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2 o : oA WE FF BRFEHS ol &ste e s AZEYF 9] PAHsE n-hexane§
2 FE3] 1159 PAHsE Al AR5 TE Acenaphthene (Ace), anthracene (Anth),
benzo(a)pyrene (BaP), benz(a)anthracene (BaA), benzo(b)fluoranthene (BbFt), benzo(k)fluoranthene
(BKkFt), chrysene (Chry), perylene (Per), phenanthrene (Phen), pyrene (Pyr) % fluoranthrene (Ft) 5&
FEA AT olE HAEEY AP EF 0.15~166 ppbe] FEHANA AHATAE RIS
™, 0.99901%¢¢] £ AN FBAFE HArh &4 Y AE EG (sediment)ol] FHH-E 11
9] PAHs T2 68.8 ng/g ~ 324.4 ng/ge] FE=RAE FFHo] AT LI PAHsO| FF
A Qb0 g7 AaE FUbete AFS BASH, 53] Pyrdt BaA T3 22 4318319 E 9
FEFHIZE E=okoh

Abstract : Determination of some PAHs in sediments at Ulsan bay has been carried out by extraction
of the components into n-hexane followed by synchronous spectrofluorimetric technique. 11 PAHs, such
as acenaphthene (Ace), anthracene (Anth), benz(a)anthracene (BaA), benzo(b)fluoranthene (BbFt),
benzo(k)fluoranthene (BkFt) benzo(a)pyrene (BaP), chrysene (Chry), phenanthrene (Phen), fluoranthene(Ft),
perlyrene (Per), and pyrene (Pyr) in sediment samples were able to determine separately by synchronous
spectrofluorimetry. Calibration curves for those components were linear for the concentration range of
0.15~166 ppb PAHs with the correlation factor of 0.9985~0.9999. The total amount of PAHs in sediments
varied from 68.8 to 324.4 ng/g. The PAHs concentration was shown a tendency to increase from the
outer bay to the inner basin as well the predominant contributors to the aromatic ring groups of the PAHs

was 4-ring group.
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AZ eI EE st HEW  (gas
chromatography/flame ionization detector, GC-FID), 7]A]
AZvE T 3/ HE 2 (gas chromatography/mass sp-
ectrometry, GC/MS),” 4% WA AzrETe)v) 33
AEH(high performance liquid chromatography/fluore-
scence detector, HPLC/FD)" 5°] SIth. PAHs: &%
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2.1. 717

B Ao A AFE-SE fluorescence spectrophotometer
Varian co.(USA)9] Cary Eclipse fluorescence spectro-
photometerZ4 Xe-3UZ} 1 cm x 1 cm 4-window quartz
cell-& 4-channel multi-cell exchangerol]l 1723} X183}
o} B3 FU3| Ao A A F3h= Cary Eclipse software S
AHE3HY spectrum= R SFAL o] R AAF FAE 5

Ytk

2.2. A<

AH-E PAHs EFE9LS 165 PAHs 33E9 5%
7} 242+ 100 ppm(AccuStandard co., USA)S! A& A&
3l o™, PAHs EFRTENL acetonitrile &S A}
&3t FaA it dAFoR Aale] ARESIATH
Zy7}2] PAHs AJ%-E°l W3t fluorescence spectrums %
Atet7] Slste] AR i AFEES TCI co.(Japan) 9}
Sigma-Aldrich co.(USA)lA Az3 EF A ¢
shod AME-EFSITE A g o] ARS8 acetonitrile?} n-hexane
£ T % Burdick & Jackson co.(USA)Q] HPLCHF Al
AHE-3F AT
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2.3. AlZ2 A

2 AFdAe ¢ AEAES 9] PAHs 329}
TE AR #18te BEd a4 A9
10719 2SS AT 5 2002 7€l A% AHDES
= s ATk AR AH AHL Fig 19 eIt
Ag= AY7] (bottom sampler, FJEEE)S o]&3le] 3
F A EFY FWF 0~5 ems AHHAT FHol 2
ote] kel AT AleEe A2dA] dFdEt
A% & Az N84 59 22 ol534E AA
TRl g Wi FA ZobA 0297 mm X
FAZ AYA ARSI

of off
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Fig. 1. Sampling stations in Ulsan Bay.

2.4. A2 A2

ok 100 g9 AIEE 0.1 mgZtAl AEsHAl A #s)d,
soxhletd X 2] FZ7)d] ¥, 220 ml9] n-hexaneS AR
sled A8 S92 PAHsE FHuUlg FE39h FF &)
9] 714 exw 7ME HHE ol g3t -, &
w7} 227] 202 20 mUmin®] $E2 o FFHEE %
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o

A 9AZE FRF FE5 AT FEE2 evaporator £
100 mLE 5% vol $A FFEFIEHoE
PAHs9| o2 S4sislt.

3. 21} & E9f

3.1. SAIHZ2LTTH| st SAIFHZAHER

ol Aol A= F7IsHEEC] AUAE FFetd
313HE W] nZdtolu nZ2% (mon bonding)2] HAP7}
JUAE 53] 1 > 152 n — 12 Hold FHol
Al 1 — i} 1 — nCE HolHwM 3 ol
vehdth 71 Al 93-S Yeille E4e 32 oy
A AZ NHNE 1 - n HolEA, BlEAstE ndAE
7} 3L Q= benzenelE| S E3lSlE IFES el &
F5 UEA "ok mEbA B aErt 27 o)
A=l A= PAHsE 7t SIHE9] gk FFabdo]
A FFEAY A71E SASE g3 Ave 8§

29 wwd WP Hue g BAT & Qon,
A
3 g

Isr = ked Eex(A)Ef(Aex + AMN)

k : characteristic constant

¢ : concentration of analytical component
d : cell length

Eow :
Eow :

excitation function at the Aex

normal emission function
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Table 1. Optimum wavelength interval(A\) for the determination of PAHs

Wavelength, nm

Wavelength, nm

Component Component
Aex At AN Aex At AN
Acenaphthene 227 322 95 Benzo[g,h,i]perylene 299 419 120
Acenaphthylene - - - Chrysene 267 362 95
356 376 Dibenz[a,h]anthracene 296 296 100
Anthracene 20
375 395 Fluoranthene 287 487 200
Benz[b]fluoranthene 301 401 100 Fluorene 300 310 10
377 402 Naphthalene 220 320 100
Benz[k]fluoranthene 25
400 425 407 437
Perylene 30
Benz[a]anthracene 286 386 100 434 464
Benzo[a]pyrene 387 402 15 Phenanthrene 292 367 75
Pyrene 334 384 50
nmelA 200 nm7kA 5 nme] FHHOR FTMATHA 3.3. SAIEE 220 Qs 2t MES9| A
TARZEY 2HEPRS °é‘21‘:‘r 019} e FJr Jo g 2N

948 Table 19 53] E3)
A g3 'E%%E‘ﬁ"] o3t WEAHEHL 5%

04 anthracene«] n’ﬂx}ﬂ T2 Hold -.401] CP\] oA
12 HoldEe FFubde AN 20 nmTHE HE|R 376
nm&} 395 nmoll A YehdTh

3.2. 23lLilol Mey
7} JEEo] Nz 14

e A5e] AE AEF Theol BEsbgel A7lsh g
F2EYS) BaE PPV Astel SEoHEs)
ke gaE St % 0 e

3t Eude] Eelvnls 7171 15 nm, 2.5 nm, 5.0
2 100 nmE H3AI|HA FAGFAHEHS
ME} 5 e SR FE45
Fo] A7l A A BepA] 2AS 3 5 ¢
on, E3lun7L HoldE R AVl
ARk, @ B9ele] Baisol Aasiith w
ATelMe 5T AEade Ssiv
2.5 nm&} 5.0 nmZ YA A A
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A BB BRBEHE o838k 1559 PAHs 319
5 AR fste] 24 AEEC] AR e @n
alwo] Hold HA o oA 7 AREY HAAFA
= ok &, 42ke] E9E 005 g2 0.1 mgZtAl
&35l hexanedll =<1 Tl 100 mLe] H-3
ZetTol $74 EA7HA hexane&Z #F3] 500 ppm]
el B8NS AT EHEAAAM Y 7 AR
55 A%F3h] $18+9 500 ppme] EFEHE F3A 0.5
ppbol Al 250 ppb7hA] 2] EHE-A-S 2A|S ] AME-SIAIT

Table 2. Calibration PAHs by
synchronous 2nd derivative spectrofluorimetry

conditions for the

Linear range, Correlative
Component AN .

ppb coefficient(r2)
Acenaphthene 95 070 ~ 131 0.9992
Anthracene 20 043 ~ 141 0.9992
Benz[b]fluoranthene 100 0.15 ~ 46 0.9983
Benz[k]fluoranthene 25 016 ~ 60 0.9999
Benz[a]anthracene 100 0.14 ~ 42 0.9998
Benzo[a]pyrene 15 0.80 ~ 105 0.9999
Chrysene 95 0.80 ~ 166 0.9985
Dibenz[a,h]anthracene® 100 048 ~ 80 0.9998
Fluoranthene 200 050 ~ 109 0.9999
Perylene 30 070 ~ 33 0.9996
Pyrene 50 037 ~ 162 0.9991
Phenanthrene 75 0.60 ~ 115 0.9992

*: single component
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g3 B3 %lL:_ O F US-EPASIAM At
Jx 1629 PAHs 3E Z9A] indeno (123—c d)
perylenes A9t 1553 perylenes X319 F 1635
‘4 PAHs §}.b’ b= 0 Z%Ekt' A—]o]_giq_.

Fluorene2> A\, 10 nmo]A] 300 nm<]
54 sAEF &9

ST
SHE ERouy F3A77E o oF
sl A7 EA4E 5 I3tk E3h naphthalene> AA,
100 nmellA 220 nmellA &4 A 5927 UE
WA fluorene®] &-%-2]9 HAAEE PAHs 3-8
oA fluoreneX} naphthaleneS AFEX & 4 Aok
Benzo[gh,ilperylene> 120 nm2] AAY W 300 nmolA]
E4 F3e-rt SHHEAT, FF A7 ol oF

g mot ohg), benzo[b]fluoranthene-% FF Y=
AAANEZ A BT 5 ¢t
10 9 PAHs EREd] EASH=  benzlal

anthracene, benzo[b]fluoranthene % benzo[k]fluoranthene
o] o]z} wjE FA] HFAHEHI AHZAL Fig. 2
o yehf Atk

Anthracene-> AN, 20 nmol A &F5-9-2e) Ralsy
AE7) 428 356 nme} 372 nme] FBE-9-2E e}
W™, benzo[k]fluoranthene= 379 nm<} 400 nmoA
N FFe5-27F Yehdth 372 nmolA Y] anthracene
o] 33592 benzo[klfluoranthe®] 379 nm<] 3%
279} AXAEZ ARl AMEE &= YY) =
356 nm2] FF5-$-2)7} 372 nm9] FFE--Ro R
o £ Z}E—a‘ A Btk olyz} benzo[k]ﬂuoranthene«]
53%%—?—6]9} AAA %OE==Z  benzo[k]fluoranthene |
AE AT = UATh

Perylen e AN, 30 nmollA] 407 nm$} 434 nmol| A F 7))
o] ¥35-9-2]5 B3 .21, benzo[kfluoranthene-S- 362 nm
oA 385 nmAtolel] BRIz wi- e 3592}
400 nmol| A B8-9-28] £E5o| o s FFE-E0t
et wh2bA AN, 30 nmol| 4] 407 nmol| A< perylene®]
3 335--2]= benzo[k]fluoranthene 2] JEFO.Z Q13}¢] 75
FEA = o] &T F gllom, 407 nmol| A FFE-F-
2lEth =7 93 434 nmol A9 FBB-9-2E oA}
| 23le 2 EFE 59 perylene2 benzo[k]fluoranthene
Fee Azseud RPRAT & A

o)

o,
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Fig. 2. 2nd Derivative synchronous fluorescence spectra
and calibration curves of two compounds in
mixed solution.

(1) benzo[k]fluoranthene,
(2) (a)benz[a]anthracene, and (b)benzo[b]fluoranthene

Benzo[k]fluoranthene-> AX, 25 nmollA] 378 nm$} 401
nm¢]| FFF2E YeSlem, anthracene®} perylene
o] ZB5-el% 247} 353 nm¢ 373 nm, 411 nm®} 436 nm
o] gFEe)E Btk 18 anthracene@} perylene]
&334 7]+ benzo[k]fluoranthene .0} & A3 7+Asta &
529 25 EFYCh webA, AN, 25 nmellA
378 nm2] ¥F5-9-2]E ©]-881H anthracened} perylene
91 Gs Hagsld, EFE T benzo[k]fluoranthene

S AFEAE 5 AdTk

Benz[a]anthracene, benzo[b]ﬂuoranthene 2 dibenz[a;h]
anthracene> AA, 100 nm i, 2z} 286 nm, 301 nm
g 296 nmo] FFETE UEHon, @Y AR
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ZAE Aol 032~160 ppbe] EE- A 0.9994
oo F2 AMAIATE BRItk 2y e
o q]:= dibenz[a,h]anthracene> benz[a]anthracene@} benzo
[bfluoranthene®] &3&-%-217F Vst EAjo] 23}
S ¢ 4 AUk =3H benz[a]anthraceneS 0.14~42
ppbe] FERLNA EAo] 71534t Benzo[blfluo-
ranthene®] TUAESZE EAT Hfol= ol vE
A A5 HAdepda HavpPge] 747 304
nm}t 301 nm$lou, EFHEAlM = Hrhudo] 308
mm= FuFZoR o7k oFIATE  EF-E A A
benzo[b]fluranthene®] A#F 7ML= 0.15~46 ppbE
A oA FL A H9E ZYoh

517 %’46}04 2002 749 1070 AHES A8t A8E
AFHE F soxhletFAE  ©]83} n-hexane SW|E
PAHsE F&3to] oA} mli A &
7 AR FEE BAsth
°/‘]'“]'«] 3 F AAESo EFF acenaphtheneS X
ek 119 PAHs 35HE9] 32 68.8 ng/g ~ 3533
ng/glﬂE ez TIEAES & & e oF
Table 3°| FE3}¥th SG-3AHo|A PAHsY] FTE+
3533 ng/gos 7PE Egkom, Ak Aot spztold]
AT SG-1AHE 2704 ng/glE £ FEE AEH
Ak AR 5ol A gt FAR Fol A8kl
U SG-1914] SG-4 A HF FEE 242.5 ng/gol

skl

.

[]

IARCOIA 3%

S benzo(a)pyrene-
ng/gd] = HE A
SG9¢+ SG-10 A FolAE

AEE ‘EiE}.
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A FAY 0.1 ppb o5t
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o= BF
A 71 ~ 454

enz(a)anthracene

S AL

T % AREYG Fo)x US-EPAAXA +33}
1659 PAHsE 41319tk 165 PAHs %
Z9 AHSs 7110& rEstgon,

TolM=

fluoranthene®] Moon

o ¥

HEHA

Aol
24 mag ok

9+ acenaphthen¥} benzo(k)
570 Ao Azte] Bt 3
139 ng/gd 543 ng/golRe

o) R} g Ao muse] Yk ¥

2F&3%F PAHs 9
7NEo R

2 tE Moon

i
22.7%

S o ~H o
e FES 23

stAom,

AED

hv 61-2}'}

chrysene}

FET @ Aot 955 ge %

2 el 1

el 2 %
sRgTe 72~

5ol 23 PAHs 3} zlolE

Hole AL A8 iﬁﬂf‘lﬂﬁﬁr PAHs & 1= 3

i, wpgE] X8 SG-5IA SG-10 XM WE ol Ame] AF 7)2e Dy B Ao A}
Table 3. PAHs concentration in sediment
Station Concentration(ng/g)

BaP  Anth  Pery  Phen  Ace  Chry Ft Pyr BaA B{bJFt B[kJFt Sum

SG -1 37.0 7.1 41.5 134 Tr Tr 11 105.6 33.6 31.1 ND 270.4
SG -2 7.1 6.6 11.8 17.2 Tr Tr 0.5 60.5 17.1 15.1 ND 1359
SG -3 454 249 67.9 16.1 Tr 1.1 1.1 153.8 285 14.5 ND 3533
SG 4 193 124 16.5 8.7 Tr 0.2 0.5 134.2 18.6 ND ND 2104
SG -5 17.7 16.0 23.1 18.9 Tr 0.3 0.7 1137 18.6 10.0 ND 219.0
SG -6 19.2 10.0 20.2 24.5 ND 2.6 23 ND 10.1 7.1 ND 96.0
SG -7 12.0 79 122 19.6 Tr 0.7 0.7 19.1 5.8 ND ND 78.0
SG -8 94 202 10.9 49.9 ND 1.6 1.7 95.9 20.9 9.5 ND 220.0
SG -9 18.7 9.8 14.9 220 Tr 23 1.3 ND ND ND ND 69.0
SG -10 113 10.4 14.3 225 Tr 1.8 14 118.8 ND ND ND 180.5
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SAME A9k FjF AAES o] = PAHs
E W g e FEs UEgE gilstd
Fig. 3°] Uehlgith aY AHEGS] 2dEde F2
benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene,
perylene 2 pyrene¥@} o] 12]7} 470 A 570 B4}
of & EAEcIeH, nErt 3749
anthracene 2 phenanthrene 0} £ H|&Z -5 o
Ut ol 1EFTt BEFE
7] Wiel, Aol PAHs7} frsle] =
sletEo] AE o AstA F2d Bt ol FF
H o= FEYHA Fa JAAE EAsH] WEd A

o2 AR H

acenaphthene,

— 3 ring
= 41ing
B 5 ring

Ratio(%)

SG-1 SG-2 SG-3 SG-4 SG5 SG-6 SG-7 SG-8 SG-9 SG-10

Station

Fig. 3. Contribution of aromatic ring groups in sediment.
4.2 E
TN FF LFBERES ol8sto] A A Y

AAE YT PAHSE n-hexane &2 FE31o] 1159
PAHs, = acenaphthene(Ace), anthracene(Anth), benzo(a)
pyrene(BaP), benz(a)anthracene(BaA), benzo(b)fluoranthene
(BbFt), benzo(k)fluoranthene(BkFt), chrysene(Chry), pery-
lene(Per), phenanthrene(Phen), pyrene(Pyr) =
threne(Ft) 5] &S A 4 sk3ich

7} pAHsS) HF B4 % 2HEYS 2AG

pal

fluoran-

a3
Anth, BkFt, BaP, Pyr, Per, Phen ¥ Fto] & A= 47
20 nm, 25 nm, 15 nm, 30 nm, 50 nm, 70 nm % 200
nm $°2™, Ace?} Chry> 95 nmolA] BbFt, BaA-2 100
mmoll A g Al71ek Bafsol 7P $skSith Anth,
benz(g,h,i)perylene(BghiPer), fluorene(Fl) % naphthalene
(Naph) Z+Z+ AN 100 nm, AA 120 nm, AN 10 nm % AA
100 nmollA 54 FFEE HERAAUATL Daha,

Vol.17, No.1, 2004

E F9 0 BFE B352PAH)S $A BH 5

BghiPer % Naph& TFE A3} QA& shgolr] 8%
2 ngor, YPEA PAYFL B4 YT AL
A7 S pstel B BHAE o Bl FA

g TRI=HS
thylene> o{ud ZANME FF 545 JepliA &
Stk B4 B BFFEHOE 74 HREY ARNS
29k A AFHelE

ojaF Wit TA FF LHBEWE ol &8t &4
dF AAEYF F9 PAHsE AF BA3 43, 115
PAHs 3}3HE9] o] 68.8 533 ng/gel =
WYl AEEHAH, i s SR
of A Aol W] JFAHETH PAHsS] T=
=9tk A9 PAHsY 1Egt 49 5709 FEHE
o] ¢t 379 SFHERTG wokoH, o7 i
F7t BSTE AAE o 99s] FAE FHAE
HABHAl A Wee Yulste AoE AlEHTh
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