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Abstract — Polycyclic aromatic hydrocarbons (PAHSs), one of ubiquitous organic pollutants in marine envi-
ronments, are major toxic components of petroleum and are produced during the incomplete combustion of
organic materials. As shipyards are located inside of natural or artificial semi-enclosed bay, even a relatively
weak environmental disturbance by ship-building activity can cause severe damage to marine ecosystem in the
bay. Many studies of pollution in shipyard area have been focused on the antifouling agent, like tributyltin. This
study aimed to investigate the effect of ship-building activity on PAH contamination. Total PAHs concentration
was higher nearby and inside shipyard area than outside, implying that shipyard could be one of major source
area of PAH contamination to pose harmful effects to surrounding environments. Through PAH profile and
source recognition index, the source of PAHs inputs in this area was estimated to originate from both petrogenic
and pyrogenic origin. PAH levels showed a significant correlation with total butyltins, indicating that ship-build-
ing activity influenced PAH concentration and distribution. Vertical distribution of PAHs historically confirmed
the correlation between shipbuilding activity and PAHs contamination.
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kRS Rl A 8l 5= (polyeyclic aromatic hydrocarbons,
PAHs)2 27) o)At WiAlnelE 71 84U Fa3 9d8x

2 f71Ee Aav G572 ARETA A 87 Fel WEEA
Hh(Lake er al[1979]; Wakeham e al[1980]; Sporstol ef al.
[1983]; Merrill and Wade[1985]; McElroy ef al.[1989]). 2 Al
27 gFol o8] AEA Y F2Ho]W PAHs(Baumard[1999])
= AEA DNASY W) 75 w| 2| (Beatriz et al.
[2004]) Ewlo] W o)} 52 ¢l 0 7]= LA JIth(Mayes
A 2 el Uy
o] AHL gte| YX|FR=

FS 2 4~ 9)ok(Shoelhammer

dee
RAo®
and Barrom[1991]). PAHs¥= £3] ﬂh—ﬂ'i
A GellA go] Ashy, ol&
A BA sk @3¢ A|igt 5
[2002]).
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AL | el vl ek mlu]ek 7o lTh(Yim et al.[2007)).
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Fig. 1. Sampling site of sediments in Gohyun Bay including ship-
yard area (core sediment; ).
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HEEFTE 01831 23 mIE BEF F TR L A
Attt A 9} £5& 271 (Davisil 100~200 mesh, 3 g) 2
HAZPIE 79 E 0] &3] TG 23T 508 1 mE
SEE F 22 15 miE Yol BT &) XFE A8
= a7k ol 500ul FEVA] FEIL HAF SEA)
7|AAZPHE T Z JEEFE-N(GC internal standard, terphenyl-
duy& 713 & GC/MS(Agilent 5890 gas chromatography/ Agilent
5972 mass selective detecto)Z & 165 2] PAHs(naphthalene,
acenaphthylene, acenaphthene, fluorene, phenanthrene, anthrancene,
fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo[b]fluor-
anthene, benzo[k]fluoranthene, benzo[a]pyrene, indeno(1,2,3-cd)pyrene,
dibenz[a,h]anthracene, benzo[ghilperylene)2} 18%2) 4AXgH
PAHs(C1-, C2-, C3-, C4-Naphthalene; C1-, C2-, C3-Fluorene; Cl-,
C2-, C3-, C4-Phenanthrene; C0-, C1-, C2-, C3-Dibenzothiophene;
Cl-, C2-, C3-Chrysene)S Yim er al[2005]2) el ule} AA
ABFEAEIGT. BE FEE AXF5F0 2 Bilslo] eyt
FLEAE 4 349 Adle FAFFHE U 2pbE o]g-3}
o ST §2 1xE HAE 1 g& HIZE vo)Ad ¥x
*®Po(740 dpm) 1 miE AE) ¥3Ith ABol 452 10 ml X
80~90°C “JefellA 12213t T3k 713} A=A Fof 2 N HCL
30 mks ¥ TA] 2N7E BE A2 WA 3 94 Belsld
o 27t @ A5 ok~ 8 Ak ascorbic acid) 3 g& YW I
HEAIZ] & Perspex disc holderoll A 124)7F %8<F plating A1#HA] &
FTHoZ YFERZ 2407 ST | FH92Y A
FAL 71248 A dATFa0N e

3.8 9 nE

3.1 PAHs 37 BEZ=Y

A AAA 2" EFEIM] & 165 PAHsS]
B 346 ng/g(HH; 117-1,691 ng/g)°| QTH(Table 1). H1L
Hl AL A4 7 -3 A4 2019, HA
SJute] YA B8 16010k A 20049 HL HEe 9
AR AAQ B FEF0] Fole Ayt Ugton, 3
28 AFE A$ HF 267 ng/g T0IQt. AR} Q1%
B3 37 49M= ZH2E 309, 319 ng/gO ® F¥ el v]3]
SEE H3oH, A4 AE A7) B AP HAZ Fokd
2 ARSH Bt 9Xe AHECM HEET B8 ¥EE
BT WiFEAI9) 7P Qg 1Rt 7P o] $x|5hd
A A HIFEAY] FFES wHdshs A 1914 E 203 ng/gOE
2318 BF FEET A Usith

R 24l AFHE FH B 2AME PAHsY BE
B 5,910 ng/g(H9] 560~21,912 ng/g)ClATH(Table 1). A
WellX ] PAHs B gk 18t kg2 1: 203 ng/g)@ 9]
(83116: 117 ng/g)ell vlal 22k 2080 L 508 o =itk T
5 #E B BAHELS 2Ha ) BFTol UEsAY Z1A1gn)
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Table 1. Sedimentary PAH concentrations(ng/g) and source recognition
index

site LPAHs' Alkylated PAHs' LPAH/HPAH® Ph/An’ FL/Py*
1 203 180 0.13 7.77 1.23
2 1,691 1,011 0.12 6.82 1.59
3 319 224 0.12 4.36 0.90
4 309 206 0.11 6.09 0.99
5 469 352 0.09 4.89 1.18
6 260 147 0.11 5.22 1.02
7 408 197 0.09 4.49 0.96
8 359 198 0.10 348 1.07
9 294 172 0.10 4.92 0.98
10 257 136 0.10 4.99 0.82
11 318 364 0.11 3.77 1.05
12 155 139 0.13 4.11 1.10
13 202 182 0.13 4.23 1.05
14 238 202 0.16 6.80 0.81
15 262 301 0.10 4.37 1.06
16 117 110 0.15 3.89 1.13
17 161 134 0.14 5.10 1.09
18 199 143 0.10 3.84 1.03
SB1 560 404 0.81 4.17 1.19
SB2 21,921 8,104 0.16 4.42 1.26
SB3 4,225 1,209 0.11 5.02 1.26
SB4 4,527 1,510 0.14 4.33 1.24
SB5 5,495 1,813 0.13 5.14 1.00
SB6 7,025 1,977 0.09 6.07 1.08
SB7 1,308 1,212 0.25 8.26 1.20
SBS 2,188 1,071 0.29 4.17 1.20

!See <Materials and methods> for the detail

’Low molecular weight PAHs/High molecular weight PAHs
*Phenanthrene/Anthracene

*Fluoranthene/Pyrene

Al 9 =AM 5 2 oje] QEGE Y Aoy B3 A
Aol ARF K Fo)et. v ZAA YoME F2 0EAHE &
WRTESH "l "ol 9% HFE(SBI, SB7, SBR)A = R
T FE T8 B o|2RE 1@ AAY] EHAE v
)2 22 PAHs 290] A7t 244 WX e 29549 v
Hoz AdEe W AdR] AEERRE S ARl uet F
=7 A dslehe A3 1T & Aok

71728 (butyltin, BTsy2 HZ ZA)12Q1 74171 2125
71 A 7P F A AMSE e Eg R 2AETF A% 09
S BoE 4 Qi UEF W 2@ EFo|th(Wilfred ef
al.[1999)). 715728322 Z-9-(SH 891 7-2[2005]))= PAHs
9 vEFIAIE AR 2004 7P B2 1FE(2,724 ng Sn/g dw)
ol]gler, 244 FE FAME SB2oM 1 £& BE
(51,535 ng Sn/gye YVEFLE f71F43EES] B &
MAAE FHOE AL Yrte g, 785 vvta] gjuto s
9] FEE Age] BHEs] Uepdth. ol#d f715743E
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Fig. 2. Correlation between PAH and BT compounds in the sedi-
ments from Gohyun Bay (Gohyun Bay; @, shipyard; O).

Table 2. Comparison of total PAH concentration in the surface
sediments of this study with other regions in Korea

Location Concentration (ng/g) Reference
Gohyun B 117 ~ 1,691

© .yun & ’ This study
(Shipyard) (560 ~21,921)
Hadong 330~ 1,170

h t al.[2006

Namhae 80 ~ 1,000 Chung et al [2006)
Ulsan bay 168 ~ 1,490
B B 28 ~ 3,830 .

usan Say Yim et al.[2007]
Gwangyang Bay 38 ~420
Incheon Bay 12 ~ 1,400
Kyeonggi Bay 41 ~ 1,480 Kim et al.[1998]
Yeosu 50 ~2,360 Chung et al.[2006]
Yeongil Bay 114 ~ 452 Koh ef al.[2006]

ATHFig. 2). F FFEY) FBBAE FAHCEE FoaH
ERt 0.7 (r=0.96, p<0.01), o]= 24004 Al EF0] FHE
W 7157431508 #9t olle} PAHs B8} FEoE 2 g8t
= VAL S18-E BoJFth(Peachey[2003]).

THERY] PAHs B T2 v 2 UAA 9 37

Y T FEL FARE & YERISITHTable 2). 2414 W)
29 2 I F2 29 A9 HuIE B 52 B

), 3 3 24 T HFEY FEE 1 45,000
ng/g)ell Hxt L9 FE=F YEATH(Chiu er al[2006]). 8|1
242 F ol AP T 570 F-ol NOAAY HAE #
2J7]F(ERL: 4,020 ng/gys 4331 38 Yeh, 0|5 o)A
¢} PAHs 5T QAHAE I8 FHAA FTo] )

2 B $EYS BT 5 AR,

3.2 PAHs $28 BEEY

£ ATAYHE ) Ao FHNES HHsIGTE e 1
vk 7F e A% A 29} AFH o7 w T FA 6,
Rl A4 145 AT PAHs ¥4 9]0 S YAS o)
8 AUSAH S Tl AN F3, AA 2, 6 28T 149149

H&&E 27 0.50 cm/year, 0.43 cm/year, 0.48 cm/year©] 3T},
T HAEY 7 Sl 54507 Aigl PAHsY] RS
B wd A3} A 2014 PAHs F 5= 1960 th o)A@ H4 21.4
ng/g, 1990t Fxte] HA) 1,340 ng/gd) #E HAFUTHFig.
3). A4 29 FANEEA 0 2RE] PAHs FY%BY] Z7H= BF
Al el A Yeptom 12} F7HA71 (19603 ol Ryl 1 o]
A BHEE 43.0 ng/gell F 261 ng/gl 2 64 ol F7}
at510m, ol 1960 ] olF el HRl QIF3 X)) 6.25
A vkt gEo) AX 9 12008 m?e] TRFEA F 17 9
B X227} AT HHA tge] 0 Eo] wiEEHgY]
o % FAFGAAAA ST ZE http://geojeime.orkr), 2%} A)
71(1980d ) ZxRbell= oF 3] J F71ste] Hik 813 ng/g/hA
o2z}, o] A7) ZAHEQ) 19708 FHIEEE TEEE 24
27F 43R A vEslo] &L AR 2T 9E7) AR
SATHAANS ZA8E hitp://cybership koje.ac.kr/index.html).
ukR e} 3%} A)7](2000 0] ZRbell= oF 1.58) F71819] B 1,230
ng/g7HA F7YEIILE. 321 F7HAI71Q) 19904 271 ARG
W di@x2A48] A8 87 diggatel] E07b] AlFsE A7)
2} XS http://www.shi.samsung.co.kr/kor). &Jgtol] $X]&+ A
149 A, 294 ST AP OE T AR ok 2017t Q)
QAL A3 2, 6, 28| 14901419 FAEHE U] PAHs 52
She= B BAIACE FARE S HAFEITH(p<0.05). o)2H
B I8 | 24409 8] 244 FE B oflg, 1
#il REA] FEE HIX T S-S &
a9 ol2i3t AthE PAHsY EEWIR= Q148 A4
Ql vRibE vE AEE Bk rRieke] A9 7oA A}
B3 W As9l A sl 93t 290 FH 2Edele
o, 1950 el F23) Asste] 1980 t)7R] 0]ojA & 7hael
F7HE Wk 4TS HoFATH(Yim er al[2005)). ©]gh= T
2A @] B 2849 JFoR A HY K A
W Frteh AAasHs gl 1970atH2l 1990t 7)o Heks}
Al VERstth, 2322 2 @F e Mol glojA nlakikyb=
O AP S B 2oz AaEgIn). sk @A o) Wi
I 2AA T 29 AT A7) A 20004 01 F4
AlZeAe £ AFAGY AA18 g zA il Az A

uke] ok3) PAHs 5 H31le] BAZRE| T B 2| Hol4 9] PAHs
L@ AL g Fgo] FAeS & & ANTHFig. 3).

3.3 PAHs2| ¥ F%

EAHR 167] T2 PAHs 313= 9ol @731 PAHs, LPAH/
HPAH 12] 1 index kel T3l Table 191l AlA] 33ic). 167) PAHs
3Eol F PAHs =X XXt vl&E AAs A3,
benzo[b]fluoranthene”} 14%%E 7 &2 BIES 2R8I, 1

5922 fluoranthene?} indeno[1,2,3-cd]pyrene®] 2zt 11%9}
10%& AABIR T 244U £F B2 E(SB1~SB8) 13w &
Z B8 E(S1~818) A[0]9] 167} PAHs 3ME-E2] Slop|E FA}
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Fig. 3. Temporal variations of total PAH concentrations in three core sediments and the gross tonnage of the shipyard. Gray bar: gross ton-

nage; line and dot: total PAHs.
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Fig. 4. Composition profile of individual PAH compounds in sed-
iments from inner (S1~S6) and outer (S7~S18) Gohyun Bay with
shipyard (Na; naphthalene, Ac; acenaphthylene, Ace; acenaphthene,
Flu; fluorene, Ph; phenanthrene, An; anthrancene, Fl; fluoranthene, Py;
pyrene, BaA; benz[a]anthracene, Ch; chrysene, BbF; benzo[b]fluo-
ranthene, BkF; benzo[k]fluoranthene, BaP; benzo[aJpyrene, IP; indeno
(1,2,3-cd)pyrene, DBA; dibenz[a,hJanthracene, BP; benzo[ghi]perylene).

& A3} Jds] Ak JERE O (1=0.84, p<0.05) ZHAEYR
9] e4go] mdENt MAS] PAHs 270l A3et JFE nx|a
U2 HATUHFig. 4).

PAHsE 719 g thelst 4L 7EAl = o] 74E &
g 719 58 4 ok Azl 2~3708 71 A 2213 PAHS
(low molecular weight PAHs, LPAH)2} WA 18] 4~6718 714

—

22} PAHs(high molecular weight PAHs, HPAH)2] A&
ZHLPAH/HPAHYP) 1 Xt} W& A9, AZEF 1 PAHs 3=
9 719E A4, 781 18T 28 AS FR1YeR FEEH
B THTam et al[2001]). B4 2, 6, 14 T HZEelA LPAH/
HPAH kol 212} 0.66, 1.33, 0.58 o], 53] A4 69] F4EH
EollAE 1910478 1960dth7H] 571 90S Alshe 3
07 =o LPAH/HPAH & HoIFV|E di9loy, BE BF
HAZAE 1 03] #E Ho] A4 HY] o]F=E A
4IE FRSA HFTH(Table 1).

TE3h, phenanthrene/anthracene(Ph/An)¥} fluoranthene/pyrene
(FUPy)S ©]435 2919 ¥EAFTE PAHsY 7| €& seteh=t)
Z 7)) AF2-¥rHBaumard ef al.[1998]; Yim et al[2005]). f71E°]
FLoA ALHE A9 PWANS- 10 0]319) 3E 7, W &
Lol 3] 28l B AR F71E8S] A9 100149 g 7t
L}, FIPy AF 1 o4 A9 4 719S vehdd, 1 o3}
o A% FH7194 veRdth, vde 244 U9 B8 Ph/An
A5zt HA7) 3.48~7.77 24 8 7l AL Agskae EF 10
089l S Koj PAHs} Akl g3l 7]k Aoz vkt
FIPy X578k W9l 0.81-1.59 0]312v oA ARE Alsta =
£ -] 1 o] 3k Bof FQth olHd A= LPAH/
HPAH?] #E2 25 YU o] A9 PAHy} A47|ddS
RFEQ), 4shd PAHsE G5l the ErEo] glo] /571
Aol 23t 239l AAIRF GEE & 5 Qv TERIAM ] &2
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