s FE7EASE] A138 ALE, pp. 9 - 20, 2007. 3. 31. (ISSN 1229-3431)
Journal of the Korean Society of Marine Environment & Safety

Bk Flae EEE A Zo| Aol
e gE e s s FPAH) S 290 Bek AT

A Study on the Pollution of
Polycyclic Aromatic Hydrocarbons(PAHSs)
in the Surface Sediments Around Gwangyang Bay

You Young—Seok” - Cho Hyeon-Seo™ - Choi Young—Chan™™"

#x% Faculty of Marine Technology, College of Fisheries & Ocean Science, Chonnam National Universiy,
San 96-1, Dundeok-dong, Yeosu 550-749, Republic of Korea
wi# College of Ocean Science, Cheju National University, 66 Jejudaehakno, Jeju-si, Jeju 690-756, Republic of Korea

Q o : PAHsE #9434 ol WA 2EH0] glon d7takeo] g SAdRE o] o8 PAHsY Lgo] FHsA dojuta glth PAHsE
= 8“°ok 4 L73 AE WA T EAWE dog|m gl B e Aaslehad, FoAE A Teolui St AMFT A Bt

£ o]43to] &8 GC-MSE PAHs 1334 #E3F% 2L TOC(Total Oragnic Carbon)et Y E844E
= —Ev- 29 2 &) PAHs §]rf§% Y57 AEH.00 Total PAHs HH9E 17140~ 101354kg/ke dry wt.2 HEFSTL PAHs 38&%
Naphthaleneo] 1408~691.3%g/ke dry wt.22 A9 EZE Aol M EA, Anthracene®] 049~2266ug/ke dry wt.E 7P wA Webdh
Total PAHs$} PAHs 3¢E¢ Ao#A=  Naphthalene, Phenanthrene™ #Z-& A EAH EZoN w& oD

()

i

mQr

RS

s A ]
P/A(Phenanthrene/Anthracene) ¥ ¢} F/P(Fluoranthene/Pyrene) ¥ 9] Z3 o} o3l 47193 728799 B4l Jaks e sos Bojx
t}. Total PAHs9F TOCse] AaAle A& odxlnt <o) 4aaA4E Jeluglen, Jrete] A4ddds =X X J4% 428 2717}

N

A ErE PAHsS A7 glge] Yebdth ZUdvt B2E A8 PAHsY A& FEs A il dis 7] (biological effect guidelines)
of Ha} @ gk RojFa gl

2

A0 LIV ELR, BFHAE, F77)

o

&, 9%, ZIA ARG E T ) - FE A

ABSTRACT : PAHs(Polycyclic Aromatic Hydrocarbons) are widespread contaminants in the marine environment. They are of mainly
anthropogenic origin from wrban rundff, oil spill and combustion of fossil fuels. Some PAHs are potentially carcinogenic and mutagenic to
aguatic organism. The contamination of PAHSs in the coastal environments has not been well known yet in Korea. This study was carried
out to survey the contarrination of PAHs in sediments around Guangyang bay. The Yeosu petrochermical industrial complex, POSCO( Pohang
steel company) and Guangyang container harbor are located around the bay. PAHs in sediment samples were extracted in soxhlet extractor
and were identified and quantified by GC-MS(Gas Chromatography-Mass Spectrometry). TOC! Total Organic carbon) and textural parameters
in sediment samples were dalso analvzed 13 species of PAHs were detected at all of the surface sediments. Total PAHs concentrations
in the surface sediments ranged from 17140 to 101354ug’kg dry wt. In most o the surface sediments, Naphthalene was the highest in
the range o 14.08 to 691.39%ug'kg dry wt. and Anthracene was the lowest in the range of 049 to 22.66ug’kg dry wt. The correlation coefficients
between individual PAHs and Total PAHs in the surface sediments were relatively higher in the low molecular compounds such as Naphthalene
and Pheranthrene. In the relationship of the P/A(Phenanthrene/ Anthracene) ratio and F/P( Fluoranthene/Pyrene) ratio, P/A ratio was generally
above 10 and F/P ratio was shoun to be above 1 in all sediment samples. These data indicate that PAHs in sediments around Guangyang
bay seem to be of both pyrolvtic and petrogenic origin Total PAHSs in the surface sediments were correlated with TOC and textural parameters.
The values of PAHs in the surface and core sediments were lower than the biological effect guidelines.

KEY WORDS : PAHs, Surface sediment, TOC, Textural parameters, GC-MS
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AzHEFo o3 S AR o] o2 PAHs(HEH = ehals
8 ede] FHYsA dovtx vk PAHs(Polyeyclic

oz ol APEF

g1 v Hag 27
U3 (Eisler, 1987). o)&) 8k

Aromatic Hydrocarbons)+ €49
5~6719] @29 A7t B whEoiq
olFom AFH v FEES
PAls= T FEjo] f-iellM 71 523 gl5tEoly, 3714
o2 fFFde €A Hydrocarbons) 1EE & 3
Nitrogen, Sulfur®} Oxygensol 23 3t Heterocyclic
-AHs(Aromatic Hydrocarbons) 3kar givh o] g3t 35
B2 qotyolu 5498407 gl Ul QA gAuk B4
o] x1¢] PAHsE Parent AHs(Aromatic Hydrocarbons)ol| ]38}
357 e d78olgdhs Ao tiHooftman, 1981).
PAHs7} 3%¥o=® F4FHE A2 472490 0=
TAlglel AGEE(AD) g% r|2REe §9],
AzolMel AT LA E FREY F9F E2A
ofABE QYAte] EFEo] Fem s AEFol Utk
(Kiceniuk and Ray, 1994; Bayona et al., 1993). 8] %&7 %9
F9¥ PAHsE £34d0] Bal AFAol7] il s5Fo
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e FoREH 499 4718 EayRte FHe)
o, BEHt AETA RaHPE AX HEHE AAF
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weba, BHE-E PAHsY AFdLEA 283 8L &3 9l
onf Ao} ’&?35}5 N7EF] YFE IA P &7
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and O'Connor, 1995). 18 X5k A& = F & 9] PAHSL
Aol &3 e AFLe U]l W Ao AHH1 §
HLaFlamme and Hites, 1978).

Fow FYUH PAHsE S|SB 54 (AEA PALS), 3ot
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al, 1987; Varanasi and Stein, 1991; Gronlund et al, 1991). 3|3
ol f91¥= PAHs®] o] ©x] efol 7|3 3 ¢H 4 B 23
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Reserch Counci)®} EPA(US. Environmental Protection
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Fig. 1. Map showing the sampling stations.
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2ol oF 400TOIA 33 o4 JlEsgn AR Ans
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2
7] 8 BAEAA 20T o|ste) WEate] musir)
23 gMa=

E=HHEM PAHs 3}3%, TOC(Total Organic Carbon)
9 A= EME Pk

PAHs 33HE-2 #-213Fo] 128¢] #+#218131=, Naphthalene%-
Bl Exb5o] 27691 18 A3HEHE, Benzo(ghi)peryleneZbA] 1371
PAHs 3}3E(Naphthalene, Acenaphthylene, Diben-zofuran,
Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracen, Chrysene, Benzo(e)pyrene, Benzo(a)pyrene
2 Benzo(ghi)perylene)-& #4159t Table 1). Fig, 2% vlgkE
22]7F 2701 Naphthalene®®  Wa ugyt 6719
Benzo(ghi)perylene7lA] #4138 PAHs 3185 BEx7% &
YERIZ St
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Table 1. The chemical formulas, molecular wight and
retention times of PAHs analyzed in the sediment

No. PAHs Formular Mvgﬁcgt#?r 5 ritee(nrgi% r;
1 Naphthalene CioHs 128 370
2 Acenaphthylene Ci2Hs 152 6.13
3 Dibenzofuran C12HsO 168 6.70
4 Fluorene Ciz2Hio 166 7.23
5 Phenanthrene CisHio 178 8.89
6 Anthracene CiaHio 178 8.97
7 Fluoranthene CigHio 202 10.95
8 Pyrene CisHig 202 11.32
9 Benzo(a)anthracene CigHiz 228 13.48
10 Chrysene CigHiz 228 13.56
11 Benzo(e)pyrene CaoHiz 252 17.01
12 Benzo(a)pyrene CopoHi2 252 17.17
13 Benzo(ghi)perylene CaHiz 276 2351
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Dibenzofuran

Fluorene Phenanthrene Anthracene
2 :
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Fluoranthene Pyrene Benzo(a)anthracene
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Benzo(ghi)perylene

Fig. 2. The chemical molecular structures of PAHs analyzed.
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[ Homogenized Sample (about 5~ 10g) |
| Dehydration with NasSO4

[ Soxhlet extraction with n-hexane/acetone |
| Evaporation with R/E

| Substitution with n-hexane |

!

rClean up with silicagel column I
J
[ Elution with dichloromethane/hexane

|

| Evaporation with R/E

| Dissolve in hexane ]
|

!

| GC-MS determination

Fig. 3. Sample preparation of the sediment.

ZZo olgy WYL £&Y(Soxhlet) FEERE
3} 2o nFEA v FEA ol R Fr18gHE
7] $% oty Al oF 5g& A FEIAY
(Anhydrous sodium sulfate) ¥ 30g& ©]-&3te} &5 A
1, o]E ATz Zo} A At dAHT HH
AEZ 2~ (Cellulose) A2 A5 ARA(Timble)ol =
oppm FE] W FFE7Z Naphthalene-d8, Anthracene-dl0,
Fluoranthene—d10, Pyrene-d10, Chrysene-d12 100p<& 7t
o} HAE A8 WF BFEZ0 g 48Y AAAE &
Z9 2&3x0] @3, Acctone:Hexane(1:1v/v) £ F7]&
150mle o] &3t 13] &u] £q&HTIF 4~6%0] HES &5

g 239X LEE BRI 40T O FEVT 483 FE

Mg Mmoo
do oL o v e

iV
o

0T Faeda & 1~2m7tA FEHsa, o|& 334 2
# Hexaned ©}83t9 diAldth 58 §4& Hujgt 23
(Silica column)& &3k clean-upg 3T
A, 130Tl 15A13F o) &448kA171 A 2]yKSilica)E F4)et
o] 1A 10mm, 2o/t 250mmgl Z=ntEIEY] #AY
(Chromatography column)ell ¢F 10g= FAA7]L, &5l F
2232} E & (Anhydrous sodium sulfate)& 1~2em 2318 A

steh. Clean—up2 371

N Rk

=

o2 7+ (Column)& &v et} $73 Z¥ el Dichlomethane:
Hexane(2:3v/v) % 47149 5mig &4 &2k &<
= go 25ml 3 flask 50mlol Hol o|& WA FEFS
7)(Rotary evaporator)& o]g-3te] 10ml7k 2 wW7bA] s%3
o} xag sde AP A T F, olE GC-MS(Gas
Chromatography-Mass Spectrometry)< o) &3ty A&E3IPT
(Fig. 3).

2) HEdd

H21 22 PAHsS A7) 3% 7171 GC-MS(Shimazy,
Model GC 174, MS QP-50000& ol getg . 7 (Column)
o A7 2 (Capillary column) DB-5(J&W)E ARE-3HS
o, ZE74 0.32mm, ZEFA 025m, Zol 30m)< 5%
phenyl, 95% methyl polysiloxane 2 F30] v A& A}
g5ttt 28 £ez2Ae AL 100TAA 185 HFEA
9z, o] 189 1508 &8 26507 8% 1583 ¥
=y stk Al FuEe Splitless Mode(W2 @ 54
Wz 593, LulAE AFHe 99999%)S olgstel, &
% 1.3mlE E2FAHTable 2).

Table 2. Analytical conditions of GC-MS for the sediment

Item Condition
Detector Shimadzu GC-MS
(Model GC 17A, MS QP-5000)
Column Capillary column DB-5
(J&W Scientific Inc.)
30mx0.32mm LD. 0.25m film
thickness
Carrier gas (5% phenyl, 95% methyl
Carrier gas polysiloxane)
pressure He 99.999%
Injector 19.5 kPa
temperature 250°C
o lie | o
Initial temperature 100°C(1min)
Temperature rate 15°C/min
Final Temperature | 275C(15min)

Z35}= wpRel SIM(Selected Ion Monitoring) Modes AH8-3t
ANz 7h AR MREANFig HF JAEAE )
B3 22 (Naphthalene-d8, Anthracene-d10, Fluoranthene-dl0,
Pyrene-d10, Chrysene-d12)¢] 1A%} Hlna}o] AAEA 9 A
FEA-g Pkt

Agahs i 53 4B AAE oewe YEge A
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Fig. 4. TIC(Total Ion Chromatogram) of PAHs standard
solution by GC-MS detecter.
(1; Naphthalene, 2; Acenaphthylene, 3; Dibenzofuran, 4;
Fluorene, 5; Phenanthrene, 6; Anthracene,
7, Fluoranthene, 8; Pyrene, 9; Benzo(a)anthracen,
10; Chrysene, 11; Benzo(e)pyrene, 12; Benzo(a)pyrene,

13;Benzo(ghi)perylene)
3 =g
e BT de AT LEE s dud o
7hsh AFEvist #479 A8 S v 9% wo| §
BE AndA HAES A s 9B ek AAEF
AE dolgtE AR A3 CRMs(Certified Reference

]
Materials)e] &= ) e v(Kiceniuk and Ray, 1994), CRMs-<
B BYAEd o A o]&ro] ity 3 CRMs2
NIST(U.S. National Institute of Standards and Technology)
of ]3] Aoty SRMs(Standard Reference Materials) Q.2 <&
A 9ok

Table 3. The average recovery ratio to analyzed value of
CRM(Certified reference material 1941a)

Cortified  Analyzed V%€ Spogord Variation

PAHs value value recrgggxy deviation coefficient
(ug'ke dry wt.) (%) (%)
Naphthalene 101000140 63200 63 48 711
Acenaphthylene 12406 202 1775
Dibenzofuran .11 868 1008
Fluorene 9730860 61 0 698 1028
Phenanthrene 4200042300 48727 100 11.30 2.32
Anthracene 184001400 13758 I 108 075
Fuoranthene  98100£7800 81366 8B 298 367
Pyrene SIL00:2400 57653 it 1624 28
Benzo(@anthracene  427.00:2500 377 & 2413 637
Chrysene 3000:2400 51519 136 2273 44
Benzole)pyrene  56300:5000 39416 it 3201 812
Benzola)pyrene  62800+#5200 32404 52 2624 810
Benzo(ghi)perylene  52500:67.00 30413 2 4801 1579

B odPodE CRM 194lag o] 438te], PAHs &9y
A PAHsY #HELS #7189 CRM 1%las

(i) [

Chesapeake RHA] AHE HYHHEZA 221%2] FE0]
= o] AFE 23719 PAHs 3gEo] Eoigitt
(NIST(1994)). webA], SSEAES B8 U3 wiem
CRM 194las F43te] 58S HESGHTable 3). 4
® PAHs EgEF 3T 3489 WE 52~136%(F
7891%)% vFebETH Benzola)pyreneo] 52%E 714 e 3
&£, Chryseneol 7V =& 136%9 3F&< HSdh

AL,

25 TOC &4

TOC(Total Organic Carbon)E #415}7] 913 A5 AA
= HEE 9 3~5g& 110ToA Azxdth
lgg A3 AAYRE ol&std Aags T3 A2k 73
3tel A|BEE 50ml ¥4 W3, 1 2 z

y =
Arhsled, 283 BAFAEL o8] %

g P FAH A%
ENGALS e T AREE Bade AATG, By
& AAS %, 2408 (1500-2000rpm) & Bkl Azl Bl
23, ol 3miel £48E Arksel & EPAA ANRHT
e Wt o2 38 WE Y5, 10T Azstol

AE% HAES AN%NE

ol-gate] A3 AT MR

(1986)). wA3E A5 ¢ 20mgE SSM(Solid Sample
Module; Shimazu, SSM-5000A)e] F&¥  TOC(Shimadzy,
TOC 5000A) Meterg ©]-83}¢] TOCE &45A

HA52 duFAe Ingram(1971) 49 w2k Gk
(10%)3 HAkstra(1520F Hrlete galddst /7188 A

A F, 4p63pm) BEAE o &3 FHALR ANEFE 4u(63
mETh =Y AFE(SandAEet AP JAMudAEE
etk BEF, AEE ARAA dgolike] iRl didlA
T 1pCmm) EEAE o83 12 AAPHOR 1g0d9] ¢
e FA (Gravel) A2Z 8l3, 1~4go]ste] YAkd thatoi=
A (Sand) &, 2831 4poldte] ARE YAMud = 3T

3.2 =

3.1 E§ 8259 PAHsY s 2%
FZ2EAEA 137 PAHs 3¢E Z¥7 AE2HAY ®
ZEAZA P & HEEYE ded FEEe
o

Naphthalene 2.2 14.08~691.3%ug/kg dry wt.ol®, 7} &

HAZ Ed FES Anthracene® = 0.49~22.66ue/kg
dry wt.2 WeEbsth Fig. 5% 2413 137 PAHs 2Hzbe] A
w3 Total PAHs®| #5844 Wariglel Avghs ey

AL
3L Sl
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Fig. 5. Range and mean concentration(yg/kg dry wt.) of naphthalene, acenaphthylene, dibenzofura, fluorene, phenanthrene,
anthrancene, pyrene, benzo(a)anthracene, chrysene, benzo(e)pyrene, benzo(a)pyrene, benzo(ghi)perylene and total
PAHs in the surface sediments(Range : vertical, Mean : horizontal bar).
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Naphthalene®} Acenaphthylene$ E% E4Z A4 84 ¢
H HEE7E 247 3863~691.39ug/kg dry wt.eF 7.73~38.85
pe/kg dry wtE 7bg A3, Hagkel 247 302.89ug/kg dry
wt. 9 2271pg/kg dry wt.2 7Vg BA JeRdch

B, YT A7 AA 4elA € wEEs 42 275~
3MAdpg/kg dry wt.ob 152~265ug/kg dry wt., BT z}
2859ug/kg dry wt.9} 2.08ug/kg dry wt.E 7PF BA ubeRd
t}. Dibenzofurane H.% BZ PokAlds < s

A AEFE7E 750~2159ug/kg dry wt.E =3, A 9
A M 22 WEWel 435~6507ugkg dry wt.2 e}
Wt A AE H g2 Naphthalene® Acenaphthylene® 7o)
A4 8AlA 13.09ug/kg dry wt.2 7HE B ghe Kol A
56 7 8 11 R 12914 G o 9d WFHEE
Holil ¢ith. Fluorened HE BZ BAd4s & A4 7ol
A d AERTE 483~39.34ug/ke dry wtE JPE Za A
A 9ddlA 7bg A2 W9l 993~1167ue/kg dry wt.E e}
stk AE Edge opAd & A 144 17.48ue/kg
dry wt.2 7HE £& g Rely, 34w I4F AH 11014
94lpg/kg dry wt.2 b Be ko) AHE HJFgS Holn
At Phenanthrene-> €8 WEHS7E of =28 o A 10
A ZvE 2 el 2547~100.39%e/kg dry wtE Hyon
A7 9ollA € MEHr) 71 e 47.80~53.60ug/kg dry
wt.] HHE UdehAch AR 2, 4, 98 AY3 A nE A
Helld & WEEAE Yehddlen, Fagke AR 4904 7F
A e 7kl 4219ue/keg dry wt,

Zrol Ztz}k

FES 7P A2 AEHYE Holu ow, Ax7 s
¢l A SelA tE AR ws) w2 9y

049~2266ug/kg dry wto 7}FF =& gkl
dry wt.2 Ve T Fluoranthene® #akwt ¢l A7 Goll Al
7P 2 g WEHe 2298~6454ue/kg dry wtg BG
I, A BgS B 5F FH QM A =e gel
2Rug/kg dry wt.E YERAATE Pyrene? Fluoranthened}
frArgE e WSS HE P RolAnk x4
BigS B g7 AH 5ollM 3759ugke dry wt.E A
WERSTE Benzo(a)anthracene® Chrysened XA i gho]
AR 1294 242t 2200pe/ke dry wt.¢} 3091ue/kg dry wt. =
7V A e en, 44 204 22 1058ug/kg dry wt.9h
1417pg/kg dry wt.2 7178 @A Jebdth Benzole)pyrene,
Benzo(a)pyrene® Benzo(ghi)perylened- #okut otzegjed =
110, 11, 12914 A9 A 9¥ WEHUAS YehiH,
AR 1294 242} 17.22~%4.83ug/keg dry wt., 13.70~123.20ug
/kg dry wt. ¥ 14.09~11845pg/kg dry wt.2 7} & 94
HEHAE Yepdigich AEdE Bz Ad 994 zZhz
50.3%e/kg dry wt, 54.32ug/kg dry wt. Z 65.37ug/kg dry
wtE 7 =2 S 2UvkFig. 5. #4¥ PAHs 33E 9
Total PAHs= €3 WEHSY ¥ Add Faghol 2%
M A 8AA 7HE AA Yehgem, oLt el

o

1=}
-
=

k

ot 017

r

A 40lA 7HE $HAl e tk(Fig. 6).

33. HEEF9 TOC =%

ZEHAROA TOCH 42 Fesls ‘93d11gel 02
3~1.22%(H 0.78), '99d 42 026~1.59%(H 0.87)3}
‘9d 79l 002~121%(HE T 0.86)F YERG e, €dl WHE
WA= 002~159%(H 083)E ekt of A
AW 99 AEWY 0 WAL Fig. 6] i

EoEAE

TOC(%)

et ot
t ++1L

1 2 3 4 5 6 7 8 9 10 1n 12
Stations

Fig. 6. Range and mean contents of TOC(%) in the surface
sediments(Range: vertical bar, Mean: horizontal bar).

E3HAE 499 44

oA 0.78~159%% 7+

w-s
E=A ]
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Fig. 7. Distribution of textural parameters in the surface
sediments.
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TR K =
FHAB B¥da gou}, 249~TAB%EA 7+ FEH
AFE A2 Mol B BTI%EA v vehdoh Ud

Mud)& 25.14~9751%% A3 Zo] zt ARAE 2 olE
HolW HWI 7126%% TEEHEZE F FHLAZ e
o yde Fgwt A% HH 9 10, 11 2 12, 5= 5% A
A 7% A5 AA 17 344 0%el 4] e FHFoR
e, Abde AR s AR 5elA 70%0)d o2 7}
2 w2 o r Yyt

]

=g J‘Zﬂ 3} A Q‘ﬂ-(Garngues et al, 1987). =L
Ad AE fFgor Qg HHE HHFA0
932 FHBoehm and Farrington, 1984). E&H 4%
PAHs 33HE-2 Naphthalene, Acenaphthylene, Dibenzofuran =
Fluorene®} o] AEA PAHs 3882 244 Beg $AHe=R
5&3 gt 799 - 8 8, 6 € 7oA A HEHS I}
Z}7} 3863 ~691.39%g/kg dry wt., 7.73~38.85ug/kg dry wt., 6.1
4~2151ug/kg dry wt. R 483~39.34ug/kg dry wt.2 =A) YeElsk
ol g AHE HEGE A FHER 8 8 8 E TAHAANA
Z+Zy 302.89ug/kg dry wt., 22.71ug/kg dry wt., 13.09ug/kg dry
wt. 2 1564pg/kg dry wt.E =A YERGT) Benzo(e)pyrene,
Benzo(a)pyrene ! Benzo(ghi)perylene® 72 3152} PAHs 3}t
FE-o kvt 42 AFHel 10, 11 2 12004 A9 fAE 44
HAE englor, A 12014 71 2 HEHYE BA
ok g A28 I A3 994 247 50.39%ue/kg dry wt,
54.32ug/kg dry wt. 2 65.37ug/kg dry wt.E 7} =& S B2
o, ARk F el Yx|T FA 29 40 A] 71 @Al et
oleldt FFutelAe] A&z} 1A PAHs 3HEHE
Fele AFaTE Hludte] FAT2 F /3R
LT 22 PP Eo= % PAHs EES 3
z%o] ogz;tg ﬂ;ﬂ 131—7] HFo= /\}_qu, j_ﬂ al, B
PAHs 3929 Total PAHsE 393 52 AR, N=
I ARG s AReA € %‘%‘1’]9} -13;"%1301
Q'E]"/T;\LE} °] 31 3l Total PAHs +- *‘(1996)01

n‘,

HE

i

l~hl

3 PAHs9| 7|¥

-
pui

7 % PAHs®| 71¢e] #3 22 A7 Garrigues et

5

Moo

xt
al, 1987; Readman et al, 1982)°14 71¥ FHE FF
2 Q3 $34H, FRo|=4Y e FHYAe FHE
Zzoz AH FYsE 7197 diol g3 di7] FelA dA
FUE JUPHos FAHE darjdez =32 Utk
Boehm and Farrington(1984)S PAHs 24 71l dlst
FE 087 o] da gk dav)del <% PAHs 2.4
3~5709 WEE 1elE 7HK EhEe] duAe
o 9% 719 PAHs SEE
Ae 7k ARA FFE] JdHoR
=3

LR

Lo

o> ]
|=!

TS

Y

s

AT EZHAZBA BH7 PAHs 33E9 Total
PAHsol t3t 4a#A(Table )2 29, 2 HAES o
et 48] A A= Naphthalene® Phenanthrene®] ZH2t
08833} 0.853, @7l A Naphthalene® Phenanthrene®]
7} 08143 073002 EZHAE F 7 9 BT #HEE
27} 2~3709) ARA FAFEo] GGl A Vet

=
o

Table 4. The correlation coefficient between total PAHs and
individual PAHs compound in the surface sediments

PAHs Total PAHs
Yeosu Haeman Gwangyang Bay
Nahthalene 0.883 0.814
Acenaphthylene 0.618 0.663
Dibenzofuran 0.640 0.562
Fluorene 0.704 0.675
Phenanthrene 0.853 0.730
Anthracene 0.772 0.666
Fluoranthene 0.651 0.570
Pyrene 0.691 0.634
Benzo(a)anthracen 0.794 0.684
Chrysene 0.725 0.503
Benzo(e)pyrene 0.631 0.427
Benzo(a)pyrene 0.682 0.417
Benzo(ghi)perylene 0.523 0.376
EZEHEA Total PAHsol uigt %= a7} 2~37H
Sl A%A PAHs 313&e] Aa4o] ¥ veht PAHs o
o e AsnE woE AURASES HY Ao
o) 7bsAel & Aoz AREn

45 PAHs SHElA

3}, Raoux and Garrigues(1993)=
P/A(phenanthrene/ anthracene)¥|9} F/P(fluoranthene/pyrene)
H|Z o] &3] PAHs 299 7|9& Bl Wy o2 o] &34t
PAHs 2.¢9] 7] P/AH|7} 100]8}e) iz, F/PB] 7 10]7d 0]

™ Qx40 A LA = PAHs 297 A0% N 1o,
19} w2 P/ARIZ} 1001487 F/PHIZE Lolatold 7 e.dd e

-5
719e 2 BR3th

=1
E“YTL_
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Fig. 8 The relationships between phenanthrene/
anthracene ratio and fluoranthene/pyrene ratio in
the surface sediments(a: Yeosu Haeman, b:
Gwangyang Bay).

A=

EZHAEZT P/AYS F/PUE Falnd, o5t Bok
T Bl F/PH7E 1017439 ghe JEeRla 9z, P/AHE
oAafintat Fgeel A 2/3014d9] FHEol 10014 H1 gtk
(Fig. 8). o]2i3t P/AHI9} F/Pule] B aes Fe3 PAHs
ede] V¥ st EaAv, PAHM F/pule] 2
P FFeA7I197 d4avde] Egdoer ‘/}E}L}“ e
2 HAATL

43. o2 HA7 ST vl

B AFo)A Total PAHs W$l+ 171.40~101354(H T
40643 pg/kg dry wtE HAEFHJU & AFE7 vjushe
PAHs 33HE 7fAFolA tha ol A7 diHZlom v
2 FES Holx gl

{20l o] ChekygmErsle

(=1

F(PAHs)e| 2ol 2

i

ok

ol

(]

98 A5 Zele] Adratic Sea(Guzzella and Depaolis,
1994)¢} n)=re] wAbEAz=So 9 Maine WHLarsen et al,

1986) 419} Total PAHs ¥H9+=
/kg dry wt.2} 38~512(H

Zyz} 127~530(F T 130)ug
T 20342)pe/kg dry wtETH= 7
e o i shee 228 PAHs e AR =4
Bt thi(Table 5). 23y, 5 A% 8)(Baumard et al., 1993a),
A= A9 (Baumard et al., 1998b), e &(Witt, 1995)
2 w= Penobscot 3% (Johnson and Larsen, 1985)9l 42
Total PAHs ¥919} ¥lal 7Fed PAHs 8H3t=9] Hdfgnt
= oue PEE AEHAch w3 S A7|RHKim et al,
1999) 7} A& eH(Kahng, 1995) HAES PAHs 2. #3t <
T} Alarsle B A7 HAZA ¥A4% PAHs SHEE
AAF7E B Axed o @7 Total PAHs Tako] 120
pe/kg dry wt.2 B AFHA3, ¥l 7Fed PAHs S5
AAl vA fZEHAJCE a8 ZlERk B 455 Total PAHs

Pkt v 7Es PAHs 3E 25 B dTET 24
el

Pt FHEse g A7 HAsUE =A8, A48
g dutggo] g S0 R PAHs 04 ARE B A
gldo] 3] TA = ek o F PAHs o] Agso]x)

NOAAY A& EFEZ PAHs 0. 902 213k MEsH% o gk
3k 7|Fo=® ER-L(Effect Range-Low), ER-M(Effect
Range-Middle)# OAET(Overall Apparent Effect Thresholds)
E-Rps | @8}213}(Long and Morgan, 1990; Long et al., 1995).

2 dA79 mF5FIAEFTAA 4" PAHs FEEST
ER-Low, ER*MJ} OAETS 4|3t tH(Table 6).

Table 5. Comparison of averaged individual PAHs and total PAHs with other studies

(Unit: gg/kg dry wt.)

oISy 9 3 4 5 6 7 8 9 10 1 12 1 M;ﬁ)PAg;ge Reference
surface sediment (10628 1014 934 1350 5457 462 %60 365 1687 2063 224 W7 81| 40603 17| This swdy
o west coast off - 51650 2106 180600 8080 QI0M4 TITS6 125867 RO KNGT| 0714 o | Bemlaneen ot al,
Nedie (| = - = - 167 3 X067 R4 16877 - OS2 1217 - | 2004) g0 | BTl etd,
Medieranean Sea | = - - - 5675 3697 1543 148 %07 - M2 071 - | 1604 g | Bummerd,
Pem%sgi Bay, | o L L g8 1151 116088 1706 16345 10551 - 16351 24002| 2600(12) 2§‘967Z ngrh;;?n(l%ngg)
Omacacosstof 3109 - - 963 122 B4 167 122 l24 198 - @l 190 | w7z o) Boelbetal.
Biltic Sea |58 - - 888 BK 2020 1028 4567 BY RK VI R | BB B B
Adriatic Sea | - - - - - 4B B 34 - 33 06 - | 109 Ly Dggljjﬁga&gg@
Guf of Maine, | 4@ 41 1B 519 1750 1365 943 - 1321 3026 | By o Lareet & &l
Jimhe Bay, o9 - - o o8 1 2 o® 8 - 24 - | soen e futne
Kye"}gffeia Byl 03 - 34 15 49 w2 45 71 20 13 om | 1@ o | Nped

1; Naphthalene, 2; Acenaphthylene, 3; Dibenzofuran, 4; Fluorene, 5; Phenanthrene, 6; Anthracene, 7; Fluoranthene, 8 Pyrene,
9; Benzo(a)anthracen, 10; Chrysene, 11; Benzo(e)pyrene, 12; Benzo(a)pyrene, 13;Benzo(ghi)perylene, (n): Number of Analyzed PAHs compounds
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Table 6. Comparison of PAHs concentrations with ER-L,

ER-M and OAET.
(e ) [This study| ER-L  ER-M  OAET
Naphthalene 106.28 160 2,100 500
Acenaphthene - 150 650 150
2-methylnaphthalene - 65 670 300
Fluorene 13.50 19 540 350
Phenanthrene 54.57 240 1,500 260
Anthracene 4.62 85 1,100 300
Fluoranthene 38.60 600 5,100 1,000
Pyrene 33.65 670 2,600 1,000
Benzo(a)anthracene 16.87 260 1,600 550
Chrysene 21.68 380 2,800 900
Benzo(a)pyrene 33.27 430 1,600 700
Dibenz(a,h)anthracene - 60 260 100
Total PAHs 406.43 | 4,000 45,000 22,000

(ER-L: Effect Range-Low, ER-M: Effect Range-Middle and OAET:
Overall Apparent Effect Thresholds.)

2

FHHES 245 PAHs 3%
ER*MJ% OAET] & ®mX&
PAHs Hu##2 X
71 AR % A

%ﬁﬂMA

o} 74

T+ ER-Low,

ot ol
d

gy
XX
po

44. X 2ofA 2 Total PAHs, TOCS} ¢

AX &7
HEe 9w

(Lambert, 1967).
carbon)® &AT LR

e He2A olgu.

A9 #71&

s
=X,

re

%ol
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e

2 E
&HA Aok
TOC(Total organic
T, AMEEE ot
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08
£

EolAe] PAHs®] 3
24

Karichknoff et al.(1979)2 HZAE
& AFolA frlEARE ERFEN f71E
TE 0% HEsHA wE g 5 vk ATk
EZEHEJ A Total PAHs, TOCSt X9 Ao
Table 7.9 WYehgdh EZEHEA AA BFEHAE9
Total PAHsE TOCSH 052082 A#AG7F A 244 %
ABBAAE HAF1 on, TFHAE Y=Y wE
Total PAHs® A7 YA Mud)o] 0.389, AF2(Sand)ol
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B3 Ao A, Total PAHs® TOCY A#7A 0.754, Total
PAHs9 =9 AH, AES) AEQ AaaAE z+zh -0.36],
0.274%F 03398} FAMS AAE RF3 QUvh ES Larsen
et al.(1986)2 ZEAgtet Abgste|oigls mlE wAbS Al =S
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Maine el 48] PAHs9 TOC, =99 g##AE 24
0.763, 0.7382 A##ASE BT Ut

E3 REHAHES AFsidn ke TS TESH
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A3} AP A e ’2}347:]])\—‘5 7z} 04489 -0.448, B
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dFe Yo e =3 74] ] ?(1996)
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Table 7. The correlation coefficient between Total PAHs, TOC and textural parameters

This study Kim et al.,, 1998 | Larsen et al., 1986
Total area Yeosu Haeman Gwanyang Bay Kyeonggi Bay Gulf of Maine
Total Total Total Total Total
paHs 19C pans TOC  papgs TOC PAHs PAHs
ToC 8 naa 0.365  1.000 0.754 0.763
. 0.339(1)
Mud ?  -0.268 -0.273
e 0.274(2) 0.738(3)
Sand | -0.395 -0.831 -0.448 -0.892 0.264 0.265 -0.361
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A9 BE A8oA 718 =4, Anthracene©] 0.49~22.66ug/ks
dry wt.2 71 YA vrelsith. Naphthalene, Acenaphthylene,
Dibenzofuran® Fluorene #Zr¢] A¥A PAHs 313tE-2 prg
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AA deER, BE@aE FAF ZHAAM =4 vE
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