
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Fig. 5. Correlation between the concentration of PAHs and
TOC in sediments.
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Fig. 6. Analysis to sources of PAHs by diagnostic ratio. (a)
is depended on station and (b) is depended on time.
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