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A -G F 2SN FAE k=R 74A] 9] AFE o] 2] thEE 39 (33°30'~34°N 125°~128°E)
o] gEESALY X ARS AT BF dlas SEUskra FFY Al - F7HE WHols 108 o]l
o AR dolA B3 Yol don, FEFLE J1Ed BRT k. @3] /490E n-alkanes¥} pristane
o] FFE V1ECE B 5T &2 YshraE 19989 499 A5, B (125°E) G AM = HEFFAET]
4 2 M7 gesledrt AsaL, Eefelie $4714H 7190l fAE T 28] 1998 99l EEfel
N HEEIES 87190 AP hesi

Dissolved aliphatic hydrocarbon concentrations in the surface seawater were investigated to describe their dis-
tribution and elucidate their sources in the Cheju-Korea Straits region (33°30'-34°N 125°-128°E). Seawater
sampling was made in spring and autumn in 1998. A large temporal and spatial variability were observed in
the dissolved hydrocarbon concentrations in the region. The sources of dissolved hydrocarbons in seawater were
elucidated based on the molecular concentrations of n-alkanes and pristane. Dissolved hydrocarbons in the sur-
face water appears to be largely originated from phytoplankton and petroleum in the southern Yellow Sea (125°
E), and terrigenous and petrogenic in the Cheju-Korea Straits region in April 1998. In September 1998, dis-
solved hydrocarbons in the surface waters were largely derived from phytoplanktons and terrestrial material in
the Cheju-Korea Straits region.

M B B3 34%$3) U= B9, 232 SN 21%7 2Ast

SATHEAE, 1996).

el tigEsdeR B spE vrlE St HrlEH gelrde s dE oot A5t o7 Z7[de2R Y &
2 HErh o) dEH Al 2zE 44719 (petrogenic), AE7]E

HFE T3 Q2 SAEREC] N&F o2 KFYHA U

Y3 ke dis AEs Alele] AFAE- Falot FHE A (blogenlc) 2]3 g2 (pyrogenic) g oA AAJHTE ©

Askes AEoR o] sl9 B4 3F AT & - 5593 1 Ao} AR 713, AENY deleas “”,

S} &, Felgt Baje] B 55 oFlsted vy Fad =) *gng/‘%M 718 271&489g0A he|gotl] 9

ARE AFH oIt FES AHL S =49 FUE o}@l QAT G &, §71E AL F2 PAHRS &

T ol sjFEEF ol ul- A8 —‘E— ] AAG gF  Spavt AAEHI ol FE V] FEE B8l YR £4

EEEY BN BAEY AEE AT &g wE dEke] & Hoh(Page e al, 1998). AAAl SFLE & E]_ ESE-B K 5

7R AT Bajzbgo] g ket sl AZF 3207HE TFROIH o]F 4 H B BAISE F
I WY BT SUM0 wet 19929 o1F wid 300 el Fol 37%, BAAEHG BUHIE wETo] o dudEe] o

H°k 45 QQA BAskE glow, vﬁu @3tz dist &k 33%, 283 Y E-RE Akl 98tk 12%, V1A=

i

SAALRZ MRS YTk 1991~199537F & 1650 3739 & FF sjFRACl 9%E AX k. 225 AAHA A M
AL 7) dRAEked 33,700 kio] 71E0] -ﬁ-%ﬂ % 3263 T (natural seepage) oF 9%°] 33t ITOPF, 1998; Volkman

‘21 9] oguls] 7t TSI ol & AT | H oA 45%, et al-, 1997).
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$2] v} gl (33°30'~ 34N, 125°~128°E)yE Betete L5
TollA AL hrER27A Y] AFE olF S HYSE
1998\ 44, 1998 992) 23| AAA sFAIRE AHH A
31998 490 SAAHHE BEF L AFHHATFig. 1). sl
AN EA R AT E-g H3t7] fletd FFA 10 m ol
=2 pvC AZ 9 U2zl A2 23 3 vH(Cripps and
Priddle, 1991). 3= 1 SEIE vl AMAste Hzgh E2oLd
ol H3 & W Basle] SALPAR WAtk AH T &)
FARE GFF HFA (FFT7 045 pm)E o33t vl ES
Z35 9A 2@ AAT F C-18 (ODS) Sep-pak cartridge
(packing volume 5 m)E 53AA 7188 FHA7]5L 20 ml
o] 2542 AHI F 20 me) MeOHE AMS-3le] AW HE-&
g2319ct 829 23 rotavapor® §9E AAT F Folch
o 5miell F9U F =4 F ¥AHA EFES Whatman #1
AR 2 A3t AAT F A ulE AAT ] APYAES
FZ3}1% tH(Folch et al., 1957).

0|27 doiA F XA E 5% Methanolic HCI 0.4 mi& 7}
B3 80°CollA] 1A17F FE WHGAIA Ate vlE dAHER
transmethylation (M €3h)E &ASIAT} wH5o| T4E F 0.5ml
o] FRFE 718 A 1mi®] n-hexane®® 33] &3 F -
hexane®-& 25 F3IAT}. ©]& silica column(packing volume: 1
mboll & fatty acid methyl ester JE-2 S F F71E 3
mi¢] n-hexane® 2 columnd A& 3dle] FAFA] o2 Hlri
ARG 3] FEAAT Belrd RS o e column
£ A n-hexane:EtOAc(1:1, V/V)SZ §EA)A fatty acid methyl
ester AE-S B2 T Z2HE speed-vac(Vision Co., Korea)Z &
Z3}o] Gas chromatographZ E41319it} A|H4ke] A A=
FE 911y 9ot

Gas chromatograph(GC)+= Hewlett-Packard HP5890IL plus
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Fig. 1. Oceanographic sampling stations in the Cheju-Korea Straits
region, Korea. The prefix of sampling statons of O, A and S stand
for sampling time in September 1997 (NH9709), April 1998
(NH9804) and September 1998 (NH9908), JM, OSC1 and OSC2
were sampled in October 1997.

EC-1 capillary column(Allech Co., USA, 30 mX0.25 mm inner
diameter)S AHE3IL HE71E FIDE AMSSIATH ARFYUS
Split-splitless mjectors AH&-3191.2™ injection® hexaneol <
AE 1 e FYskt GCo oven 2= 180%-E 300°C 714
Bt 6°CH Z7IStEE AAINT HF 2=A 1087 ARt
== 31}, Injector &} detectore] €& 242t 300°CE A3}
At

Erslrao] 54 B 16%H 4074419 n-alkane EEER
(Sigma Co.)2] retention time®] ¥|3$} ECL(equivalent chain
length) %<& AlArele] A4 819 0H(Christie, 1987; Bernard ez al.,
1995). GColl o F4-& &) s 97 £ & sd=2
o] Hewlett-Packard HP5970MSD 2#7£71E o]&3te] &3}
5 g TRSINTE 2 AR (peak) v RS EFE (Unresolved Complex
Mixture, UCM)S] R external standard® tricosane(n-Cas)=t
H]73}ed Chromate Data BE AZESo](Interface Co., Korea)S
o83t
Zo g o

19984 E£H| (19981 42 5~112)

B ZAPI7HE 125°E A48 33°30'Nel A 34°10N71A] 9] &
RS (@EA AA), 125952F39) 33°30NelA 34°30N71A]
9] AR R G @S AB), 127°E 41749] 33°30'Nj A
34°10N7HA &) ALY FH8]d @34 AC), 128°E 449 33°30N
oA 34°35N7kA &) HEE HEE| G (@ E4 AD), 129°E 43739
34°24'No A 35°N7kA ] At ¥ FRal (@S AEyE &
AVelsTthFig. 1). B ZAF N17bole 59 £8, g9 $A%
¥} Ao 7 FAsI B BEE o} F JUSUTHE, 1998).

AG A s e gelpid] rpAaazvET#RE Fig
20] Vepict. SekalrastEie 89-2029 ng/l2A AiX)E AB7,
HAXEe AAT FAEA EF5AT FHHLEE AR At
Zolu} gads Aol ETh(Fig. 3). BEY EE34Y
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Fig. 2. A typical GC chiromatogram of extracted aliphatic hydro-
carbon from the seawater collected at site AB7 (NH9804). Numbers
allocated on the peak apex denote the carbon number of the homol-
gus series of n-alkanes. IS-1 and IS-2 are the internal standards of
nonadecanoic acid methyl ester and tricosane. UCM is the un-
resolved complex mixture.
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Fig. 3. Spatial distribution of total dissolved aliphatic hydrocarbon
contents (ng/l) in the surface waters of the Cheju-Korea Straits reg-
ion in April 1998 (NH9804).

3] aghere] Wol: oF 15v] 7hEe|ti(Table 1). n-Alkane &
NME CullM G HAEFILH 71 Bol EXj3le A%
(Cmax)2 FZ n-Ciw n-Cos B n-Cpolth. 28U ACSH A 3}
AD1 BA A= 71X 2 (branched) Cos® Cas7t I FHS XA
331, n-Alkane 2= 242} Cp, Cis©l 7FF Trafo] =14,
Qurd oz ¢ £ L2 gEpd AL UEE YN EY
o] A A o} 4E7} B Fe ALY wHslede 4F 1
28 g3rdot FEE o]|F 2 Ut Fgol EAlEe A w©Et
FaiAte] AL U2 AFHzlY Ao iR B AE
oA ARE FHRAZA HANF R o] 8317 &3 &
S} (Volkman ef al., 1997) AR n-Alkane 5 &2 AFE Short
Chain(SC, Ci¢-Co)2 F2 ZHAE 7]90]3L, A& Medium
Chain(MC, Cy-Coye FZ RS 25t WAL o2 27/ 3
AE dxtoln, 7IAEE Long Chain(LC, Cas-Cieye S74 52
GE ¥y g2EH F2 fIEE 222 494 Adrkeg.,
Tolsa et al., 1996; Fernandes et al., 1997). B3 B¥slpio] 2AS
Atz o 2 A EZHIAEL Cys5, Cir, Cro®} pristane(PL-1=Cis, Cy7,
Ciost pI'iStaIl-o’] @')‘% sk, S E2 Cys, Cor, Coo(TERR=
Cas, Ca7, Coo®l T, 27198 & Fe A& FE0)A Cis, Cus,
Cao, phytane(PE-Lo=Cjs, Cis, Cao, phytane®] )&, 223 71 A}
ZHBNME Cy, Cos, Cas, Cao(PE-Hi=Cas, Cag, Cas, Cx0] T2
2 Z3 TAo| Hoj I AeF gdi|= dtheg. Tolsa et
al., 1996; Snedaker er al., 1995). ©]&|3 E5c] uj=d &=
AANAE SC7t 7P 23 MC, LC 40 #34 AB, AC,
AD?IAE MC, SC, LCY] £=0) 2, 24 ABYAM+ MC, LC, SC
2} geolth. AR SC/MC+LCO)Y B1E 0.02~1.3424] 48 AB3,
AC7, AC3, AC9, 2 E AE #ZH oM & 0.30]3}0]13L, AAS, AA9,
AD5 A ARt 1 o)idelt}, SC ©] & n-Alk T XS ¥IF
£ 2~63%°1F ©]1F ACTH AC9 AT 10%°)5tot}, B
3 BSlAE BYAESUPL-1), $471A(TERR), ARADH
(PE-Lo), ZEALH-(PE-H)Z 773519 (Snedaker er al., 1995),
2 AAQ FHGR sldoMe AESHIEIY 2 A7
4 gslpart S48, #2324 AB sidoiMe SV 2 4
F7190] $AEEL, 29) FelolM e AR7145 $437190] A
3THFig. 4). £3] Y577 228l #3541 AEA $471€
g3l A9 H|Fo] At

- ARY - B - TR

82 n-Cior THLCE UCMO| 283t 9lTh(Table 1, Fig.2).
ol& 72 A& 44d 7FsAde] Jth(Colombo ef al., 1989).
UCM2 dnkdom 447199 alicyclic hydrocarbon] 2-3-&3}
Eo|3 B (Cyp-Cas hopane FE EF3P7E FH(Wade et al.,
1994; Tolsa ef al., 1996).

7}A) %] (branched) ©3}54Z % Cis-br, pristane, Cio-br, Cyy-br,
Cy-br, Cu-br, squalene, Cy-br, Cory, ©1 88T, 28]
branched cyclic form®.2 R HE &2 4AAS 232 Nl(not
identified), 4719] BAUAAS 359 NI AE0] SA) g},

3l (resolved peak) ¥ n-Alkane®] FE-2 62~744ngl ©]3
A= A8 ABIA HRA= FE AATIAN €3 5
B8l AF n-Alkane®] A 8HE H1F 2 33~89%°|t). ©ASF 23
oA 3371X] 9] @AMBAFC| TR S5 Heleh EF
H], Carbon Preference Index, CPI)x> 0.8~332% 3 o] #he
AE5 A3 A 5 A E TH(Table 2).

AE7)4 % (linear) alkanes 7|4(odd) ©A5A} alkanes®] ¥
o) Xujdo|t}t, wWetA 714 o) 5 n-alkanes®] EEH1Q) CPR=
AE7)9 alkanes® 739 120} Ak, 28 JAKE n-alkane ¥
F7} S5 E] g Z)5RARE dke] 947 gl ©st
F27b FHEYE 28] (Conception Bay, Newfoundland)e] A&7
A dslrdolA] o] HSirkBiegeer er al, 1997). CPL A7}
A 19] g3lrae] F¢ EAvhAe] UC A% L SHAPLEX E
At A [71ESE FES F A& Ao|thEglinton ef al., 1997).

25 719 €8} 45 n-Cys Bl (n-alkanes®] EH/n-Cip)0 22 &
Az o #Gere] 715t & AE 7)Y @sEAdME n-Ce Yl
7} n-alkanes?] 715gkae] RO R vl$- =3 (SF 50) 4% 714
SAE RTHEF 15; Colombo ef al., 1989). Cx-Cys®l n-alkane EE
E g2y AsgE A4 ol rdeE gEA st
(Gomez-Belinchon ef al., 1988). 2812 EX 3] &, 442 A==
eslA e 2 PAHO| 22 (Page ef al., 1998) o17|M < == 3}
Ak, o] 3 A5A A (biomarken) S 3 F7 1849 7|AFEL &
A AFAA 1o o8 71K 9] AFAAE Sl A8-sks Aol
E844E 722 4= $ithFahl and Stein, 1999). Yy o2 8
ggAo] A2 0P & Ak T ] VIZ R & B
& AEE Cp-Caol T4 3A S, OEP)0] BAIETH(Snedaker
et al., 1995). B4 AZATFE palkane B840 7198 43}
el &3] 8o Holgith & 44714 d@slrds i< FAR
oA 71 gsi F3}5]7] M9 aliphatic hydrocarbon fractionse 71
% o £ gB3l54s 554 (homologues) EH2] HElr) gle
linear alkanes®] 5= (£, CPI9)3te] 43719 alkanes?] 745 719
10]t}h), phytane®] =, branched isoprenoid alkanes®] EAFOE
B4 AP it 2 719 M, 32 Fs 0] ulet
A A gaak T2 o & §H Amauligak o0il®] Y Norman
Wells 0il¢] Cmaxs B3 15719] Bi3lAo|Th(Yunker ef al., 1993).
A7 QAP E|H B (resolved) linear alkanesS XA OZ 4
5] 37, 1430 branched chain isoprenoid alkanes®] A1A13] #3l|E
th Ag099] 7bE 4% 2AE UM EA124 & d8leAh
9] 72 ARuEI BN baseline 502 Uehls REet
(Volkman et al., 1997). Seep oils& dWtd o2 F3lrt Bo] 3135
o Y Fg B o2 Bad CPIt 9] 12 n-alkanes®] aliphatic
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Table 1. General parameters of dissolved aliphatic hydrocarbons in the surface waters of the Cheju-Korea Straits region in April 1998

(NH9804).

Station AAl  AA3 AA5 AAT7 AA9 AB1 AB3 AB5 AB7 ABY9 ABI1 AClI AC3
Total HC (ug/l) 515 225 404 89 1510 1104 381 730 2029 830 393 326 114
Total resolved HC (ug/l) 283 136 232 62 629 593 269 537 835 532 317 311 99
UCM (ug/l) 232 89 172 26 381 510 113 193 1194 298 76 16 16
Total n-alk (ug/l) 243 123 175 62 501 493 263 514 677 483 317 279 69
Total branched (ug/1) 40 13 57 0 128 101 6 23 157 49 0 31 30
SC (C14-20) (ug/) 136 73 99 31 276 132 42 164 259 167 63 &3 15
MC(C20-26) (ug/h 128 57 71 26 177 255 195 248 366 294 206 201 20
LC(C26-34) (ug/) 39 25 20 13 57 116 32 117 101 69 66 10 34
SC/(MC+LC) (%) 82 90 109 79 117 36 18 45 55 46 23 40 27
Total n-alk/total HC (%) 47 55 43 70 33 45 69 70 33 58 81 86 60
CPI (23-33) 1.2 0.8 1.3 0.3 1.7 2.9 1.4 1.3 1.6 1.5 1.3 1.8 04
Cmax 19:0 19:0 19:0 19:0 19:0 250 250 250 250 250 250 250 28:0
PL. (ug/) 82 49 57 18 231 97 35 109 142 67 27 42 5
TERR (ug/) 18 8 13 4 33 174 118 144 164 143 135 100 6
PE-Lo (ug/l) 61 29 50 13 82 27 7 51 112 94 36 39 7
PE-Hi (ug/h 29 20 18 17 55 63 81 127 128 103 107 59 29
UCM/Total HC (%) 45 39 43 30 58 46 30 26 59 36 19 5 14
Station AC5 AC7 AC9 ADl AD3 AD5S AD7 ADS AD11 AEl1 AE2 AE3 AE4 AE5 AE6 AE9
Total HC (ug/l) 422 344 200 1592 860 368 539 763 941 962 1307 936 1120 590 822 758
Total resolved HC (ug/l) 376 243 190 1121 623 214 445 561 663 650 860 612 836 531 663 612
UCM (ug/l) 45 102 10 471 237 154 94 202 278 312 447 324 284 58 159 147
Total n-alk (ug/l) 178 223 178 565 559 185 412 484 496 539 705 546 744 466 586 588
Total branched (pg/1) 199 20 12 556 64 29 33 77 167 111 155 66 92 65 77 24
SC (C14-20) (ug/h) 92 21 4 207 194 117 117 117 154 85 163 88 148 82 80 98
MC(C20-26) (ug/l) 103 169 154 199 321 67 223 327 309 243 306 243 388 254 291 232
LC(C26-34) (ug/l) 4 40 24 194 82 20 93 87 78 233 265 230 277 158 260 266
SC/(MC+LC) (%) 63 10 2 53 48 134 37 28 40 18 29 9 22 20 14 20
Total n-alk/total HC (%) 42 65 89 35 65 50 77 63 53 56 54 58 66 79 71 78
CPI (23-33) 06 25 20 09 15 04 25 16 15 15 17 25 23 33 18 1.7
Cmax NI-C23 25:0 25:0 NI-C35 25:0 19:0 25:0 25:0 25:0 25:0 25:0 25:0 25:0 25:0 29:0 29:0
PL (ug/1) 76 5 4 115 99 57 54 45 59 46 88 53 71 46 28 52
TERR (ug/l) 16 133 113 53 145 0 147 151 148 187 271 270 334 272 259 273
PE-Lo (ug/) 44 12 0 122 95 60 63 72 95 45 9% 35 77 36 52 46
PE-Hi (ug/l) 43 56 57 105 116 12 68 115 111 146 157 105 141 83 151 158
UCM/Total HC (%) 11 30 5 30 28 42 17 26 30 32 34 35 25 10 19 19

fraction®l 4] AEE S e B8l (resolved) alkaneso] A =o] Ut
(Volkman et al., 1997). &EVSTL F UCME 23lE 42
(resolved peak)s] F<] 0.05~1.419)°) Ealict.

£33} isoprenoid alkenes- chlorophyll®] phytol side-chain®]
3 AHEolt}. Cy isoprenoid alkene squalene microalgaes] #
Ak (Volkman et al., 1992). n-Cis, n-Ciz, n-Cio= 2 dino-
flagellate AT 27 )7} T4 81 (Snedaker ez al., 1995)), X3} X
WAke] decarboxylationdH & E3dle] BAHE AoE f32F
SATH(Volkman et al., 1997). E=3t A EZHATEL Cy, Cy F29
e ske o2 ¢BA JTHUNEP, 1991). Ajfoll=
Ci] Bl Bo] 019001, pristane 015-2] 2 AR (biolipid)
o]t} (Blumer et al., 1969).

199814 FE=AH[(1998A 93 24-~262)

E ZAPIZHIE 126°30E34] 33°33'NoA] 34°04'N7HA1 2] B
A% GHAFFHSA SA), 127°40"E AAke] 33°55'N0) 4] 34°28'N
7R)9] BT GRS (@EA SOE AN THEg. 1) B &
AR E7)5-E SCL, SCllMe FRFH oz FAsty, 7 JHs)
okzxo] 4] oF 20 mol| FADTHE, 1998).

gFre] & asbrd TS 930~2220 ng/10]2 AU E
SA2, HAAE SC2 AR &8s FA] Holes < 3
vl 7}EFe]ti(Table 2). n-AlkaneS CpiolA CaZbR] A& E o™
2= Zé?@oﬂ/\-] n-C179+ n-Cs ‘;‘l n—sz, n-Cy ’%"Er‘o] 7]'731' %O] i}
Ak}, UCM E3E esled d9] 20%0]52 4] 19984 4
o] viste] B e@sleAdey g Huggo] sufvt ZAas)

el A

0

= T
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Fig. 4. Composition of dissolved n-alkanes in the surface waters of
the Cheju-Korea Straits region in April 1998 (NH9804). HC in the
Y-axis refers dissolved aliphatic hydrocarbon.

4At}. branched B84 pristane, squalene®] &3 3T 18]
3 branched & cyclic form© & FFE e B4 A7 179
NI(not identified) A &-o] EAI3Hc}.

B3] (resolved peak) B n-Alkane?] S8 850~2036 ng/lo}aL
Y= A SA2A X e AE SColA Ed3ict. SE
8l p-Alkanes®] XA S HEE 83~93%]t}. SCO| 3 n-
Alkanes & XFA|3H= HIZEE 96% o)idolth, #=HFH SA29! SA3
AR E LC, MC, SC 0= §gko] Zhaslar, 71 9 A lA
£ MC, SC, LC ££2.2 743t} AAE SC/IMCHLO)Y Hl= 0.2
~0.624 AR SA2, SA3M & 0.3 o)3lolth. A= 23904 337
29} CPL A5 2.1-5.524 SA26IA T 3 o]sle]tt,
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Fig. 5. Composition of dissolved n-alkanes in the surface waters of
the Cheju-Korea Straits region in September 1998 (NH9809). HC in
the Y-axis refers dissolved n-alkanes.
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Table 2. General characteristics of aliphatic hydrocarbons in the surface waters of the Cheju-Korea Straits region in September 1997

(NHO9809).

Station SAl SA2 SA3 SA4 sc2 sc3 SC4
Total HC (ng/l) 1053 2022 1898 1908 931 1685 1151
Total resolved HC (ng/l) 900 2077 1808 1673 887 1604 1096
UCM (ng/l) 153 145 90 234 44 80 55
Total n-alk (ng/l) 869 2036 1745 1620 850 1554 1075
Total branched (ng/l) 31 40 63 53 37 50 21
SC(C14-20) (ng/l) 164 198 197 250 135 304 204
MC(C20-26) (ng/l) 269 285 385 452 224 427 343
LC(C26-34) (ng/l) 75 644 398 197 110 172 65
SC/MC+LC) (%) 48 21 25 39 40 51 55
Total n-alk/Total HC (%) 83 92 92 85 91 92 93
CPI (23-33) 3.6 2.1 45 55 45 52 4.8
PL-1 (15, 17, 19, pristane) (ng/l) 118 139 152 199 98 210 163
TER (25, 27, 29) (ng/l) 25 100 152 117 51 97 31
PE-Lo (16, 18, 20, phytane) (ng/l) 64 75 62 68 56 112 75
PEHi (24, 26, 28, 30) (ng/l) 32 139 99 52 35 47 25
Cmax 17 33 31 21 31 21,1731 21,17
UCMitotal HC (%) 15 7 5 12 5 5 5
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Table 3. Comparison of total hydrocarbons in the world coastal waters.
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Region Total dissolved HC (ug/l) Reference

NH9709 0.095-0.304 Z (1998)

NH9804 0.062-0.860 This study

NH9809 0.887-2.076 This study

Nova Scotia 0.8 Gordon et al. (1978)

Southern Baltic Sea 2.0-130 Law and Andrulewicz (1983)
Gulf of Lyons 18-23 Marchand et al. (1988)

Shatt Al-Arab and NW Arabian Gulf 3.25-25.33 Al-Saad et al. (1998)

Arabian sea coastal waters <0.1-59 Douabul and Al-Shiwafi (1998)
Southern Ocean (n-alkanes) 5.8

Cripps and Priddle (1991)

R FEAE wskrd §HF S4371do] ArboldE
2R elaL Ytk 19989 Al e BEdee] & 85 9sleh F
2RO 931 ~2222 ng/lo| 3L FEEEAS nalke] A3l H|S52 83
~93%0| Tk, UCML £8HalpA9] 5~129%0] o8t} 2& A 4
Aol AAA AEFFIEIHo] 7 Bt dells} 2ol A - 3
Ao 2 galpae] A AR FdFFe] HEo] AT s
Ae AAIEAES S3tojol bslpdar] £go] 7 Aes
AlgdT)

AL AL
AREL T8 49 ANNAE P QA7 AR
xQ0= 29t0] 27 7l

3
AEYL-E A=A, E3 2rElse)

29 A sAF g AE =
E AT 3| A4 AFATE (BSPEYT612, 98706, 99752)
o 2J3qd X9 -

_‘ﬂ:u:',
2
o

A, 1996. FA WA 597 pp.

B71E@EA), 1998, FlSF= A BASEAT. IR
-4, BSPE 98706 -00-1139-4.

Al-Saad, H., S.M. Shamshoom and J. K. Abaychi, 1998. Seasonal
distribution of dissolved and particulate hydrocarbons in Shatt
Al-Arab Estnary and the North Northwest Arabian Gulf. Mar.
Poll. Bull., 36: 850—855.

Biegger, T., T. A. Abrajano and J. Hellou, 1997. Generation of bio-
genic hydrocarbons during a spring bloom in Newfoundland
coastal (NW Atlantic) waters. Org. Geochem., 26: 207—218.

Blumer, M., J. C. Robertson, J. E. Gordon and J. Sass, 1969. Phytol-
derived Cy¢ di- and triolefinic hydrocarbons in marine zooplank-
ton and fishes. Biochem., 8: 4067—4047.

Colombo, J.C., E. Pelletier, C. Brochu and M. Khalil, 1989. Deter-
mination of hydrocarbon sources using n-Alkane and polyaro-
matic hydrocarbon distribution indexes. Case Study: Rio de La
Plata Estuary, Argentina. Environ. Sci. Tech., 23: 888—894.

Cripps, G.C. and J. Priddle, 1991. Hydrocarbons in the Antartic
marine environment. Antarctic Sci., 3: 233—250.

Douabul, A. A.-Z. and N.A. Al-Shiwafi, 1998. Dissolved/dispersed
hydrocarbons in the Arabian region. Mar. Poll. Bull., 36: 844—

850.

Eglinton, T.I., B.C. Benitez-Nelson, A. Pearson, A.P. McNichol, J.E.
Bauer and E.R.M. Druffel, 1997. Vairability in radiocarbon ages
of individual organic compounds from marine sediments. Science,
277: 796—1799.

Fahl, K. and R. Stein, 1999. Biomarkers as organic-carbon-source
and environmental indicators in the late Quaternary Artic Ocean:
problems and perspectives. Mar. Chem., 63: 23—309.

Fernandes, N.B., A. Boireau and J. Tronczynski, 1997. Aquatic
hydrocarbon distributions in the Seine Estuary: Biogenic Polyaro-
martics and n-Alkanes. Estuar. 20: 281—290.

Folch, J M. Lee and G.H. Stanely, 1957. A simple method for the
isolation and purification of total lipids from animal tissues. J.
Biol. Chem., 226: 497—499.

Gordon, D.C.Jr., PD. Keizer and J. Dale, 1978. Temporal variations
and probable origins of hydrocarbons in the water column of
Bedford Basin, Nova Scotia. Estuar. Coast. Shelf Sci., 7: 243—256.

Gomez-Belinchon, J.I., R. Llop, J.O. Grimalt and J. Albaiges, 1988.
The decoupling of hydrocarbons and fatty acids in the dissolved
and particulate water phases of a deltaic environment. Mar
Chem., 25: 325—348.

ITOPF, 1998. Response to Marine Oil Spill Response. The Interna-
tional Tanker Owners Pollution Federation Limited, London, 128 pp.

Law, R. and E. Anrdulewicz, 1983. Hydrocarbons in water, sediment
and mussels from the southern Baltic Sea. Mar. Poll. Bull. 14:
289—293.

Marchand, J.C., J.C. Caprais and P. Pignet, 1988. Hydrocarbons and
halogenated hydrocarbons in coastal waters of the western Med-
iterranean (France). Mar. Environ. Res., 25: 131—159.

Page, D.S., PD. Boehm, G.S. Douglas, A.E. Bence, W.A. Burns and
P.J. Mankiewicz, 1998. Petroleum sources in the Western Gulf of
Alaska/Shelikoff Strait Area. Mar. poll. Bull., 12: 1001—1012.

Snedaker, S.C., PW. Glynn, D.G. Rumbold and E.F. Corcoran. 1995.
Distribution of n-alkanes in marine samples from Southeast Flor-
ida. Mar. Poll. Bull., 30: 83—89.

Tolsa, I, LM. Bayona and J. Albaiges, 1996. Aliphatic and poly-
cylcic aromatic hydrocarbons and sulfur/oxygen derivatives in North-
western Mediterranean sediments: spatial and temporal variabil-
ity, fluxes, and budgets. Environ. Sci. Tech., 30: 2495—2503.

UNEP, 1991. Determination of petroleum hydrocarbons in sedi-
ments. Manual and Guides NO. 20. Prepared by K.A. Burns.
International Atomic Energy Agency, Monaco.



380

Volkman, JK., A.T. Revill and A.P. Murray, 1997. Applications of
biomarkers for identifying sources of natural and pollutant hydro-
carbons in aquatic environments. In Molecular Markers in Envi-
ronmental Geochemistry, edited by R.P. Eganhouse, ACS Sym-
posium Series 671, Washington, D.C., pp. 110—132.

Yunker, M.B., R.-W. MacDonald, W.J. Cretney, B.R. Fowler and FA.
McLaughlin, 1993. Alkane, terpene, and polycylic aromatic hydro-
carbon geochemistry of the Mackenzie River and Mackenzie
shelf: Riverine contributions to Beaufort Sea coastal sediment.

2718 - A7) - AE -

Y - A - NE

Geochim. Cosmochim. Acta., 57: 3041—3061.

Wade, T.L, D.J. Venlinsky and E. Reinharz, 1994. Tidal river sedi-
ments in the Washington, D.C. Area. II Distribution and sources
of organic contaminants. Estuar., 17: 321—333.

20003 1€ 79 ¥4
2000 8¥ 49 F£HE A=
G3Ey 9 A2



	GHOHBG_2000_v5n4-0120.tif
	GHOHBG_2000_v5n4-0121.tif
	GHOHBG_2000_v5n4-0122.tif
	GHOHBG_2000_v5n4-0123.tif
	GHOHBG_2000_v5n4-0124.tif
	GHOHBG_2000_v5n4-0125.tif
	GHOHBG_2000_v5n4-0126.tif

