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shiHEel 0 9EAE Aotk WMo R FUSE F4 RS W SEASNA S Torl PAHs SHHES] SN BEGE 979~128%
HT BHng/LE Hehglen, 249 }%@ % Total PAHs 3389 S99} B3-S 1,814.34~8893.37(B ¢ 4657.73)ug/ks dry wt.2
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40l PAILs 81 Sof- 5124 43l 42 202 ped, 2 o8 %—‘H Aoz #9505 2 Total PAHs 3389 #1380
HHE 0.06~12.05g/day, BT FUF-3t52 1.86g/day 2331 F FUE-3 L 14.80g/day = 47‘454‘”?} F-590AE 2 F Total PAHs SH3HE9)
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Abstract : PAHs(Polycyclic Aromatic Hydrocarbons) compounds may enter into the marine environment in a number of ways, and
PAHSs in coastal area and estuary adjacent to urban area and industrial activities region are mainly introduced into marine environment
via atmosphere or river. The field surveys to evaluate the pollution of PAHs in rivers of Jinhae bay were carried out in August,
2008, The water samples collected from seven main rivers and Deokdong WWTP(Wastewater Treatment Plant) which lead to Jinhae
bay. 16 PAHs which had been selected as priority pollutants by EPA were analyzed. The range and mean of dissolved Total PAH s
concentrations in the rivers and Duckdong WWTP that lead to Jinhae bay were shown to be 9.79~12825(mean 36.94)ng/L, while
the range and mean of Total PAHs concentrations in SPM(Suspended Particulate Matter) were shown to be 1,814.34~8893.37(mean
4.657.73)ug/ kg dry wt. The dissolved Total PAHs and Total PAHs in SPM were shown to be high concentrations in the Samhocheon
which leads to Masan bay that is the most polluted area of Jinhae bay, while those were shown to be low concentrations at rivers
which lead to the west area of the bay. The ranges and means of the loading fluxes from rivers and Duckdong WWTP were calculated
at 0.06~1205(mean 1.86)g/day for dissolved Total PAHs and at 0.12~16,00(mean 241)g/day for Total PAH in SPM. The loading
flux of Total PAHs from Duckdong WWTP was shown to be the greatest, occupying more than 80% of Total loading flux fom all
rivers and WWTP to Jinhae bay. The composition patterns of PAHSs compound by the number of benzene ring between dissolved
PAHs and PAHs of SPM were diferent each other. Low molecuar weight PAHs of dissoloved compounds were in high concentration,
while high molecular weight PAHs of SPM were in high concentration. These results were due to physical and chemical characteristics
of PAHs and were similar to those of other studies. The total PAHs concentrations of dissolved and SPM in this study are lower
than those of other studies. The extent of PAHs pollution appeared to be not serious in reverine waters of Jinhae bay.

Key Words : PAHSs, Loading fluxes, Dissolved PAHs, PAHs in SPM(Suspended Partiucalte Matter), Jinhae bay
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slvbo)M(Tolosa et al, 1996;
Lipiatou.et al., 1997), 712 g9=4de 8 29902 <
A5 o] gt} (Hoffman, 1981; Lee et al, 2005). =A &<}
2AAsTE ol RolZ A A= PAHs 8§Eo] A
WEFe AdHATd SAcS AYor FYH HAH
E %o ¥tln #4313 9lvH(Daskalakis and O'Connor,
1995). ol#e AEE #¢9% PAHs 3HEL2 2Hdxz4d
o F&ste] HAE A=) EAsA Hi Az A&
™(Guzzella and Depaolis, 1994), | FE A Ed A=l %
AEC 54, 4 2 Eduold T HdFgs dod
1%} (Donald et al., 1987).

ol O]RHER AT FUtEA EAIEe AdF=z Q)
g PAHs SI9E 9 ¢o] o4d=e d¢d 344, strd e
SAo d+Eol P dgx  Foh wFY
MississippiZ(Mitra and Bianchi, 2003), £d9] Elbe%
(Gétz et al, 1998), ZH2~92] Seine”(Fernandes et al.,
1997) 1Eln H Addrd s dygdFoez Q3% wA s
7b REHn Aaststade] AdaAdu e T
Jiulong 7 (Maskaoui et al., 2002)3 Daliao’d 9 (Guo et
al,, 2007), FrellA F WAZ 713 2 Felw AAHow
F o A HE YellowZHLi et al, 2006)%
Tonghui 73 (Zhang et al, 2004), GaoPing”(Doong and
Lin, 2004) FelA A77F o]Fozrh 281 JHeAE
Lee et al.(2005)9 2]} mbidgte] QoA thr|AH I &
S 74+ PAHs 3t&&E9 9 &% A7 Tol A3t

=i e
T o

== o]
248

=

2 o}t
WEsY AAE Ed duu >
° A5 )

2% A7 53 AYAS

% -

Z3dM

2% A2 g vdoA PAHs 33E9 #d

PAHs 8%% iS4 #d A7 3 @ Ho] gl
wetA PAHs SHgE 290 dddHE Jave= &
= FashddlA PAHs e BEXSAH FUF-3

& zAl3tel PAHs 3389 2954E dosas @

2
£

£

2. M= % 4Y

2 fY¥E Fa 8H 7 AFE(]
A (Duckdong WWTP)ol A
AR o olof FAld PAHs

sge AR fA fEFE FHE

tH(Fig. 1).
AEE 27 9% &7 AAFEdes A d HA¥
AgA ZFFe &FoleFE AHE 5 gAY 29dS

(Dissolved) PAHs st&E# FfYAEZ(SPM; Suspend
ed Particulate Matter) % PAHs 3}3E& &413t7] 93
A s o #=(GFFs 47mm, 0.7¢m, Whatman, England)

o] &3t oFI}slPYt. A8 BEE &F PAs IEES
A5l7] 9% Feld JAAE BeARl FAEE 4 A
] 4T olgtdllA Wd r@stdon, FHdAEd 5 PA
Hs 3g&8 2437 g3 5544712 ¥ Fadf o
BA = Ad AzAA B A7A dFvE 59 A4
-20C olstell A BE HASAT

Mo

N

o TW2
CHANGWWON

JINHAE

GOSEONG

GEOJEDO: ;

o JW 7
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128°30°E 128°50°E

TFig. 1. Map showing the sampling stations.



AsE SN HEYFEAE L FYTS

T e st ol B " PAHs 33
7 1.3 3 (EPA ; Environmental Protection Ag
A SHEAE 473 167 PAHs &=
©] 128<1 A %2tz PAHs 33322 Naphthalenes-

=
B E2tgo] 27691 3E-A# PAHs 31%HE-¢) Benzolghilperyl

ened o= 9,

%_‘?}XJ,_O_E PAHs #3HE9 A 218 (ring) Fefol W&
-2 A e st 278 8¢E 2= Naphthalene, 37121 33H&
o

Acenaphthylene, Acenaphthene, Fluroene, Phenatherene,
Anthracene© & o] 5-& A ¥ A% PAHs 33 E (1MW PAH
s ; Low Molecular Weight PAHs)E Walm, 18] #iAl 1
7t 4~671%] PAHs 31385 w22 PAHs 338 (M
W PAHs ; High Molecular Weight PAHs)® 9 al=d], wiAl

28 7F 4702 8§E-& Fluoranthene, Pyrene, Benzolalanth
ool &3} 57191 81¢%-2 Benzola)py
rene, Benzo[blfluoranthene, benzo(klfluorantheneo] ™, 67

¢l 3}%%2 Dibenzola,hlanthrance, Indeno[1,2,3-cdlpyrene,

racene, Chrysene©]

Benzolg,h,ilperylenes 3k},

2.3 PAHs MXE|2HY

Fzo olfd fUEME ARFIEHNLETL A S
A, &7 Aol RE ZAITFE EHSFY 42400
TR AFG F 400C ol Aol FAH 2o
2 v Aes AA] AsiA 343 o)L HdeEtgl
o
2.3.1 Z PAHs

st @ A g A2 £F PAHs 8358 B
Hat7] A AR E FFAZ FARE EdolFo] Fo}
A - 2 & W (Liquid-Liquid extraction method)& ©]-& 3}
F&atArh

FEUHE FARZ ILE 2995 Ya % #7]89

%] Dichlomethane¥} Hexane$ 9:1 ¥ & ¢ &< 100mLS A
7bsta U5 % FE2 Naphthalene-d8, Acenaphthene-d10,
Phenanthrene-d10, Ch-rysene-d12, perylene-d12 & #7}3k
F g A < 10EHE Agagnt. A9 254w e 7
T3 EE(Anhydrous sodium sulfate)& ©] 83h¢] 48
Ast = g4 F9¥ 7 (Rotary evaporator) & o] &3}
o 1~2mL7} 2 W7}A] Hexaned o] &3t tiAsle &=
3t o] & FEH &ulE AHElytA Z¥(Silicagel column)
ol &3t AA(Clean-up)& st Gth AAE 243
Zel A FLFEEVE 53 1~2mLe] 24S 2
o & R 1 Dichlomethane: Hexane(2:3v/v) & §7]4
W 25mLE ©]83te YAt £AA Y §4S 3

)

AA Fws=7)(Rotary evaporator)& o] £3+o] 1mL7} 2

2

o

ks)

tlo

Kn}
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_llm
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7R & HE 5L 100l 952 22T AN)
obgfol M F&AIA GC-MS(Gas Chromatography-Mass Sp
ectrometry)& ©] &8t H&3 St

2.3.2 ERYUXEE 5 PAHs

A B A e oA e ¥-8- 222 (SPM; Suspend
ed Particulate Matter) % PAHs ﬁr?}%é A8 7] gk A
A e FAES EFA7 L FaAdHF 3R (GFFs 47

At =
mm, 0.7um, Whatman, England)o] & E#UAEE L o]

&3t AT BHUdAEd F PAHs S E9 F=
Wi e S okE A S o A o] PAHs 3 ELS BEAe7] Y5 =
J3t w el &<l FE W (Soxhlet extration method)&
o] -&ateo] FEIAUTH

FAEE TFA7IA g2 e f ABAE AFEA(C
ellulose) A4 A& oJH#A(Timble)ol &1, & PAHs
speE ] AAEYANA AHEE W EFEEEE Y W

Yoz Hrhd

dAZ 95 AH(RE LY FE5FA | Ho} Acetone
Hexane (1:1v/v) &% 7] &9 150ml2 o]-&3le] 13 &nf
] #l = gk

L &%= 823 (Round flask)ol & A &F PAls 3& &
s F%383 Clean-upsty HF 5=

of olZ& WH-g Attt ol F GC-MS(Gas Chromat

ography-Mass Spectrometry)< ©| &3to] H&&9)

AAE4 F PAHs §HES Ad&7] 93 7]
~-MS(Shimazu, Model GCMS QP-2010)E ©]-&3}%)
o} Z %(Column) A B 2 (Capillary column) DB-5(]
&W)E Abgetl o, ZH(RA 0.25mm, HEF7 0.25/m,
Z o] 30m)< 5% phenyl, 95% methyl polysiloxane®. 2 &

o] glE AE AFE 3T

Y s34 AL 30TAA 17 B¢ HE=2ZA 3
a1, 0l 18T 10CH &8 2C/HA &9 F 26837 H
27 stgoh Als FYHH S Splitless Mode(H| £ & 9]
ME S a, F9AE dEMHe: 99.999%)S o] &8, B
9 1.3mLE &5 A (Table 1).

Asste BH2 54 4%s 7HAE oj27hg dEsie 4
Z 3= 9 el SIM(Selected Ion Monitoring) Mode s A-8-35}
At Az 2 JEY HEEADF HA29 HAS YF

& A (Naphthalene-d8, Acenaphthene-d10, Phenanthrene

-d10, Chrysene-d12, perylene-d12)e] ©4 3} v w3l A
AEA B AgEAs Pt
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Table 1. Analytical conditions of GC-MS for PAHs

Item Condition
Detector Shimadzu GC-MS
(Model GC-MS QP-2010)
Column Capillary column DB-5
(J&W Scientific Inc.)
30mx0.25mm 1LD. 0.25¢m film thickness
(5% phenyl, 9% methyl polysiloxane)
Injector type Splitless
Carrier gas He 99.999%
Carrier gas pressure | 195 kPa
Injector temperature | 250°C
Interface temperature | 280
Initial temperature | 80°C(1min)
Temperature rate 10C/min
Final Temperature | 275C(25min)

ket A Aud EAH 4312
€& PAHs 3389 gE
oA TP RFEEHAE &5
SN U3 wyow ¥
Aot e wlE 167) PAHs 8359 345¢ He
3~12597%=2 ety o Benzolklfluorantheneo] 7}%
=

2 3 4€S Uty od, Indeno(1,2,3-CD)pyrene®] 7+
2 3egs e

A AE4 5 PAHs 889 5L AF387) 9aA
LT EAEYE o] &3 HIYHHE Aol PAHs 3¢
=9 AdAH vlole HF5S 9% SRM 1941bE ©] &3t
#7189tk SRM 1941b¥E Chesapeake %ol A] A3 3 3)
FEAERA 24%9 TR FhRE g, AFHE 247

9] PAHs 3}3t20] 5o ITHNIST, 2004). SRM 1941b&
o] &3t AR FEWEY FUI wHo BA.HE35)
Blaeds HESGY 589 WHE 77.63~14258% 2 1}
ettt AE" 358 F Benzo(a)pyreneo] 7} 3L 84
&5 YElY o™ Benzolklfluorantheneo] 714 =2 3l4+&

= YERAIT

3. gt 3 ¥

3.1 PAHs slEtEe 2x &4

T R A g &
o} Ha g2 9.79~128.25
_ﬂ_

Aggtoz 4oz
3 9.
AAE4 = Total PA

& Total PAHs 3}

H3 -

ZdA

Hs 3l &9 s Hazhd 1,814.34~8,893.37(H o
4657.73)ug/ke dry wt.2 ERGT

ZA Y & PAHs shHE9] WAl 322 (ring) el
F2 AE2%F PAHs 3= (2ring-3ring) el A
B glom o] 22 FxPele o
el gtk (Fig. 2). AR AE 5 A A
A A =2% PAHs 3H+E4¢ 2ring® 3ring PAHs 3}
gHZo] 717 5474 ng/L, 6650ng/LE AHE FAA 713 =
L FEE Yedgl ey, =3 bring PAHs 318E©] 0.99ng
/L2 M E2 B2 E YUY L BHo R 9F s
2ol Melaol A 3ring# 4ring PAHs 3&HEA ZHz)
19.35ng/L¢} 6.24ng/LE THE Aol v|d] A eyt

k

)
fL flo

70

B 2ring ¥ 3ring M dring M Sring (16ving

Conc. (ng/L)

Duckdong
WWTP

Station

Fig. 2. Concentrations(ng/L) of each ring of dissolved
PAHs compounds in waters discharged from rive
rs and WWTP into Jinhae bay.
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Fig. 3. Concentrations(ug/kg dry wt.) of each ring of PAHs

compounds in SPM in waters discharged from rivers
and WWTP into Jinhae bay.

FHSAE4 F PAHs 3% E9 wWiauz Fed of
X5 2d, 338 A PAls 313E<! 4ring PAHs 33}
o] AX JW 39l A 4,667.32ug/kg dry wt.2 7} %2

o 2E YEshra e e oA 1,062.80ue/ke
y wt.2 ¥ FEE JEATt bring PAHs 3 g E 2
A JW 6914 3,321.14ug/ke dry wt.2 718 =2 522
23 JW 2004 1673.24ug/kg dry wt.2 T =&
e Atk (Fig. 3). FHYAEZ F PAHs 3% &

ol

off
oo B Moo
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Asht sel A Thabtgs

A% PAHs St3HE ®uhe
4ring# bring PAHs 3132 0] 511%E thh o B
Aok Ao® VETh o9} 2ol ZAPY A wiA
Ef o] Pﬂre PAHs 31359 228+ T2 =4
A FdE= =AY 3 ? Aol A
Hs 33HE 9 M2 tE 295 fUel o
wE

4 PAHs 889 »H9AE2 5 PAHs 81589 &
gl 2 2AN17) &5 PAHs 3H3HE oA A 8218 PA
Hs 8&&0] fiR&L A&7 ahx4e E5edasd
PAHs 382 AEA% PAHs 33 &0] S 278}
At PAHs 3t3h&o] E43: ol na Z/d v &
FEE Hole olfrT PAHs 33E EAFo F&tel

FEH =Tt ol PAEA gE & | AAE

(Karcher, 1988; karickoff et al., 1979; Law and Bi iscaya, 19
94) PAHs 3§&9 &2 3354 44 gi7oz wam,
o|#1¥ PAHs 3}E9 ZAYHE e A7 2dxe
A,

IFEAE PAHs 3HgE &3t

(=}

ﬂll

JN‘_‘L

A

ok oN rlm Hm

o N

N.O1.5E

N.00.5€

12850
Fig. 4. Concentration distribution of Total dissolved
PAHs and PAHs of SPM in waters discharged

from rivers and WWTP into Jinhae bay.

&< Total PAHs 3t¢E % 249284 5 Total PAHs
S EES] FEEEZ B (Fig. 4), €F Total PAHs 88 %
o] B EAI- A S o) Fol R mAkA = RE A
He A JW 39 AE oA 12825ng/LE M =L gk
e 2 thio

BRIt 22l A JW 79 A2 A A 9.79ng/LE T
HE T EE YElem, teiA S A BR

A AdE
XS JEQD 281 o]e)d T ruy ‘ﬂd%‘{— Lee et
al.(2005)7} whebwto 2 ]

.
=}
AHs SHHES] BRuein we pEs na,

ﬂ
r1r
ol
k=
P
K3
>
m
&
3
o

ot
&,
lav]

m1ru

FAadAE4 5 Total PAHs &3&E9 $ETXE B,
$€ Total PAHs 3883} FAL8HA %A 319} AL 87 of
Foldl MHIA ZRE F9HE AEAD AR W 394 88
98.37pe/ke dry wtE 7Hg B e Ui 1 thgol

i

FANE AeeteE AF JW 2004 6,191.94ue/ke dry wt. 2
= L}E}wu} 9l A TW 6914 6,117.37ug/ke dry wt. 5
el on yojx] FAEe A 3000ug/kg dry wt. ©]&<]
Ao ez ve FEE YEUTL o]ef o] T4 XA
AAGE AR A FEIF A BEE A
PAHs stdEe] 4 714 SINARE o] &8 Ahxxg 7

! A o B2 AFa 34 T o

E RAUEE PAHs 3lEtE9 RYUFSIF

Fo o 2L SeAe Sl Aslwon fdHE §F
Total PAHs 3329 Fd5at% ©9E 0.06~12.05¢/da
vE Ao BE YV EE 186g/day s g9
o

128°30°F

Fig. 5. Loading flux(g/day) distribution of dissolved

Total PAHs and Total PAHs of SPM in
waters discharged from rivers and WWTP into
Jinhae bay.
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o] Y2 16.00g/dayS VeI o™,
AR & ol A °O1Qh A JwW 69] I
eyttt o83 datz Ao FAHE £2 Total P
AHs 33HE% BHFAAEZ F Total PAHs 3324 %
Y733 747 14.85g/day, 19.27g/day 2 AR & 9},

Al 5} "P‘ﬁi}ﬂ' o] o]z PAHs 3}3+&<] 2Al o] Abx)
9%°1 S0 dAEE X dol upAA] 2 HE

7HE e AHe 1

ZH A 0.12g/day &

A
=

3k a4
AH43H # 5]“5 44 JW 39 @'Eﬂ"ﬂﬁ M e EE
etk ey 95t de &
| ok 75% o] d& AABAA FFe °§ Sl
T2 2149 8% Total PAHs 3359 Ratake
14-&4d % Total PAHs 31389 f%etesd B5F &
FEe] oF 809% o] g JElfle] Astez f9
s e 5G] dFS g A
2 Ygyth ARAez Advez fYHAXE P
FFEL ZHAGH AHEFAGAN F 4
AT & FoAA T AR D3 A A oA 2F
& st A E Agste 9% sheA oA PAHs
; weto] 4502 nEy

L

o] A3
gko 2
H
=

ot
2

|

e @ oft o
o ofs

AHs
= st A

1o

Lo

3.3 08

AT-9 A steA oA Y & Total PAHs
E4 % Total PAHs 33&E2 59
, PAHs 33 &9 MATE Oi 22w 249
AT AFAEH v ag P tHTable 2~3).
3, HZ 5 EASIL ASHT A3
%o] A3 glo] PAHs stHE9 o4
€ AYelX == FEAANY Tt Mg 52
HArt &F Total PAHs 3= 2%, Jiulong 2 (Mask
aoui et al, 2002)3} Daliao 79 (Guo et al., 2007)9 A &=
AT sEe] 1000 o] B FEE ey ¢
R, TFAA F HAZ 71 71 Boly AAH oz FF
ANA FALAE HE YellowZHLi et al,, 2006)3 Tonghui 7%
(Zhang et al., 2004), GaoPing 7 (Doong and Lin, 2004) %
M2 300ng/L ©]49] %2 ¥=& Yelgiz it 18
I B{UAEE T Total PAHs 38 A9 9A 23 Dal
iao ZH(Guo et al., 2007)9] & B dF9 =T o 20m)
o 2 & UL YN, 39 Yellow ZH(Li et
al., 2006), Tianjing 7(Shi et al, 2005) 28] 11 Z#*9] Sej
ne % (Fernandes et al, 1997)< 10,000ug/kg dry wt. ©]2}¢]
U4 2 FEE Ve AT 9l v =9 Mississi
ppi % (Mitra and Bianchi, 2003), 9 2] Elbe 7 (Gbtz et al,
1998), X @~ 9] Seine “(Fernandes et al,, 1997) 5¢ £&
Total PAHs 3¢ E2 B A7 SEHYRT 42 2=
e 3, el vkt (Lee et al, 2005)9] =4

o =

S} T ghell nl3iA
F+UxE4d F PAHs
Mississippt 2ol H3] tii

3}

@ FeE e a8y F
5 FERYE 9T York 2
=2 T2 YeERA

Table 2. Comparison of the range and mean of Total
dissolved PAHs in river discharge into the
Jinhae bay with those of other studies

Range
Location PAHs (Mean) Reference
(n 1
Daliao River Watershed, 946.1~13448
i Guo et al.(2007
China Gary OO LD
Middle and lower 179~369 .
Yellow River, China (248) Li et al.(2006)
Tonghui River, Beijing, 1o 193~2,651  aLC00D)
China R I
o 10~9,400 ,
Gao-Ping River, Taiwan 16 430) Doong and Lin(2004)
. o 6,960~ 26,920 _
Jidlong River, China 16 (17.050) Maskaoui et al.(2002)
Lower Mississippi River, 56~689 L
USA 13 408 Mitra and Bianchi(2003)
Elbe River, Hamburg 107~124
' ' 16 Gétz et al.(1998)

Germany (116)
Lower Seine River, 4~36
France 1 ©0) Fernandes et al.(1997)
Lower Brisbane River, 5~12
Australia 15 82) Shaw et al.(2004)
River discharge into the 34.6~239
Mosan ey Torea 6 o Lee et al®)
River discharge into the 9.79~128.25 i
Jinhae bay, Korea (36.94) This study

Table 3. Comparison of the range and mean of Total
PAHs concentration in SPM of riverine water
with those of other studies

Range
Location P?ES (Mean) Reference
rg/kg dry wt.
Henan Reach of Yellow 507~10,510
River, China 16 4100) Sun et al.(2008)
Daliao River watershed, 317~233518
: 18 Guo et al.(2007)
China (21,724) o ¢ al{
- . . 938 ~64,200 )
Tianjing River, China 16 (8.900) Shi et al.(2006)
. . 442~1,850
Pearl River, China 18 (1.659) Luo et al. (2006)
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