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',J- "ii til ,;-* % >,,! ir-tl: :uf >J "'i :§1-., -t! 7,1 \1 'i'-

- ',J-"8 til"I-¾,"_ ~"11, OJ';<f7J- % %~ '/!'l!'l°.2t ',J-•J- 'll_til -'j'-_ij!_A].2.',°7} ~tl

'-1 <>1 'a"'s-,aj.2.-"- %"11-"- ¾'ll "I c: 7.1 ~oil ~'-I~ "11-i'i- "'i •l "i .2.-"- 4-e:J t.J-el-
7,l ;<Jl "l.2.-"- 9'.8.~ oJl"!o]t.j- "i!OJ>J{!"i:uf -t!:7<1"'1¾ 7.:l'lla-fc: "il'll' >J;ac]:§1-'} 
4~ ~T ~¥ 

- ',J-"11 %"J-"11-li-7f 'f'l! 01 ;,e.sja-ft+ .::1. 1'!%"!'1- '/!'i'- 'll-'i' 
- \t"il~ "ii-It '; >.j.2__ij!_ ~til'.l:uf 0 f'll.til'.l '!%¾ ~•l '; 01"11"!.2.£ ¾%>J% 

%>,,l;<f~ 7j 'lf 7}'i,'A.j o] J,t_g. "11 QJ 'lJ 
- •J-'l! "1 O!l'l!{!'ll"'itil, "i°{!'llSI "'i4i1f'is' 7,1,i] 'a'li-¾ ~a-foj '11~,aj %"'1 

~t!- l;!!Jg--l=lJ-.6j it~ ~SL 

- \t"11c: 0J"'l <>1>J-:uf tilrr.'i'. {!'ll•J-'l! •,n1 "'i"i.2.-"- "l.:Io "1 "11~ ~'a %"'1 
¾½ Af jl t:l-'llc "I "I .2__ij!_ .::1. i'.! .. "'i IT .5'.Si ¾ tl-~7,1 \1 'i'- 'll -'i' 

- \l-"11 '/!'l}.g. {ll_>J>JSI ~'lf~ "i,ilj;<]_s'_Aj, "111"1'11 ~'1]o] "le: *~71~ "I
% % "'1 Si >1 % it'll '11 .8-

- \t"IISI "8~:uf "il"rir~¾ 0 ]"111'}2 'lJ~a-1 sj{1!1'fnj 40}7} "11°JI'!%¾ Oil<\' 
%} 7] ~ "11 \t "11 Si ,j '1l" 7,1 :,fl "ii "11 'il- "1 C: >ii 9' "11 "l'L til ~"11 "1:I, ;<\] 9' 5'.-til 0 } 5'. Af 
o]~ ~~ 'Et~.£ %½9d ~:;:: ~-4'- ~ :§1-~~~ !:;.Aa4 ~ff-~¥.oJl tll~ 
'll "a' "l it'll 'l! .8-. 

- ;<\]9'"11~¾ ¼~ '1111"11"li'.!Si :§!-'}%',/ ',) "11"i°.iil-t!Si % . 'l)-7] 1'!%'.l :uf 
"1-

- ~ '1! £.2J- \t "11 til ,;-¾ :uf * "'i i'.! :§1- '1-% '1 ° I % it'll 
-"il"i°i?-tl:.'i'.•¾~%~\t"IISl.~,ilj'1J"il"i°i?-t!~ra 
- AjAjAJ~sj >S:§1-'}';>.j ,J-'lJ%foj 'a"'s-"l.2.£ ;<]4,7f'o~ ',J-"11 °]%:uf 7J'lf¾ 
~~ -tJ:7,IJ;!_'lJ ¾ti- Aj -'-'@ 'i'-"c¾ ~~ 7]'/! "iloJ:uf'll ij-'lJ~ "'i¾~_l!__ij!_ ~ 
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- 7]i!, "114'\'! :<f.il. -li'-"1¾ ¾~ >1]~"11-li-91 >11~1'!% ll]-")-
- "1 ¾l!uf 71 ¾l! 'a-OJI 91 7j 'l)-7il >II <>II Ai 91 "114' "; >.Jll]- OJI it:<f .il. ~ =; 
- ~'IJ--$J>.J ~.aJ"i'-o]i!- oJ¾~ ',J-OJloJIAi91 Lagrangian ~-ii-
- OJ1°J<;?-t!5'.'l'l¾ oJ¾~ ',J-"1191 'lVir.aJ~ 3:>f~ '114'<;?-t! ,1~ 
- '-lJ'l)--tJ:7iloJIAi91 ¾B"4c~ci:: 7J% 
- '117]'.l '-ll'l!--t!"il91 -!!-i!l, ~~, •l-!!-~.aJ 'll•l~~ 
- >11~"111 7]¾{!')1-91 '<l'l-li- ~~%>,,! ¾'16 4'll 
- ',J-'11 til~¾ -fl-711!- >J>.J:,J- I'!~ 
- 'a-"11 ..._ 91 ti1 71.2. 'll-!!-'ll 7 I "1.r. -ii- 'll 
- ',J-"11 "114' 7]~ 'J,/ '1! '1!-4' 7]oj-§- -ir'll 
- "11 "1 "i .aJ 1l- ~ .aJ -&-"1- "1- 'll 'll 7 I 
_ !jjOJ P]J.~-i- iJ:9° 'T"1J ~ ~~~ 3:_A}-

- !lj°J:@-~~ Biomarker 4,½, ~~l~~ 1a1,:t-1tj£1 :Ar~ 
- :<]"J-'.l-li'-91 Biomarker ~J;!.*'llil-91 -l/>11 A].il.oJ191 .aJ¾ 
- 'a" "ii til >i-¾ 'JI '1! '1!-91 ~ •J "i .aJ % -li'- .¥. 
- ',J-'11 oJI :,j :,,j .aj %oJ] cj ~ 7]i!,'!/:,j- !:: .8. "f, 'lJ i!J o-f :;,_ '1)- 'lJ ToJI Ai 91 1i'--fl-1t>,,/ 

½ 'll 'if >II ~ 
- ti1°1'd-li-t !IJ-i!l- :§:1¾.-f'° :>J:<loJ91 % ~•a "1-"r 
- >il~.r. ~l'!"il"i<>IIAi ½~o-fc: :>J:<1<>191 :>il-i!'I! % ~•.J "1-"l-'4 %-al-..- "r'.l 
- 'c!-li-'.J %:ilJ- '1J '1)->.j oJ -ii-91 :>] :<f oj Af~ :<f .il. '!-J;!_ 

}. ~-s:- 'a° .. 91 811 OJ'4'4i':aj- :aj-'lJ '1JT ~ =111° 7) aj 

7J"i'llAJ 'J.1 ~1::: 1998\1 9~ 4'll, ~:J-',,"1°J<'1J'i'-ci:: 
1.jJ % : ¾ 27'/l ~Ji'- 'll.ll ('ll'i'-1::; 13'/l, til~; 14'/l) 

2. i!II OJ' xAf -:J A] 
0 ¼>II ~Al 
~Af"1i"i: ~e.:' ',J-"11 til~¾"i (33" 30'~34" N, 126' 17'~128" OS'E) 
~Af'll 'll : 1998\1 4~ S'll ~ 4~11 'll 
~Af{!>:q-: ~e,:""il0.f'1JT,l: <;1','-{! oJoJ.r.co:_ 
~ .8. ~A f ~J--li\- : %i!'.!/- 7] ':J °d' 'll -ii-, "ii ? '>) "1 "1 "i .aj 1t -fl- 7 I -!!- (-fl-7] 'it cl:, -fl- 7] 

'll cl:), 'll :>f 'l ~"I, i!l-~ %-$1 "ii, ti1 7]-li'-~, "l "J- ":l-li'- ( "14' 'J.1 
"ii "1 "i .aJ%, "ii ~-Ii-), CTD, ?cl: o] -£:-* .'r., %e~1::, 

0 o-f:>11 ~Al 
~Af"il"I : >1]~"11 
~Af'l)'lJ : 1998\1 9~ 23'l) ~ 9~ 25'l) 
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~A}1}~: o]oi.£§ 

','_8_ ¾Af~~ : %e-'i'->l"il 0.l''iHI-, """' -ll->1%(-ll->1'1!±, 'l!±), 'll•l"~~"I, 
"1-%%-'11>11, til>H/:{l, "11'\' "i"J-"J1i'-, CTD, Oil-Ii-, ±-'!"1-
a:_ ff-, 9-.::f: 01 .g.1f .£, %~~.:±: 

o ~;,j] ±Af 
¾Af"il QJ : >i]?Oil'!I 
±Af'l!'ll : 1998"1 11-w 24'll - 11W27'll 
±Af1j"}: o]oj£~ 
,;s.a ±Af~~ , %e-'i'->1'1l 0J'll-li-, "11'\'¾>lil: (-ll->111!±, 'l!±}, 'l!•l"J~"I, 

tll7]~~, CTD, ~-ff-, :Z.~llt ::f:if-, "r.:±:o]~1f.5:., %~~.:±: 

3. iflit ~ .lll9-1t-~ 
- >le "11'\''1! :,ffl.*-'I - >11'1'"11-li-.sJ 1/!%"il% "1-QJ-i>f>l ,;]i>f"i 1989"1-1994"1 

:fr~ ~l-?2t 4--A}.£.z! ~4-"B *}ol~ 6.l!lj§..~ ¾~ 
-~"11tiW•ir~'\'9>-l.ii.2l"1-1'1!~1•~%~6~Al*-'1 
- A}.fi.~~ ~ ~~ 

'Al 'll 'l! "11 '\' 'a "a *-"-
>il 'l' Oil '!I "IIAi .sJ 9-W:ilJ- 11-W Ollii-*-"--"1- oH'\' '\'¾9 
1, 2•f 'd£"11 ~ '; '<! >-}.ii.;; 0 ]%trf"i >11'1'"11'!1 "11'\' '\'4"9.sJ 1/! % 
til ~"11'!1 :i!f ~Oil %0

.)--';'- ~la} 'i!\'! oJl Ai 2J Oil**.¥, 
- "11°.J,,?~!i'.',!!% 0 ]%~ ~"11.sJ 9-W>l: '!lir"i 3•f~ "11'\'s?~ >1'1! 

4. '!I > 1-'ll 41 '1! -'1: 'l! 
- of~'l!4 {)"" 'l!.sJ 7] e>-1.ii.:: .£ til !is~ '!I 7] "a'-11 '1!~"1! 2j '!}>§~ '11 1i'--'I 
- 4J 'l!~7,l('i/-"J''I]-, 7foj-'1]-)oJl>i2J 'a'lf±Af (4.§:i)¼ ~~ %-,}4(- 71% <'!-~ 

5. tll-ll--'s- :§J-Gl-it'!I 'r"l 'J.l sic:@: 

- ¼ >II , -o-f >II 'JI ~ >II ~ "~ % ~ ± * .¥. "i -'ll 'li 1/! % "il "1-0J-
- 4% %"1~±•1 °1% "11'\'>l~ 'it'll 
- -o-f 'Al 'li ~ 'Al :ail '1' "11 '!I ~ 4 :§f 1'1-% 'l! ¾ '1 6 'll 9 
- ~ ')} 'fi,f o] ",j'-,}4i ¾ ,j 6 'jj "J' 
- \I" "11 ti1 > I * {) 'ii '1! 'il "i % '1! 4i •l '11 -\'! ~ ± 'l! ;;.1 ¾ '1l 

~"c"11'lf'1!'i'-± 71-'fi.£ 1-~*± ~')} (1997';1 lOW-'1!>11) 
- 'r 'Al 'li Oil "I -"I "i % "II ~ -ft-'<! -ft- 7 I % * .¥. 'a "a 'it "il 
- "11 "l -"I "1 % ?c "i -&-4 "1- 'll • > I 

6. "'"I "6 % "6 :§J-Gl- "'l'-'ll 
- "11'\' '>) "11 "1-"1 "1% Fatty acid-"} hydrocarbons¾ 0 ]%~ "11 °J:,,J-'jj Biomarker 

ll-% 7]"" 
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7. ¼ .s!. Afl .. 11 1'I -"I "1-% 'il -¥--11-~ '(I ½ 'll 
- '<l-"il ¼.s!.-'11 J<J-"1"1-%"il til~ 7le "'~ 'll "'-" 4'-ll, 'lli!l 
- ji!,~~7:l ~.e:- ~~~0}9.J ¾E¾A].S..9-1 5]~~~ ~~ 
- 'I! 'll'i'-oJIAi-"1 12 A]'{]- 'll~t!:~"il -"1J1t;-foj -¥--11-~~ ½'ll".r >II~ 

8. ;o] ;q.oJ "1- oJ ii-ii'-ll 
0 >il'i'.!r. '1!'1!-"1 :>];<foj ¾ ¾AJoj] ti:~ '1l'i'-
- ~'jj-¾A} : 1998\'! S-ij, 8-ij, 11-'/l 
- >il'i'.!r. '1!'1!-"1 :>]:sfoJ-"1 ¾\!! .\'-3': !;AJ ¾A} 
- >il','.!r. '1l'1!oJIAj •Hll¥! :>]:s}oj ;a til""'"'"' 19¾-"1 ;>]:sfoj A}'l) "'-" ~.I!. 
- >11 'i' .!r. '1! '1!'4 ',''/! 'ii "I "ii Aj ½~ i;},e ;,]:s}oj ¾~...- "}AJ 

e 7 I e Oil 4' \'! :sf-" -"1 .\'- "1 
>II 'i'"l- "f':s} .!r.oj]Aj -"1 'ii 4'\'!"f -'¥- '\'!:~1H!-"1 '114' \'! :>f01:: '1! '/!:§:]-7} -9-,11.-}"1 

7-ij~ll-ijoj] "il4'\'! ;>}0]7} "1:711 y.Efy.:;:,. 12-ij-3-ij Af0loJI:: '5!-711 '-1-EfY.Jl ~oJ 
>il'i'Oll~"ilAi % .. J' .. ,:: >il'i'"il-il-7} oj;;:ilj- 7}¾"il 7J-t;}:;:,. 7'1¾"11 "l':§:1-'i'I¾ 'l)-A]~ 
r:J-. ~ >I] .!e. 'll .\'- "1 "ii -"1 ;;f \'! Oil 4' \'! :>f o I <= '1l I'! :§:I-.I!. r:J- 'il -'F ,;! .-, i+ 3 ,fl -ii, 4 7fl -ii, 
8,fl-'/l ',! 2\'! ','7]oj]Aj.!r. spectral peak 7} i.+Eftlr:J-. 

• 1g"t;ff't! 7J4"iff At.fi.9.J ~~ 
',J-"il '1! ;<] "1-"1 7d'"r ,r.£, oj ~11 oj] 11 'F '9 oj i+ Ef i+ t>j -'II '1l E 7d'"r ,r-"1 A] ;,j] ',! 

:s}.ilc:: 'l!!'-lh"l- '\'!:~¥! 2-7\'! A}o]J>1>a\'!\'!%'410\'! o]""'-"1 'jj-7] \'!%',l¾ y. 
Ef'l'!r:J-. ';l-"il'<!"ilAi-"1 7J-4'".l'~ ~'!!"ice.."- ¾7}.-}:: 7a.-J'¾ _!;!.o]t>j ¾7},l-.£, 7 
mm/10 yrs-80 mm/10 yrs"il 'it~r:J-. 7J-4'".l'-"1 \'!%"ii 'll".l'¾ o]:>]:: .ft'<]t Ell 
¾i4 °}~r:Jl ~¾21 ~£.'r 0 ]nj ~t..]h. 7]{!- ¾ fll¾9.J 1il£'r7t ~~ii}'E" 78-eJ=o] 
~ :s] 'I! "'~ '"''\'!ct!: ;,ii :: t+ Ef Lil :s] ,e \,fie r:J-. 

• OIIOJ' ti:~ '!!'4 
1) 4-'/l 'M°"I Oil OJ''\'!:~ "1'4 
125 "E-129 °E A}o]J>1 s,1.21 '<l-* 'r!-\'!oJIAj '\'!:e';O] o]~oJ'll 4-'1191 >a-9- ti:~ 

¥! .5!.~ 'rJ-\'!"ill<J .lf.¾.l/-E1 "!¾"ii o]g:: <,! • \!l:;!~o] y.Efy.:;:,., :;!~91 *~"ii 
:: ""'til -"I ce..s'. :,j .£,, "1 'll 91 """r 71 Cl i!J jl :;! ~ "191 ',l-~"il :: Jl.£,, jl \!l 91 >II 'i' tl 
ii"Tt...l- t1l 0 ~\:!-ii"'T7} ~.¥:~!-Cl-. ~ · ~~11~ 1a"15]19.J 18-~..Q..~ ~"r~ ~<llQ:foJl -2-
'!Jt;f"i, ';J-"1191 Aj~oj]Aj %~~£ i<"r .... :;!~"J l::\-~91 '1J'1l,"jo]y. ';J-~91 91"11 
"191 4'-1,-"f \!l .\'- 0 ] ¾ 7}i;f:: 7a OJ'¾ .I!.'<] r:J-. 0 ]:: 91 "ii "191 7a 4- ';l-Oll 91 Aj ~"ii Aj 
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\toJI £ %'ll "i C: "19''<!-\,-'r<>li •I "11 ail'r :£Sj- cjjoJ-:£ AJ-o] ; '8-"11 ';l-"11 ;,_ %'ll "i ~ 
c.ff P}\!ff""r-9.J "'r.g.3!} ~~oJ ~.TI., qjo}\Hf"'T7} ~~~ '2-~'7}A] ~~¾ ~~Jti}7l 

a:fl~~ -?;!2...£. A}.fi.¥!c}. 

2) ~l "r ~ 119.J J!l 1l ~ 8ll "'r !; J.J, ~ff"¾~ ~ all "'r 'T¾ rg' 

ail'r"111'-II "114'91 4'%.g, 3-%/:ill- 4-%/o]Jc: 4''-'l"l~!a. ir'l/8"1"1 4'.g,:i!} '/J-.'-,': 
';l-"11 '<J'l}~"ilAi ail'r:£~~£ %7l~t:1-. 3-%/:i!f 4-%/91 '/l-.'--.'-.£<>11 918"1\'! 0 1 A] 7] 
91 "1 'r "11 1 '-11 "11 'r ::: c!l -'1--.'- .,,. £ AJ .2. £.,,. E1 7 I 'il ~ "114' £ >'I- •I V g ½ 'll: 'r V 
t:1-. 9-%!<>ilc: >ll'll"l 4'.g,"J'¾ol ~'a"ic:til 1997\1:i!f 9-%!:i!f 1998\1 9-%!<>11 .ajc;~ 

o<I .il. <>II 918"1 \'! "1 'r OIi 1 '-II "114'91 4'-@c, 'il-.'--.'- .£71 '1l I'!% W½ AJ Al ~t:1-. 9-%! Oil 
~ 4'_g,Qj'% *Jj'-o]J '/J-.'- %%"c0Ji'-t ',j-OJlo]JAi 7]~~ '/J-.'- 32.0 oJ'<!-91 "1J4'71 \..t 
E} i.+ "i, -,'-£A] .2.!a.-'/-Ej 7] ~ ~ *c!l "l ~£ 'il-.'- 0] *.g, "114' C: 4'-@, "f¾ 8"1','-91 
ail 'r :sc <>II 'il 'll ~ "1'r"111 ~ <>II i.+ Ef tl t:1-. "11 'll "l 4'.g,"J'¾ :: 11 -%1 "ii ::: ± 'l! ~t:1-. 

ail'r"111 '-II Oll-i,-91 ?'1! •J--.J-@, %~-i,- 0 ]"1 3-%/:i!f 4-%/"il~ 15 cm/s o]*91 7J-
~ %-.J-!i-71 ai]'r:£ 'il'lJ~ *<>II i.+Efi.+c: 'l!\'!<>11 9-%/ 0 1'-l- 11-%/"i]C: 20 cm/s 0 1* 
'il 7J-~ %-.J-i,-91 OlJ o] 3-%/ 0 ] '-t 4-%/ Oil •I OJI "t~"il '-l-Ef tlc]-. %-.J-i'i-91 4''-'1 "l 'il 
%4/ •I-o I ::: 9-%! :i!f 11 -%1 <>II a 2 3-%/ "1- 4-%/ <>II ~ * c!l "l ~;,. "f 8"1 q. \t OIi '1l 'l1c "l 'l'
i'c 91 '<J'l}-i!-~ "117]71 "f8"lnj Ai~~£ ... .§.~ 1~7]- ¾¾ '-J-Eftlc}. 1997\1 9-%/ 
ofl-:: ~~ff"7} 20 cm/s 0]"c}-2..£ 7J~-::t:Jl 0 ]-:: ~~~oflAisJ %.g-1}~01 ~~~ 

~£ 7]-\'!Ai .JI.%~£ J/-*~ ~:;,} '<J'i'J-o] V~ ~~£ Al.il.'1Jc]-. 1998\1 9-%/ '<J'l} 
-ii-71 °1"1'9'.¾ 1~"ilc: %.g,1:Jo] t:1-± "!¾~£ -.,l'..-1'.l/c}. 

ail 'r"111 <>II Ai 'i'!-~'1! "11-1H1: .£ Oil 91 OIi ;<JI ~'1! "114' 'r% "J'.g, 7] <""ii 'll: ill ~ c!I 
~"111<>11Ai91 cjjoJ-\:l-!i-91 'r%"8' \'!:§}S} ¾Al ... 1'11 9-%/o]J ~cjj;>] (0.58 Sv) ; .s!. 0 1 
:ii. 4-%/o]J ~±•I (0.37 Sv) ~ .l!. 0 ]"1 9-%/91 'r%"8'.g, 4-%!<>11 •1"11 "f 1.5•1 :.il:£ 3. 

c]-. cjj ~"111 <>II Ai sJ- oJ-~7]-;ac];,_ ail 9'"111 Oil Ai 91 'r%"8' \'!~~ ail'r"111 Oil Ai 91 \t 
'"t'lf~.9J OJl4'\'! >1°]91 '<J\'!:§}Sj- %Alo-lnj, cjj~Oli1 Ai4':£0!JAi91 OJl'r 'r%"J'91 
30-40% ::: ail 'r "111 "ii Ai 7] 'il ~ t:1-. "l ~"l 'il •J-'1l <>II 91 "11 ;,jJ ~ ~ "114' 'r% 'll' ,': ~ 

"l1r½ 'll: 4' V:i!. ail'r"111<>11Ai91 
oj \..tC: ~~£ Al .il.'1! c} . 

• "'t!: 5'. 'i!! 'ii ~1-

71 
',)_ 

"11 oJ"'t!:5'. ,!! ½ o] %8-J-oj 9-%1 'if \l-'1191 ,Y iraJ 'il 3>1~ "'t!:½ ,ij ~ a-J-'.l! c]-. '114' 
"'t,,': 7l"J-1"1I :a ,..~ "114'91 % · ½'ll:i!f 'l! · 'il ¾"I~, "11.ll.\'!½ ,..~ 'l! · 'il 
¾"I.,_ 'll •I-~ 7J-ail"i<>II 91"11 %:£"!:£~ -\l:.iJ;;l'.l!~"i .'l'c,;J 7J-ail"i:: 2ala-lo<l 
~:ut:1-. .,,_ 'i!! oi1 Al%'1! 'll "i o<l.il.::: s:->l 4'~~ ¾~ oi1 91 "11 \t"11<>11 Ai 30\1 n 'l'!-~'1! 
o<I .il.91 9-%! ',r ,Y irilk:i!f ~S:-"11 °J'1l 'r±"il 91 '11 ail'r'111 :i!f c!I ~"111 Oil Ai 1997\1 9 
-%! <>II 'l'!-~ '1! 'll >Y ir "11-ii--.'-± o<I .il. 0 I t:1- ail 'r '11 1 ½ '8- "11 ¾ '>I "I ::: ail 'r "11-ii- st ail 
9':£-cjjo]-:£{!½ '8-'11 ¾'ll"ic: c!l 0 1-tl-ii-C: \l-OJl"iJAi W-'l~ + c!l~'111 Ai4':£; 
'8-"11 %"11.'e. ¾½'1!c}. ';l-'1191 '11-ii-c: 'll'ilaJ~.'e. % .. J-ii-71 ~"ilo-1"1 .ll.¾"ilAic: 
'11-!i-91 'r~ 0 I .21 "11 "l ~!e. :>i ~ 'l '-l-Ef '-l- ::: '\'! "11 !e. '<l 'llc "l :: "11 -ii-71- 0 I "l' .-12 "c >'1 
aj~.'e. ~ 'l!-ll-71- ~ A.j '1! c]-. o<i %<>11 Ai c: cjj oJ-tl-ii-91 "11 "lo] .ll. ¾ .l!.c} lal-~7JI;<] ':J-.J 
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¾ o]~t:\-. -!al-%¾ ;,fl\l!-"1 "l,r 7J>Jl'l½ .l/-:i!f ~ 'li~ 'i'!'1!-"l½ !Ifa.JAi::C .l!.¾ofl 
Ai ifAi~-li-71 'lf'itiifoj "1¾ ;?~.°. "I.J--"1 'll~¾ 71-"1 '11-"l \l!'::Ct:\-. 

of~~ :i!f {) "11 ~ "1 .l/-"11 "l <>II Ai :: iii :>II "1 ¾-r-"1 'i'-~l::§1 'll £71 'i'! .'r. ~ 
\'! :§1¾ .!i!. 0 I oj O] ie 7] 'l!-ifc '(! %<>11 !If e * a.J aj ~ 'lJ .Qj \'! :§) ujJ ~ ~ £ .!i!. '<) t:j-. 0 f 
~~:i!f ~"11~ Ai.l/-"11"l.£c iif:>ilofl t:j-:Q 0 l l/l~l:~'l! 0 l '!!->§iifi..j- :i 'lf'~,'-ifc"i]Ai 
e '11-'il"~ "-fol¾ .!i!.'<]t:\-. of~~oflAie ~'l!-71'1! -/t-7]j!-{<.Qj -It'll 'l1 .l!.¾"ilAi-"1 
'/J-~A.j ofl .Qj ~ -ft- 7Ht tJ-A.j O] Ill'~ Y- ;,j ¾<>ll 7J);<l £ 'iti;J-::C ".J'.£, llf "l \lf .£, ?,! ~ .... 

.!i!. '1! t:\-. {) "11 ~ Ai .l/- "11 "l .ei 'll ~ "'I ,.. A.J ,,. ,.. 3. ~ .ei ~ e ".l' .g. aj ~ '-1- 'll "I 71 ~ * 
7J~ol '1]-'lJaj~.5'. ~7Ji;J-"1 1/1~±.¾½ 1A.Jiil::C ?-!~5'. .!i!.'1!t:\-. 

:;y-0J1£!oflA1 %'E'AJ ¾"E"4r£l *.¥.-:: Cd7} %:.:?l]Oll 1:1].ii!.~ ~~jl c}~ ¾ 
-,,4/ .°. i;f :>ii <>II ., 71 '-1- ;,fl 'll aj '1! l'!.§1-;; .!i!. 0 1 "l \lf'l:lt:\-. "111 '8'11!: ?I'! <>ii Ai e %e 
-\l ¾-,,4/.Qj -'.'£7f 'l!-tilaj~.5'. ';;9:l~oj Co, Fe%.°. 1){17.J- iif,'-oflAi "]:ii!aj ';; 
'l:lt:\-. 'll-"J~<>llAi 'll"r'a ¾-,,4/.ei -'.'.sc.:: ,,.,;<1J<>11 7fll' .,9:12 "la.Jaj~ .... :: %e 
A.J ¾-,,4/.ei li'-.¥..2J. "i~~ 'll~¾ .!i!.~t:\-. 'll- 0J~<>i1Aie .!/-%~{< ¾".l'.ei ¾7f<>ll 
!Ifa.J 'lJ;<fAJ cu:: :;,1:;;foj Fe:: ¾7fiif::C 'li~J¾ .!i!."1 .l/--lt-,.-~-"1 7]~<>11 !Ife 
¾-,,4/ ~l,_.Qj l,-_¥. \'!:§)71 i..j-Ej-,J:t:j-. 'IJ-O<f~ -"Jaj1"' ?AJAlil_.Qj l,-.;j,;!:i!} -"Jaj 
¾LJ1oflAi if %~~± Pb""/Pb"" "1%.°. 0.8425-0.8466.Qj l,-.¥.;; .!i!.~t:\-. "il"i 
.-"Jaj*¾-"1 ¾-,,4/.£, Zn, Cd, Cu71 "111'8''1! ?\'!oflAi 7fl!' ';;9:l.:il Cr:i!f 
Asi:" O:J4-!111i!oflA1 7}~ ~~c}. 7\-ilf-tl-£] %eAJ ¾~~~ tll~l.£. O:j 4-, 
"111 "l"l-"1 ~'II- -lt-'ll-"1 'll~¾ lll- 0 1 '11-::Ct:\-. :ia-ji..j- if"ll.2} 7faj-~oJ 'i'!'o!"i::C 
-r 5'. ~ 'l!-<>11 ~ "-l ~ 678 'll 'llofl -'i:: Pb7f .5'.~ :>ii 'l! "ii 71 "f~ 11 >il l\lir .!i!.t:\- t:\-l: 
';;.°. .J:% .!i!.oj Pb::C -"1"11"1~5'. .l/-Ei 7t"f~~.5'.-"1 %'lJ£ '.ll::C ?;!~5'. 'fr'ir-<lt:\-. 
%0J, 71 "1-, Al11, 'it~, {) %% if "11 '1!-.ei ? .fl 'i'! ,,_ t11 'II- 57R "11 "l-"1 %e'il ¾-,,4/ 
AE: tll"o1-.Q...£. 1Y-11~~¾ "3»1f- ~14 Zr "i1~ 0 1 ¾"E"4r ~.¥.!:; ,._J"c} ~~-g,l T~ 
'fl % 'l! -r '.ll 'l:l t:\-

• ~).»~.ie~ iE-.¥.!; -'-J 
'l! 1/}aj~.5'. .§1- ~AJl,!-½.g. :>ii 'll l'!:§1<>11 !Ifa.J 'f 'l! ~ ~ 'll ½ ,i-:: t:\-. 
'lJ ;,fAJ.l/--lt-* {< 'a' .'r. ::C ~ :>II (4~)<>11 'i'! '1!-"11 "l ofl Ai ::C .l!., ;,J ¾'(! .Qj 'a' £7f "l ii! 

aj ir'l!iifi..\-, iif:>il<>il::C l!.¾:i!f "1¾-"1 -'.'£"-1°]71 off~ 3.t:\-. -r'!I -'.'£li'-.¥.::C "11 
;,j-"J aj ¾-"1 ,'--\lo] {,) E .2j. 'lJ.ss.5'. ,'-AJ ,aJ oj '.ll ie ~1/}£ Ai if"11 "l oJI Aiie \'! ¾ 5 
mg r1 o]"c}.Q...£. ~.:il, A-l~olJAi Je-~.Q...£., ~'t!oflA-l Sl~.£. ~"r~ ~~~-:: ~.¥. 
0J 'II-¾ .!i!. '1! t:\-. o 1 e if "115'. % 'll "i :: -"l aj ,.-¾ '11-'il"".l' o 1 ~ 'I} .sc. Ai if"" "l -"1 'i'! '11-
"l ofl -'i 7] ~ ,aJ .:il '.ll % % 'l} A] ~ t:\-. 

4-%j -S,i",.!j'- 7] ";j 0J'lJ-li- 'a'£:: -r-lJ o] 'lf.£, \'! '<r"il "lofl Ai:: lf., ;,j ¾-r'(r.Qj ~ tJ-
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.£..st '1l ;;-foj ¼>II Oil::: -?"I aJ.£..st •I :iR"l ir'l! 1>f t:l-. ::r r14 9-%1_ "ii e -"HH!-"d-.3.'E
ofi 91 ~ 'll 0J'il ±.2.sJ. 7J.-1>11 'll'.:1-"1<>1'.ile -'ll¾.£..st '1l1>foJ "i¾-?.st-'1-Ei-"l '11-'ir 
>ii~¾ '1)-0} .l!.\'! ~~¾t.JlofiAi.!>J 'll 0J'/Hi-e 71"1 2'!l:-"l<>1 '.ilt:1-. ::ra,4 -?.g."f 
¾¾ ;:!>II.st 'ir:aJ~l ¾7};;-\e '6'£'r•i¾ !a.'<lt:l-. oJAJ7lofi 'l/£"1'¾ 71"1-'i'-ofi-§
j!;~,t. 'll 'lj;,.,t. a-"l "itJl¾ol 'll'.:l'<!t:J-. 

• tJI 7]%'ll .2. 'il*'ll "; '.:I 
1997'<! 1111 (•l~A}7]:U:)"f 1998'<! 4~ (~A}7]:U:) ~AfAI {:!'l}ofiAJ tll711i'-11¾ 

'11'l]1>foj H]'iJ -'II'~ 'l,) 'l!~o].g., 'l}.£.yof o].g. 'J,l ¾B"4i%¾ 1,!--'41>}'.l/t:J-. ~Af7] 
:fr¾ tJ17]1,'-1)ofi ~%'<! AI.g. •l~A}7l:U: >i'll'<! '6'£!1.t:l- lO•B 'll£ s't0} ~Af 'Jl 
•i -'!1-Af{! tJI 7] 1,'-1) 'W'¾ 'T'-.8. ~± 'r'.:I -2- 'l}';J-~ '-f 01:a !a. '1l t:J-. ::I "14 '1l ~ aJ '1l 
~± 'll :§:ft/'¾~~ -'11''171{}!1.t:l-e •1~,111:u:"11 r:i ~.ec '6'£¾ !l.'.l/t:1-. t11111!'
~ tr% 1:l] ~ §J-~, ~{!,, tj-~ ¾'E"4.=- ~£.~31} 21-0Pb, 7Betl-9.J ~Jll !:: oJ~ 9JA}½

.g. tli'<.£..sl.l/-1'1 7]~"1<>1 t:i~ ~.g. :i'.£ (Free trophosphere);; *"11 ¾l/!-"12, 
"11 OJO!l ~ "1-'il-i- 'l} Ai ~q . 

• % 7] * 1;'-'lc "; ,,:1 
¼>II .l!.¾-?"ilAisj 'lJ;<fA,:I %71\'t± 'll 'l!±~'ll'.g. .l!., :<J¾-?"1 ic'!lc~ ~~.£. 

.st "11 "11'1 aJ ¾01 ,il.l/-%"1 <>1 'lJ:<f'.:I .l/-%;..'l! '6' £ (>Smg r 1
)::: ~.£. 4 .l/-%-lt'l! t1l 

%71\'t± -W-%" •1-§-.g. 2% 0 1;;-\!i!. '5!'-2- :<J'i'l-"l \'!'llOll"l, 'lJe<fA.:l.l/-¾¾'l! '6'.scc: '5!' 
.£.4 "i¾¾'ll-.3.'e--"1 AJ'l)-01 -1f'l[o-foj 'lJe<}'.:1%7]\'t± y/2.f H]* 01 ~-2- 'lj{:! ;:! 
:iil"l, ::rel2 ',!-~ 'lJe<f',j .l/-%-i-'l!'6'£s} ~.g. 'lJe<fA,:l-fl-71\'t± ~'lfHI* (>10%)¾ 
7}~ 2'i'I (>34.Spsu)-"1 .21"11"1% 3 ,"Qj.£..st 4~ -? '.ilt:1-. %71*-"1 7]~-S- 4E} 
t.Jl<c 'lJ:<f-'3 %71\'t±tll %7l'l!± ~Hl-§--2- 1.7-7.0sj 'll~.seAJ cJl.l/-1,'-0I "1i'lf71~ 
¾ Ji!~c}. 

~:ill .l!.¾-?ofiAi.!>J 'lJ;<fA,:I -fl-71.J:± 'J,l 'l!± -W-%".g. zj-zj- 68.3-347.0, 7.6-38.5 
µ g 11 .st Ai 4-%1. !I. t:J-::: "I c\l ~"ii ,1 1110 -?¾ o 12, 1i'-'le 0J')l-.g. \'! 'll"il Ai .oi Oil .st '!le 
-?.,. '!l:<f {l±~t:J-. %71-i'.21 1J~-ll- 4EJ-1.Jle c;N %HI::: .l!.¾-?of!Ai 4.s-s.s.st 
Aj 4-%1. Oil H] Oil ,<j C: \ll:§:}./f O I '3f 2, "11 °J 7] ~ ¾ ;.!- C: t:J-. 

.l!.¾ JaiaJ-i-t.Jl %71.!± -W-%"-2- 0.1 - 0.8 % 'IJ~olt:J-. JaiaJ¾¾ -fl-71.J:± 'J,l 

'l!± ~%"~ Jal"l*¾ '!l!a.-W-2.fo] ¾7}y/ofi u}i!} ¾7fo-foj, JalaJ¾¾ £'11.91 'W''lf 
01 50 % 0 ]'l]-'1} 'fl-"11\'!'lr '1l1J'll'!l~"iJAjsj %71.J:± 'W''lf.g. zj-zj- 0.5, 0.08 % o] 
'1}0]4, £'11-W-%"0] 70% 01')1-'11 'll'!l~"ilAiC: 0.3% o]o-fo]q. -fl-71¾-"1 7]~¾ 4 
'E}t.Jlc: C/N ~Hie: .l!.¾JaiaJ¾.91 %7]\'t± 'J,l 'l!±~2J'ol "itJI~¾ !,.'1} 'lJ'!I A9 
(125)¾ >i!.211'}2 C: 3.0~8.4.21 'IJ~_slAj yJj}t.JlofiAjsj C/N %His} -fl-Afo-foj tJl.l/-
1,!-ol "11oJ7l~'ll¾ 4 q\!!t:J-. 

• Jal aj * .91 "11 ;<j Jal ~ aj ii-"' Jal aj "l ~ 
>il'r'-£ AJ.l/-"1l"lofiAjsj 1'jaji,-.g. 36~161 mg cm·' yr1 .£..slAj .l!.¾ -? cm-"l ;;-f 

.lj!-<>jj AftJl'lltJl.!>j 7J~ ~~,"~7f '4%" ' 1'pb g2J'.oi -?~~.,<:off,i '/''J!OI 4El-'d 
t:J-. 01 "i "l-"1 Jal ai-a-~.g. -'!1-o-f 71 ~ %zt'r'-.21 .!al aJ %01 >l .l/-% "1 <>1 '/>''it "I 2 oJ 7 I 
Oil 4'7faj.£..s[ 0J;sf7J 7]~.91 -!!-'!!a; o] o-}Jj)O!J ~~o-fc: 0Je<f7J %½-?"t ~"ii 'I;' 

" ¥! ~ .£. >'. A I li ¥! q. 
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Aj 'il-"11 "i ~~'-1 til-"1 -"I "l¾-& 26-71 mg cm·' yr' .s'.-"i "''rb tl-".l'-"1 'r"i~ 3'. 
'll-oll Aj e x-radiograph'/l--"1 -\1§.-"l- 'll §..s'. -r-".l ¥! o) >II¾,; o) 'll 'll-'ll-111-"1 -"I "l :i!J
slumping0] .nLo:.5}:: ';'..!~.s'. t+Ef'<lt:J-. 

.:i!.¾'1!.'r. Aj~"11"1.g. ;,J¾l! Ai"11'1l't!ollAj >ll/--ll-¥! Ja1aj~o) o)%5'JoJ '#co):: 
*~-"- "1"1¾-& 74-7.7 mg cm·' yr' 0)2, ',J-"11¾0,J-l/- "11"1<>11-"ie 119-284 mg 
cm·2 y{1 

.£.Ai 0H~ ~ct . 
• 7]&',l/~"l 
1998'<!. 4-%/, 9-%/:i!J- 11-'il 3:§JoJI '(>"! ',l-OilojAj 7]&'!1~¾ ~'lJ%}'l!t:J-. 'c"~ 

>il"l'il- 7]&',l/~:'. 4i/oJle 1.41 ± 1.07 mg Cm·' h.,.,,_ 7}'lf ';t71J t.1-E}',;J:~t,J, 9 
-%1:i!J- 11-%/oll:: ztzt 6.23 ± 2.25 mg C m 3 h·':,J- 5.21 ± 0.30 mg C m·' h.,.,,_ t+ 
Ef',;J:t:J-. 4i/oj ';t71J t.1-Ef'<l 0J-ll-:: 3'cA}7JTI:¾ 7]'/l-0) f;;<) \'J".g.t~.Aj 7]'<]~t:J-. 7) 
&A,l/~-"1 'r"i~3'.:: 11-"1.l!'l!., 1998'<!_ 4-'il 3'cA}-"I ,fro)'/l--"1 'lj'jjo])Aj li¾(100% 
LPD).l!t:J-e 49 - 30% LPDsojAj 7}'lf s'i'-& ill:¾ .I!'<] 'lJ o] ~ ,:,J aj o] t:J-. 'lJ 'lJ >c-~ 
'lJ."J'a" 7]&',l/~-".J :'. 'lJir ± SD= 78.8 ± 61.0 mg C m 2 d·'.s'.Aj 'lJ'lJ{!: 12•1 °] 

'll--"1 ic ~, oJ ¾ t+Ef '-ll 'll t:J-. 1998'<!. 9-'il 3'-"}-"l -"1 11 &>,ll ~-"1 'r"i ~ 3'.:: 5'. <e- 'll 
'jjojAj .K¾ojAj 7},:,l- s"t.:i!. 'r1Jo) ¾7}tJ-oj ofe} 7]&>,Jl~o] :,}~%}€- 7<l"J'¾ .I! 
'l!t:J-. 'll'la! '<!~ 'i'!"l'il- 7)1o>,ll~>.j.g. 'llir(±SD) 158.3(±96.3) mg C m·' d·'.s'.-"i, 
4i/ ,c.A}.A)oj •]"11 "J' 2•j O)'/l- ¾7}%}'l!t:J-. o]aj~ 7].<o>,l/~>J.21 ¾7}€- '9'.s'. 'r 
.g_:ilj- 'la/3'".f-"1 '%7}oj 7) '<) ~ ':'.s~.s'. '1t'c"¥J t:J-. 1998'<!_ J1 ij ,cA}.A) oj 7]& >,l/ 

~-".J-"1 'r"i~3'.€- 9-'il 3'cA}-"l-"l- -!l-A}%}71I li¾oll-'i 7},:,l- s'i'.:i!. 'r1Jo] ¾7}%}'l!_Aj 
:,}~%}:: 7,JO:,,,¾ .l!'l!t:J-. 11-%/ 3'-"}-"I 'la!'ll >c-~'l!."l'il- 7]1o>,ll~-".l :'. 'llir ± SD= 
344.6 ± 183.1 mg Cm·' d·'.21 'll~'l!t:J-. i"- 3'c-"}7]TI:¾ 4-'il ',! 9-'il.l!t:J-e 11-'iloll 
'llir 7]&>,ll~-".Jo] 7},:,l- s"t'llt:J-. 

• "1i'r 7]~ 
~!JI E¾"r-7} 0JA}7J-~~4=-9.t 'T.£.A].2.'T"Z} !¥-1c:"-'a~Oll ~~ ~~.Q..£. li!tr~ 

-"I ,12 ~Ss-';J-"11-"1 "1i'r¾ 0,l';<f7,J- :§1 "'1 'r-"1 11 ai ¾¾ ~'ll ~ '11:i!J- 4-'il >11"?"1111 
.l!.¾'r¾ "l' 6.7-31.4% ('llir 15%), til~"1111 .l!.¾'r¾ "l' 21.6-30.8% ('llir 
23.7%)7} 0,)';<}7,J- ~"'1'r.s'. -r-".l"loJ 'll.:i!., 'il-"11 ~>il"l~.s'.:: "J' 6.7-38% ("l' 
20%) o)t:J-. 

9-'ilolle >11"?"1111 li¾'r¾ "l' 39%.s'.Aj 4-%/.l!t:J-:: 2.6•H'll.'r. 3-t:j-, 0 1:: 9-'il-& 
,:,)-of 7) o] :f .s'.-"i, ~ 1"] 98'<!_ oj ¾<>II 0,l':s}7,J--ll-"i -"1 til 'f'r .s'. '<! "'1 'll-'il-".l'-"1 ;,J 'll'r 
7} >i1"?"1i1loj *'lJ¥! 'lj-0,)'~.s'. A}K¥!t:J-. 

• "1]"?"1111 ¾:i!J- :§:1-o:]-~~ 'ri'-
l~}'d.'r. (97'<!_ 4-'il, 9-'il):i!J- 2~}'<!_.'r. (1998'<!_ 9-%/, 11-'il) ~'lJ ;<}K-"J- til~"1i11ojAj 

'lJ 'r 7}~ ~ "11 'r'ri'-".f :i!J- :§:} o:}~ ~ if .'r.;<} li:: '<} -§-%}oj ',J-"iJ oj Aj .21 '1J {): :§:} o:j-~ ~ 

-I!- •L':o ii: ;,iJ ~"11 .I! 'l!. t:J- g :i!J- '!lct:J-. 
>1]"?"1111 (>1]"?"11-!i-)¾ ¾"'1 'il-"11.£ a; oJ .2.:: 'lJ;<}-".Jl/--ll-~~' ~ ~o] .£,, '1} ~o] 

.g. ~ lf{! ¾~~~ ztzt 0.4X109 mg s·1, 2.6X109 µmol s·1, 0.16X109 µmo] s·1, 

4.9x10' µmo! s' 0it:J-. 'fr'l!.oll >il"?--rri'rz.l "11~¾ ¾"'1 .. oi.2.:: 'll"f'al/-¾~~, 
~{!-o].?:,, ~1!-o].g. ~ lf{!- ¾~~~ ztzt 0.9X109 mg s·1, 8.0X109 µmol s·1, 
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0.59x109 µmol s·1, 17.4X109 µmol s·1 0 ]tj-. 

til'!!:"111¾ ¾"11 %"11-"'- >-1-71'°" 'll"Hl-'1-¾~~, ~-:1°1-&, ~-:1°1-& ~ -it-:! ¾ 
~.6~ ztzt 1.5X109 mg s·1, 10.7X109 µmol s·1, 1.0x109 pmol s·1, 24.2X10

9 
µ 

mol s·1 o]tj-. 

tilcltl-j;-oj "1"11 'il?-iT'irz.! "111¾ %"11 ';J-"115'. iic<>J.2.c:: §fe:J-~~:;'"i ~ ¾ 
"16c:: "11?"111¾ ¾'!!: ¾'lla.l'.1!.t:f "l' 3-4•1 3.t:f. "11?"1114 'il?--ll-'irz.! "111 
¾ %"11 ,J-"115'. %'ll51c:: ~,:,o].g. :S"16c:: "l' 10.6XI0' µmo! s

15'.J.i til~"111 
¾ ¾"11 %"115'. •1"1'-f7lc:: 0J (10.7XIO' µmo! s·1):i!f >l"i 'll:t:f. :J.aj'-f ~,:,o]-& 
(0.75X10' µmo! s 1

) 'l,l -it-:! (22.3X10' µmo! s 1)"1 'l!-9-<>llc:: til'!!:"111¾ ¾"11 '-I 
71c: ~,:,o]-& (l.OxlO' µmo! s 1):i!f -it-:! (24.2xJO' µmo! s

1)"i 0J.1!.t:f "l'z.! aj

t:f. 
'ii? "11 * ('ii? "111 )<>II "I "11 ,J-"11-"'- % 'll 51 '°" §f e:J-~ ~ ¾ "16:: ti1 cl tl il- ( 'ii 

?-iT'ir)<>ll "I~ %'ll 2.f .l!.t:f .'r. "f 2 -3•1 3.t:f. 0 ] 
0J-& til '1!%.l/-<>11 J.i ,'-5'.J.].2. <>II 

"i'!f "i"¾a.l' (Chen et al., 1994):i!f -';J-¾~ '5!~5'.J.i, %-'I-~ §le:}~~:;'¾ 'Ir¾'!!: 
"il ? "11 * 7 I ;J-"11 "I "§ "l §f e:J-"1 41 :;' <>ii "1 <>1 ,1 -';J- ',1--o-J ¾ .a. '!f "l ~¾ ~ t:f :: '5! ¾ 
"Io] '!ft:f . 

• ~~~:§'.l-'r~ ~¥.. . 

:0,-"11 'a" 'I- "11 "l :i!f .l/--:! "J-,J-.l/-"11 "l <>II ,i '°" "11 "1 "i "1 ~-& "1 % 7 l ~ 11! §f "i"±c-"'- .2. 'll 51 
<>1 "1~ oJ "11 "i" .'r. :o,-"11 'a"-'l-"11 "'1 :i!f .l/--:! •J- ,J-.l/-"11 "l <>11,i :: "1 % 7] ~ 11! §f"i"e!:5'. .2. 'll 
51 <>1 "1~ '-1, :o,-"11 ;J-.l/-"11 "l t 'll 1'!"1 ~ %-j;-.2. 'll 'll Ell 0 1 '-I .l/--:!•J- .l/-s= "11 "l <>11 .,_i :: 
'll "il ¥! ¾%"! .2. 'll~-"'- .,_I .a'<! t:f. :r 21 :s, ;J-"11 ¾-'I- "11 "l <>II ,1:: .lE ¾"i "1 %<>11 ,i:: 
"1 % 7] ~ 11!§f"i"±c"i .2. 'll o l {l §151 <>1 'll "l u-~ '-I "i"-ll "i % 71<>11 IIi-21-.,_i I'! §f"i"e!: 
'IJ-'8' 01 %71-0-l"l "i¾"i"<>ll.,_i ~til"l:: .1!."l?:il "1t:f. 01:: Oil"i"<>ll 3!.'1)-¥! 11!§f"i" 
i:71 "11 i,-"i -0- *¾ IIi-21- % ~-0-l\'! .,\i ~ 7,}-0-I 7] nll 1j'o] t:f. !If"-l-J.i ,J-"11 ¾0J-.l/-"i "11 
"i "1"1%£ _2.'ljo] 'f/'5!~5'. "l]~o] '<!t:f. 
e.Al ~{!- ~ ¥.. 

"11 "i "i "1 % t :0,-"11,l-.l/- (>11?,i ~) "11 "l <>11,i ? -"'- *-';J-¾'ll %~, 'tl.'r. ,l-.l/- "11 "l 
<>11,i '°" "11 'lf "il % 7 l ~ ~ 0 I 4-"11 '!!: 7 I¾ <ii -J1--';J-% 111 ~ ~ 3!. 'Ir, ,J-"11 ¾ -'I- "11 "l <>II ,i :: 
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SUMMARY 

I. Title 

Transport and biogeochemical processes in the Cheju Strait 

Il. Necessity and objective of the study 

1. Necessity 

Korean South Sea Shelf (hereafter Cheju-Korea Strait region) waters consists 

of the Yellow Sea, Yangtz River and East China Sea, and Kuroshio waters, 

and it enters to the East Sea. Therefore, the Cheju- Korea Straits Region is 

dominated by the eastward flowing current, Cheju Current. However, shelf 

processes of rnateria1 transport and biogeochemical processes have never 

been studied yet. 

The dynamics of Cheju Current has not received a full scientific 

investigation. 

The Cheju-Korea Strait reg10n 1s enriched with benthic animals of 

structurely unique and/ or biologically active metabolites being located in a 

transition zone from the subtropics to the temperate region in terms of 

water masses. 

The region is concentrated with commercial and fishing harbors, coastal 

industrial belt, and fisheries including fin- and shellfish farming, therefore, 

it is necessary to support the sustainable development with the 

understanding the important material fluxes. 

The region is also subject to the frequent occurrence of red tides and oil 

spill accident due to the concentration of commercial harbors and wastes 

discharge from the land. In order to provide a basic scientific background 

for environmental protection, the understanding of the oceanic processes 

occurring in the region. 

Suspended sediments need to be continuously monitored with respect to 

the hydrodynamic behavior because the coastal region of the South Sea is 

governed by active sedimentary processes of fine-grained material. 

Quantitative understanding of water characteristics and current distribution 

a1ong inflow (the Cheju Strait, an area between Cheju-Do and Tsushima 

Island) and outflow (the Korea Strait) ports of the South Sea is essential to 

understand, to simulate accurately, and to predict the oceanographic 

condition, circulation and chemical materials transport of the South Sea. 
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2. Objectives (1st stage, 3 years) 

- to understanding the material fluxes and water dynamics in the Cheju 

-Korea Strait Region. 
to develop ocean circulation model in the region 

to determine and understand on a regional scale the time-varying fluxes 
of carbon and associated bfogenic eJements in the region, and to eva1uate 

the related exchange with the atmosphere, the seafloor and the continental 

boundaries. 

- to determine biochemical characters of benthic organisms. 

to provide scientific background for developing a sustainable and 
environmentally sound management for the region. 

to provide a general model for the suspended-sediment behavior (source, 
passway, and depositional site) in the whole coastal region of the South 

Sea 
In this work, it was provided the species list of fish larvae with the 

sampling time. 
Making the photography data on the larva1 fish comprising the warm
water and the coastal species. 

3. Goal of the second year study 

Investigation of an annual variation of the Cheju Current based on the 
analysis of historical sea level data 

Data acquisition of water properties and currents along open boundaries of 
the South Sea in winter and summer 

Lagrangian current observation in the South sea using a satellite-tracked 
drifter 

Modeling the climatological three-dimensional circulation of the South sea 

using an ocean general circulation model 

- to determine material fluxes across the Cheju Strait. 
- to determine products and processes of organic matter in the 

region, 
- to isolate marine bacterial strains and measurement of their 

degradation rates of organic materials. 

- to establish analytical methods for biomarkers from marine 
environment. 

to apply lipid-derived biomarkers to environmenta1 samples 

to review modern sediment distribution of continental shelf and 
nearshore area in the region 
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- to understand larval fish community structure in the sea around of Cheju 

Island in autumn and Korea Strait in summer 

- to make an excerpt for the distribution of surficia1 sediments on the 
seabottom of the South Sea in relation to the Holocene transgression 

- to estimate the flux of suspended sediments through a given bay in the 
South Sea by taking 12-hour hydrodynamic measurements at an anchored 

vessel 
- Study on the assemblage of warm-water migratory fish larvae. 

In this work, it was provided the species list of fish larvae with the 

sampling time. 
Making the photography data on the larval fish comprising the 

warm-water and the coastal species. 

ID. General scope of the study 

1. The 1th Symposium on the Transport and Biogeochemical 
Process in the Cheju Strait. 

Date and place : 4 September 1998 (KORDI) 

2. Interdisciplinary survey 

o Spring 

Survey area : The South Sea of Korea 
(33" 30' -34· N, 126° 17' -128" 05'E) 

Observation period : 5-11 April 1998 

Vessel : R/V Eardo of KORDI (546 ton class) 

Major items : CTD, DO, major inorganic nurients, Organic matter 
in seawater and sediment, primary production, 

Radioisotope (228Ra & 226Ra), Aerosol 

o Summer 

Survey area : The Cheju Strait 

Observation period : 23- 25 September 1998 

Vessel : R/V Eardo of KORDI (546 ton class) 
Major items : CTD, current, tide and tidal current, DO, Inorganic 

Organic matter in seawater, Primary production 
Radioisotope (™Ra & 226Ra), Aerosol 

o Autumn 

Survey area : The Cheju Strait 

Observation period : 24-27 November 1998 

Vessel : R/V Eardo of KORDI (546 ton class) 
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Major items : CTD, current, tide and tidal current, DO, Inorganic 

nutrients, Organic matter in seawater, Primary 

production, Aerosol 

3. Current and circulation 

Analysis of historical sea level data - Spectral analysis of the sea level 

difference between Cheju and Chuja-Do from 1989 to 1994 in order to 

investigate the variability of the Cheju Current 

Wavelet analysis of monthly mean precipitation at the southern coastal 

stations 

- Data analysis and interpretation 
Seasonal distribution of water properties 

Currents and volume transports in the Cheju Strait in September and 

November 
Variability of volume transport in the Cheju Strait based on data acquired 

during the first and second years of the project 

Currents in the Korea Strait and along a section in the middle of the 

South sea 

Modeling the climatological three-dimensional circulation of the South sea in 

September using an ocean general circulation model 

4. Anaerobic coastal inlets 

The behavior of heavy metals in Kwangyang and Karnak Bay was 

studied through four field measurements. 

Physical, chemical and biological causes of anoxic environments were 

reviewed through analyses of existing data. 

5. Shelf biogeochemistry 

Distribution of biologically important elements in the region, 

Determination of transport fluxes of biologically important element across 

the Cheju Strait, 

- Time-series observation of oceanic processes, 

Time-series observation of aerosol inputs, 

Determination of organic carbon fixations and early diagenesis of biogenic 

elements in the region, 
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6. Biochemical characters of benthic organisms 

- establishment of practical methods for micro-extraction and isolation of lipids 
from sediment and sea water 

- establishment of analytical method for composition of fatty acids 
- establishment of analytical method for composition of general hydrocarbons 

selection of two species of benthic organisms for production of industrially 

available fatty acids 

7. Holocene transgressive sedimentation and flux of suspended sediments 

to gather and summarize preexisting reference and results on the Holocene 

sedimentary processes 
to analyze sedimentary characteristics of a number of box cores from various 

areas of the Sou th Sea 

to give an estimation of the flux of suspended matter through a given bay 

based on 12-hour hydrodynamic measurements at an anchored vessel. 

8. Larval fish community 
The study on the larval fish assemblage were conducted in the coastal 
area of Cheju Island in May, August and November, 1998. The larval fish 

were captured in the costal area of Cheju Island. 
Total 19 species of larval fish were taken a picture, which were collected 
in the coastal area of Cheju Island 

In this work, it was provided the species list of fish larvae with the 

sampling time. 

IV. Results and recommendation 

1. Current and circulation 

e Analysis of historical sea level data 

An annual cycle, high during July and November and low during December 

and March, is dominant in sea level difference between Cheju and Chuja-Do, 

suggesting that the eastward current in the Cheju Strait strengthens in summer 

and fall, and weakens in winter. Spectral analysis of the sea level difference also 

shows significant peaks at periods of 3 months, 4 months, eight months and two 
years al though they are less energetic than a peak at an annual period. 

e Wavelet analysis of monthly mean precipitation at the southern coastal 
stations 
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The annual cycle of precipitation in the southern coastal region is all intensively 

precipitable in summer as well as in the other areas of Korea. The seasonal amount 

of precipitation is rrore than half of the total annual amount in su~r and less 

than 10% of it in winter. Typhoons and (extra)tropical storms may also affect the 

annual and interannual variability of precipitation by way of pouring heavy rains 

primarily along their paths. The number of typhoons attacking Korea Peninsula and 

the precipitation over the southern coastal area seem to be reduced during El-Nif'lo 

years, but not so highly correlated with El-Nino. The ti~ series of monthly mean 

precipitation shows the interannual variability with quasi-period of 2 to 7 years 

relative to El-Nino period and a longer time-scale (interdecadal) fluctuation, especially 

in Cheju. The linear increasing trend of precipitation is about +7mm/10yrs in Pusan 

and Mokpo, +16mm/10yrs in Cheju, and much steeper in Yosu (+40rnrn/10yrs) and 

in Sogipo (+80mm/1Dyrs) where the total annual precipitation is the largest in Korea. 
e Oceanographic survey results 

1) Synoptic survey results in April 

Surface-to-bottom thermohaline fronts were observed at five meridional CTD 

sections between 125 °E - 129 °E in April. Water of low temperature and salinity 

occupies the northern area of the fronts, and the Cheju Warm Current water or 

the Tsushima Warm Current water characterized by high temperature and 

salinity occupies the southern area of the fronts. The frontal position 

approaches to the coast, and temperature and salinity on both sides of the fronts 

tend to increase from the western part of the South Sea towards the east. This 

seems to be caused by the northward extension of the Tsushima Warm Current 

and higher temperature and salinity of the Tsushima Warm Current compared 

with those of the Cheju Warm Current. 

2) Seasonal water properties, current distribution and volume transport in the 
Cheju Strait 

Water columns are vertica1ly homogeneous in the Cheju Strait in March and 

April, and temperature and salinity increase towards Cheju-Do from the southern 

coast of Korea. The distribution of salinity indicates that the Cheju Strait is 

occupied by water originating from the Kuroshio in March and April. The 

seasonal thcrmocline is formed in the Cheju Strait in September, and the 

difference in the temperature djstdbution in September, 1997 and 1998 indicates 

an interannual variability of the thermohaline structure in the Cheju Strait. 

According to the salinity distribution, fresh waters of salinity less than 32.0 

appear above the seasonal thermocline that seem to originate either in the 

Yellow Sea or in the East China Sea in September. Relatively high salinity water 

of the Kuroshio-origin occupies the deep trough below the seasonal thermocline 

in the vicinity of Cheju-Do in September. Th(> seasonal thermocline disappears in 
November. 
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The along-strait current in the Cheju Strait is mainly eastward. The strong (> 

15 cm/s) eastward current appears in the vicinity of Cheju~Do in March and 

April, while strong velocity cores (> 20 cm/s) were observed farther north in 

September and November than those in spring. The vertical shear of the 

along-strait current is large in September and November and relatively weak in 

March and April. The along-strait currents are generally weak and often 

westwards near the southern coast of Korea. Strong coastal currents (> 20 cm/s), 

however, were observed in September, 1997. The strong coastal currents are 

associated with isotherms sloping upwards towards the coast in the northern 

part of the Cheju Strait. The isotherms slope slight1y downwards towards the 

coast in September, 1998, when the coastal currents are weak and westwards. 
The estimated volume transport of the Cheju Current based on the ADCP 

measurements shows the maximum value (0.58 Sv) in September and minimum 

(0.37 Sv) in April, which appears to be in phase with the volume transport of 

the Tsushima Current in the Korea Strait. The transport in September is about 

1.5 times larger than the transport in April in the Cheju Strait. About 30-40 % 

of total transport passing through the western channel of the Korea Strait 

originates from the Cheju Strait. The annual variation of the volume transport 

appears to have a similar tendency to the annual variation of the cross-strait sea 

level difference in the Cheju Strait the same as in the Korea Strait. Dynamically 

calculated transports only account for less than 50 % of the total transports, 

suggestjve of the s.ignlfkant contribution of the barotropic components to the 

total transports. The annual variation of the total transport appears to be mainly 

caused by changl:'s in the barotropic component. About 30-40 % of total 

transport passing through the western channel of the Korea Strait originates 

from the Cheju Strait. Dynamically calculated transports only account for less 

than 50 % of the total transports, suggestive of the significant contribution of the 

barotropic components to the total transports. The annual variation of the total 

transport appears to be mainJy caused by changes in the barotropic component. 
e Numerical mode] results 

Three-dimensional circulation of the South Sea in September was investigated 

using an ocean general circulation model. Circulation of the South Sea was set 

to be driven by in- and outflows together with heat and salt flux along open 

boundaries, heat and salt flux at the surface, and surface wind forcing. Tidal 

forcing was not considered. Input data used for the model calculation are mean 

temperature and salinity in the South Sea in September based on hydrographic 

data observed for thirty years by National Fisheries Research and Development 
Institute, and daily mean sectional currents in the Cheju Strait and the western 

channel of the Korea Strait observed in September, 1997 by Korea Ocean 

Research and Development Institute. The Cheju Current transports waters to the 
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east in the Cheju Strait, and the Tsushima Current, that enters the South Sea 

through an area between Cheju-Do and Tsushima Island, turns to the east and 

enters the Korea Strait after merging with the Cheju Current. As the main 

stream of the eastward flow at the surface shifts offshore, currents are weak and 

variable near coastal sites and clockwise eddies appear in some localized areas. 
The northward penetration of the Tsushima Current is more prominent at the 

bottom compared with that at the surface. It reaches farther north near the 

coastal area and tums east or northeast towards the Korea Strait. When the 

northeasterly wind is imposed on the top of the three-dimensional model, strong 

southwestward currents are developed at the surface in the coastal area. The 

bottom circulation is little affected by the surface wind forcing. 

2. Anaerobic coastal inlets 

Chinhae Bay System 
which separates bottom 

is characterized by strong seasonal stratification 

waters from well-oxygenated surface waters. 
Below steep seasonal pycnocline intense oxygen 

microbial degradation of organic matter leads to a redox 

Chinhae Bay System, occurrence of anoxia showed 

possibly due to physical condition of the water column. 

consumption by 
environment. In 

annual variation 

High amount of 

terrestria11y driven organic materials are introduced into Masan Bay and 

phytoplankton blooms are almost year-round. But sinking rate of 

organic materials seemed to be low because of intense tidal flushing. In 

the western part of the Chinhae Bay large fecal pe11ets may easily reach 
the bottom under a week current regime. 

Dissolved heavy metal contents were relatively high near Yeochon 

Industrial Complex except Co and Fe. Particulate Cu content decreased 

with increasing SS contents while Fe increased with increasing SS 

contents. Zn, Cd and Cu in the surface sediment was relatively high 

near Yeochon Industrial Complex and Cr and As were high at 

Yeosu-haeman. In Karnak bay dissolved heavy metal contents were 

relatively high near urban areas except Pb. Discriminant analysis of 

dissolved heavy metal data from 5 different bays on the southern coast of Korea 
showed distinct characteristics of heavy metal distribution in each bay. 

3. Shelf biogeochemistry 

e The distributional characteristics of biogeochemical properties. 

In general, the chemical components in the South Sea are characterized 
evidently with seasonal change. 
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The concentrations of Suspended sediments (55) in the coastal area were 

vertically homogenous through the water column in April, but the gradients of 

them between surface and bottom water were prominent in September. The 

spatial concentration of SS are more than 5 mg r1 in the western part of the 

South Sea where the bottom sediments are consisted of silt and caly and 

decrease from west to east and from inner coast to outer coast. It is assumed 

that a large amount of SS are supplied from the west part of the South Sea. 

The concentrations of nutrients are vertically homogenous in April, but 

depleted in surface water in September due to the strong stratification and 

intense phytoplankton growth in the euphotic zone and rapidly increase in the 

bottom water below the thermocline. The maximum layer of chlorophyll-a and 

dissolved oxygen is maintained at the lower part of the pycnocline during this 

period. 

e Characteristic of contaminant materials through atmospheric input 

Aerosol samples were colected in the marine boundary layer aboard the ship 

for November 1997 and April 1998. A part of the sampling period in April 1998 

coincided to the Yellow Dust Storm occurrence in the region. The samples were 
analyzed for contents of major and trace elements, nss sulfate, nitrate, 

ammonium and 210Pb, 7Be. The aerosol Al and metal concentrations in the 

Yellow Dust period is an order of magnitude higher than the low dust period. 

There was a significant difference in major elemental composition of the marine 

aerosol particles between the Yellow Dust and the low dust periods. The 

anthropogenic elements and compounds were more enriched in the aerosol of 

the low dust period than that of the Yellow Dust Strom. The relationship of 

aerosol 21°rb and 7Be concentratioin with nss sulfate, nitrate and other trace 

metal concentration suggests that these particles are emitted from the continent, 

pass through the higher altitude (free trophosphere), then descend to the marine 

boundary layer in the region. 

e The distributional characteristics of organic matter 

The South Sea in April can be devided into three parts: the coastal weater 

with low salinty, high SS (>Smg r1), low POC (<2%) contents, the front water 

with low SS but high POC contents, the outer coastal water with high salintity 

(>34.Spsu), low SS (>1 mg 1"1) and high POC (>10%) contents. C/N ratio 

ranged 1.7-7.0 suggesting that the origin of organic matter is from marine. 

The organic carbon concentrations in the sediment at the surface water are in 

the range of 0.1 - 0.8 %. The organic carbon and nitrogen concentrations in the 

sediment increase as the increase of clay contents. The organic carbon 

concentrations at the points near the South Coastal area where the sand contents 

in the sediment are less than 50 % are respectively more than 0.5, 0.08 % and 

are less than 0.3 % at the points where the sand contents arc more than 70%. 
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The molar ratios of C/N, the origine of the organic matter are in the range of 
3.0~8.4 in similar to that in water column, except station A9 (12.5) where the 
organic carbon and organic nitration concentrations in the sediments at the 

surface water have the maximum value, suggesting that the origin of organic 

matter is from marine. 

e Sediment accumulation and sedimentation rate 
The sediment di posit rates in the western part of Cheju island are 36 ~ 161 

mg cm·2 yr·1. The mixture structure of the sand ridge in the area under the 

surface layer clearly appear in the vertical distribution of the excess 21°rb 

concentration. It is supposed that the sediments in this area are composed of 
those of Huanghe-originated delta area and in addition, the effluences from the 

extension of Yangtz River-origanated matter in summer are mixed. 
The diposit rates in the coastal area of western part of the South Sea are 2 

6 ~ 71 mg cm·2 yr·1
. In the vertical distribution, layeres composed of silt and clay 

in x-radiograph appear that diposit and slump in steady state alter. 

The deposit rates of the western part of Go-Hung peninsula, where 

resuspended sediments move and accumulate in winter, 7.4 ~ 7.7 mg cm·2 yr"1 

and the deposit rates at the center in the south sea of Korea are very high with 
119~284 mg cm·2 yr·1

• 

e Primary production 
Primary productivities 

three cruises in April, 

were measured in the South Sea of Korea during 
September and November, 1988. The hourly 

primary productivity per unit volume showed the lowest value in April 
averaging 1.41 ± 1.07 mg C m·3 h·1

, and showed 6.23 ± 2.25 mg C m·3 h·1 and 

5.21 ± 0.30 mg C m·3 h- 1 in September and November, respectively. The reason 

for the low productivity in April seems to be due to inclement weather 

conditions. Vertical profiles of productivity showed highest values at 49 or 30% 
LPD's than at surface (100% LPD) from more than half of the stations in April. 

The average daily primary productivity per unit area was 78.8(±61.0) mg C m·2 

ct·' and there was more than 12 fold difference among stations. In September, 

productivity was highest at surface and decreased with depth at all stations. The 
average daily primary productivity was 158.3(±96.3) mg C m·2 ct·', twice 

higher than that of April. The reason for the increase in productivity is 
thought to be due to the increase in temperature and irradiance. In 

November, vertical profiles of productivity was similar to those in 

September. The average daily productivity was 344.6 (±183.1) mg C m·2 ct·', 
which was the highest among three seasons. 

e Origin of water mass 
Assuming that the surface water of the South Sea is formed by mixing of the 

Changjiang Dilute Water and Kuroshio, the contribution of the Changjiang Dilute 
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Water in April was estimated to be 6.7~31.4% (Avg. 15%) in the Cheju Strait, 

21.6~30.8% (Avg. 23.7%) in the Korean Strait, and 6.7~38% (Avg. 20%) in the 

South Sea. In September, the contribution was estimated 30%, 2.6 times larger 

than that in April. 

e Transport of chemical materials in the South Sea 

The estimated total material transports in the South Sea using all data which 

investigated in 1997 and 1998 are as follows: 

In the Cheju Strait (Cheju Current) : 0.4 x 109 mg s' (SS), 2.6 x 109 µ mol s' 

(NO,"), 0.16 x 109 µ mol s' (PO!), 4.9 x 109 µ mol s·' (Si(OH),), In the 

Cheju-Kyushu Strait (Tsusima Current); 0.9 X 109 mg s·1 (SS), 8.0 x 109 
µ mol s·1 

(NO,"), 0.59 x 109 µ mol s' (PO!), 17.4 x 109 µ mol s' (Si(OH),), In the Korean 

Strait; 1.sxto' mg s' (SS), 10.7xto' µmol s' (NO,), 1.ox10' µmo! s' (PO/), 

24.2 x 109 µ mol s· 1 (Si(OH)4). The total fluxes of these materials by Tsusima 

Current are about 3~4 times larger than those by the Cheju Current. These 

three currents are responsible to transport material in the region. 

The weighted fluxes of chemical materials by the Cheju Current are 2 ~ 3 

times larger than those by the Tsushima Current. This chemical rich Cheju 

Current will play a significant role in the biogeochemical processes in the South 

Sea where the huge land-based wastes are introduced. 

4. Biochemical characteristics of the benthic biota and environment 

eHydrocarbons 
The water column and bottom sediments were contaminated with peteroleum 

and refind heavy oil in the southern part of the Yellow Sea (west of Cheju 
lslaridj . aitCf -the ·south. OE" f>iisall l1.irbor, respectiVe1y·. The -TegiOil between Cheju 

Strait and Korea Strait were relatively free from the hydrocarbon contamination 

although hydrocarbon concentration increases with depth in the water column 

suggesting the sea bottom would be contaminated with hydrocarbon in the near 

future. 

eFatty acids 
The water column and bottom sediments was dominated by land-derived 

fatty acids in the southern part of the Yellow Sea (west of Cheju Island) and 

the south of Pusan harbor. The region between Cheju Strait and Korea Strait 
was dominated by the marine derived fatty acids in the offshore region, 

however, land-derived and bacteria-derived fatty acids dominated in the coastal 

waters north of the thermal-salt front. Therefore, biogeochemical provance of 

the region could be devised based on the fatty acid distributon patterns. 

eBiochemical resources 

Arachidonic acid and eicosapentanoic acid (EPA) are highly enriched in 
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marine algae (Glacilaria verrucosa and Ecklonia cava) and those algae may be 

subject to mass culture and expolitable commercially. 

eExpanding analytical capability:Steroids 

As part of the expanding biogeochemical research capability, chemical 

analytical protocols for marine steroid analysis was formulated and tested 
through various established analytical quality assuarance program. 

5. Holocene hansgressive sedimentation and flux of suspended sediment 

- Surficial sediments in the South Sea are shelly sands with some gravels in 
the deepest central trough which grade to muds towads the coast. 

- The sources of coastal muds are various but all are of the Korean 

Peninsula, i.e., resuspended Yellow-Sea material for the area west of the 

Kohung Peninsula and Somjin and Nagdong rivers for the area east of the 
Kohung Peninsula. 

- The sedimentary characteristics of a suite of box cores from the South Sea 
and adjacent area show the signiture of the Holocene transgression and 

various sources. the sedimentary fades of the Yellow-Sea origin retain 
well-developed laminations, whereas those of the South Sea rivers display 
intensely bioturbated structure. The coarse-grained sediments in the 

central trough show a chaotic mixture of sand., gravel and shell fragments. 
- The results of 12-hour hydrographic measurements from the entrance of 

Jinhae-Masan Bay show that the net flux of suspended matter directed 
toward the bay in May, 1998 within a stable water mass that was well 
stratified in both temperature and salinity. 

- The cause-and-effect of the Holocene transgression onto the distribution of 

surficial sediments can be incorporated in the analysis and interpretation of 
any results from biological and geochemical studies on the surficial 
sediments. 

- A series of hydrodynamic data obtained with a variety of sophisticated 

sensors can be used in forecasting the sedimentary processes of the mud 
within bays, erosion or deposition at any time. 

6. On the larval fish assemblage in the coastal of Cheju Island 

The study on the larval fish assemblage were conducted in the coastal area 
of Cheju Island in May, August and November, 1998. Total 33 species of larval 

fish were captured in this study area. Especially, various species of fish larvae 

were found in the eastern coastal area of Cheju island. Among them Chromis 
notatus was the most dominant species comprising 28.5% of the total fish larvae 

collected and followed by Sebastiscus mannoratus accounting for 10.6%, then 
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Enneapterygius etheostomus 8.8%, Helicolenus hilgendoifi. 8.5%, Engraulis japonicus 
7.4%, and Benthosema pterotum 6.8%. Up to now, the larval fish were found 13 

order containing 75 family with 230 species in the around and coastal area of 

Cheju Island including this study area. 

V. Conclusions and Suggestions 

This is a second year of the 10-year multidisciplinary project to understand 

and qunatify the transport, biogeochemical formation and transformation of 
biologically important chemical elements in the current-dominated coastal shelf in 

Cheju-Korea Straits region, and to explore the existence and extent of 
commercially valuable biochemicals from the regional biota. The Cheju-Korea 
Straits region is the only warm water feeding area adjacent to Korean Peninsula. 

The ultimate aim of this study to develop a national strategy for development 
and environmetal conservation in a sustainable manner based on the sound 

understanding of the governing forces upon ocean biogeochemical processes in 

the region. 

The fluxes and distribution of nutrients are derived by strong seasonal 
variation of wind and precipitation since the region is under the influence of the 
Northeast Asian Monsoon. Hence, the plankton primary productivity is also 
show a strong seasonal variation. Especially heavy rainfall during the wet 

monsoon period each year, a significant amount of freshwater and nutrients 

and other land-derived material from the Chinese continent, notably, the Yangz 
River, and minor contribution from the Korean Peninsula discharges to the 

western part of Cheju Island and entrained by the Cheju Current (0.37 to 0.58 

sv with maximu speed of 15 to 20 cm s·1) and passes to the Chju-Korea Straits, 
thus forms the strong nutrient stream in the Northeast Asian Marginal seas, 
which eventually feeds the East Sea. Nutrients fluxes through the Cheju Strait is 
a factor of 2-3 higher than those of Tushima Current between Cheju and 

Kyushu Islands, and a comparable to that of the Kuroshio off Taiwan. 

Current analysis of water mass origin based on the radium isotopic 

compositions in the region revealed that the regional water is composed of shelf 
water (38% at maximum) and Kutoshio water (62% at minimum). However, 

current two end-member mixing model suffers from the true representation of 
Korean river water and river waters in the northern China such as Yellow River 

waters. Therefore, a more detailed study on the radium and oxygen isotopes for 
indentify the provenance of water in the region. 

Atmospheric pathways in the region is proved to be significant, especially 

durng the Yellow Dust Storm period. Atmospheric Al and other metal 
concentrations in the Yello Dust Storm period was an order of magnitude higher 
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than the low dust period. Therefore, study on the atmospheric pathways of 

various chemical material should be an important part of this project in order to 

quantitatively assess the relative contribution of various pathways introducting 

chemical elements in the Cheju-Korea Straits. 
Two more biological organisms were found to contain a significant amount of 

bioactive compounds which potentially contribute the regional economy in 

addition to the two commercially viable organisms we have fonnd in the first 
year, In the fuhlre, a more close examination of the fatty acids and steroid 

compounds in the regional biota. 
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~ 'lJ "iJ 21-"J "11'1°'-lJ oJI _>': ~>, oj 9J ~ -l)- 7].,.'.j .g. :1 oJI 21 oJI Aj <,j-ol Jl 9J C: A~ ... 

~ .s'_ J/-1'1 A.j ~' •1 ½ ~ :'_ -l,'- O\] <>I] 9j o-loj -jl-ejJ >, 71 t.f r:j-,';- "11 21 <>I] Aj A.j A,j '<J 3! ~ o] 
"11 e?-"l *%<>JI -"l -ofoJ *ii >171 t.f !f. ~ ~,:J-.2..s'.J/-El -of'll ~ :'. til 7) %.eJ 01 %<>il 
-"J-ofoj *~>1::: 3).2_.s'_ oj;,j;<]Jl 9Jcj-. oJ~ :'_ 3.7IJ -8-~ *7J.,.:ilf J/-,tA,j -jl-7J 
:,.,,_ t.f~T 91:::r~ oJ½.eJ '))-~ ~f!:oJt.f ... ~-"l ¾'a%-& "i]o)oJJAi ... ai :§1-'1-"l 
'ii'/! :i!f'll¾ oJ Oil o-lc: ~] cj ~ % Jl. ~ 'lj J;!.: 'ii -t'O\l"'/'-Jl '3! r:J-. oJ <>I] «tel- {! ~ 's
olJ Ai~ "il'l°'-ll *71%-"l -le£ 'l1 x'.l<>JI til~ 'l1'i'-7f •R~ ll-'1/"erfaj o<J\:J: 60 '11til 
.!/-"I 0]<>1] til~ '1\'i'-71 e?•.J>,7] AJaJ-o-l'l!.2.oj 'l!>l oJ"s-.eJ Florida Institute of 
TechnologySl Sohn .ill"T" group, §..::;=.Sj CSIROSJ Volkman li}Aj, group, ~:ir~ 
Bristol tll~Sl Eglinton .ill.~ group%¾ ¾1).2...£. ~T7} -Y'6~~.:il 'Ut:l-. ~Ti..R 

-8- :'. hydrocarbon:i!f :s] ,Y-~ % 7l'lf 7] .... "l '11 :s] "J-~ :§J-~%0] .eJ <>JI.£ steroid :§j-~ 

'i-, alkyl alcohol, long chain alkenone J.~.:il pigment % ~ ci -¥-~oJlA1 "A~ it 
'11 ... ~.ei +"J:sl.s'.>i.eJ ~-8-7]~0] 'l[',ro-lTI 9Jcj- t.fol7f>i::: aminoacid:i!f 'if 
ff" % <>J"E} '.!% %'11 ... ~.ej +"JO<f.s'.>i.eJ '11--8- 0 ) 7]til>,Jl 'l.lr:J-. 

';to\l<>ll til~ "11'!1- ~ o\1-ii--\'!:"l':'. -"l's- 7]-<!:<>JJ -"JOii oJ'\'-oJ~ •l7f \li.2.t.f o]"s
-"l NRL (Naval Research Laboratory)<>il >i::: til ~"111 ¾ .>': ~~ \t'11-"l %~ '1121 
c>Jf A-j 1999\-1-¥-Ei 1 \:! TI TRBM-AOCP (Trawl Resistant Bottom Mount-Acoustic 

Doppler Current Profiler) 14til;; J!l¾-olaj ';l-"11"11-ii--"l J!l'l!\'!%:i!f til~Oil1oJIAj.Qj 
'1°¾ ill' \ll %¾ '1! 'i'-~ Oil 'ii O I r:J-. "il"'/'-'111 <>JI •i ::: 0 I '\'-oJ {l •I 7f \li.2. t.f El- "1121-"l 
"ii 1 °1 t.f til ~"111 oJI •i x>f{! 'li">J- ADCP;a oJ-8-.-f<>l "111 '-ll '11 '1°-fl-%¾ '11 'i'-~ 
114-c: r:J-'1° 'llt:l- (Simpson et al., 1990; Kaneko et al., 1991; Egawa et al., 1993; 
lsobe et al., 1994). oJ %<>il>i Kaneko et al. (1991)-"l 'i!'i'-C: ~"s-0\] 0J'l1'i'-ci:o"1- 'if 
% .2. ;a. 'l° •~ ~ ii! :i!f o l r:J-. 

.l/-%%1/ <>JI til ~ 'll <J'aJ '1l '11 'i'-:: 's-"i oJ1 Ai C: 014- ~'j[frf 711 {! •~ >, Jl 9J r:J-. ~ 

.s'.4£til'1-.eJ J.P.M. Syvitski '\l-& 0<f%;<1J"l''l1-•l<>JI 'l!~J-,fPil4(Floc Camera);, J/-'1-
-olaj •Ht.fr:} 'l)erf;<IJ~.eJ .-f'i'- ~ til•i 0,l'.2..s'. -fl-iJ>1::: -'1--fl-%1l-"l 'l!'li"'ll.£; 'It'll 
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{'1-"i ii}oj -'i'-%%'ll J>1 ol %:i!]- .!>PJ %>}½ ol *H!.'i'. </l.§1-;; Al £ii} 2 'U cf. _2.A §. •II 
'l!eJo} Ai-'i'-.21- \t%-'i'-oJIAi::C ~PJ- :s}.!l.4 -~HJA}'H½ ~:;-.}oj •f,l-o!l -"1~ 'l!£'r 
~~~, 7J-4-Sl -fl-~L <c!~!ll*Sl A}-t1]%% ~~, 8"TSl 'T"~~~3!\- y~~~~9.] 
¾\!!% ;<ij'i'(%½ 1/f~Sf 'Ucf. oj;, £t:Jl£ .2.~§."1J'lJeJof \t->;'-oJJ 'UE ~'l'!Aj 
',!" oJi Ai 'll "1 \:l- .2. 'l! %½oil rJI "ii oil slick model½ ,H 'lj--of '.<! cf. 0 1 's' !c~ ,11 i<
el-01 i+'r el (Duck) Al -"1 'l! •} cf oil Ai :: 11 ,11 -"1 <11 :§f :i!]- 6 ,H -"1 'l! "Jo!l o 1 11 A 1 .:1 el 2 3 
7IIJ>1 'l/\1!.§JA}oJIAi +-'l!-ofoj • J's', '!J's', 711y-cfoj]Ai :il}:§f;<}~ol sr7fii}oj A}%~rJI 
9j \'l '<!"l -"I .aj % 01 % 'l! 'r ;a T ·~ ii} :i). 'U cf O] 'lJ 'i'-Af 'll oil :: .£. ~ E!-'ll-"1 'If :§f :i!]
g "1-1!\Ai .2f "ii "1 '1!2£lll %ol 01 %'<! cf. !f. ~ 500711 01 %-"1 'c!:-'1·MJ-•J 7} 'f-'ll 51 oj, 

•J-t'71, NASA 1-'rs<J, -t'¾:i!]- ;slAJ ,iJolci7} %-'l!'i'!cf. 'l\'r'!!:i!]-::C i'c 'ic>iJ;,J\l 
½ ¼"ii 'll-li'o! "il--ii 0Jc}. ¾'s' 0J:s}7J %}'r"iJAi ¾-S:C:i!]- • l's' '1J 0J:sl'll:§f:sf~ol 
1984\1 rJ1 'it .'i'. "ii 0J'l\'i'-Af'll ½ \!l oj -'i'-%%'ll '5'£.21- ""*;; ~ 'jj %}oj, oj ~oil 'r 
£ t-}'i'-<>11 -"I "1-1!-ol 1'012 :>I ½oil 01 ~ oJ >ll-'i'-%51 "1 °J:sf7J \t~.'e.£ 'l! '1!¾ a, 
el- ol%'1cf::C 3!½ 1/f~cf. .'i'.~ 'l!'i':il:,f::C 1985\1 Continental Shelf Research 
';'l)~O!l :sf,+jj;<j 'll-J!.51"1 'Ucf. !Etf ¾Sc ~;,}7J .. ,.,,. ~zj-9-ojJAj oJ-<11~ 'b'-"1 
-;/E7} %'lJ5l\'lAi 'lJ£-!i-7f \!!\!!ii] 'lfA~,;jc}::C Af-;/oj '1J;<j\'J ¾Af.2} -¥-%it'll.£. 
'-1E1'll¾ ¾iifoj ¾Sc:,} • J~ :,f:§f:sf%-"1 tr%'ll'rs!. llf"i~cf. 01~ 2. i:; y-of1f 
-¥-% % 'll O 1 % 'll 'r :s % "ii ~ "' 71-'I! -"1 '-1 'll-"1 aJ % 01 <11 .,,_..,_ W "ii '1l: Lil oil ~ 'i1 t:l-2 
.,~,q Q:lt:l-. 

\t"" -"1 "" 0J:i!f :§f 'll 'r £ 'e- -S:C'll '11 °J¾Af-'I!:,} 's''ll 'T'{H:1 ¾-'I! "1 °ll 71 "l "1 ¾Af 71 
1960\:! oJ.V- 27H~c}q- "T-8.--, ~~ ~ %~~::.t ~Pr.£ 8]~..2.2 '.U.:c., ~~ . ~ 
:§f • A~% . ;<l 'll % % tJ-:,j- :§f aj 'i) 'll T s!_Aj ~"'"" OJ'lJ 'i'-J:-"1 tf-s:'"11 "l % tl-'11 OJ;<f-'I! 
£ -'MJ'l!'r (1987-1991)71 'UQ:1£.y- Atlas &"i-"1 -l"-£~1',"o!l Sc~SIQ:lt:l-. 

\t '1J .... "l 'it.£. oJl Ai 9j '1J OJ :§f :§f {'1- Of 'll 'r £ :: 7 j 3, A~ {! :,j- '\'f <'! :§f :§f Aj .... ii 9j .... 

£ '; A.J (Yang and Kim, 1990; Chung and Yang, 1991, Kim et al., 1998):il} -"1 "l % 
¾°E°4c (Cho et al., 1994), -'i'-%%'11 ol% (Wells and Huh, 1984; Wells, 1988) 'jj_sc_ 

~ ~¾ ~ 719-1 rH-¥-¾9-l '?1T:: Aj]Y£ -¥--2- ~Q:j (Park, 1982) ~ -¥-~ 0J~ ~AJ 
01 ,:,Jzj-~ 0 1{!'1}% ~ --ii ii}'i'-"lo!l *1¾"1"1 'Ucf (IQ-, 1975; Lee et al, 1981, 1983, 
1994; Hong et al., 1983, 1988, 1991; Yang et al., 1986, 1988; Yang, 1992). ~"I ,a 
>Jl/}:sl \t"iloJIAi-"1 A~;<l:§f:§f;aj ~,'ll 'l! ~'ll .?t!:<>11 t:Jl~ 'l!'r:: '1-"1 ',j.!j!--oft:J-. 

!:t.~ o}~ '&11°JoJ1Ai %7]~ ~ 15"] A]J:jJ-AJ¾¾ ~.a:JA %_Q_.£ ~%ii}aH=:'" A)S..1.-t 
1l~ ~Al o]o]~ ~o]c}. 'T§. lipid biochemistry;; 1!i1'~}:: ''t°Fi1-A}~ ;:_ Bil ¾ 
9.] A~~l~9.J A]~oj] ¥!~ ~T~ "r.£ 'r"Jii}2 1!,.Q.~ ~'TY- 5j~~ %?} ~;:_ 

~t}-~9.j A]l;lJ ~~ %oJl:: ~Q:j ~T~ T~J~}A] ?i''ll'_Q_~ 3jj 0J~ 1:ii1-A}~;:_ ;;i;] 

1'1,J- ~~oJl -t!-~ 7]"if~t<l :;~¾ ~i-<5"] ~-& }! 01 ,q~o]tj-_ .:::1.cil-} PCB (poly-
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chlorinated bipheny])oly- PAH (polyaromatic hydrocarbon)% tPil .2.~ ;,J"i'llf 
'\'!:.!¥! "ill ;,il'l!21 :§1-~~21 -li':"1°1 t!:'il .2.~llf '\'!:.J;;foj 'r-"' "i'•a-"loJ~c.J-. 'i! 
~"'"" 

0J\"l 'i'-±c<>II Ai::: 1996\1£ 'i"l 'i'-"l ~ :.J->il-"' OJI 0Jtc'il "'~ "11 "1 ½ ~ ~ ,a~ 7J 
~ %~ '1'.aJ;,f 7];.' 7j'![ \"l'i'-:: Al"}.2..£ o]oJ] '\'!.J'<! \"l'i'-~ ",'•a;;f7] A]"},;f'l! 
c.J- (¾ %, 1997). ~ \"l'i'-<>IJAi£ l*I '>1 2 *f \"l£21 \"l'i'-:S *;;foj 0 1cl~ ;,J•J 
AJ¾ ¾ollJ·i !; .3"1 hydrocarbon~ ~l iy-{}¾ ¾11.2...£. ~½, ¾~t>Fe '%1 ~ 7~ 1!t0 1 
~li~~.Q..tij o]~ ~]l:lJ ~¾ o]sjofl ?¥! biomarker.£ tr%~ "r v_:: steroid §l

~~llf long chain alkenone A,j-li':<>IJ til~ -li':'1"i-'ll½ '1''lJ;;fTI '.llc.J-. 
'el- "1121 OJI % ~ OJI -ii-'\'!:~ .2.-"' ::: "''ll "i' cl 'l! ¾~ 21 ll 7 l ll -\:! '\'!:~ 21 <>II "1 -!i-'ll <>11 

21~ ',J-OJl21 .l!.¾ OJl-ii--li':!<.¾ :nf"}~ Hf '.ll.2.aj (ol, 1%8; o] "]- 'a-, 1%9; o], 
1974b; '{J, 1980), 1970\1:.J- 1974\1<>1J til~oJ1 Aj",'£<>i]Aj 25AI{! "ii-ii-'\'!~½ ~A] 
~ Hf '.l!TI (OJ, 1970; o], 1974a), >ll'r-"1121 "1] ,i'C~ '\'!:~'!l<>IJAi oj :'; "1- 7'1¾11 25 
AJ'(r OJl-jj-'\'!~½ 'r•a~ Hf '.llc.J- ('{J, 1979). "''lJojOJ~Af~~ ',J-"iloJJAj 'lJ7].aj'l.) 
ll.;J'i'!:~"f-"-"1- OJl-!i-;,il 'Al-Ii- ~ OJl-!i-'ll ~~ (%, 1970)<>11 21~ OJI· ~-ii-'\'!~"'-"-: 
>IJ't,'-1'fTI '.ll.2.aj, 1997\1.!/-"1 til~"11 (.!/-,;}-tilcf£)<>i]Ai ADCP ~.!;\-'\'!:~½ ~Al,;f 
oj "i'r'r¾"J '>) OJI .;i-;<}.ilc;; ;J]-l;'-"5f TI '.ll c.J- ( S;',J OJI 0J~Af~, 1997). Aj ¾til ~.iR OJI 
0J~llf<>IIAic: 1974\i, 1980\1, 1983\1<>11 >il'r0\l1<>11Ai .!/-.l!.'r.aJ:.J- "11-li-;,il ;,ii-Ii-:: * 
OJI OJI-Ii-'\'!:~½ ~Al1'f'l!c.J- (Chang, 1984; Chang et al., 1995; Chang and Kim, 
1995). OJI-Ii-'\'!:~~ 1981\1 4-%1-5-%1<>11 ~¾.>'. 20'll'(! 'r''il 30 m, 60 m<>IIAi ~Al-"J 
'.l) c.J-. O I ~ <>IJ C: ~ 7 I .aj 'lJ OJI -Ii-'\'!: ~ 0 I O I ',' oj 'l) Hf 7 f \lJ c.J-. .!/- 7,j tJI ~ .iR "1J 0J :i1} ~ '1/
% \"l 'i'-l: <>IJ Aj;: 1997\1'1-"1 'el-"121 "11°J~"i "iAiloJI '\'!:~ 'i"l'i'-:a 'r'•a;;f71 ,1"i-;;f 
'l!.2.Dj, 1996\1<>1];: til~OJl1<>1J ADCP;; ;,il-li-;;foj "11-ii-'\'!:~¾ ~Al~ Hf '.llc.J-. ~ 
"'"11 °J\"l 'i'-l:<= 1986\1.!/-"1 1991 \17Jf:<] 711 '!l \!! 'el-0\l ~ OJI "121 "11 %¾ ~Al~ Hf 
'.ll.2."1 (~"'OJ1°J\"l'i'-l:, 1987-1989), 1986\1"1- 1989\1£<>1I::: 'el-"121 7-11"-£ 'i"l't!<>J 
4 %1!!<. <>I] Ai OJI-ii-'\'!:~ 5'. ~Al¥! Hf'.ll c.J-. 1988\1.!/-"1 1990\1 Afo] <>ii::: 'll ~"'rllf 
't/-%.2..5'. ADCP;; oJ-§-;;foj til~OJl1<>1JAi O\l-!i-'\'!:~½ "i'•a;;f'l!TI ("11°J\"l'i'-l:, 
1988, 1989, 1990), 1995\1<>1]::: >il'rOJl1<>1]Ai "!¾."- ADCP "'* '\'!:"'r½ ~AJ;;foj 
'll 'lVir OJI -!1--11-!<."]- 0\1 'r' "i'¾ "Jc½ ll}"}tf 'l! c.J- (Suk et al., 1996). >I] 'r til ~ .iR c: 1986 
\1 -1987\1 Af 0 ]<>i] >l]'rOJl1 'll~<>IJAi OJl-li-;,il ;,il-li-<>11 210\l 25AJ'(!-118A]{!<>I] :,11) 

OJl-ii-1'r"'r½ "i'•j;;f:l!c.J- (:,J, 1987). 
'cl'~~ !l!'Ttrt!- .£1!}~¾ q.J'Bfl "r~l.5!.~¾ 0 1%-~ 1'll~trt!- ~T~ tH-¥-¾ 1a' 

0\121 LJJ'l!:<>11 "'~¥! 5'."i!!"-Ai 'a¾¾ Tial;;f"l lll'~ s?'ll OJ1°J<>1JAi ~* 'll ~"1 
c&*l-ii-<>11 '\'!:~ \"l'i'-7f lll''.ll:c.J- (<>IL ~, 1996; "1-, 1997). ~ % (1994) ~ 'r'"-l£ 0i!!¾ 
o]-§-,;foj tJl~oJ1 ~-jj-oj] '\'!:"11 \"l'(-~ Hf7} '.l!TI, '{J (1994) ~ ~"1 7J;J]"l, Hf,l-, 
71 •J 'a ;,jJ ~ * ~ OJI "i'21 -ll- · ½ 'lJ 21 .i!llf :: 71 \!! "i .2.."- TI al 1'f oj 'el-"1121 e'll \?t!: 
½ ~ltj!;l_'.l]:c.J-. Chang et al. (1997):.j- 7J (1998)~ ~"17J>il"lllf 7l'l)-'il;,Jl<>l]Ai21 OJI 
-i,--li':!l_:: '!fO] Tiaj,;foj ',J-0\121 2*1~ e-11:¾ >l~"5f'l!c.J-. 

,iJ 'r 2r. 'r ><! OJI "1 <>il ::: c.J- 0J ~ ¾ -li-21 oJ -ii-1 I ,; "I ;;f :rr '.ll ::: :Jc .2.;,_ 'cl 'i'-21 tJI .!/
-li': ~ o] 7]~¾21 7]>1 (Kim and Lee, 1994a; Kim and Lee, 1994B; Kim and Han, 
1993; Kim and Lee, 1993), >il'r £ \"l '1!21 <>l-li--'ll- (Baek, 1982; Baek, 1984; Baek, 
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1994), "1'\"£ '\"l/!"il"loJl-"i ½~o-1:: ol\l!t!Hl oJ¾oJI 1'!:~ 'i'!,'- (Baek, 1985) CJ.el 

31. >ii'\'£ ',"l/!"il"!<>il-"i ½~o-1:: ¾~,._ a}-",l (Kim and Lee, 1994b) % -",loJ<>il 1'!: 
~ :>,!a, 0 ]c]-. :>]0<loJ"1 7<l4- >il'r-£ ~Oj'i'!'l}"] :>]0<foj ¾ ~-",jojJ 1'!:~ 'i'!,'- (Go et 
al., 1991 ), >ii'\" .'r. 'i'! '1} .ej oj ;a '!1 :>] 0<foj "] ¾ ~ 'a ojJ 1'f ~'i'! ,'- (KORDI, 1989), >ii 
','.£ '\"l/!"il<if :>];<foj"] >JEJl~aj'1) 'i'!'i'- (KOROi, 1991) CJ.el31. >ii'\'£ '\"'1!"11"! 
"1 :>] 0<f oj si' 'll <>ii -11 ~'i'! ,'- -7f¾'ll (Yoo et al., 1998) % 0 1 'l/ c]-. CJ. e1 t.]- "i """'"I 
"1 >ii'\"£ '\'\I! Oil <if "1 "i"f<>l "1 ¾ ~ '.l<>il 1'!:~ 'i'! 'i'-i!! "1- >ii >ii "l.£..£ 'll el 1f 51 oJ 
'll ;<] ?,le-& -:1 'll O I 9 :<I "' oj ,,,. ·l'H!· .!/1 "II -¥/ Jl. ~ ¾ \!! A f 'l] "' il. t.]- Cl .i % 0 I :,J "1 Ill 
:: -:1 'll o I t:J-. 

'I'-%%~ <>ii til ~ se- ,pj '1) Oil 0J "i ~ ~aj 'i'! ,'-:: 1970\'! til 'lf .ilf 1980\'! til "'<>ii 
9' .£ 'i'! 'll:"11 "i .Ji %"1 aj %"1 'll.!a.'/l-%.ilf "I :§1-~<i'-"'1 ¾ ,.. .. ,"I ""7J-71~ i..j ~ "1 aj,.. 
0 I 'i'! 'l!¾ "1-2-1- ,t ~ .£..£ 0 I % ~ :>,! 0 I 2-1- :: 'i'! 'i'- ii! .ilf 1'- ';ll .£..£ "-1 -"I a} 51 '.ll t:J-. o I e1 
~ .5'.,!!~ 1990\'!£<>1] a,ojSj-Aj j.T. Wells, Y.A. Park%oJI "]Oil -:/0<].£ "11'1">1-i]sJ
lJ~-1'!~¾ *Oil 'll%"1'.llt:J-. ~~<>II ¾'it til.:o:"J-c'E>il Z!-ll:f<>il i..J-El-'d 'i'!'l!-'1-% 
,.. ~ "1 ° 1 % 11! :§j-: .l!.71 -'11 Oil ~-s:"11 °J 'i'! T"° ,1 ~ -¥-<>11 -"i 2 \'! noi1 :,1 "I >1111 \!! .£ •a 
1'! -11~ .ilf "11 '1" •H 41 :a -:l -" I .-12 "J-~>ii 11 'i'! .eJ c'E n t11 "1 "l '11-.ilf "1 .aJ ½ 11! §l- : 5'. i..J E1 
'ii .-1 "I , "I -li' 1! "1 "l , 7'i ¾ '11 ~ "1 "1 "1 .aJ "I¾ 0 I 'lJ oJ 'it¾ \If~.£. "i -'I-%% ~ 0 I "J-3c 

>ii;: -"li..J-"l 'it~.£.£ 0 1%5111 "11s1-<>ll .:l'c'()-t!l1f ~•I ?/1-"i i..J-nt:J-:: :>,!¾ !!.~ \If 
"i'-1!'.llc]- (Marine Geology<>II >il>H¾). !E~ '!!'it ~~'l!<>IIAi:: 7]'l;"] 'i'!'r'<l Ai 
Oil 'l! ai <>II "I Oil ¼ .£-'I] "1.aJ %0 1 °H 4- '/l "fo-17] "11 si'-<>11 'l! ';tt!I "II 0J~.ilfojJ Aj 'l!'-1! 
"] c'E '()-t!I "1 -oj "I¾ .ilf -'I-%~ ~ 3'c A f ;a 'T \'! % '1} 1J 7] aj .£..£ -:/ ; I Oil .2.31. 'l/ c]
~ >H oj ;'; '!1 ojJ ?/1- O I 31. ;,j ¾ '!I <>II "1 "l "1 :: 0J "ii-¾ .Ii O] 7 I "1] {1- ojJ 'l} "f'<l-~ -'I-%% 
~""'¾.ilf -11i'!"i~A1 Cl ~'11¾ rr'l!.-12,f :,c01.-,2 'l/:: %0 it:J- ('•l'i'-.ilf~"l<>il 2 

'1l 'lt.li). 
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~,'-jfl ~ ?11 -..JI¾ 1}l ~3l]-
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~CS" 'J'111'c Ai~~.£.,'c ,i]-?Oil~L %~~£,'c t1!~'11~¾ 3'.~S-\oj t:il-'l'-11- '101 
o] ?{/ 100 m 0 ]\']-~!a. 'ii?%%-@- ~lai-'8 ¾*910!] la\-%-.J 0 lt.J- %-.J"1 '!lir:aJ'l! 
'11*7\ e>H~t:]- (Miita and Ogawa, 1984). -,,._;a_A].2.!a.-'l'-&l 11,i<]-'fl :il.~, :il.'ll"1 c\] 
0 I I±* "r 1'c >ii -? £ %~¾ ,._ Oil ';J-"115'. % 'll 'i! ~ t1l ~ 'ii 1 ¾ ,._ "11 % Oil 5'. lllf :.l t.J
n cJ (Lie and Cho, 1994). >il-?"111 ~ .... Oi1Ai£ 'IJ-'11.2} %¾cs-'11"1 '119'7\ 'J'il5'. 
-ll-'ll'i! ~ >il-?'11-ll- (Suk et al., 1996)oll E1'11 %~ ~ ~ t1!~'111¾ ,._oj %'il!a. 
-ll-½'i!t:]-. >11-?•Hll¾ .... "' ',l'il5'. %'ll"11'c o\l"ric '/'!a.A].2. "l*oll ei~ :iL'llEl 
'il"r (Lie, 1986; Park, 1986; Kim et al., 1991a; Chang el al., 1995) l/11 °\i...] 2t "l 'll 
El %¾cs-'il 'll 'll-'11.e1 "1i"r.2J- "i~El 'll-"1'M"r%o]q (Cho and Kim, 1994). 's•I 
oJ%'!loJl1'c ;,J'llEl oJ;<\7J -!l-½9'7\ ',!Oil~ _;,_~~ >ii-?£ -?'1!"'101oll 'll-.J¾ oJ{l 
t:]- (Kim and Rho, 1994). ',J-oJJ oil Ai ¾"!-? 7J 0 ]'-J El "'1 ?'ii:-t!:-@- ¾"! ~~Ht, u\..t, 
o\l?El 'l!£11c3'. 'll 'a'o\\El 7J:,JJ (,il-?"111, t1!~"'11, >ii-?£%~)~,._~ oJl?El 
% · ½ 'll oil El oJJ .! 'll 'i! t:]-. 0 I •i ~ '8'"'1 S1 '11-ll-1'c cs-"i :aJ ~_;a_ 'c! '1!01 oil i='ll .-171 t.J-
41 \'J-El 'ii:-tl:oll.'r. 'll .. J~ oJ~ "r '.l/~t.J- ("ii, Chang et al., 1997), 'JoJlollAi 'c!'1}01 
-"I El "'101 El oJ "r :iittl:oJI 'i'f "'1 Ai 1'c ~ 'llcal :.l W ;,c] ~ ~ "l, 's .-1 .21 "'101 El •H -ll-11-Y 
7\ 41 \'J-¾ 3'. ~~ 'c! '1} 01 .21 'ii:-tl:oll o] ~I 1'c 'll -.Joll 'i'f "'1 Ai 1'c .!If QJ-'i! u\ 7\ \!! !a. \lj 

t:]-. 
~CS" 'Joffic Ai~~£ ,'c ,!]-?off 11 ¾ .... o\] 'IJ-off st 'c! ,:!"] :il. %~ ~£ ,'c t1J ~'1111 

~ .... "" %'11 st 'c! .!-"l "l 'a'~~£ ,'c %¾cs-off st 'c! "'i! t:]-. "'"" .ei oj "i 0<] 'II~ ~ 
cs-~ 'c! '1} ~ a:\2J-Ai 1'c 50 m o] i;f El 9'{/ ~!a. ~ \'! ~ 7,1 A\i,c 7\0<] oj ,i]-? .'r. 'c! '1} 3!f 
t1Jo\£'c!'1}ollAi1'c 100 m JJ\0<] t:]-± ij'~ ?{/'/!§]-~ .!i!.'l]cj. -'j'-~-"f t1Jo\£ A\o]_ei 
t1!~"1~ "1?£oll1'c 200 m 0 ]'1)-El y~ ~(trough) 0 1 t1Jo\£ ~~5'. "'11-"f '!!•] 
s-\J!I 'lf~-"l<>l W~"l >11'1'"'11El >ii'/'£ 'l!'ll~ "'101oll£ ?{I 120 m 0 i%"11'c 
~o] ,e~~~tj-. o]ci~ ~% ¾1J..Q..£. ~~ 'r!~~.g. 7JA}7}- ~1i!-"3"}-{9 cJlo}-S:. ~_Q_ 

!a.1'c 7,!A\7\ u]:u,:aj ij'i;ft:]- (Fig. 1-1). tloJJ'l! ';J-"111'c 7]'1)-El 'll .. J¾ '1!,7] ~¾ oj 

01 ° I oj Ai 7j ¾ 11 Oil ,'c 7,l-~ la\-¾ lll 'l! .ei "I ;,I-:ilf .l[ ¾ 'M zJ-~£ 'l! S-\ oj {! I'!: :aj ~£ "r 
¾ o 1 "r cai :ai ~_;a_ it~ "1 "i "l, oi * '!l oil 1'c R '1! 1\'l!, 1.i-1- 'l! -? l'l t11.,. ~!a.-'l'-El .ei "1 
4-% 'il % _Q_ .£. ~¾.g- 2 ¾.:,1-~ ~ .!i!. ~ r+' 

"'"" c :J. ;<] e1 :aj 'l] '; Aa ~£ 'l] is\oj 7]-'!l ~ ~el t;\1'c Aj '.Io] cj;", •H9'7\ i', ,n 
S-\oj 0 1 2-1 ~ AJo] ~ •l?El 11-Y C >IH! Oil a:\i"c e 11!%¾ .!i!. 'l! t:]-. ',lo\] oil ½~is\ 
'C" 4-311 (water mass).£.C" 'T£.A]..2.. (Kuroshio).£.J,!,Ei ~;i;]~ .f ~l'T£ %~~ % 
~ %'Bll.£. -R-c:JSlt .31~, Jl-€;-Q.] t:JlP}-'d-ff-4- (Tsushima Warm Current Water; 
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Lim, 1971; Nit.mi, 1972; Byun and Chang, 1988; Kim et al., 1991a; Lie and Cho, 

1944), >11 'r' .5'. \t~<>ll Aj Cil uf 'd:-li-.s!..s!.-¥-El <l:e}i! ~ >il'r' .5'. Aj~¾ :i;.'IJ ~OJl.s!. -lt 
~S:li=- 3:1.~&. ~~~~ '&-~ll1d-*"'r' (Yellow Sea Warm Current Water, Uda, 1934; 
Nakao, 1977; Zheng and Klemas, 1982), "lA) -'J'_s!.A)~.s!.-¥-El 7)~"1"1 >IJ'r'.5'. Aj 
~% ~:ol~ ~ >ll'r'O\l'll.>'..s!. -lt'll"1i= >ll'r''d:-li-"r (Kim, 1980; Lie, 1986; Park, 

1986; Kim et al., 1991b; Chang et al., 1995; Chang and Kim, 1995), \t"il'll'llc"l<>il 
Aj ?j¾'l! '!/'\i"]oj oJ%'l! ;,fl'ljaj "r.,0,'<f¾ -.J-'i'-ofl l/-£%}ic ',J-8\J';,j'l}"r (South 
Korean Coastal Water; Lim, 1976), ~OIJoflAj 7]~"1"1 \t'ilofl 'll"Jo¾ o]S<]i= (Kim 

et al., 1991b; KORDI, 1993; KORDI, 1994; Cho and Kim, 1994; Chang et al., 

1995) ~"11"1¾'ll"r (Yellow Sea Bottom Cold Water; Nakao, 1977; Kondo, 1985; 

Park, 1985; Yang et al., 1984; %, 1986) 'al ~o\l'll'llc"T' (Yellow Sea Coastal 

Water), 0,};<}7,J- -.J-'i' "l gJ .lf. ¾"r2l- ,r",'.QJ ~~.>'.!a. '!I '\I "1 "1 oj % 'l! 'if 'ii 'llcofl 'll 
"Jo¾ o]S<]i= 0,}0<f7J- :ol"i"r ({l "t x, 1994; Kim et al., 1991a) ',I %0il<>IIAi 7]~"1 
i= Cil~'il'II ;,J¾'ll"r (Lim and Chang, 1%9; Isobe, 1995) %0] '.Ur:J-. "r¾o] 'T"l 
aj_,>_sc AcJ¾.§}£1,c- oj :S 'l!oll2 0,};<}7,j-")oflAj ,f"f'-fi-'lJofl 9J"11 '!/AcJ-,l ;<j'lJ.Qj Oj;<f 
7,J- §1"!4'7} .ll.¾ofl '<leaf >il'r''il'll7Jf;<) 4"1-49 "l¾ofli= -'J':SCA)~oflAi 7]~'8 :i'. 
.,0,, :i'. 'll gJ Cil uf 'd:-li-4' 7) 4"1-'d:r:J- (Kim et al., 1991a; 1991b). 

>il'r''IJ'lloflAj Cil~'IJ'llofl 0].s.ic \t'IJoflAj '114'-fl-%.g. '?!a. %",}fi-4 la\-%",}fi
.s!.'"i >ll'r''il 'II ofl Aj 'lVir-fl-4?.g. Sf 12.5 cm/sec o] 9 (Chang and Kim, 1995) Cil ~ 
'11'/loflAii= Sf 50 cm/sec¾ ~2cj- (Lie and Cho, 1997; Milla and Ogawa, 1984). 

7] ~gJ >II 'r''il '/I ofl Aj '11-!t Jil ofl 9J OJI 1-2 'l! 'l] .5'. 1cr7l '{! 'lo i= 20'l! <'.r gJ 'l} 7] <'.! 1'1:~ 
'8 OJl-!t0<f.ll.ofl .QJ-.J-'l! >il'r''il'II.QJ 1lVir'il-i'ri= la\-%4\"l %~'ll-"Jo¾ 4"1-4\9 
(Chang et al., 1995; Kim, 1980), 'l!'s-'11'\i 'i'"l-¥-o]ofl .QJ~ "'1-!t1'1:~ '<!"tic >il'r' 
.5'. Aj ~ofl 4'-t;f-,l 'i'-O] 7} >J] '?'IJ '/I% ,;.3Jt~ ~ %OIJ!i!. -fi-'lJ-.J % .!ii:l/ cj
(Beardsley et al., 1992). 

Cil 'i'-11- 'll 'a "l 'l! "' 'Ee ::S i= <'.! _,,_ :sc ~ \I '1191 4' "111-& ofl 1'I: ~ 7 I jlS "1 >11 'l! 'll 'i' 
i= '1""111-_,,., 'll 1'1:'8 \t'il "1 'ii 'rsrt!:% o] '11-.J-i= <11 \ll .,O, 7] oj {<- "' :l/.>'. 4 "14'11-
3, '31 'ii 'T'srt!:<>11 1'1:-.J-"l O 1"1 """1 "1 "1 °1 ~ '!1->il 7) llf O l ',J-o}'.l) cj-. "1 i=ofl ~ "1 
"11',}A} :;,.A] %½% 'al "l~% .>'.!a. 'l] ~ '<! 'llc"l ~ 'lJ o] '1J '1J 'iJ "l .>'..s!. 'll:3\ i] \t'IJ <>II 
Ai 1l zt ~ '!1->ll !i!. '11'¥· "1 :;,. '.U .>'. 9 ° I ei ~ >II 'l! OJI 0,} ~ 'll ofl Cil '1 t;f :i'. Iii Oil i< "1 ± 
.§} %)7] 'rloJIAjic ~'ll%'l! o]%, ~{!ofl 1'1:~ 1/A]'{! ofl~o] 'l!Cil"l.>'..s!. '/1.8.A] 
£1 :i'. '.l) cj-. it,],= ~ oj "'7}7,l >J] gj '\I 'lf .>'.!a. -\i "} gj cij '!/ ~ 7} %½% A} :i'.gj cJl '!/ ~ 
¾ % '1!, l ,1 9, 4\ 'fr .!ii r:J-i= 91 Oil "l ofl Aj 'r' .s!. '1! ,9 $1 "l *** .s!. 'l! ~ ~ 'll 'il '11 7 I 
'll*I ~Cil"1i= ~,<J]o]cj-. o]ei~ %½% A}:i'.2j- clll-"1 °111 ',J-OJl'l!ofl "l~7} '1!'0 
t;}oj 4'{!0<}~ ',I 0,}6j'lJ,>j "ioJ17} 'll*I ¾7)$]-:i'. '.l/r:J-. o]aj~ ~'ll%'l!"1 °]% · 
~~¾ <>il-<c-a-f7l '11"1-'li= \toJl-,l>il-!f .£."1 'll"l.>'.;.. "lie 4'*1.£."1<>11 .QJO\I OJl"<'sr 
t,oj ~-\1 'lli\l'"l~.s!. 'l]~t;j "11'!!£1"10) ~cj-. 'll:'-i 'l!>i~ ut2J- iio] \1'112 ll\] 

<ii 'i! 'ii "l O I O 111 el \I'll '1!¾ >ii 91 -a-f:;,. e -,1 7.l >II 71 ,q •J-.'iJ "1 '?Hl Oil "l :ilt.oJ 'ii 4' .iit 
t,o] ~'1!"1 'l! "14 E.!a. oJ ei ~ ;rt,.£.,') .QJ 7ff 'l!AJ 7ff •J-7,j >11-i't ,;. ~ Oil 'T'"l %'ll "t 
%½ ',I :1 A]Z}\1!%ofl 1'f~ 'l]~~ 'l]!i!.ic 'l]i\J'aj~_sl 'l]~~ 'iJ"f'srtf¾ ,j~o-f 
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t<~ '11? il:7H!%fq-, 'a""ilt ~"11°]E'..S:. •!~%oil 9.]~ 7]-'l}.ll.'1] ';ll *'iJ-~"1'11 
"11"1"1~-"l- ~-il-9.J -'l}.:o:"1'%~.s:. ¾'11--"lt ~'1~•l-il-oll 9.J~ 1llir"11-il-9.J ¾'ll- 71 
-'o".,,.l£ ~~t.j- ';J-"119.J ~ti:% "!-+..-ft 'l1•1"1'1! .ll.'1!-@c 7J'j}:,j;,fl :a -%'-~ >!]\'} 'r 
.iJ 9.1 ,l- · ½'ll -"l-'ll o I Cl- (Olang et al., 1997). 7] e9.J >ii ~"1 '11 \'l 'i'-<i!-"l-t \l-"119.J 
"1-i,-71 A] · 'tl-<1"1"--"- \'!:§]-71 {)~% 'lJA].-f.'.il ~~9 (Chang and Kim, 1995; 
Suk et al., 19%), o I el ~ "11-il-9.J I'! :§J-t :::t -l,- i!l "1 .ll. '11 % ,t 'll ..-f 7] oJ 'l! Oil +{l 
¾'1-%] ::I l'!:§J- oJ-'l}o] 7]'\>'-")oJo) ~q-. 

<'- \'l 'i'-t \l" "119.J "i i!l "1 '11 7J >II oil oil <a--"I t "11 '? "11 1 , tJ ~ "111 'a! "11 '? £-tJ O I 
£TI {,j ..,,-& -%'-~ o11 'r 9.1 * . ½ 'll 'll ::i AJ n I'!%-& 'll "!"1 ~-"- 'it 'll ..-i-2 ° 1 1--
7 J \ll: ~.s:. \l-"119.J Oli?~tf .£,!!% 1J'll-..-J-t<1I ~Cl-. 2•f'd£ollt 7]~ "lie '1-'19.J 
'lltf~.s:. \l-"11"1 -!,-~?¾-"!- oil?~t!:% 2~..-J-t<il ¾.ll.~ I'!? ¾ ..-ft.J-'11 7J-?"t 
"l ')f7} \'!%-"!- >1]'?"111 41 "11'?"11-il-"l \'!%% llfQj-'8"f7] ~--1<>1 \l-"11"1 571 'll'1! 
'll'llo\lAi 'i'!:~'<! -%!'llir 7J-'r'lf ;<fjc ';ll >il?.2J- ~;<f£o\lAi 'i'f~'<! 6,1{1-ej oil?\'! 
;<fjc:. ¾>11"1'1! "J-'llo\l ejoj {t.;'j..-j-'l/cj-, "11°cf'i'f~-@, ',j-Sl]ej Sli~Jlt "111% ¾~ 
'11 'll Sil "In ei ,1-~ 'a! "11? .iitt!:"l ¾ . 1,c7J I'! %'\I -& llfeJ-.-ft <~ ,,,'ll -& >Jt~oJ >ii 
?Sli 1 % 3': ~~ ',J-"il SJ 'l) ~ o\l Ai CTD .2}- ADCP i'!:~% ~ A] ..-J-'ll q-, SI] 'r~tf .'i'. 
'i!!'ll-@c 1•f'd£"1 2>1'/,l .'i'.'i!! g 11{'.l..-J-"I ',toll 'l!>il'l!t tJ-'l}~.s:. .-ft .'i'.'i!! 'll"ioJI 
3•Hl Sli?~tf.'i'.'i!! % "1%..-J-"i 'a"oil"l "I*~ 'llir"1'1! 3•111 oil?~t!:% .,,.l'tl-"1 
~!a. ,1 ~ .-f'll q-, 

Chang and Kim (1995).g. 20'l! TI i'!:"'i-'<! oil-ii- "I .ic ;a 0 1 %..-J-"i >il-?-"111 41 "11 
-\i-"l "l'?llf 1'!%0 1 >il-?-"111ollAi "11'?.2}- ~;<f£TI"l ';l--!a\- 'l}•J"l "ii?\'! •1°}.2}
\'l'i'!:'ti¾ .!i!.'llt:l-. >il-?-"111<>!1Ai %•J..-J-t >il-?-"11-il-"l ')f7] \'!%'.l¾ TI'll"l~.S:. JJf 
Qj-'5f7} ~..-J-"i 1989,1-1994';1 Afo]<>!l >i}-?-.2}- 4";,f£ 7<1~3:oQAi i'!:~'<! oj Aj{)
{1-:;>;j "l ;<f .ic 'lo- ~ .!i!. ..-1<>1 >ii ?.2J- ~;<f £ oQ Ai "l "11 'r \'! I'! %-"I- >ii ?.2J- 'i'"l £{)- oil 'r 
\'! •}ojej \'!%'\1% {t.;'j..-f'l/cJ-, off A}{)- {l-2'j9.] ;<}jc!a,4'-EJ '@ 7}{1-ej l!Jir.Jc¾ 
>ii ;,J ..-J-.TI "i ?llf -\11 El~ A}%..-J-"i 7'll 0 1 .-fej -?-7]~ '>!:t oil?\'! l'!:§J-;a "11 ;,J ~ 
+ '?71.,,.l g llf"J-.-1,1 ~.-,"I c"'i.§..1 '1-'1 g ?•~..-J-'llt:l-. 

Figure 1-2 t "1J?, -'};<f£ ',! >i}-?-.2}- 'i';<f£ TI oil?\'! *} 0 ]9.] "i?llf -'i!Ei'<! 
AJ >11 'l! "' li ,,i c"'I !§_ .i ll':'1 :;l_-"l-'l!t t.J-EJ-41 ni Fig. 1-3 .g, "11 '?.2J- 'i'"r £ oi1 Ai ei 
-%! 'll ir Sil 'r \'! -"I- -%1 'll ir oil 'r \'! •l O I "l \'l I'!%% t.J-El\!! Cl-. >ii '? .2J- ~ "' £ "l "11 'r 
\'! \'! :§J-t \'l \'!:§]-7} +-'II..-, 9 2-%14'-EJ "11 'r \'! o] -'l}'o"-af 7] A] "1.-f "1 8-%! oQ "1 tj .Jc% 
Ji!.o].TI 8-%! oJ+Oilt oil?\'!O] '(j-3'.-}7] AJ"f.-f"i 2-%/77}"1 oil?\'! 0 1 '(J-3:~cj-. >ii 
?.2J- ,;s;<f£oQAieJ oil'r\'! \'!:§J-t 'lJ\'!:§J- eJofl£ 47J-%/:il}- 67J-%/SJ -?-7]'\I g .!i!.'1] 
Cl-. "11 '? "11-il-"l -'II 71 il- n 'll "1 ~-"- ~ 'll ~ 'r ~ t "11 '? .2J- ~ "'-"- A, 0 1 ei "" 'r \'! 
•}o] Q;jA] 'll\'!:§]-71 7}')f +-'11-afoj 7-%1,¥-EJ 11-%177};<] ',,;.g. "11?\'! •f 0 ]i< ¾"].-).TI 
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12'!! oil~ '1-'9 ..-J '(J-±.%j-oj 12'!! -3'!! 7J};,q~ "il'T"'ll :>.}o] ;,} :o]-Jl 4'!! -6'!! oil~ ail ti] 
"] 9t ail ±_;;.J .eJ ¾'(} 'll £.eJ "11 'r 'll ;>}o] ;, .!;l. '1! q. "11 ',' 'll ;;.}o] .ss .!/-EJ 7-%/ .!/-Ej 11 
-%/lll"l.eJ oJ%~:i!J- 7}¾~<>11~ "il'r"il-i'i-.eJ "117]7} "J:§1--"IJL 71¾~'1! 12-%1 3-%/oll~ 
"l':§1-'il g -11-'i'~ 'T" ~"1-- "il'T"'ll :>.} 0 J'e 'll'll:§1- .eJoll 31H-%1, 41ff-%1, 811-%1.eJ 'r7l 
A.j:i!)- 2,1 9'7].ej ~7] '/J:§j-i,- .!<_~~q. 

7J-"r~.g. cJl7l 1r-tl-34 8ll"r~ %~'r*llt <?:.fl-¾ 31.~i5tt~•l 0H4- ~A~ ~.,=
o]q. 7J','.ej A]• i\''(}"J'1) '/J-'/i' i/i-_g, tl]7]'lf, oJl'r'lJ _g,.5c. %.eJ tl]7] · ojOJ ;<].lf.'/J 
'r::.:i!J- "I.D!.-]-oj it Uil -'11-'il"~l 3:oj, ";~] {!:SJ-, "11'1! %.eJ "]'li"l ':l .. J¾ ll\"O] 'I! 
~9-- ~\fr.£ollAi.eJ 'll 7J','',t.ej 'l!lfro]-'11-o] ~o}7]'(}o] 4,-oj~~ oj~oll 'lJ¾-"l<>l 
~9-- ~oH,''lJ- o}i..Jaj-, ~tl]"IJ ;,j7]'lf(EJI¾) !f.~ :J. o]%'lJ.ss;, a:]-aj- 'lJ¾~4-i!: 
¾'1!-~9-- *:i!J- 7}¾oll~ "f 20%, :,j ¾oil~ 10% 'll.£7} '--l-oJ ;a:J 'll "ilil" 7J','',t¾ 'l]

"'~cj- (~ %. 1988). 
1,- 'll'i"oll-'-i~ >IJ'r.£, -!if!,'., .!/-{!,, -'-i'll!l., oj','.ej ~\fr.£ 'il"oll'l! 571.QJ 'll'l! 'll 

~ oil Ai _eJ '!! "a iJ" 7J',' ',t A] 7I ~ ;,:} E;, .... oj Aj ~'ii;, 'l!! 1..J h. %:i!J- i'J:<:I_-,! 7J','',t.ej 
'll 'll%, 'l!'d'll%, ~'r7l 'll% %¾ 2tc-'-l.-J-~"1-- "i'r.nJ- ':l"l %:i!J- '!!EJ"<l 7]'lJ.nJ-, 
.ii!:>.} -'11-i'l:71'T"(Cross-Correlation) <i'--o'I, -'l'-eloll '/ll!,g o]-§-~ 6'!lJ!si/l <i'--o'I, .ll]-'ll 

'll~'ll(Wavelet Transform)¾ 0 ]%~ 6'!l]§.i/l <i'--o'I %0 ] %71"1'1! .5'.'i".ss Af-§--"I 
'.l! cj-. 

'll 'll il" "f 1500mm o] -'11-¾ i..J-Ef tl] ~ ti] i'l:'ll -'1-~.eJ {!c<aj-;,:] "1 % >II .91 ~ ~ >fr .5'..QJ 
tl] a,- ;a:J "J(1000-1400mm):il]- "i .ii! aj-oj ,1: Uil, 'itoll 'l! ;,:] "1.eJ 'll 'll il" 7J','a,,.g, 
1400-1700mm 'll.£.ss llt.g, 'l'!o]q. A]'(}"JE..ss 6'!!'lfoll A]:o)-"11Ai 7'!! ¾'iicoll ifo] 
i..J-~ oJ%~of.2} 8'!! ¾'iicoll A]:oJ-oil-'-i 9-%/j,_oll ¥1..J-~ 7f¾~o} 7]:(}oll ';J-"11'1!.eJ 
7J','7f 'lJ ¾¥! t:1-. i\''(}"l E..ss ~ 'il-"11 'l! ;a:J "1 oll-'-i ~ ~7J .-J-'i" ¾"1 :i!)- >ll'r .£ %.!/
"] "] oil Ai 7f~ ll\"_g, 7J',' ',t¾ 1..J-Ef ';!! 9-. ~of 7] '(}oil ail ti] .ej 7J',' ',t% 1..J-Ef 1..J-~ A] 
7]~ ti] >11.ss 'a"i>l'"l "1 'l!'T"->i- :J. A] 7]71 114-.sJl "i-i>l' E..ss 'lf'r't ;;: <>l ~ q (~ %. 
1988). ~of 7] n .eJ ail ti] 7J','... '1l .§:]-.eJ i\' '(}"l ,... .!<. 0J-'11-.g, ~ ,l- oJ tl] .eJ A] n 'iH1 
'l!oll-'-i '/J%f.!o.ss, -%/'!JiJ" ;<f.il_~ Af-§-~ 1,- 'lJ'i"oll-'-i 'lJ'1-.-J-7]~ -!!-7}.,,-.-)-q. 

EJl¾:i!J- of~tl] iii-¾ !f.~ :i::;.QJ o]% ;:J.ss-1, 1I]-aj- llt.g, oJ_eJ 7J','i,- ¾'ll,%f£ 
.ss, 7J','',t.ej 'll 'll%, 'l!'d'll%.eJ 'll:§1-oll ':l~g o]~q (7J %. 1995). 

"]\:! 45';1 (1951-1995) %'1! 5 "N-20 'N, 130 'E-145 'E Afo]ollAi 'll,•J~ EJ1 

¾.eJ 'r~ 'llir 271jo]q. ;,:JI± 94';1 (1904-1995) %'1! ~'l!Scoll ':l•J¾ o]~ Ell% 
_g, 7-%/.!/-Ej 9-%/ A}o]oll 'lJ¾.sJoJ ~E.oj, 6-%/:i!)- 10-!i_g, :J. '1).£','7} "j_g, 'l,O]cj
(Table 1-1). 

Ell% .eJ 'l! lfr"l '11 (normal) •-O "l t 6'!! .!/-El "I-~ %f cj-71, "!-Ell 'll 0J Jl 7] 'l)-o] "'1 "1 ~ 
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Table 1-1. Number of typhoons passing through Korean Peninsula during 
1904-1995. 

~ 1 2 3 4 5 6 7 8 9 10 11 12 lsum ratio 
th 

normal - - - - 1 14 68 92 68 7 - - 250 89% 

abnormal - - - - - 2 13 15 2 - - - 32 11% 

total - - - - 1 16 81 107 70 7 - - 282 100% 

;,Jtl 10\1(1986-1995)%'11 6-%1:af 10-%1 -<foJ<>IJ ~'llc.S'.ii- ¾:af~ 311H.QJ Eil%:af 
2351H.sJ of'l!Lil "]7]'lf %<>11-'i E!l%.sJ 1/3'1! 107H, of'l!Lil ;,j7j'lj-.sj 1/12'1! l97H7f 
~ 'l} .S'. <>I) 100 <>j ~ 0 J A.} .sj llj "1) ;a 9' 'lJ cj-. c)--'] 'l,-oj-'1!, El) % );!. cJ- of 'l! tjJ "i 7] 'lf o] 

llt.g. 7J4'9l- ~%% 0)1!-<J'i'.J.<1.!e.'"1 Ei1%!;!.cJ- s, 2•H oJ'l}.sJ "1"11-i< ¾cJ-. 

2.2.2. 'lt 2r 7I ~%'ii 

~ .sJ 'lJ Oil -'i '1] iJ' ~ J;! ,,p,1 ~ 'l} .S'. <>I] -'i 7}",r ;,j •ff "l '1! 7] ~ '/! :§:)- ;a o) 7 j -'] 7] <c 

A'1!.<?.ie.<c~~~~e.si1•<>11.si~~•<>ll<cln•~~~9J-;,j%<>1J<c¾n 
:cl~~ 7]~;, t.1-E\1..Jl<c 'Al'l! '1!%-'ao]cj-. cr,it.j- 1J.g.:;zj. •.S'..S'. "1]ofcj- 'l!~cJ-. of 

'li1f"lie. 1.J-4''/f.S'. ,;a~~ ,iJ'l!'/!%-'a ~ t+E\t.il"l'l!c, OJlofcJ- t-4' 1\% %.sJ "i!Ell 
!a. CI 'lJ.S'.7f cj-§.c)-. 

57H .sJ '11 '1!: 'll 'll <>11-'i .sj 7J-4''lf.sJ -'!I '!!if -'l ,ij 'l! "' il..QJ 'ii~I .J:<>11 Ai 24-<j:(]
Hanning '11"1 :S "1%-'l~ -<1:,fl'l! ;;<fJ'l.'e 2-7\1 .<foj.sj '1!%-'a:af 10\1 oj'l}.sj 'I!% 

-'a.sJ 9'7]il- '-}E}';l!cj- (Fig. 1-4). 

1!, 'll'i'-<>11-'i'e Morie! Wavelet~ -'I%~ !,.~§.;;l 11:-'1% ¾~I~ -'ITI<>ll 11'.fe 
"J'r'7] '1!%-'a9\ 7.J~.}% tj-'1]~fS:J.c)-(Fig. 1-5, Table 1-2). :ilf'll'l!~'ll.g. cj-0.}~ 9'7] 

ii- 3'.~~f:>Ji+ :::r '1!%1°1 llt.g. -'l'Al'l! ;;<fJ'l.;e 11:,i~,:e,•1 "l~~ •J'll.<?.-"- ..,,i 
'll,aj ;,j 'll cj- (Meyers,S.D.,1993). :ilf 'll 'I!~ 'll .<?.!e. 11:-'1 ¥! ~'l} .S'. ,J-"11 '1!: .sj 7.}4' 'lf 'I! 

% 9' 71.sJ ;;J Lil "'~ §. ;;I 'l! .S'. ~4' 7 I '-t"' '-tic Al 7 l 'e 'l!! y .h.9} a} y l.f 7 I 'l}.!if "1 <c 
-'] 71(1910-1920, 1940-1950, 1980-1990)9} {!- 'l!~l~c]-(Fig. 1-5, Table 1-2). 

{!"i!.;-J'/1;, ¾~ 7.}4''/f.sJ >J-'1'7] ¾7f%.g. .!/-{! (7.4mm/10yrs):;iJ- -el-3'. 
(6.8mm/10yrs)71 •I 5'"1-n >il'r'<c Sf 2•H '1! 16mm/10yrs-i,- i.+E\ ';l! c]-. ~'s'Oil-'i 7[ 
"I)- 7J4''il'o] llt:'. ;,jej.'1.!e. 'll,aj;,j 'll'e ~'r'"t -'i'/13'.'e CI ¾7f~oj 

39mm/10yrs, 78mm/10yrs ;,. 3.c]- (Fig. 1-4). 
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Table 1-2. Results of wavelet analysis of time series of precipitation at five 
coastal stations. 

"' .. "I 
<II 'it 7] {!:(\'!) 

9°7l(1d_) < bold type = El -Nin.o year 
italic type = La-Nifla year > 

4-6.5 1910-191602,16) , 1937-194.3~.40,41,42,43) , 
l!m--1985(82,83$) 

"i-"1. 10-13 1965-1975(66,70,73,74) 

25-31 global 

2-2.5 1963-1965(64,tol , 1972-1974(73,74) , 
1990-1992(91,92) 

¥--!! 
5-12 1907-1915(9,12,151 , l!Bl-1967(58,64,65,661 , 

1~-1987(82,83$) 

2.5-4 1927-1930(2)) , 1964-1967(64,65,66) 

,t "r 4-8 1937-194:lCE,40,41,42,431 , 1001-1987(82,833,,871 

25-40 global 

4-6.5 1001-1985(82,83,&;) 

<>l "r 6.5-8.5 1942-1948(42,43,47) , !963-1969(64,65,66) 

20-31 global 

2-3.5 1965-1967(/n,66) , !964-1987(15,87) 
"1 '11 "1. 

4-5.5 1002-!987(82,833,,871 

:<11 '1'-21- -¥-~, '11 '1'-21- .!;f £, -',-£21- .,,..~ .9j %1'!: ,iJ "r~ ( Al <1 "I 'l'! = 0) 2< zt 0.50, 

o.58, 0.72~ '-I-El- l&.Q. n1, ~ 'll .5'. 'a°SII 'l1 "l "1 JJJ- ~-!l :<ii "1' £21-"1 %1'!: J!l 4-7t ½it 711 

'-J-Ef\:!cj-~ Af{!~ ~'<)~ '," 'UcJ-. °'f'l"JJJ- Ai'1J£~ 7J',"~ ~'l/71<'.}0j ¾-!/c-!J ~ 

;<] ilf O' AJ- 1'!: ,iJ '," ,iJ ~oJJ A1 '11 91 Al ,I cJ-. 

111%"1- 0f'l/til sli-%~"1 '/l-AJ'1).5'_ l/!%A;j 3'~ ~'l}.5'. 7J-4-l/!%.9l 7,l'<!_ 1/!-\i'-AJ 
JJJ- 1'!:'il 7f 'U cJ-. "I\:! 92\1 (1904 ~ 1995) %'ll ~'l!.5'. oJJ 111 %"1 ':J OCJo] fil~ '1! Sil~ 
1920, 1947, 1988\1°]cJ-. 1911, 1914, 1922, 1925, 1933, 1940, 1950, 1959, 1%1, 1976, 

1981, 1985, 1991, 1994o)J 1:c 47j o]'1)-.9j 111 -'g-O] ~'l!.5'. oJJ ':l .-J¾ ol ~ cJ-. oJ 14'<!_.ej 

71<1 % OJ' 43%'<! 1911, 1914, 1925, 1940, 1976, 1982, 1991\1.5'.?t 'l!!'-ln.7t 'lf•»~ 
Al71o1cJ-. js-AJl71 ;,)Jl.ej 'l!!'-ln.i!} 'l)-ej~ )925'<!_"} 1982,1.5'.0IJ~ '!1,1!;!.cj- 4~5Hj 

o l '1)- W ,"_ fl!% 01 '/1-AJ a-f 'lj cj-. :1 "14, 'l!! '-1 h.7f 'l! "14"1 ilf :l); '1! 1950,1 JJJ- 1959';1 

.5'.0IJ~ 7Hij o]'1)-.9j 111%0] ',)-Ag~ ~_Q_;a_ 'l)-ej,j 'l/cJ- (~cic 7]'1)-'lj, 1996). 

~ 711 :aj .Q.;a. 'l:!,,. ~ cJ-'1!, 'l!! '-1 h. 'I! '1)-0 l ''il '1 '{!~ ~· oj %¾ ~ 'l} .5'. Oil * '/!-Al 'il 
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.2.-"- Oll>i, Eil¾.9J 'll-'»'1!£~ w0il'c "1~% ~t:!-J1 'lt~ 'r :Ut:!-. 7J % (1995).g. 
"1%'!1%'1! Ell¾ 'll-'»"l"l.9J 1\11'!% .£.C¾ EOF~ ~%]-oj ~'1!~ ~'4, Ell¾ 'll
'»~•111 'li!Yh. 7]{!<>1ll'c 10 °N 0]%]-.9] >1~£<>1l>i, i!J-'-11-f 7]{!<>1ll'c 10 'N-20 

0 N sfo].9] :i!.~£<>11 11:3!c~t:l-l'c >H,)% ~'1!~t:J-. "'-el'-1- ~'/!£ 7J'i"rJ'Oil o]'-ll'c 
'l!!'-lh. 'lj~.g. 01 '1!'r<>lll<J 'lJ',jcaj.2..s'. 'lJ~1'] '1!-ir~ 'r :l,ll'c 'ri'f.g. ofl..jJl, '9-
7]aj'1] -l-s!i'1!'r.9J -'/1.ll.'il ~ •l•l~ 'r :U% ~o]t:J-. 

3.1.1 CfD (Conductivity-Temperature-Depth) i'!:"'1-

=~ o]% ~ "il'r '; 'a 1'f"'l-.g. 1998\1 4~, 9~ lJ/ 11 ~ <>ll {1 A] •ls:1.2."1 CTD 
1'!:"'1- ~ '-l l'c Figs. 1-6-1-9 <>II y.E}i.Ji :ll t:J-. 4~ .9] Oil 0J1'f"'l-.g. '<l-al- 'll-'lf.9] 571 .9] j'f 
~{! <>II Ai 'f"•»-"l :lJ_ cj-. 9~ .9j Oil OJ'1'f"'l-_g, 9~ 20'lj-21 'lj Afo] <>II cJl ~ 'l/'%3'cAf.;j '1) 

',J-Oef §. ~ 0] % %1-'9 ~-S:-"11 °J'1! ,'Jo.9j- .l/-{!cJ! ~.fil Oil OJ'~"t7f -1/-% £.£. cJl ~"111 >i 
'i"£.9J '¥- 7H 1'!:~{!'4 >il'r"111.9J t\ ?j j'f~.;J<>ll•i {!A]-.fs:!Jl, 9~ 23'll -9~ 
25'll Afo] <>11 l'c o] <>j £'!, o] %%1-'9 '11"1'"111 % 3!c ~~ 37H .9] 'i'\~{! <>II >i {! A] 1>f 5:I l'c 
t~ 9~ -l-1/!.l/- j'f~ ¾ >I] 'rOil 1 <>II Ai l'c ADCP j'f~ ~ '!I "!I %1-'.llt:J- (fable 2.3). 

11 ~ .9] j'f~.g. 11 ~ 24'll <>ii 'ii 'r"il 1 <>ii •i '\'f-"1-% 'i"•» -.f'.ll:il 'lJ 7] ~i? .2..s'. ~ 
A] lJ\•.} -l- 11~ 27'lj~ll~ 28',! Afo]O\) ±'1£ Ai4!j-.9J 'i'\"'l-{! Bo\]Aj '\'!~% 'r'» 
•ls:! tj-. 11 ~ 1'!:"'l-<>11 Ai l'c ADCP 1'f"'l-Ol >il'r"il 1 '4 jlf~{! B<>11 Ai CTD :;,1:~'4 'll 
•»t;foj o]-','<>J*.2.oj cJ!~"111 Ai'r£ 'lFr<>IIAi£ ADCP :;,l:~0] o]-'j'<>J*.2.y. cJ! 
~"111 <>ii Ai .9] CTD :;,I:~ .g. 01-'l'"l >el "'i ~:Utj-. 

'll 1/}aj .2.§. CTD :<f .a O\l l'c 'J;l 7f :<] .9] 1'1->il 1l 01 41 >l "1 <>l :U tj-. "1 '1l >Ii 1f 'r.g. 
'4 ~ 7] ~££.9] '/!%Al{! ;>fo] <>ll .9J Oil i'!~'<l ~7] ~££.9] 'r"i ,'3'c0i] "°llfo].=,:7f 
'll-'J%J-l'ct1] o].2)-:,J-.g. "'llfo].=,:l'; 'r.g.»f ~7]~£5'..9] 1/!%A]:fr% 'll•IA]j1]l'; -'/1E1 
'l, o]-§-%]-;,Jy. 1'!:"'1-'i! 'r.g.»f ~7]~5'.£.9] 'r"i'r3'cit aJ'l!1'] A]{! o]%% A]'(J.2. 
.s'."i ;<i];,J~ 'r :l,ltj-. '¥- 1/l>l!l'c CTD'it 1 m/sec 0]%]-.s'. =ci'l71l %"i'll.2..s'. '1!"11 
'lJ-~ .9] \\1 \'l ~ 'if O I 'll-'» %]- 711 '<! tj-. 0 I el ~ li'->11 t 'lf ~ 'i! Ej ¾ 0 I % t;f oj .fil 'll ~ 'r 
:U q.. -'II \'l >I! l'c CTD.9] %l-7J '4 'lf¾A] <>ii 1'!:~-"l l'c :<f li <>II Aj '-I 0 1::, '!1-'(l %1-711 "1 l'c 
<•I o]l'c CTD ilf7J»f 'lf¾Al 'l\11'!!££ sl!A11f 7,J-:<]-.\l'c 'r.g..9J •1°1 ttili'-°11 '»1\ 
l'; ~ .2..s'. o \"I 77f ;,\ 'I'~ tf ,1->I] OIi ~ •J- 'll o l 'ii A\ .xj >e\ .!j(-•\ J1 :U l'c {l 'lJ o\ t:!-. 
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Table 1-3. Outline of CfD and ship--borne ADCP measurements conducted in 

the South Sea in 1998. 

Month Lines 
CTD ADCP 

Remarks 
Dates Dates 

A 0 4/8-4/9 Yellow Sea 

B 0 4/8-4/10 
West of Cheju 

Strait 

9804 C 0 4/8 
East of Cheju 

Strait 

D 0 4/6, 4/11 
Namhae-Do 

section 
E 0 4/5, 4/11 Korea Strait 
A 0 9/20 Korea Strait 

9809 B 0 9/20 Korea Strait 
L 0 9/21 Cheiu Strait 
A 0 9/25 0 9/25-9/26 Cheju Strait 

9809 
C 0 9/24 

Kumo-Do 
section 

s 0 9/23 
Koje-Do 
section 

A 0 11/24 0 11/24-11/25 Cheju Strait 
9811 B 0 11/27-11/28 0 11/26-11/27 Kumo section 

C 0 1 1/28-11/29 Korea Strait 

~ ~"II Ai ?11 B CTD 0<f .ilc ~ SeaBirdAfofl Ai 4'-~ iif~ 'l! \'! .21 -•H<PFll ¾ 71 'I! 
ct. 'l!"i 1'!:~B binary 0<}.ilc~ DATCNV :i!f'll¾ ,._oj 'l!*f"iE-.ss 'lf"i, ?.g., ~7] 
~5'.5'.%.2] Ascti .J:E_.ss \lll!,.5'131, ?"!"iE..ss ?.g_\ll:§]-7} {J~ je"i]Ai 0<fjc7f {l 

iifJIJ !ii~ ~.g. WILDEDIT'it 0]%iifoj 'i'{r=Pi (block size)~ 3.711 t)-E..ss"'i >ii 
71~ ? '.l/ct. o] :ilf'ljoflAi£ \'l")-.2J '/l~'!,- !J!oJi..j.~ O<fil.~ >1]71.5'10<] ?,I-~ 7,j~ 

7} 'l!,>§iif~ti] 0 1"11~ 'j'{r3.7]2]- 'll*Ho- :fc'll"i-"1 >1171"1of'l} ~ct. 0]2]-'IJco] !ii 
~ .l:¾ >1171~ .:fofl~ FILTER :i!f'll% ,._Oil low-pass filter~ Af¾"i-"1 'll-"iofl <ii 
~ Oi!AJ£~ ¾7fA]'!:) ? '.l/ct. 0 ]"11 'l!'llc"iE..ss Af¾.5'1~ -\!!Ei>!l? Tc~ 0.}So]ct. 
~71~5'.5'. -1i!Ai7f ?"!E-.ss "f7J-.f\'!Ai -jl)Ai ;<f'iJ7f .g..£'1.!.§J--!t 'ci71I .5'1\'!Aj oflaJ 
7f '!f'§"i-711 '<!ct. o]aj~ <>11"1~ CELLTM :i!f'll¾ ,._Oil ?'ll 7f-\,-iifct. o]aH} :,if 

'll'il-~ 71*1\'!Ai£ >1171"1 71 ?.t-& ;<file~ ? "'1-'llE-.ss >1171~ ?'lfofl ~ct. 01.21"11 
.£ CTD iif7JA] 'l!oJ'<t ? '.l/~ 'lf"i.eJ '!!'1 ~'l}.g. LOOPEDIT :i!f'ljoflAj >1]71~ 
? '.l/ct. 0 ]2]- '1[ 0 ] "Je.l"t'IJ¾ ¾"t~ ;<file~ DERIVE~ o]-§--.foj ?.g_, 'lj,1- % 
E..ia. Jil~.5'131, uj 1 m {!>j.2J 0<f.llc~ ~7] ~ojAj~ BINAVGi, o]-§-"f\'! {!'iJ-"f 
ct. 0<J,,-77f0<].ej 5'." :i!f'll-& ~~ 1'!:~"11 Af¾B CTDi, >11"'1-~ SeaBird AfoflAj a;, 
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'ii ~H,- 'l! 'I! "l :<f E.~ el '!l-'11 °1 nJ, ~ el B {! -"l-oJI ~ :<f E.~ el -"l-'ll "l 'll .!i!. ½ i+El 
Lil~ headers]- :<fil.7f .:£'11"1"- 01 %oJIAi ;<\il.'1!% 4¾~}71 ~OIIAi ASOIOUT% 
01%~'1- (Fig. 1-10). 

-!'- '?:l-,'-oJI Ai~ CTD1,- -ot'.,j-~f \'lAi j'j-~-,! :<f E. '1!:. 01 %-.J-"i 1,--'j ~f:ll tj-_ CTD 
:<fil."l fi'->il'll ~¾ ~oJIAi 'l!il''<! :<fil.~el -"l-78% 7-1:>l\'lAi -'117-1~ ~ oj lm TI 
Zj "J :<f il. ;'; 'lJ 'il tj-. Oil 'r"l 'l/5'.;:: ~ -'l] '?:! ~ ill ~:i!}~f;'-~71-,'- (UNFSCO)oJI Ai 4 
1l-of~ 'If~¾ 01%~f"i ,i]{!c~f'.ll"-, T-5 diagram-"l- oj i'!-~ l'lc'lloJIAi"l 4'.g., 'll 
1,-, 'l/5'. {1-.:£;'; %Oil Oil~:. {1--'j-of:llt+. 

3.1.2 ADCP (Acoustic Doppler Current Profiler) ~~ 

'iroJllc -'ll?Oil-il-Si- LJl 0 f'd-il-"il "l~ Oll-il-Sl- %-!i\-"a 3'c-i,-7f .'i'.'/- ~-'11-of>il '-+El 
'--t~ Ollejolnj -!'- '?:!-,'-~ ADCP~ 01%-.J-"i J'c-i,-";J{l-01 -'117-1¥! oJl-i,-1,-.:£;; '?:!'i'--of 
;:: ;,! 01 ~;ajo]q. -'ll?Si- 'ir"ll '?:!'l!"l .!i!.:,/5'.½ '?,!~ -'li?"li'II B'lloJIAi~ 9-%/-"l-
11-!,/"il tf~ol o]-'f'oB:1'1 11-!,/"il~ -'li?"li'II "l"il ~el£ Ai~"l 'irla\-B'll3lf Lil~ 
"il'/1 Aj4'£ 'lJ-,'-"l Jil-Ai-'ir%'1J-•JQJ B'lloJIAi ADCP 1'!~% 4'•~~f:llt+ (Table 
2.3). ADCP tf~Al 3',Af{!"l sir£~ 8-9 x.!s~ *"'l~f:ll"- Zf B'll.g. 2SA]TI-26 
A] TioJI {! '9 8.§j 'IJ:-!i\- j'j-~-of'.ll tj-. ADCP :<f E. ~ A] TI"l ~;,_ oj 1 {1-of tj- 4''1J "l 'l! 
7-lel-'-,J-~;,_~ S, 300 m TIZ,j~;,. ::Lel"- 4'"1"J~!,.~ 4'-ll S, 15 m-'i'-Ei 8 m TI 
aj~;,_ :<fil.7} 'l!"1::'J.t1-, ADCP :<fil.!,.-'f-Ei 3'c-i'i-'a¾% -'117-1-.J-~ '!1-'lJ~!,_ ADCP 

tf ~o I 0 ] 'i'"1 -<! OIi Qj "l J'c-i'i- "; "a :. 3'c~11-"'1 ~ ~ 'l! .§J i'!-~¥! OIi • J'c-i'i- 'i,.-'f-Ei 
a'c-l,-½ -'117-1-of~ '!l-'11-"l- (ofl, Isobe et al., 1994) 2SA]TI"il {!,j %'l!~ Bl"!¾ 'll-!i\
;aj~;,_ 1'!:~~ ~ A]TI"l'l! 'll.ri ~"II J'c-lH.- -'117-1-.J-~ •,J-'11°1 'ilt+ ("il, Suk et 
al., 1996). -!'- '?:l-,'-oJIAi~ 1'!:~B ADCP :<fil.¾ 90% ojA,J-QJ percent good¾ .!i!.'l! 
:<fil.'1!% -;:!<IJ-of"i %Ai •,J-'J-"l- 'irlil- •,J-Oj~;,. 5'.lec :<fil_;'; ¾el ~ ~ 25A]TI'-ll"'l 
26A] TI"il {! '9 8.§j 'll-!i\-¥! :<f il. ½ ~{! 5-10 km TI"l~;,_ 'r'll "l ~;,_ 'lJ ,r-.J-"- tj

AI %'l!~ ~;>]oJVi 8~ i'!-~B "'1-"l-¾ A]TI;aj~;,_ 'lJ,r-of~ '1)-'jj~!,_ ADCP :<fil. 
Oil .:£~-'fl J'c-i,-Aa{1-3lf "].g. it.'i'."l disturbance~ -'1]7-1-.J-:llt+. ADCPoJ] "l"il i'!-~ 
0 ] !,J:<I \ljc.g. Oillf.\'l-'i'-El 4'-ll "l' 15 moJ] oj',1--.j-~ lf.¾ :<fil.~ ADCP 1'!:~'4 'll 
•]~f"i {)A]¥! CTD 1'!:~ :<fil.!,.-'f-Ei geostrophic shear;'; Jil{!c-.J-"I LJl>il-of:ll"- "i 
¾ -2-~21 7:]-.fi.71- \li'C" 1-~-€:- A~¾OllJ.i2l %~-£ 0 E...£ zt?t,}o:j ~l .!;!{1-oj] 21 
OIi :<f il. ½ ,1 ~1 ~ 'll tj-, 

3.2 1998'i! 4-YI 

3.21 CTD 'i'!~ ~ -"I-

(1) T-5 diagram 
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5:!t:J-. 51M"1 1'l:~11oflAi 1'!~-¥! 'il'r"' <r-& 8.0 ·c-18.0 ·c, 'll<i' 32.8~34.7 ei 
'lH1 ;, ?t ~ oj 1'l: ~ -¥! 'ii 'r 's 'a .g. 'l!'i'-~ >11 .21 51-:il. ~ 'l! "l ~;._ % 'll .s:.11 ¾ !If i!J
,1-3':•f"' 'il "IJ'¾ .!i!. 'l.1 cJ- (Fig. 1-11 ). ifcAf '11 "l gJ "11 'r"' ~ >11 "l ~;.. 'r-& 15 ·c o] 
%, 'll'li'- 34.S 0 1%'l.1 JJ.-&, JJ.'ll"1 Oil'r, <r-& 10 ·c-13 ·c, 'll,l'- 34.0~34.59] Oil 
'r 'Jal <r-& 8.0 ·c-11.0 ·, 'll'1- 32.7~33.2"1 'il~ii- ?t"' "i-&, "1'll"1 "11?"1 ,iJ 
7}:<J ','-;,j.s'. 7",/-0] 7f',f-5j-c}. 

zj- 1'!:~11oQAjgj T-5 diagram (Fig. 1-12)¾ ~"i.!i!.\'l, 7f'l/" A1"1'ofl ~-'I~ 1'!~ 
',! AoQAi"' tj\Jj!.,1-.ej Oil'r7f 'r-& 10 ·c oJ'IJ:'l.1 'il'roJ 'f- ¥1:~'lJoQAj.ej .!E¾"ilAi 
'C' 9"..g.:il} ~~ 0 1 ~.g. jl.g.., j!,~3] ~4=-71- '-l-El-1d't:l-. 4-.g. 10 °C o]~Z! ~'Ti:" 
'!I-Oil 'il'r (Yellow Sea Cold Water).s'. Af .il."1 oj JJ.-&, J1 'll gJ 'il'r"' '!I-Oil 'iJ 'r"il .ej 
"11 t:J-~ ~ '1-¥! >il"rl±-ll-'r (Oteju Warm Current Water; Otang et al., 1995)'-\- 7l 
-&-~ 'll-'11.s!. ¾'ll s1"' 1!~.s'. ~ill -l1 'll-"'11±-il-'r (Yellow Sea Wann Current 
Water).s'. Af.il.-¥!t:J-. ¥!:~',! Ag] %-l/lofl ~-'I~ 1'!:~11 BoQl<j"' ;,J.g. · ;,j'lJ, :il.-& · 
..n<el~ 8Jl"'r ~ =i. ¾TI~ "Bll-4=-~"8% ">{C" afl'T"7l- T-S diagram -'c}-oJ]A1 Al.£. if'al 
s1 <>J '-IE} '<}tj-. "1 -&, "1 'll .eJ '11 'r"' 1'l:~il A oq A7 '-IE} '-t"' '11-"ll 'il 'r"1- -&Al~ 's 
,jj ~ ?t~oJ JJ.-&, JJ.'ll'l.1 '11?"1 'll,1--& 34.0 o]-'11-~-"- ~itciie-'i'-El 1J~s1<>1 >il"r 
.s:. A1"1'~ ~~~ .cf >il"r'1111~.s'. ¾'lls1"' "l"rl±-il-'r-"- Af.il.-¥!t:J-. 'll-'il'il'r"1-
"112rl±-il-'r"' %'ll£11 -'11-ofl ~;;]~~;._ 'l.1"81-"I "ll'r:;~0 1 .§-o]i;fe]ej- ¾{!9] 's 
>J¾ ?t"' "ll'r"' 'il'r"1- JJ.'ll'l.1 "'1?"1 :;w<riie TI"r-¥!t:J-. "112r"'11 %-'llofl ~-'I 
~ 1'!~11 C"i1A1.S:. %'l/£11 (a, "e 25.5)% n:fi!J- :il.-&, JJ.'lJ.eJ 'il'rSl- :<7-&, :<j'lJ 
.ej Oil'r Afo]ofl .5'.'e oJl'r !';-'80] y-Ej-y-"'tJ] Jl-&, JJ.'lj.ej oJi'r 'Jal ;,j_g., ;,j'lJ.ej 
~~"'ri:" Ai~~ {4-~~ Bo{] t:11$11 .£.!¥- 9-..g.:il} ~¾Ol '3tCi-. \t~.£ \t~.9-l t'l:-~~ o 
~ n:fi!J-A1£ 1'!~11 CoQA7 S1- -fl-Af ~ Oil? 's >J ,1-3!.;, .!i!. o] :<] 'Ile .!E ¾"ii Aj 7f'l/" 'll 
£7f ',l,,'e 'il'r7f '-fE}'-f"' !;'so] '.l)Jl :<J¾"i1A1"' Et ¥f~11oQA7 Ja.tj- 'l/.S:.7f i'i: 
.g. (a, "e 26.0) oti'r 7f '-\-E}l±t:J-. 1'!~11 DoQ ½~ %f"' oti'r"1 'll<i'il!:-& 33.5 .!i!.c} 
.5'. '¥- 3.7\l '-1-El-l±t:J-. tl\ ~'1111 A7','-.s:..ei 'll 'i'"il '11 'ir"I"' ¥1:.:.-"1. A <>11-'l"' ~ ¥!:~ 
1l% >il.21"81-i>: '11'r.2J 'lJ,l'- 0 ] ~ ¾Oil ~;;j 34.0 o]-'1!-o]oj <r-&"f 'll1i'-.eJ '/!~ ,i\-
01 1'!~11 C, D.!i!.t:J- '3}.g. 's 'l! 01 '.l)~oj 1'!~11 DoQ '-tEt'-t"' JJ.'l/£.21 oti'r7f 
(a, "e 26.0) ¥!:~11 DoQ Aj .!i!. cJ- 1lfO] ½~ ~t:J-. 

R'll A 
'r¾t <r"l"l~.s'. if~%f'44 e}"8]-:,\J '.l¾§f s1oJ '.Ut:J- (Fig. 1-13). 1'!~1l A 

l~A7.ej 'r-lJo] 10 m .!i!.t:J- <I-& 'J<oil"' <r-& 10.0 ·c o]'IJ:, 'll,l'- 32.8~33.l.ej 'il 
~~ ~i:" ~$ll'-§"r7l- ~ ~Jfl ~.¥.~t:l-- t.M"'r-91 4-~.g. ~~..Q..£. ~'T"~ ~:±til-~ 
11>,1- -!a\-"1'<>11 ~-'I~ 1'!:~'ll A.eJ so m Ja.t:J- <it 'J<"i]Af~ <r-& 0 1 8.0 ·c-8.s ·c 
g y-Ej-'<}tj-. 1'l:~1l A9oQ"' ?-& 11.0 'C 0 ]%, 'll1i'- 33.4 o]>J.ej >Jtj\-l!j~;.. JL 

.g., JJ.'lJ.ej oJl'r7f 1,'-.>!_t;f"f '!1-"il'iJ'rSl- Jl,9c, JJ.'lJ'l.1 'il'r Afo]'1} 1'!~1J A7~A8 
Afo]oQAj"' ?-'i"l'l.1 \l!, 'll~11o] '-fE}l±t:J-. \l! • 'll~11"ilA1.eJ 'il?'ll£ 'i""l"' 
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'r"l"l'11 'll£,'-•ff"11 "]Bil .aj-;,i) 1.-)-E}'-)-:il. ~"1 ',j{lo) ct~ -'¥- "ff'r-"l 'll£ ;;,o)~ 
-'!-ct. -i'!:~'ll A83lf A9.!lj 'r-il 30 m .!/-i::'-"11-'1~ 'll'r-"l 1'!:'lJ~_;,_ '1]-.j-oj 'r.g.3Jf 
'll .,_-"l "l 'll ~Vil· 0 1 'l! "1 'd ct. 

RV! B 

-i'!:~'ll BS-BB -'tO).!lj 'r-il 0 ] 10 m &ct ~.g. *"11~ 'i!\'! A"il-'i.21- oH}7t0<] 
;,. 'r.g. 10.0 ·c oJ 'l! -"l ~Bil 'll 'T" 7t .,_ "'--of~ i:~ 7t'lf 'r.g. 0 1 '5t-€c "ff 'r~ 'r.g. s.s 
·c-9.0 "C-"l 'il ~ ~ ;t~ oj 'r-il o) -'i}t:JI aJ ~_;,_ ~.g. 1'!:~'ll 87"11-'1 '-1-El-'dct 

(Fig. 1-14). 'r.g. 9.0 •c o) 'l!-"l Bll'T"7f '-l-El-'-1-~ 1'!:~'ll 87, BB-"l .li ¾"11~ 'r.g.oJ 
'll 'r .';!. ct ct± l't :il. 'll {I, 32.9 o) 'l} .!lj "i 'll 'r 7t .,_ !.'.-.}~ i:~ o) "1 ~ .Ji ½-"l "I 'll 'r 
~ I'!\'! A.!lj ~"ii 'll 'r .li ½"11 1.-)-E} ,;);el "i 'll 'T"SJ- >.J {Io] %'l! ilf ct. I'!\'! A.21- \'! \'! 
8.!lj "il'r!; '8 {/:!.'.~ 7f'lf -'1~-"l I'!\'! A"il-'1 38-'il~-.f;,i] .,_,,,_-.}~ ~£ .!/-i::'- (I'! 
\'! 8-"l la\-~)-"l .li½'T"&ct 'll.,_ 0 1 ct± ',;!--€c Bll'T"7f .li½"il gi~~ ~Bll'll'T"7t 'r 
-iJ 0 ] ~.g. *¾ 11'.faj- >l)'r"ff11 •1~~_;,_ ¾'ll-"l~ 'l!~¾ &'11ct. ~Bll'll'r'r-il 0 ] 

40 m .';!. ct 'lf-€c 1'!:~'ll B5.!lj la\-~'11 'i'l '1!~ ~_;,_ ~ 'r"l "i ~_;,_ 'r.g."1- 'll ii' o) if {I 
~ Bil 'T" 7t {I:"'- ilf~ i:~ 'i'l 'l!'T"-"l 'r.g..g. ~"ff 'll 'T""il "1 Bil ct± l't ct. I'!\'! -"l \J-~"11 
~:>]~ 1'!:~'ll 810, 811"1]"1~ 'll ¾"11 {l;;j 'r.g. 14.0 ·c o)-'i}, 'lJ{I, 34.2 o]-'i}-"l 
_,1.g., :il. 'll-"l >I] 'r '<!-ll-'r 7t 1.-)-E} 'dct. I'!\'! A "1] >1 SJ- of~ 7t >'1;,. ~"ff 'll 'r.21- >I] 'r 'd 
-lf-'r-"l 'll£ :>fo)~ .aj-~oj "1½"11"1 a,\'!~_;,_ ~t:JI 0.05 :>t0 );,. '<!-l!-'rSl 'll£7t 
ct± .3. ct. 

:R'R C 

>l]'rB!l11 %'1l"il ~:>]~ I'!\'! C"1]•1~ 'l! · 'll'lJ-lJo] 1'!:~'ll C3.2j- C4 -'fo)"1] 1.-)
E}'-]-oj 'll-l!-"l ~~"11~ 'r.g. 10.0 ·c-12.0 ·c, 'llii' 33.3-33.6-"l 'il~:: ;t~ "i 
.g., "l 'll -"l "ff 'r 7f {I: !.'.-of _,1 'll-l! \J-~<>11-'1 1'!:~'ll C7 -'fo 1 "11 ~ 'r.g. 13.s ·c -11.0 

·c, 'll.,_ 34.3-34.7-"l 'il~~ ;t~ _,1.g., :il.'ll'T"7t .,_,,,_~ct (Fig. 1-15). >!l'r£ -'1 
~"11 '1] 'jj ~ -i'!:~'ll CB, C9"1i-'1~ 'r.g.:>Jf 'lJii'co] ~~.!lj _,1.g., :il. 'll 'r"il "] "ff ct± 
',;!--@- "ii 'r 7} .,_!.'.~ct- Bil 'T"-"l 'll £ ~ I'!\'! A 1.-)- 8"11-'1.21- 'i!cal _,1.g., :il. 'll-"l "ii 'r 
7f \J-"11 -"l 'i'l 'l!"l 3lf "11 'r £ %~"11 '11 'll -.f "1 .,_ !.'.-of~ Bil 'r & ct ',;!-ct. I'!\'! C-"l 
\J-Off 'i'l'l!"l"il .,_,,,_,,I~ "i!'T"~ >ll'r£ •1~-"l ~Bll'll'T" 'l1 ~£ c"il 'i'l'l!'T""il "1 
Bil 'r.g..g. e, 2.0 ·c-3.o ·c, 'll.,_-€c o.3-o.s 'll£ l'tct. Bl'! C"il '-1-El-'-l-~ _,1.g., 
_,1 'll -"l "il'T" .1c. Bl'! B"il '-l-El-'-1-~ >ll 'r'd-li-'T""il "1 "ff 'r.g. 1.0 ·c-2.0 ·c, 'IJ{I: 
0.2-0.4 'll£ l',:;,J] '-1-El-'dct. 

"11:Vl D 
\J-"ff£ \j-~.!lj \'!\'! D.!lj -i'f~'lJ D1-D4~ 4-%/ 6'l!"1] 1'!:~o] o)','"1*:il. 1't'; 

'lJ D5-D11-@- 5'l! -f.'1] 4-%1 ll'l! 1'!:~o) o)','"1*ct- \'!\'! D"1]>1£ -'1~.!lJ \'!\'!<>I] 
>1 SJ- o,'tl 7} ;a:J;,. \j-"ff 'l! '1} "l-"l "i .g., :<j 'll '11 "ff 'r"l- .!lj "11 "l-"l _,1.g., :il. 'll 'r -'to] "11 
'l!. 'll'll-l! 0 1 '-1-El-'dct. 'll-l!-@- 'T"-il 30 m &ct 'll'-€c :J:<>11-'1~ 1'!:~'ll 04-D5 -'I 
o)"1]>1 :Ial:il. 'r-iJo) 30 m &ct ~.g. *"11-'1~ -i'!:~'ll D6-D7 -'fo]"1]>1 1.-)-E}'d 
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cj- (Fig. 1-16). ciajtf 'i'!~ A)7]7f \'!'1.!"l"t 9.)0l]Qj 0 ] S, 5'l! 'll.£ afoJ7f tfE..ss 
4-%1 11 'l! -l!'¾ 'l! -ct 9.) 'll ~ ~ ~ o<] 1,; 'l!- 'r \ll cj-, 'l! ,ct 9.) *~ 'l! \l" ,ff \'! '1.! "l "1 Oil 
"'r-9.J-- 'a"~gJ .:i1.,g., Jl~~ Bll-'ri=" ).i~gJ U1BoJlAi ~q .:;:..,g.4 ~~ 0 1 .5'..~ lilll 
4 El-4 oj' Oil 'r 9.) 'l! .'r. 1cc 'l! -ct "l *~ "1 \'! '1.!'r 7 t ~ cj-. 

'i!' 'li D .2} E "1 \'! '1.! "l 'i'!~ 'll ::, .g. 4-%1 5 'l! 3lf 4-%1 6 'l! "I] CTD 'i'!~ o] o l','- oJ .;! 

lfr'li"i) 9.JOIJ"l 'i'!~'jj::,.g. 6'l!~7'l! ~ 'l] 4-%1 ll'l!"i] CTD :,!~o] oJ-'1-oJ*q. 
(fable 2-3). ,i)'j'.£2). cJlof.£ ,qoJ"i) ~"]~ 'i!'li D ,jJ-9.) 'i'!~'lJ D5"i]Aj1,; \'!7]{} 
"i] :(a!~ Oil'r~'J \'l~~ 1/-:•l!o.7] ~Oil 4~ 6'l! \ll 4~ ll'l! 2:§i"i] :(l;>j CTD 'i'! 
~o] oJ-'1-oJ*cj- (Fig. 1-17). 4~ 6'l!"i]1= 'r-ll 25 m -'/-i:'"il o]S,5)-711 ',',&S,;}o] 
~>1151-oJ Sl'¾¾ ;,;J:>1].ss •J¾"t 51-¾"1 'r.g. ;;fo)1,; 1.0 ·c t.J19.JoJcJ-. 4-%1 6'l!"il1= 
'lH1-9.J 'r"l:aJ'l! \'l~7f :,j9.) \ljoJ 'lJ ¾"il :(l>j 'lj1,'-o] 33.8 t.Jl9.)o]cj-. 4-%111'l!"1 
1,'-.£ 1,; 5 'lJ A f o] "i) 'l) 'r¾ o] :i1 ,& , :i1 'lJ ~ '9 :l/ :i1 'ff 'r 'lJ .'r.7 f {} 5' 51-'l! %¾ .!i!. oj 

¾cJ-. ?,&Sl'¾,& 4-%1 6'l! "I] •I Off 7J~-"l :11:;r 'll1"-Sl'¾ .£ ?,&S,¾ 0 1 tf'E-f 41= 'r 
{l "i] tf El-l±cJ-. ',',&S,¾ -l!'-'1-"il Ai "1 "il'r 'r.g..g. 5'l! Afo] "I] 3.0 ·c o] ,jJ- ¾7}.-f 
'l!:i! 'lJ 1,'-,& o.7 7f'lf ¾7f5J-'l! cJ-. oJ il: ~ 'r.g.3lf 'll1,-9.J I'! 71 {}<>II 'll ~ e \'l~1= 
J!. ¾'r 7 f '!! % -SC "'l :aJ 'l! .ll. 'l! 2-.ss 1cc 'll 'll 5)-7 l oJ "1 ~ o! :,, .g., :,, 'll 'r "1 ° l -11-
( advection) "il 9.) ~ OIJ'r !a AJ \'l~ .£ 'll 'll "1 oJ "1 o) ~cj-. 4-%1 11 'l! "I] 'i'!~'ll D5"1 
Sl'¾ -l!'-'1-"il tf'E-1-41= 'r.g. 15.0 ·c o],jJ-, 'll11- 34.5 o],jJ-'l] "1i'r1= Ai~"1 'i!''li C, 
'i!''li D.ej 9.) Oil "l, I'! 'li E %"il Aj 4 E} 41= •~ \l"OIJ .eJ 'l! lfr"l 'l! Oil 'r¾%0 ] % 'lf O l 
tf -'l-%'lf'l! 3! g :;raj~ all 4-%1 ll'l! 'i'!~'ll D5"1] tfE}\:l: 'ff'r1= 'i!''li C"i]Aj 7] 
-Y,!"1:11¾ 7f'8'>Jo] ~2.oj oJ ;,;j~ 5'l!{}.eJ 'llir %4fo] SI 23.0 cm/s 7} ,ajoJ 0 ) 

51-1,; 111 o 11cc 4-%1 "il ,n 'r"il 1 "il "i 'i'!~'tl j,j ti! 'l! 'll ir %4f <>ll •l Oil ei 2•1 'll .£ e 
.J:o] cj-, q.~ 7}'8'-'J .g. Aj ~.ej I'! 'li ::; "I] Aj .2} of~ 7},c) .£ 'i!'li D"i] Aj .'r. \'! '1.!"l :ilf "1 
Oil "l o 1 'i'-1,--"l 1= 'l! -ct "l o 1 e ,151-e1 21- Af E. -"l oJ O 1 aJ ~ 'l! -ct "l -"1 'i!' 71 n oi1 'll ~ \l" 
-'l-"J-'lf.ej \'l%"i] -"1~ Oil'r!s-'J \'l~ 'l! 7}'8'>Jo]cj-. 

R'II E 
til~Oilll 'll'i'-'l! 'i!'li E.ej i'l~'ll El~E31= 4~ 5'l!"il :,!~o] o]-'f-oJ*:,r 'i'!~ 

'lJ E4~E8,& 6',! ~'l] 4-%/ ll'l! 'i'f~o] o]-'1-oJ*cj-, 'i'J:~'lJ E4-E8"i]Aj1,; .kj~9.) 
El- 'i!'li.eJ 1±-11-'r"l:ilf •l.ii!~ all 2¾ ','-ifc;s .!i!,o)oj %o<]{'jo] Af'll, yoJ2..ss 1,'-.£ 
~cj- (Fig. 1-18). ',',&lit 'll11- Sl¾ 0 ] 'i'!~'ll E4-E6 Afo)"i)Aj1,; ','{l 40 m~70 m 
"il 4 El-4 oJ e, ¾ .eJ -l!'-'1-"il 1cc 'r.g. 15.o ·c o l -l/', 'll 11- 34.5 o 1-l!' 'l! 1±-11-'r 7 t 4 EJ-
4 oJ Sl¾-"1 51--'l-"il 1cc ',',& 12.5 ·c o] 'l!, 'll 1,- 34.2 o] 'l!'l! -l!'til :aJ 2-.ss "1 .g., "1 'll 
'l] OIJ'r7f 1,-3':.~cj-. 0<i.g., "1 'll.eJ "1i'r1= i'!~'ll E7, ES"i].kj 'r"1:aJ2..ss -'l-~91 'i'! 
~'lJ ::, "i) .kj .!i!. cj- \;J 71] 1,-3':. 5)- :i1 ~ oJ 'i'J: ~ 'lJ E6"i] Aj E7.ss 7} 'li Aj % o<] {'! 0 ] J!. ¾% 
.,JOI] "]*le ;,;j.,J¾ .!i!,'l]cj-. iJ:,& ,t 'i'f~o] oJ-'1-oJ.;1 'i!'li D"1 :,,.g., :i!'ll'r.2t I± 
1B C!'4 Q}~ ,o,J-,¥-Oll ~~<l}t .:il.g., .:il~'T"~ l:l]ii!.%}1a 1c!-1B DoJ] 4Et4C 2.g., 
3!.~"r~ Cf.,g..iZ}- ~~o] t!'1B E~ .31.g_, Jl~-::j=-oJl l:l]'3"Jl y.g_iq. ~~o] ~ct. ~'8"] 

I'!\'! D"i]Aj1,; ',',& 16.0 ·c, 'll11- 34.6 oJ,jJ-'1.) "1i'r7f 'i'!~'ll D7.ej \j-~"i) "f •t~ 
2-t.l iJ:,& AJ~g si-1= OIJ'r7f 'i!''lJ E<>i]Aj1,; 'i'J:~'lJ ES, E6.ej -l/'¾Oi)Aj'lJ: 11'71] 1,-
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.:I':~ c+. I± '1! D .2} I± '1! E "1 'd-it'r "1 'r.g., 'lHi'-.I: 'al ::i .,. .:l':1' AJ O l ~ 31 .g. >I] 2r 

.'r. .2} cJI D f .'r. AC O] ej .J .g. .... £ ;, .... oj 'il'OII £ -fl- 'll "i ~ cJI D f 'd-it'r ej -l,'- <1 "l '1J T 
3'o7} c+.s?l'-1-, cJlof'd-it?7f ¾.g. cJl~Oil'll Aj','.S:..'a. -fl-'ll"i\'!Aj >ll'rotl'll i *Oil 
-fl- 'll "i ~ % cJI :aJ .Q.!a. ") .g., "1 'll '11 >11 2r 'd-ii-'r '-1- 'll 'r .2} ;; W "I :l:l 1 l Dll 1"- '11 31 .Q.!a. 
Af .il. B c+. 

3.3 1998't\ 9i! 

9%! -\'!~t 9-%/ 20'll~9-%/ 21'll Afo!oll Fig. 1-7 "1 371 11\'!oi!Aj CID -\'!~ 0 1 
oJ-';'-oH;!Jl. O!½ cf '11 9-%/ 23',! ~9-%/ 25'll Afo]"i]~ Fig. 1-8 eJ 371 11\'!oi!Aj 
CID -\'f~o] o]-'i'ofl!c+. 'f'll:4 CID -\'!~ "i'f'<l 9-%! 25'll ~26',!~ ~'9 >\l'r-'11 
'l!eJ >i]'°r-.!1."1.'r. Afo]oi!Aj 25A]<1 ADCP 'll* -\'!~ 0 ] ?•»£1'(!q-. 

3.3,1. CTD :;'!-~ ~ ~ 

3.3.1.1. 9i! 20'll-9i!21 'l) 

(1) T-5 diagram 
Fig. 1-19, 20 .g. "1 -\'!~'ll 'la! 11'1! \!! T-5 diagram~ l..j-Ef';!! q-. 311 eJ 'i'f~{j oil 

Aj -\'!~'<! '1J'r~ 'r.g. 10.0°C~26.0"C, 'll ... 29.0~34.5 SJ 'il~ ;a .!1. 0 ]2 'll<>i 4-%! 
<>I] e] Oil -\'!~ 'il ~ 7f ¾of'l! %<>1] .'r. '!!-'i'-%1-Jl. 'r.g.:i!f 'll ,'-SJ \ll :Gf~o] 3. c+. 0 ] ~ 
H..-¾"T"Sl 7t~3ll- 7J-'f-, ~q- %QJ%..e..£ K¾-'r9.1 "T".g.i4 ~~ol ~ot~7l u\1,~..e.. 

!a. AfKBc+. 9%/',r 7}'ll' -.J<i'- 0 1 J,tt Oil?~ cJl~Oil'll<>IIA1 1-j-Efl..j-~t~ 0 1 Oil?9.I 
'lJ <i'-.J: t 4-%/ ',[ SJ a,) cJI 'lJ <i'-.J:oil e] oj 0.2 'lJ .'r. 'a' 71! 4 Ef 'd, q-. 3',A f oj Qj SJ JI ¾'r 
~ AJ cJI :aj .Q.,s Jl. _g., Jl. 'lJ '1) Oil ',' .2} ") _g., "f 'll SJ oj ',' £ T <i'-"1 uj 7 f 'll' 'lJ .,. o I 'a' 
.g. Oil 'r~ >I] 'r'1J 'll oil Aj -\'! ~ '9 '(! t:}. >I] '°ro\J 'I! ('i!'l\ L)-"] 7'] ¾'r~ 'r_g., 'lJ <i'- "; 
AJol ~ ~}o] ~ ~o]A]~ rt'Al~ ::i!..g., .i!.~~ ~yg} ~~' ~~sj ~"T.£. T~o] 
7}-\,-%}q-. cJl~Oil'll A]','.'r.oil ~*]~ \:!\'! Aej- Boil l..j-Efl..j-~ Jl.'lJ'r~ >i]'i"Oil'll-"J 
2'll'roil e!oj -.J<i'- 0 ] 0.5 'll.<r. J,tq-. 11'1! ASJ ~ -\'!~'ll<>IJA1~ "1¾<>1] 'r.g.oJ 
10.0 °C .!/-i"-'1] 'l/'r7} 1..j-E]-1..j-~t]] o]~ %0iloi!Aj 7]~,ajoj cJl~Oil'll ~¾ a:fe.f <i'
.:1':i<}~ cJl~Oil'll "1¾'ll?!a. Af.il.Bt:}. 

fil/1 L 
1±\'l Lt >i]'i".<r. (L12)!a..!/-El .!1.i)Sc. (Ll)oJ] oJ.;a.~ >l]'i"Oil'll 1±'1! 0 ]q-. ~]1j.oj 

9-.g..<i!'¾o] 9-{} 20 m-60mo\l ;JJ~ *~'6}~ %tl1~2-~ JI.½.::j::-.g.o] ~.& ~~1i 
L9~J:/-Ei Aj]'?.!c. ~~~.Q..§.E Q..}=¾ol 4El-4i=- ?11°1 ~olA].31 -'r-31~'?.l ~¼Sl 
7.}.'r..x. AJcJl.oj.Q..'a. "}~Be+ (Fig. 1-21) >l]'rOll'll ~SJ sl-?!s''<l ?-lJ 0 ] 50 m .!l.q
'll'i!c Oil Qj Oil Aj ::: %.g. {j :'; 0 ] o\l "1 '1! ?!s' .Q..'a. ~i<f Jl. '.U <>I 'r "I .oj '<] ?-& ( 'll 1!'-) *f o] 
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7} 'a"~-"l 9-{lo] 31.g. jc.!i!.c.]- '1/-til"l2..s'. caj-of'?,]c.]-. ~ \:l-'1!0!] ~"i 'll,'- 31.0 o] 
'lJ--"J O<j 'lj ",'-7} 9-.g. st¾ -'-J.!/-"i] ,'-_¥. i!f oj 'lj 1;'- 30.0 D] 'l]-sj 7}'8° 'lJ 1,1-o] ';( ,€c- "i] ",'

~ >I]'\' .5'. "I] i='IJ ~ 'i't~'Jl Ll0"i] Ai ~7,'!.xj 'l! c.]-. 9-.g.st¾-"J '1/-.!/-i!- ;jj oj-.:;l 'l/ ~ 
'B"ll4-~ 'r~..e:- ~l'T£ofl ~lv!- *oflAi 25.o 0 c 0 1-'<fE..£ it.:il ~~_Q_£. ~4-~ 
(L12 - Ll) {lJ::oj-oj 'i't~'ll L6.!/-E-] .!i!.:,/.5'.JJf;,;J~ '1/-¾9--"l 9-.g.oJ 24 "C o]'l]-2. 
.sa. t+ E1- l±c.J-. 9-{l 0 l 31 .g. >ll '\'"'11 'le -"l 9--&st¾ l!f.!/-OiJ ~ -'f- 9--"l 71 t+ E1-l±c.J-. 
~-"l ~~ Af'1!0!]~ 9-.g. 13.0 "C~13.5 ·c, 'll11- 33.5~33.7 'il~~ :;t~ 9-.g.oJ ',;t 
.g. '!19-71 t.j-E}t.j-oj >l]','.5'.0i] '<!'!l~ 'le<>!]~ 9-.g. 14.0 "C~lS.0 "C, 'll,'- 33.7~ 
33.9-"l 'il~¾ '?t~ .:il-&, .:il',l",'-7} 11-.¥.~ct- 1998\1 9-%/0i] 'i't~'<! "'19-";-'-.l ,'-.¥. 
~ 1981\1 8-%/0i] >il'\'Oll1"iJAi a'c'l!l!f7l] 'i't~'<! 11-.¥.91- il-Afl!]-oj (Kim et al., 
1991a), >il'\'"'11 -"l 7-1 -"l ~ 1!'1! OiJ ~ ~ Oli-ll-<'-.¥.71 %~J'll ¾ :;J-'l}l!f '1! >ll'\'"111 OiJ 
t.j-E} t.j-~ .l!. ¾ "1 'll 9- '>l "1 ¾ -"l "'1 9-~ >ll 'r' .5'. -'l ~ "1 ~"11 t.j- %% cit "'1 .s'. .!/-~ * 
'll-"1 ~ "I] 9-0] cJ-. >!l '\'"111 .l!. ¾-"l "i 'll 9-~ ',;t.g. 'll ,'-;;l2..s'. o]-'F<>I 'l}esf 7.J- 'll 'i' 
"I] Ai 71 ~ -"I ~ 0J esf 7.J- §:] "'I 9-.s'. Af .a-"14 ( {l -"I- I, 1994) 'ii-SJ "I] Ai l!I =; '<! esf li ¾ 

Bf'll-2..s'. .!i!.cJ- :ill!!-~ "i'll9--"l 7]~¾ -it'll~ -i/A7l 'l/cJ-. >l]'\'.5'.0i] '<l'll~ ~-"l 
'r-& Q}¾ l!f.!/--"J '1/-til "l 2-.s'. 'lJ ,'-.i!]- 9-.g.oJ ,t,€c- "119-~ -,' .s'.A] .2..s'. .!/-Ei 7] ~ -"I <>I 
'I!~'<! >ll 'r' l±-ll-9-.s'. Af .a-"I oj 'le -"l ~~Af '1! Oil t.j-E} t.j-~ '11-til "l 2-.s'. O<j .g., "i 'll "1 
"'1 9-~ ~ "'1 t.j- %%cit oj .s'. .!/- E-] * 'll -"I ~ 'ii 9-.s'. A I li '<! q. 

'(!- ','I B 

\:l-'1! B~ 7-1>1].5'. ';l-~"i]Ai (B6) tiJof.£ ~¾ (Bl) '\!'~ %Ai'lJ-~Jsj l:J-'1!o]q. >I] 

~"l 9-.g.st¾o] 9-{l 20 m~40 m AfO]Oi]-'l t.j-E}t.j-oj 9--&st¾ '1/-.!/-0i]~ 9-.g. 
25.0 ·c oJ '11- -"l "I] 9-7} >I] ','"I] 1 "I] Ai .!i!. q 'ii-'il ~ l!f 711 t.j-E} l±cJ- (Fig. 1-22). ',I,'-
31.0 o] 'l]-sj "119-~ SJ "11 Qj sj 'i't~'Jl B3, B491- 7-I >I] .5'. Oi] '<) '!J ~ 'i't~'Jl B6-"J .l!. ¾ 
OiJ 1,1-.¥. ~ct- 9--&st¾ "1-.!/-0iJ ~ 9-.g. 13.o ·c ~ 16.o ·c, 'll11- 34.0~34.6-"l 'll ~ i'i
'?t~ .:il',lsj oj9-7f 4Et'-t.:il 'i'!:~'Jl Bl~B40!]-'J~ 9-.g. 13.0 "C~JS.0 "C sj 'll~ 
;; ?t~ "119-7} ef "']-0!] ~ill 'll ct. 

'(!-','I A 

\:l-'1! A~ til~Oli1 "i9-.5'. \:l-'1!2..s'.Ai .!/-~ (Al) 2..s'..!/-E-] tiJof.£ ~\! (AS)¾ 
~J~q. 9--&st¾o] 9-{l 30m~60m Af0]0!] t.j-E}t.j-oj st¾ '1/-.!/-SJ :l!.¾9-~ tiJof.£ 
~E..£. .:il.~, 32~~ !;-"8% &o]tii ~~ 'i1!~~_Q_£. ~"r~ "'r~34 ~~o] 15!-o}~ 
q (Fig. 1-23) . .!/-~Oi] '<)'!J~ 'i'!:~'ll Al, A2sj .l!.¾Oi]~ 'll11- 31.0 o]'l]-sj "119-71 
t.j-E} t.j-.:il 'l/ <>I I! '1! B91- I! '1! Lsj .l!. ¾OiJ t.j-E} t.j-~ esi -.19-91- 'll '(;I'<! ct. ~ 'i't ~ ;jj 
"I] Ai ',I 11- 34.0 °] '11- -"l .:il 'll "1 "'1 9-7 I 9-{l 60 m .!i!. cJ- 31.g. jc Oi] t.j-E} t.j-oj, 7 I'll
',) ,1-o] .,.g. "119-~ ti! of .5'. ~-"l 'i'!:~'ll AS"i] Ai 34.4 o] 1/ 2..s'. t.j-E} t.j-.:il 'll <>I I! '1! 
Bsj tiJof.£~ 'i'!:~~'<) 81, B2-"l "1¾0!] t.j-E}y.~ .:i1',19-9t 'lJ'(;!'<!cJ-. 9-{lo] 165 
m .s'. 7}'8° 31.g. 1'!:~'ll AS"i]Ai~ 9-{l 100 m .!i!.c.]- 31.g. jc"i] 9-.g. 10.0 "C 0 J'l]
-"l ti! ~"111 "1 ¾'!19-71 1-]-E}l±cJ-. 
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3.3.1.2. 9i! 23'll-9i!25'll 

(1) T-5 diagram 

9-%/ '!l'l!',- 'i'J:~A).2j- %'l!~ 1<!'1lo])A7 o)-'j<oj7,:) >ll'?tllll (1<!'1! A) B'l!oJl t.j-E} 

t.J-1= Oil 'r "; '\l % ~ "1 Ji!. '1l 'll 1i'- 31.0 o l 'I!- -"l "I 'll -"l .ll. ¾'r 7\ SJ' 4 'll '!l oJl •l "11 1l!" 
ol ~±£1:l/tj- (Figs. 1-24, 1-25). "l¾'r1= '!l'l!>,-ofll-79t c\~7}"]£ JJ..g., JJ.'ll-"l 
off'r.2t ;,j_g., "J'lJ-"J off?£ ',"1,-£joj :z} "J¾'r-"J 'r_g., 'lJl,- 'IJ~,e '!)'l}',-o])A79t 
%A\%\t:J-. t.Jl'<!-oJl ~"I~ 1±'1! SoJlAi,e "".g. 22.0 ·c~24.o ·c, 'll1"- 29.5~31.o-"1 
'll ~ i1- ,l-~ '1! "1 'r "1 "1 ~-" • l .ii! "1 if ~ ~ JJ. .g., "l 'll "r' .2t 'r "i "1 ~£ -'8 ¾ §1- 't! 
"'1 "r' 7\ t.J-E1- t.J-1= <~ -'.l ¾ §} ¥! "'1 'i"-"l "I ¾"r'-"l 'll lf-ilJ:.g. 34.0 o l '11-.Q.£ "'?!l t.J-E1-
'dt:J-. 1<!'1! C-"J -<J:~'IJ:So])A7 t.J-E\-t.J-~ Oi]",'";-'3£ 1<J:'ll. S.2j- %A\-&foj, 4~o]t.J- 9 
-%! '!l 'l!-¥-9t c\~ 7}"1 £ 1<l: 'll. c .2j- SOIi t.J-E\-t.J-,e JJ. 'll -"l "1 ¾'r-"l 'll 1"-ill:.g. >!I'? 
Oil 1l oJ) t.J-Ej-y-,e jj_ 'll 'r-"l 'll 1"-ill: Ji!. tj- 'll li'- 0 1 "'tj-. 

\1'1! A 
'r.g.SJ'¾ -&1--¥-oJl 1= >11'?0\l ll ~ -"l ~"' A\'ll_ oJ) 'r.g. 13.5 ·c o] "1--"l 'll"r'7f Y

E\-'-l-JJ. >!I '?£oil '1Hl ~ 'i"1l 0 1 7 \'ll- ,i .g. ~ oJl 1= 'll 1"- 33. 7 o 1 '11--"l JJ. 'll "r' 1 I '-l-E\
'-l-1= ¾ _g. 9-%/ 21 ',/ -<J:~ ~:ilf.2j- -Jl-A\%f tj- (Fig. 1-26). 'r_g.SJ'¾-"J 'f'"] ,ij 'l] 7J£ ~ 
9-%/ 21 'l! oJl •l '11 t:J-± SJ'§} "1 :l/.Q.oj, 9~ 21 'll '!l 1<!:'ll.-"l .ll. ¾oJl 1"-£-&\-:ll. 11! 'll il: 
31.0 o] "1--"l "1 'll'rie 9-%/ 25'!1 oJ) ,e 'i"-:l o] 'l[.g. 'l! 'll:c'ro]) 'I!- 1;'-£%\ JJ. V. oJ >I\'?£ 
ctll-"l .ll. ¾"rie '11-tll "1 .Q.£ ll!-0 1 JJ. 'll:§1- "1 :11 tj-. >11'? £ c"1l-"l .ll. ¾"r' £ ~"r-"l 
El "il"loJl •!Oil 'r.g.oJ '11-t:Jl"l.Q.£ ll!"ol {}±%\:ll.t:J-. 9-%/ 21'!1:i!f •l.ut~ 1l1J 9-%! 25 
'll.sl tll'i""i-'!l il:£-"l e ,.,0 1 ¾ %\'-J-,e 'll1t- 'll~ 33.0~33.s~ >l"l= tll'i"-"l 'i""i 
,ij'l) ~o] 'f'l}',-o\l ,\lo\ 7,:\ ¾~,:C "; ~) "1\~£"i'O] 'j'-E.i!-j7,:)tj-. Oj,e 9~ 21'l) 
.ll.¾oJl ,\l?!I l,-£-&\-11! "1'll"r'7f 9-%/ 25'l!o])1= ii:£ 'll~7} ¼O\,<]JJ. ";~1 "1\~.'r. 
c,lo])A7ie ±'lJ't! ¾"t -<J:\'lO] 'lJ.ie ¾~£ A}.il.'t!t:J-. 

\1','l C 
",'{) o] 50 m Ji!. tj- 'l[.g. 'll 'llc"l -<!:~~ Ct, C2o\1"1 ,e 'r"i "1 ~£ ir~ ~ "1l'rli'

£ ~ Ji!.o]oj 'r.g. 24.0 'C~25.0 ', 'llli'- 29.5~31.0.sl 'll~ ;a ,l-,e JJ..g., :,J'll-"l '11 
?7\ li'-£~t:J- (Fig. 1-27). ',J-"11 'll'll:"l-"l oJi!-J~ .:;1.g., "1'll'i"1= >11'?"111-"l B'll. 
C oJ) ½ ~ ~ .ll. ¾ :,j 'll 'ro\l • l Oil 'r.g..g. 1.0 'C, 'll li'-.g. 0.5 'l] .'r. -'} 0 \ "1 "1 ;:c 'i' 1,
't! tj-. 'i"{iol SJ' 70 m oJ) ol.s,e 1<!'1!-'-J--"l 7}~ 910IJ"ro]) ~"I~ -<!:~~ C4o])Ai1= 
"r'"l "i 'll "11 "r'1i'-£7} 'll 'll: "l :i!f 'i!"i!1 2¾'r 3c ;a .!l ol oj 'r.g. SJ'¾ %\-','-o]) ,e "r.g. 15 

"C 0 1 -'1)-, 'll ii: 34.0 °)-'1)- -"l :;,_.g., :i!. 'll 91 "11 "r 7\ y-Ej-y-,e '1\ ",'.g.:i!} 'll 1"-ill:0 1 >I\~ 
"111 Oil t.J-E\- 'd .:;1.g., .:il 'll ",'o]) •l "'1 'i"-&:i!f 'll 1"- 01 s'to I l-7 Jis 'i' \!! 't! tj-. -<!:~~ C4 
Oil t.J-E/ t.J-,e :i!. 'll 'rie >ii? .'r. %c'r% % ;;JI ',J-"11 !is % 'll "1 ,e t:JI 0 \ 'd-lt'r !is A\ .il. 't! 
tj-. 
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i!'l! s 
9'-)] 0] 40 m !il.cj- 'l!,4- \'!'ll"loJJAi1=c \:le\'! CoJIAiOJ- of%7}><].ss 9'-"l"l~.ss 'fr 

~~ "il"T'lleY;; !il.0]oj 9'-)Jo] ,1,4- 1'!:C:'Jl 551= 2-}7'3,;; !il_0]1=-t~ 55"1 ;<j-}oJJ 
Ai 1= I:!\'! cei 1'!:<\' 'jj C4oJI Ai OJ- '!l:0 l 'll lie 34.0 °1 '),} "1 :;:, 'll 'll "ii 9' 7} 4E1-\}tj 
(Fig. 1-28). 

3,3.2 ADCP -ll:~ '!;! .iJ, 

Figure 2.29t; >l]',aO} !ii.;;/£:, ?,! 1= \t"l-'ll-'.l'"1 ADCP 'i'l:~<:i oJJ '!I •J ~ "il-i,
_,..J lie (';J-"1- 'l}-.-J), "T'"i~ "1]-i,--';!lle (%Ai "J-'J') 'Jal ADCP 'i'l:<\' "i~oJJ <'!<\''<! CTD 
><liH, 01-S-o-f<>l "i¾¾ 7]¾\'!z.ss "lo:t"l'?J "J'tloJJ "1"11 ;,jJ~~ %-Ai'lf'l/'"1 ><I 
l -i1-~ 4 E1- s!! t:f. 

!ii.;;!£ oJJ '1] 'ii~ \'! '11"1 oJJ Ai 4 cm/ s"1 o] "f ~ Ai Oj-i,-7} 4£1-41= ~ ¾ >IJ.21 o-f 
~ ~ l:lc\'!oJJ ~"l %'.J'-i,-~ !;l_o]oj, 30 cm/s oJAJ-"1 alj7,l- %-OJ-i,-1= >il'1"£oJIAJ '2J' 
25 km '!!"1'?-! 'i'l:<\''ll A4"1 'r-)J 30 m !il.cj- 'l!,9, ¾oJ]Ai 4E1-\Jct:f. %'.l'-i,-7} 7J-iil 
711 4E1-41= ¾oJI Ai "1 \t"l-'ll-'il'"1 -';/ lle,4- "1--0J'¾ !ii. oJ oj \'! 'l}"l ,4- o] Qfiif 71] ';J-'iJ'¾ 
!ii. 01:;:, '.ll o1 ~ 'ii "I~-"' >11 '1""111 "1 \l""i'oJJ "l 1= 'lhr "11-i1-"1 '1"¥! ,y-.-J,oJ %"1-% 
"J'joJ oj \'l '11 "l oJJ Aj "1 % 'iJ',Q- ';J-% ~,4- ';J-"l 'l}-'iJ'o l cj-, >I] '1""111 \l""i'"1 %"1-% 
.-J-i'j-t, 9',j] o] '(/ o1 ~ "r';,. % Ojo] 11!-AJ ;,fl ,y-.-J, .Q__ss :oJ ~ aj,t; ,;i .-J,¾ !ii_ '1] cj-, o J 1= 
thermal wind rrl¾ :;:,;,;J ~ al %"1 'll-.-J,"1 "119' 'll£ ~1°1 !il.c\ \t"l-'ll-'il'"1 "il"T''ll 
£ *l-0171- 371 ofl~Z! -5!.Q..§.. A}.fi.~t:}-. 4-11°1 'it.g. ~ttl~~ %4;=-Sl 4-2.l~~ 
~foJ7f 3><] il!",4- 11!-\'!oJI 9'1)0J 11_,0, ¾oJIAJ"1 ?"i"J'l) fl-~ ~fo]t, iij</J 30 

cm/sojj o]~cj-. j'f<\'-,l 'l/'li'fr %Ai'lf .. J"1 "il-i,--';/ ... ~_ss.J;'-fa }il~~ %Ai'lf~"1 "ii 
??¾'lf,4- 0.51 Sv (1 Sv: 106 m3/s) ~!is 1997\1"1 0.58 SvoJI "i"il "f 12% 'll£ 
7,l-cto-f~t:f- %.-,H,-"1 %~0] 20 cm/s o]'),}.Q._ss 4E1-41= "il"loJJAJ"1 %'ll£<:i"1 
lleY'li- ~,!j!il.\'! ('\'!~'ll A3~A5) ?-)]OJ 30 m !il.cj- 'l!,4- ¾oJl"l1= %'ll£<:1oJ ';J
~.Q..£ .2_~).i .lj!-~&j-'C° 1"tff¾ l;!.0]A]1i} 30 m J!9- ~.g_.. *oJlAi'C" \t~<ll ~~£ 
"i' ~!is .2. \'! Ai "l ¾ z.ss 'i!'o-}1= 7,1 .-J¾ !ii. o] :iI 'll o1 ><] l-i,- lie !<.7} 11 <\'¥! "1]-i,- lie 
Y't 'lJ-';l:aj.Q._ss -fl-Al~¾ A]Af~cj-. "loJ-:aJ'l] ;,J]{!oJJ "1~ ><ll-i1- lle!<.1= >1]'1"£ 
oJJ 'll'll~ ¾oJJAi 20 cm/s oJ'),}"1 7,J-~ %'il'-i'i-71 4E1-4:iI 'i'l:<\''ll A2, A3 Afo]oJJ 
Ait; ij<IJ 28 cm/s oJAJ-"1 Ai-OJ'-i,-7} 4E1-4tc ~ 0 1 ~'l)o]cj-. "11-\'i- .,_Yt; >11'1" 
£ -2-l:IJ- 'r{lo] ~.g. *ofj),i,E %4;=-Sl ~}o]'C" l;!_OJAl~ 11~¥! 'BJlft~.£9} ft-Al-~ 
~~¾ _!i!_oJAJ'?]- 'r{loJ ~~ *of!AH:• ~~~ "B1}ft9} q,e .£it¾ .};!0)31 '.U~ 
?-)] o] 'l!,9, \'l 'l} "l oJJ Ai ::C ><] l-i,- 7}'ll oJJ "1 ~ "11-i1- ;,jJ {lo] ,l-;<J] 7} 'iJ ¾ A] Af ~ cj-. 
A] 1Ht ft-4;=- iE' .¥. Oll ~ ~ isll'r'r4r-i'J'.g. 0.15 Sv .Q..£.J.i 11 ~ ~ ~ * £.-¥-1:.i Jll 1!-~ 
"T'¾'l/'"1 30% "ii -l,!-:llj,iiftj, 
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3.4 1998\-! 11-!! 

11-1/<>i]<C >i]'?oJ~~ 'er\'! A~ ±21£ A1~~ 'er\'! BoJ]A1 CTD 'i'f~o] oJ'i'-"1 
'l\E-uj 'er\'! A:C: 11-1/ 24'l!<>I] =i.e.]:;,, 'c!\'! B'° Sf 3'l! .:f'l] 11-1/27'l! ~11-1/28'l!<>I] 
'i'f~o] oJ'i'-"1'l\cJ-. 'er\'! A ("11'?"11~) <>l]A1~ ADCP 'i'f~.g. CTD 'i'f~ ¾.a .:f .-f 
'i' 7A]{! .:f'l] 11-1/25'l!-ll-1/ 26'l/<>i] 24/.]{! 481"-<>i] :ll,>j 8:§1 1/l-!i} 'i'f~o] o]'i-"1 
'l\E-uj, 'c!\'! BoJI A1 ~ ADCP 'i'f~.g. 'c!\'! B<>I] "1 ~ CTD '<'!~ "I~ 'l] 11-1/26 - 11 -11 
27'l! <>I] 24A] {! 461"-<>il 'll 'l 8:§1 111-!i\- 'r ·~ ,;j 'l):;,,, 'er\'! C (cJI ~"11 ~) oJl A1 '° 11-1/28 
'l!-11-1/29 /.fo]~ 24"]<! 461"-{! %'1! ADCP 8:§1 \l}-!i} i'J:~o] o]+"1'l\cJ-. 'c!\'! 
C<>il"1~ CTD tf~.g. 01+"1"1"1 ?,,l''l)q .. 

3.4.1. CTD i!~ ~ :iJ, 

(1) T-5 diagram 

>11'?"111 ,!\'!~ 'l!-¥- tf~'jj;:;<>l]A1'° ,;,.g.:,Jf 'll1"-eJ "1~ ~'i}o] .!,io]uj 'cl\'! 
B <>I] A1 <C ~ t!:~ 'jJ <>ii 'll 'l ,;,.g..g. ',' "I :aj E-!a. ,r 'l! .-J-"i 'lJ: 'll 1"-~ ',' "I :aj 'lJ *IO l <C 
<c "<J~¾ .!ii'llcJ- (Figs. 1-30, 1-31). 

VJ:'11 A 

11 -%! ~ ,;, "I :aJ 'll "11 ,;, !a '1l 1"-Y '° .ll. ¾,;, ~ '-li 21" E-!a. 'll .-J-"i ,ii ~ :aJ ,;, .g. Sf¾ 0 l 
± 'l! "l 'l! g ~ .!ii oJ;;,. cJ- (Fig. 1-32). ,;,.g..g. >tl '? :sc <>ii "l \J-"11 'l! E-!a. '!lc'r~ 7,J-± .-, 
uj ,;,.g. 18.0 'C 0]',}~ :;,,.g.,;,7f >1]'?£<>11 'l]'Jl~ t!:~'ll A7, AS~ ¾¾<>ii y-q 
y-uj oJ :;,,.g.,;,ej 'll1"-'ll~'° cJlsl' 33.2-33.8 o]q. ,;,.g. 15.0 'C o]'l!~ '-l/'r<C 
>ii 9' "11 ~ i!,-ej *~ A I\'!-¥-&] .!ii /41 £ <>ii 'll 'll ~ 'l! 'l! "1771 ;,] 'l! '!l "l "1 '-t q '-t ;,] '1! 'll 
~~.¥-t ttsJ *~ ,"}~011 i+E-1-1..-tt ~4-Sl ~~ 0 1 ~~~Sl A"j.g.ysi ~~Oll 1:11 
"11 l't>II '-tff'-t:i'. 'll"1 'll1"-1"-YoJ]Aj'° 'l!'!lo] ,;j;,] ?.l'<CcJ-. i!,-~ -al-~ "l\'!<>il '-t 
Et'-t'° '-li'r~ 'if¾-'f-<>il oJl,l-.-j-'° -\'l:~'Jl A4-A6~ o]S}~ 'll1"-Sf¾ "J--'f-oJ]'° 'lJ 
1"- 32.8 o] '1! ~ ,! \'! <>ii A1 7}'l} 'll 1"- o I ',;l-.g. "11 'r 7} "I 'lr .5'. 'lf E-!a. 1"-Y <>I uj 7}'l} 'll 
1"-0] ',;l-.g. "1i'r<C (< 32.6) "l'lr~ ¾0J-<>1] oJlcJ-<>f<C t!:~'ll A6oJl"1 '-1-Et'dcJ-. 'r1l 
o] 7f'l} ,/_.g. >1]'?£<>1] 'll'll~ i'!:~'ll A7~ ','{) 100 m .!iicJ- ,1.g. :£oJI '-1-Et'-l-:C: 
"1i'r~ 'll1"-.g. 34.0 o]'i}E-!a. 9-1/oJI "ltli 'lJ1"-o] ¾7}<>f~cJ-. 

R'II B 

\J"'II 'l!'l!~ ±21£ "1'1'!<>11 ~*l~ B'l! BoJ]Aj:C: ~"IJajE__;a, 'r"i:aJ'll ,;,.g. *f 
0]7} .3.;,J ?,,l'E-uj ~"11"1~ -\'l:~'lJ B7, B8<>1]A1'° ,;,.g. 01-,!o] '-tff'-t<C '510] !'; 'lJ 
0 I cJ- (Fig. 1-33). ~ t!i 'll \'l 'l! 01.g. ~ "11 "1 <>ii "i "11 'il"cJI :aJ E-!a. ,;,¾0 I ir ~ <>I uJ ~ "11 
"1eJ t!:~'ll B7, BS~ 'r1l 50 m .!iicJ- ,/:'. ;£<>I]'° 'll1"- 34.0 °J',}~ oJi'r711"-Y 
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3.4.2. ADCP 'I'!-~ ~ -"l

R 'l! A 

9~ eJ "11-IH,".¥.Sl- -fl-A)--.J-Jil .l!.~.'r. ol] '11 'll ~ ii:~'ll A2 *~ol] 4 cm/seJ oj Sf 
~ Ai 'J-lf-7)- t..J-Ef t..j-1'c 1 % "1J.2J %)-," ~ \'!'1! ol] :;j '9 % 'lf-lf-7t t..j-Ej-\:!:tj- (Fig. 
1-34). >i '1""11 'II ~ .2J lsl-?lr A)-'1! ,1-ol] t..J-Ef t..j-1'c %~ o l 20 cm/ s o l -\l-'11 % 'J-ll-eJ 
'r'~.g. ',11,'- 32.8 o]'l}.sj ftj',19-.sj ~oj 1!'-.¥.%f1'c ~:s]Sj- 'l!:s]%foj i'!:~'ll A4 'a"~ 
.sj ~ 11!:aJ '1] % 'l!.'r.-:1 eJ 1,'-.¥. ic 9~ :i!f -fl-A)-%f Ji1 ;,] ~Ht 1,'-.¥.7)- 'll -\1 :aj _Q__;,_ {! ~-,! 
"1-ll-1!'-.¥.Sl- -fl-Af ~ ~ AjAf ~cJ-- 'il"*'ll-.. J-"l %~1!'-.¥.1'c i'!:~'ll A3.Q.!a.->;'-"1 :<JI 'r' .'r. 
~_Q__;,_ AJ¾ol]Ai1'c oJQf~ *'Jfi-7)- t..j-E]-t..J-oj •f¾.g. 4 cm/s oJ'l!eJ ojeJ'~ ';l-•J 
fi-71 t..J-El-'c!ct:J-. "111!:aJ .Q.!i!. % 'J-i'i- \!! l<l-'lf-ll-eJ %~.g. 9~ ol] "i 'il :,l-±%1~ t:J-_ :<JI 
'1""1'11 ~-"l 9--ll 100 m o]-\} -"lie 'icoJJAi1'c o]eJ'-.J-711 Aj-OJfi-7)- t..J-Eft..J-1'c<~ Ai-.J 
-i,-7\ t..j-Ej-t..j-,'c ')col] 1,'-.¥_-.J-c "19-ic ',11,'- 33.8~34.2.Qj :i!.',J.Qj ';Ai\% _J;!_'l]tj-. o] 
cl ~ :i!. 's!-"l "19-1'c :<Jl 'r' .'r. -"l ~-a- ~~ •I"! "119'"1 '/1.Q..s!. -11-'ll B + % 'll'-.J-1'c "11 
9' 'cl:it','-!is '{r9'-'9 ic 1/! '1! {l ~-,j 'l! '!I 'if 'il-\'i-7)- Ai .. J¾ t..j-E} '-IJ ic 1.g. "1J 9''il '/I 
~¾ ttj-aj- Ai'lf-i,-7)- ;r,,j~tj-7] .l!.tj-1'c 'il"Jo<l1 %.91 "1i'lf.Q.!is AJ:,j 9- ~ic -s,,1 
:aj'1) Sj--i,- uj\l,-'l] 1.Q.!is A)-.il_-,!tj-, >\19""1l'/I ~ol]Ajej -'<j .. J-lf-;,,. 1995,1 4~ '\'!:<'c 
ol]Ai t..J-Ef'c!c ;;Jo] 'lJ:_Q_t..J- (Suk et al., 1996) 1997,1 9~:i!f 1998>;1 9~ol]c i'!:~-"i"l 
(lt'lJ:tj-_ 1995,1 4~ '\'!:~Ajol]1'c ADCP 1/!.J;l- '\'!:~»J- 'll',l-.J-aj 9--\J 10 m, 120 mol] 
Ai 'il-i,-711 >11-i,-ol] -"l~ "1-\'i-i'!:~½ %-"lol] {!Aj%j-~1'c<il ADCP '\'!:~ol] -"1"1 Ai'lf 
-\i-71 t..J-Ef'c!c 9--ll 120 m ol]Aic 'il-i,-'AI i'f~ol] -"1"11-"l.'r. 'l!'!l'rr "11-li-71 Aj .. J% t..J
Ef '-il ~ tj- ( ~-st "11 °J '1! 'i' ±, 1996). {! ~-,! 'l! '!I 'IT 'ii it !is->;'-Ei >il {! ~ "119" "1 'II ol] Ai 
%•J%)-c •J9-.sj 9-4?',f.g. 0,46 Sv.Q.!asAj 9~ "i"il Sf 10% 'jj.'r. :,)-±-.J-~t:J-- ;,J1 
it ,fl-4,1,'-.¥.c {l~-,j "iifi-1,'-,¥_.2} ¾At~ 1,'-,¥.il, _l;!_o]oj :,J]{!s'! "1ifi-.sj -'1]7]£ {l 

"\'B -'I] 7J .2} -fl-A I %)-tj-, 9-'ll O l 'lJ'.g. \'! '11:"l Oil Aj 1'c 9~ "1- of~ 7)-;,] !is ;,j 1-\li-7f "111! 
;;j .Q.!is O I Sf %f t..J- Ai ?le½ 'lf-.J-:i!. '>! oJ {! ~ B -R-41 "1- :>)- 0 l .. _J;!_ '11 tj-. ;,] 1-!l-ol] -"l ~ 
"119- 9-¾<t.g. 0.26 Sv.Q.!i!.Ai {!~-,! 9-i'<t-"l Sf 57%ol] ,l-~tj-. 

R'l! B 
I'! '1! Bol] Ai c :,l 1'!'1! Oil :;! 'l % .-J-!l-7)- t..J-Ef t..J-oj % 'lf-\'i--"l -R-4,o] 7f ~ 7J~ ')c 

.g. .2J"11QJ.2J i'f"\''Jl B80!]Ai 24 cm/s o]-\}.Q.!as t..J-Ef'c!ctj- (Fig. 1-35). 'il"* '!l-.-J.2J 
-\11,'-.g. 9--l)o] 'lJ'.g. ';J-'lf-i,-71 ~-'ll~ 11!'1! 9--l)o] :Q.g. ')col]Ai1'c *.-J-il-71- ~-'!l%1 
aj \'! '11:"l .g. ';l-% .. J-"l "11 it 7)- :J. '1 :il .2J 'iJ Qj .g. *% 'lf-lt 7f t..J-E} 'c!ctj-. 

R'II C 
<l ~"11 'II Ai 9-.'r..sj 'll 'i'ol] *Ai-'a"% '!j- .. J .Q.!is ~ *l ~ "1!'1! Col] Ai C 'i!\'! ol] 9-"l 

~ *% .-J-il-7)- ~-'l]-.J-oj la!-% 'lfit-"l ,ii 7J c cj of .'r. ~ .Q.!i!. 7)-'1! Ai 7J"1i "1 "\!'1! .2J ';l
%?lr -l!-ol]-"l c 30 cm/s o] -\l-.2J -la\-%-lf-il-11- '\'!~-"I ~ cJ- (Fig. 1-36). "1!'1! oil '!I'.!~ 
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-f\-4/ '\J ii!-.g. 'a"% ~it 7f -}-'lJ-oj-oj ',J-811 'i'J '1}~ .2.!;l. J/-E,j qj of£~ .2.!il. 7} '/! Aj -fl-~,f 
oJ %~"i]Aj .Ja\-%'.J'.2.!;l. 'l}AJ:,fl ,Y-"j.2_;,_ ~~tJ-¾ 'lf 'r ~cf. 

'11-ll-~'\l ~"]J/-oJ"i] .9.J~ "'1-it¾Af1'c Lagrangian 'll-'11.2..sl. K-ltJ/-oJ~ 811'1!-"il 
-'e-"OJ-~ -f 'I-0 I .9.J ~ "i ~ '11-ll-~ '\1.2..sl. ~ 'll -ol-1'c 3! 0 I cf. '11 -ll-~ '\J ~ "i J/-0 l 1'c 3. 

7111'c l!.¾J/-l!."1- %¾'1! ¥71 (drogue) i" J/-il-.2.£ 'r'\J-"1"1 ~cf- l!.¾J/-l!.1'c /4!] 

Aj, %{:)71, '1}"1]'-]-, ~t! %¾ tJl'l}-"Oj-:il %-'!-.g_ drag~ 3.7II "Oj-oj •f;,J-.9.J 'iJ'.J'¾ 
7}-'o-~ -"] 7II '/!' .2. '/! Aj OJl-l,-"i] .9.J 811 Aj '1!, oJ %-'s .'r. 2t "1] cal-'<! cf, "1J <r8111 "iJ -'i'- itf ~ 
~ 0ls] ~1ffs] ~ 01~ 6~7 m §. ~1ff.2.] ¾-1iol tll"r1B.2..£.1f-f.°l 15 m £1~ "r{l 

"ii ~;>J%f.'r.2r >il"l-01 -"1"1 J/- 01.9.J ¾%.g. 15 m ¾.9.J 811-lt~ tl]K"OJ-£2t :i!'llc-"1~ 
cf, 

'11-ll-~ '\J ~-"]J/-o] 1'c 9-%/ 21 'll 06-'l 48il-"il >il'r8111.9.J 33 °45.5' N, 126 °35'£ 
sJ 'll"l"iJA1 "'" ¾{:)¾ -'Jat.-,"l 9~ 24'll 22A1 52il-"r"l ei, 3'll 18-'l<! %'1l: ei, 
1.SAJ <! <! :aj .2.£ ~ "l ii: ¾{:) "OJ-9:l cf, oJ -f "111'c {! l!j-"i] .9.J 811 ~ 'r-"1 "1 {! "t "1- t]-'JIJ 
A1~.2.;.. 14-g711 oJ%'<! -f ¾'s- ~%11}.sc. 'a"~"r"l ~"l7f -a,71;;&.2.ni ~%'ll:£ 
'a"~ "ii l<j cf Al 811 AJ "ii -'i'-"OJ-'<! ')! .2.£ J;i O l '9 0 l -f ~ A] % '1} "11-lt s]- ti" "ii % "I O l 
cfJf 01 -f"il1'c ¾{:)o] i'11-"1~cf (Fig. 1-37). Figure 1-38 .g. >il'r8111"i1A1 3'll 18 
AJ <I %'1! .9.J J/-OJ .9.] "11 "i 3!J- J/-0 I .9.] "11 "i .2.£ J/- Ei :,fl~~ 'll 'll 'if "'1-lt'I- 'llJ E,j £ l!. 
A]~ ')!o]cf, 'i'f~ 7]<r ¾ J/-O]ic -'i'-"OJ- -f %~.2.£ OJ%"0J-cf7f 'l];>f lal-%~.2..£. 
•J$J~ •l"r~:il ;;'1-~7]<! ¾.9.J 'll'llir %4r.g. 17.0 cm/s ~ 23.5 cm/s~ J;!.9:lq, 
'1)-l/-'IJ"a ,}"]J/- 0]7} -'f-"OJ-'<! ~;>J1'c Fig. 1-29.9.J ;;'1-~'l] A3 s]- A4 A\oJ.9.J t .9.J l!. 
AJ '<! * .2.!a.Aj J/-OJ "iJ .9.J "1J ¥!~'<! 'l/ 'li ir -fl-4/.g. ADCP"i] .9.J "1J ¥!~'<! %4/i,1"]
'lJ;>J ~ q, 

'a'8111'c >!l'r"1\1, tll~"1\1, "1l'r.SC.s\ tl]o\_sc_ A\O] % -'lJ ,i'.t~.9.J 1j'1)-7il:,fl:a :!,_ 

~$fie "11 "1.2..sl. ',J-"11.9.J "'1 'rs?tf.g. 01 cl~ 71 ,Y-7il :,fl-!!- ¾ ~ "11 'r .9.J -i\-½'ll "1- 'l, · 
'?l ¾ "'] !:o, "11 K '1! ¾ ¾ ~ 'l1 · '?l ..- "'] !:o "1- • f W-% "I, ¾ "1 1J-;afl "I ':!l "11 'r.9.J -l/-<! 
"i 'l! 'll .sc. ii!-:!l. "ii .9.J "11 "'1 ?s?tf oJ 31--}'<! i:\-. '8'"111'c -'II sic t1J .9.J 11 'Y-7il :>ii ii :!l. tJ-;,f 
1'c ¥!:,fl£ 7j '1!-7il :,fl "ii Aj .9.J 'r.g., '?l if" ':!l "'1-lHt :!<. ½ 'll ~.-1 J/-"]-%}>'1 ?,!-:il 1'c ',j-OJI 

.9.J "'1'rs?tf¾ 'IJ~.-J >l~~ 'r \i.lcf 7]~.9.J 'a-OJI ~"ii;: tll'l!-.2..sl. ~ 'r"l.5'.'i/! 
% 0 1%~ $114-tr~ ~T~ '8Jl4-sl ~£:.~~~ Jl~*l ~.g_. trCU-.£~ 0 1 tjJJr-~ 0 1S!i 
cf ("ii, {l, 1994; Chang et al., 1997; {), 1998). {) (1994).g. ¾"1 7J;afl"i, 1j,Y-7<l:,tJ 
ii- ¾~ Oll'r.9.J %½'ll %¾ 7l'l!"iE-£ Jiilj-oj-~:il, Chang et al. (1997)3!]- {) 
(1998).g. t!e';:<\.ilc:a •f"s-E-!a. ¾-'j 7J-"il"i3!J- 1J•J,;J:,fl"iJAisJ OJl-ll-il-3'.~ %AJ"i] :i1 

ill "OJ-'.<! cf. '8'"'1 .9.J "'1 'ric oJ %~ "1- 7f%1l oJI :;i "l :>II 11 "i 'r.g. Sf¾ 01 '-1-El-'-l-E.;.. 
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'i? 'lJ-£ 'ill oil Ai .2j '!f O I 'r-"i "I .£..sl -if-4; 0 I 'l, 'll ,;I ><I \',I".£. al a} A I .il. -"I '9 , !E ~ 'Jotl <>ii 

<= \'l'1!"1"1- .2JoJl"l<loll ~1101 e>l-.J-nj (011, Lee, 1983) oJcJ~ ~11~ 'r'll"l'11 
'll.£7'-•lii- ¾7IA]S'j 7,l-~ otl-il-i1- ¾'lf~ 'r '.l)7] a!lli'-oll 'i?'ll-£'i!! ~ o]%oJ!Ai<e 
'Joti .sJ 3;;1~ .aJ '11 "11-il--!i' 31c i1- '!I ~~I ,ff~~ 'r \liq-. 
~ \'l ','-ollAi <e 3~1~ 'i?l!£ 'ill "1- 'Joti oil Ai 30';!_ oil {I"! i'!:~'<! 'r~:af 'lH1-91 

Ill ir :<I .a 'al >ii .a;c Oil 1 "1- ti! ~ "11 ~ oil ls i'!: "; '<! "11-il- ... 31c ;; 0 l %-.J-oj 71 'll-7il 711 oil Ai 91 
otl-il-1"3', 1J'l!-7il;,\\ 'al Oil.l!.\'lollAi91 'll. '?I ¾"1~ 'al •HJ-%"'!<>11 91"11 ¾£"1<= 
'Joti 91 9~ ,!- '!Jir"J '1) 3;>\~ oJi'r'i?l!¾ ;,Ji~ <;I~ tj-, £ 'i![ '1J "l ~ Fig. 1-1 .sj Al 
21-'!l.£..sl %"1-14'11 .!/-li'- 0 1'9 £'<!.sJ 'r'll"l'11 'l:<I :n'l~ 3 kmoJ:s:, 21- 'l"l4191 
'T¾~ 'T-"i "J .£..sl 87j .sj ¾ .£.5l l .. f'f- '.lJ. tj-. 

4.1. 'r ;>j .5'. ',I 

\'l'roJl"loll "1%~ 3~1~ oJl'll''i?l!£'i!!~ !'QM (Princeton Ocean Model, 

Mellor, 1996) 0 Jtj-. POM~ ¾~"lli'-'ll¾ oJ%-;;foj :<f¾otl\'l¾ 31cq-t;;J,<e ~,'J.£-%'/r 
'll -61 "1- 'll . '?I .... .!il. e '!!-'!I -61 .2j "11 ~ 'r-;;f <e £"' 0 l nj 'r-"i "l .£..sl a -~ .l!. 711 {i- A I% 
"q-t .£..sl '"I -al-{l-~ oJi ;<J :<] '!I .sJ .l!. ~ ¾ % 0 1 ;;\ 711 ,;I .sc.;;- -;;f ~ tj-. POM oil ls<= :<l-if-"11 \'l 
.2j Al ' -ll-<1 "l '11 '/! % O l J2 iOj !ij E..sl 5'. ~ 7,l-,fl "'I .2j J2 iOj 'al '11-ll-~Ml oil .2j ~ Oil \'l 
:i'.£ :<1.a.sJ %§1-71 71-',s·,;\Jl .l!.\'l ~~¾ (surface mixed layer) "l'0:1-¾ 3'c"q-t-;;f<e 
'll' 'll ¾ ?t ]2 '.ll tj-. 

4.1.1 . .5'. ',I ") 1' 'll-'!1-61 

:<l•l ".l-'li-61~ ;,f-if-"11'1! (free surface):ilj- 'r'll ',I 'r"i '!I-~ -if-4f-'l)-.2j A] • -ll-D 
~'tl ~~~ Jfl{!iil-'C" ~4r~J-78~31t ¾%1R-l61 ~ y~ ~ ~~.Q.] Al· ~.nai 1i!! 
§1-~ J\\ ~;;J--e 'll · '?l-!i' .!il. e ".l-'ll-61 .£..sl 'r-'J -"I oJ ~ t:J-. a/ 'll-~ "a 2-'I 
(incompressible approximation).2} ¾~l 78 ~ "c:}-~ -2-Al- (hydrostatic approximation) 

:i.aj:s:, Boussinesq 2AI~ A\%~ a!I a-~.l!.;,\\.sl .l!.~-"l-e "i•I ".l-'!i-61~ of2J1"1-
:Qtj-. 

~ + a (DU) + a (DV) + aw ~ 0 at ax i)y aa (l) 
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_Qf.[Q + aU2D + aUVD + auw _ /VD + ..1.. Jli2. 
at ax ay aa Po ax 

...LJ/J2.[ _L_h_ + .!L aD] - 2r KM -1.U] + Fx 
Po aa D ax D ax aa D aa 

aVD + auVD + av'D + avw +IUD+ ..l..Jli2. 
at ax i)y Oa Po Oy 

_l J!J,_[_L_h_ + _Q_ aD] - L[ KM av]+ Fy 
Po aa D ay D ay aa D aa 

pg - - _L J!J,_ D aa 

'IJ ,!;'- .!a.~ 'li-'ll -!-J : 

asD + aSUD + aSVD + asw 
at ax ay aa 

- L[ KM as] + Fs aa D aa 

ojJ]J-i 

t : J-j'(j-

x,y : Fig. 1-1 %5: 
ry (x,y,t) : ;a:t%"'1 \'! 

H(x,y) : 'lj,t i!ll?\'!1>e 1'./ 0 ] 

D(x,y,t) : ¾ 'r-ll = H + ry 

(U,V) : 'r'll 4;.'r. '1111-
w : "'r~ ~5:. -'a~ 
p : 'l)-~ 

g : ¾"l1t4;.'r. 

Po : 'll TI" "11 'r 'll .'r. 
f : .a'[ "1-& ;e.J 711 'r' 
T : "T".g-
s . 'll ~ 

. "" 
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(2) 

(3) 

(4) 

(5) 

(6) 



Fa F, : 'r'li 'c!-¾ ~HJ •J-
FT, fs : 'r'li 'cr-lt :;,~ •J-
KM : 'T"~ \:Ht ~.AJi!lJ'r 
KH : 4-~ ';±ft- ~{!-'A'\'r 
S.. : external source or sink ~¾ ztzt '-tEt\!!cf, 

61 (2) sJ, 61 (3)"1JAi Y'\!! :aj;<f!il,cf "!'_g, sub-grid itYoJI gj~ .£-%¾ ll,Afs;f1'c 
'r'li 'cr-lt ~,g•J- (Fa Fy) 'l) 'r'li 'c!-41- :;,~~.g, ,1,;<fifYB] ~•.J"!-%.llf %Af.;}Jil 
of'1Jsj, '([O] off1ll'!'i':§:f (parameterization) .;\'lief, 

F ~ , _e_[2DA _lli] ax M ax + ,L[DA ( au ay JI ay 

F}. = _e_[2DA av J + ay M ay _e_[DA (_lli 
dx M ay 

Fr= _e_[HA aT J + L[HA aT J 
ax H ax By H i)y 

"i 7]Aj, 
AM : 'r '!I 'rr-lt ~ '8 711 'r 
AH : 'r~ \:Ht ~{!- 7ll'T" 

+ av ll ax 

+ av )J 
ax 

'r'll 'c!-¾ ~•.J 711'i'1'c llf.g, 'r'-lY'\!! "1%"1JAi %'i'il:¾ Af,§,s;fi.,J,, POMoJ!Aigj 
'i''ll 'c!-¾ ~•.J;,fl'i'1'c :aj;<f37]sj, 4rSc,SJ 'i''ll"1'11 shearo\l •li!fl~cf1'c 
Smagorinsky (1963),SJ •l{!'IJ 'll-61E-iie ;,Jj~.;f'l!cf, 

4,1,2, "<! ,W 3'c {! 

KM (_m av) 
Po D aa' aa 

( T., S.) 
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TM - C1 ( Tc1- 1) 

SM - C1(Sc1-S! 

oj7JJ-i 
C, : A]{! '1J-~ 
Td , sd : ¥!:~B .l£ ¾~-€:-"I- 'll 11: 
, •• ,,,, : SIIK\'! •li/l-%"'1¾ '-1-EJ-\!cJ-. 

'll · 'll11: ¾"1~ ~:>I]&'<'!-€:- ¥!:~B ~-€:-"I- 'llll-.J:oJ (Ta 31f Sci) :>1]4/ :£.'ii! .l[\'! 
ofl %:§1-"i~ relaxation &'<'!¾ A}%%f~j1, %:§1-"i~ A]{! -ir!i!.~ S'l!.ss "l'll%f~tj
(C1 = 1/S'l!). oJ "11 .l[ ¾ofl Ai .Q] ~.g., 'll 11:.J:.g. ",~ ~{!~¾~ ofl .Q] OIi \J-OII oil Ai 'l 
-!! :n 'l .2..ss 30\:J. :n ¥!:~B "' .a.Q] 'l! if .le¾ 0 1 % %f ~ cJ-. •l'il-¾"l .g. 7J >ll £ Oll-'o' 
-\'-OJ ofl Ai 1998\:l. 8-!! 29'l! 03:00-\'-E-l 8-!! 31 'l! 00:0071)"1 3A] :{! Z!'l .2..ss ¥!:~B ;<f 
.B. ~ 'l! if %f oj 'll "'1 %f ~ tj-. 'lJ if '<J ;<} .a ofl .Qj %f \'! o] 7] :{! ¾ Hf i/J-.g. 56 ° •J ~ ofl Ai 

( "1-~ .2..ss .!/-E-1 Al ,iJ •J .. J', "1-%%) 8.5 m/ s 3.7] ;a. -I!: 'll tj-. 

K"< ar ___es.) - < 0 0 ) 
D aa' aa ' 

"11"1 ~:>il\'!ofl-"l~ 'll · 'll ¾"l~7f Ill£& %1~.2.Pj, n, 9J- ,., ~ 'ii:-<1\'! 0 1 
~"i .2..ss 4/ £.Q] >ili:rofl •l i!ll %)~ o}'il 9} iJc.g. quadratic 'il ") % o]-§-%1~ tj-. 

rm: = Po Co J U2 + V2 
· U 

r 1,y = Po Co J U2 + V2 
· V 

oj 7] Aj 

Co - MAX[ ( In{!+ ,:_
1
)H/zo )' , 0.005 l 

K= 0.4 ~ von Karman -'o'~, H~ ~1Jo]tj-. gj;.tj\'!.Q] ;,J~ 'll£~ y-Ej-t.JI~ 
roughness parameter zo~ 3',.;j &'ll¾ %'ii '(!"J%}~ ~4-7} 9J_;,;J<fr (0\\, Lee and 
Choi, 1997), a,.;j 7J>l]"Jo] j1ilj£1;,;J ?,t.g. 1'- 'll'?-oflAi~ 0.001% A}%%f~tj-. oJ 

.);.g. Lee and Choi (1997)7) A}%~ .J:ofl •JOii 0, 100•1 '\)£ "!-.g. .J:.2..ss 1'- 'lJ'i' 
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"il>i1= "il"l'1! 0 1~.eJ Al!J-71 '\1-cJl"l.£.,s "}g¾ .ejo]~q-. ,Q~B Co il);o] 0.005 
.!i!. q- "}% «Ii 'l:c Co = 0.005~ >1%-.J-'ll q-. 

.'i'. ,!! 'll "l .eJ >i ~, 'J~, %~.g. 71 •J-7J >il>'-'i •i~4 'J~.eJ '1l 'r"11 ~ 4 'll 'r £
cJl ol £ >lo];,. '89-71 'J"11-"- -ll-'ll"l"l %~.eJ cJl~'8~ •i"i'-£1!- *"11 %"11>'- -ll
½Bt:l-. >ll'r0\114 'l]'r.'r.-cJIPI.£ >1°];, *"11 -lt'll"11= -fl-'lj~.g. 0.65 Sv, 1.07 Sv 
~ Z}Z} .l/-4-.]-'ll.:rr cJl~'8~ >i"i'-£~ .... ~ -ll-½'ll'.g. -fl-'ll'll'.eJ ~ '11 1.72 Sv¾ 
.l/-"1--.J-'ll q-_ 0] «II >il 'r"11 ~ "ii .l/-"1-B ¾ 'll 'll'.g. 1997\'! 9~ "ii 'i'!:~B "i'-¼ 'll' .!i!. q- 01' 
10% 'll.£ e- il);o).:rr 1998\'! 9~oj) l'!-~-<l "i'-¼'ll' .!;!.q-1= Of 20% e- il);o)q-. 71'9-
7,l;,floj) "i'-"l ~ 3~H-! -ll-4;--'a 1,L.g. l'!-~B 9-.g., 'll -!1--!1-.¥..ss -'I-El ;,fl ~-<l "l'!Ht -ll-4;
"1- l'!-~B -ll-4;--!1-.¥.-!!- .'i'. '¥- .:rr ill-.J-"I .l/-4%1 'll Cl-. 'J~ 7J ;,fl '11 >11 'r .£-cJI ol .£ ,10 l 
"ii •i 1= 'i'!:~-<l -fl-4;--!1-.¥.71 \t.l~E.-"- 9.g., 'll -!1- -!1-.¥. "ii .eJ ~ "l 'iHI- -ll-4;--!1-.¥. "ii .'i'. 
,!! 'lj eJ t.jj oj) ,1 ~ >I) 'r¼ ',l' if '!Io) o) 'F-oJ o<).'r. "1- 'i?'lJ-"I '11 -fl-4/-!1-.¥. ;a; -'/-4-.J-'ll 1= 
c~, o) «II 7J ;,fl :, a:j-~ "i'-'l! "I '11 'r¼ ',l' -!,'- .¥.1= 'J~ 7J ;,fl .ej ¾ oJ-.l/--!1-o l 3 .:rr >11 'r 
.£st cJl 0 1.£ ~.£.>'-1= Cl-± "l.g. bell 5'. 0J¾ ol-','-.£~ -.]-,!lq-. 

71 '9-7J ;,fl oj) >i .e] 9.g.:;zj- 'll -!1-.eJ 7J ,Q efc{'j .g. olaJI st :,,.g. o] -;,-'!)-'ll -61 ¾ upstream 
7)'il ~ o]%%1<>! 'i'-.J-'llt:l-. 

a(T,S) + U a(T,S) ~ o at II On 

oJ7]>i n .g. 7J>ll'1!"il "i'-"l~ '9-~¾ '-1-El-\l!t:l-. •i~J!f 'J~ 7J;,fl"il•i'l=- "<J;,fl\'l 
¾ .... ~ %i!-oj 5'.,!! 'lj"J t.jj-'f-.'e. ~-.]-E..'e. 'f\'! llji[;<r.i<-"..l/-Ei 9-oj~ 9.g., 'lJ 
-!1-ill:¾ 7J>liefc<l.£..'e. 0)%,<l.:rr, %~ :>,j;,jloj)>i1= ~%OJ 5'.,!! 'll"l •I'>!-.£.-". ~;;1 
E..'e. 5'. ,!! t.11.l/-"il >i ;,fl ~-'fl 9.g., 'll -!,'-il);o I 7J ;,fl efc{'J.£..'e. oj ¾-<l Cl-. 5'. ,!! .9.J 71 '!)-7.j 

,q "ii ic'll ~ 27ff-"-l :ajo<l1= 7j '!)-7.j ;,fl oj) >i '~ 'Ii "i'- ~'= disturbance~ t-'i'"I<= 
sponge layer.'e.>1 0]%"1'.d.:rr 0]«11 sponge layeroj)>i1= 'i''l! 1±-it 'll-'alll"i'-71 5'.'!I 

t.jj-';'-oj) >i Smagorinsky '!)-'jj .;Joj .e] "11 >Ii ~-"J 1= 'll '\I ;,jl 9-.e] lO•ff (7J >Ii .'e.-'/-Ei 2:aj ;<f 
'1!~) st 50•1 (7Jlll.ss-'l'-EJ l"lo<I '1!~) -"I ¾71-.J-x~ "l'llt:l-. 

Fig. 1-39, 1-40.g. .'i'.,!!.e] 7l'!J-7J;,fl'1! >il'r'8~. >il'r.£-cJl 0 1.£<!, cJl~Bll~ >i"i'
.'r. "ii •i .eJ 9-"l ;aJ '11 9.g.4 'll -!1--!1- .¥. -I< '-1-El-\l! q-. >II~ "I 9-.g.Q}¾l!J- 'll -!1-01'¾ o] 9-
{i 10 m - 50 m •1°loJl•i '!i'a"loJ ~Cl-- '1l'r"11~"il1= 'll-!1- 32.0 o]'l!'l! "l'll.eJ 
"ii 'r 71 .li ¾oJI ,J >!I sl'-.¥. -.J-"i "11 'r .£ ~ .£.-". 1= 'll -!1-01'¾ "r-'l'-"il '\1-cJI "I.£.-". 'll -!1- o I 
i;;.g. (> 33.7) .:rr'lj.e] "1i'r7f -!1-.¥.~ct. 'l]'r.£-cJl 0 1.£ 'tl:'1!oJl>i1= .li¾ 'llsl'-01 'll'r 
'ii 1 "ii •I "ii -'J-cJI :aJ .£.-". i¥: .:rr 'll-!1- Sf¾ -.J-.l/-.eJ :si 'll 'i'.eJ 'lJ-!1-.g. 34.0 oJ '\I-.£.-". >ii 
'r"111.eJ .:iI'll'i'oJI •1'11 'll-!1- 01 s'<ct. "1%11 ~'s- 'J"11oJl1= ct0J~ 7]~¾ ;!-1= 
"ii "i'-71 -fl- 'll "1 oJ 9-.g.4 'll-!1-o l ~HJ-~ <'- .¥. il- .!i!. 0 I "l 'l! .evil '¥- %-it .eJ 'r "I ;,. 'i' 
-!1-~ 'r ~ ct. oj ii 11 'JoJl .eJ -'J-¾¾ 'll-fl-"11= "1l'r:: ¾'s-.eJ 0JAl 7J- 'll T'-t %¾ 
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S:-'il 'JI ~'iloflAi 7l~-"i<e 'il9!a.Ai ;<Jl'?'il'lillf ;<Jl'?£-qjPf£ Afol~ -'a-'il 'ef'il 
!a. ¾'ll-"I <e <ii 7}ll ',11"-ol ',I,-& 'il 'l"<e 0J;act7,j- 'll 'i"ofl Ai 71 ~ -"I <e 0J;act7J- :§1 oj 4' 
!a.Ai tll-'i'-1"- >ll'r•l'II¾ 'a-OJI ';J-OJl_;a_ ¾'ll-"l<e '5!~£ 'l)-aj:;q 'llt:J- (:;J llf x., 
1994). ~.£.Al..2.-¥-E-i ~Al~'C .ll~S] c)lo}\±fi-~ 1j! ~19-\rfi-"r (Chang et al., 

1995)<e >!l 'l:! :aJ Sf¾ e.] -.J--'i'-ofl 1,-3': Of Pj "I Al ,JI "r 'il 'II llf ;<Jl "r .'r. - tll Pf£ A f O l ~ -'a
'il 'er "11 !a. ¾ 'll -"I l= <~ >ll "r "11 'II ofl Ai <e 4'{) 0 l >t -& ;<Jl "r £ ~ <>ll c>l -9- :>l 1"-3': ~ t:J
(Kim et al., 1991a). ,Jl'?a\l'll<>IIAi ';J-~,Y-•J~;a. £'l!-ol-71l 1'!:~'<! ;<f.!l.ofl e.]-ol-'11 "I 
¾~ ;<Jl'r'il'llofll= q 0J~ ',j~~ c;!<e "1\4'7} 1"-3':•f"I (Oil, Kim et al., 1991a) '8-
'1:"l ~;a. "!-{I-~ "114'1"-"'- "i '<l¾ c;te 'll:'11 ofl ;:-;,i 4'~~ ¼~ e.i ll {! 'il 0J1'!:~'ll t 
3;;'-<il '11- ofl \ll "1 Oil 'II Yl e.] Oil 4' "; 'J 1"-3': ½ ll ~ •l "1-"1" a-1- 7 l ofl "l ¼-ol-t:J-. .:i. ei c+ 
'lJ-71:aj~_;a_ {f"';'<) ;<}il_<e ~¼~ ;<}.ilc7} -fl-'l/a-}!'.!a. 01 \'!,"oflAil'c ~¼~ ;<fjlca, 
01%•f'l!t:J-. 3!<t\'JSC.ofll= ;<Jl'ra\l'llllf tll~OJl'll<>llAi £'l!•flll 1'!:~'<! :,!llf~ 0 1%~ 
"ii ll O l t:J-. 

4.1.3. '," "I "I-'! 'l!-'11 

><1•1 '!1-ll <-J-& 2'j ><H} e.] ¾~!<}1"-'11 % 01 %-oJ-"i ;,fl ~•}'l!Jl A}-§--,! 2'jc<}l= ;ac}{l
"1\ '11 % ;>ll~•f<e 2'jc<fllf %4<% ;,fl~-ol-l= 2'1><}7} ,"1,--"l<e staggered grid e.] 'l!% 
'1] Arakawa C-grid 0lt:J-. ¾~ !<}1,-ofl 'lfAi "1•1'!1-ll<-J¾ ~"1"'- .s!.~ '!IEll!a. 1/l 
'!1-ol-'l! jl O l ½ ,.,,.,. :§1--ol-<e 'll-'11 ~!a. <e -fl-~ >ii :aj 'II% A}%~ ~!a.-"I ~ 'ltllf -¥-"I _I;!_ 

~ 0 1 {I- -"IJil •}'l!t:J-. 0H,-•.}llf 4'-'ll~~~ofl tll~ '8-'1:"1'11 !<}1"-'11-& 
centered-spacea;, .:J.e.]Jl AlTiofl tllOJIAi<e leap-frog scheme¾ Af%-.J-'l!t:J-. olllf '(f 

~ ¾~~r~~.g. Al· ~-0-~.2...£. 2.:';}Sj ;;g~5:.~ 7}~tj-. Leap-frog schemeg A}% 

51"1 AlTI Pl1"-•Jg !<f1"-•}Jll -"I'll Coriolis•.}% ,je.]a-}<e<~ ¾e.]-.J-;acl'l! ½4''/lall 
e.] "1\llf "1-4''/lalle.] "1\7} 'll'll 'ite.l-><ll= time-step splitting:, &aJl~t:j- (Roache, 
1972). ol~ Oll'1-.J-7l ~-ol-"i "1\½ uj timestepuft:j- Asselin (1972)9.] filter¾ Af%•f 
"I smoothing Al;,j '?'l/t:J-. 

4'¾-& 4'"1 "l ~;a. 871 e.] % ~;a. ,"1"--ol-'l!~ Pj a -:,J-.ll.;,fl <>ll Ai <e 4'-ll <>ll {! >!l \ll 
01 .'i'.~ 4''lJ"J'1] 2'jc<f<>llAi 8719.] ,g,.Q._;a_ 4'¾01 ,"1"--,!t:j-. .'i'.,'l ;,fl~%~~ ¾71 
£'{:!-& 9-!,/e.] 'lJit"J'1] ',"-&, ',)1"- 1"-3':!a.Ai S:-;,l',"~~¼~oflAi 1968';1~1997',17!} 
"l ';l-"1\<>llAi 2'j-!,l {!2'j.Q.;a. {!~-,! ll~Oll 0J {!~;acfil_a; (http://haema.nfrda.re.kr 
/kodc/) ol %•I'll t:J-. {!~c<f .il. <e '1111- (interpolation)ofl e.] "11 4''!l "l .Q.;a. 3 km x 3 

km, 4' "I "I _Q__;a_ 871 e.] ¾ _Q__;a_ ," AJ -,! 2'j "' "1 711 ofl '\'-'ll Al 3'.! t:J-. *"" 'JI "'* .ll. '1l e.] 
¾ 7] £ '{:! _g. 'lJ 2'j ><}<>II Ai O.Q.!a. '?"1 :ll t:j-

Fig. 1-41, 1-42'C .£.t:~S] ~71&::z:1.2...£.),j 1I¾l4 50 m ¾91 ~.g.i!} ~~ ~£~ 

c+ E.f Yl Pj, J!_ ¾ e.] 4' .g.4 -.11"-1"- ,,,_ l= 'll ofl Ai '11 i,-~ "f llf if O l "11.ll. '1l ofl Aj 7J >ii £ 

{!.Q.;a. -'i'-i!f B t:j-. 9.g,i!} -.11"- t 'l! 'l}:aj _Q__;a_ 'it~ _Q__;a_ 'lf 'l"'s- ~ 7}0} Pj .ll. % ofl Ail= 
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32.0 °15J-.sj 'll lt 0 ] 1;!-.g. Oil 'r 7r >ii 9'0il ll-i- 'a-Oil ';l-"11 !a. -fl- 'll -"I :il. 50 m ¾oJl Ai ,c
'll {1, oJ 'li:-€c- "11 'r 7r .£. 'i!! ':! Qj .sj %~0!1 'R- '1l ~ 5J-;,i] 1t 3'. 51-i= 'll ~% !I. '11 t:J-. .l!. ¾ 
.s1 'r-€c--"l- 'll '1:'1: .'I'.,,. "11 .l!. \'! <>il-"l .s1 'll >11 a,<'.! .2.!i!. .£. 'i!! run , l :n %'1! "11 .l!. \'! oJl ,q 
4;~ .2.5!. .!/--"!--"I oj .l!. ¾ oti!Jl '-1l .!/-.s1 'r.g.-"l- 'll 1t'1: 3'. i= <,! • 'll !I.;,'; 'll-'ll-"l oJl .sj "11 
>I] {!: '<! t:J-. 

4.2. .'i!. 'ii ~ ll!-

"11.l!. \'! oj Ai .sj 'l;! · 'lJ 7,J->il "i ~ 9-%! .sj 'if Ell !a. :;i'lj AJ 7] :il. 7ij 'll-'ll >I] oj -"l .s1 3*,~ 
%4; 'JI 'l:! · 'll 'll >I] a,{"!% .!/--"l-iir"l 300'l,! {! .£. 'i!! run% 'r •~ &'.l! t:J-. .£. 'i!! ':! "l 
~ -'1l .s1 ¾% oJl l-i ;,J,,. Sf S0'll 0 1 ;,J 4 \'! '!I '!I ',}El] oJl .£ .tt! t:J-. 

Fig. 1-43, l-44,c- .£. 'i!! o\] .sj Oil >I]{!:'<! 9-%! ,t ';l-"1! .sj .l!. ¾-"!- ;,J¾oJlAi .sj 'r_g., 'lJ 
'1:'1:3'. 'Ji "1i'rs?tf% .!1."l¾t:J-. .l!.¾oJlAi >il"i'Oll1% %"11 'it"ll!i!. ¾'ll'<! "il'ri= 
%~ .2.5!. it §. oj "1J 9' .£-tiJ O C .£{!% -!-Oil -fl- 'll '<! Oil 'J' .£ -fl- 'lJ ~ %~ .2..'a. 'lf ~% 
•t'll >11"1'"111% %-"I- t! "11-il-"1- W-"l~t:l-- ,He·.£~ %-"I-~ %~J-il-,,. "1li'-.£ %~ 
oJJA1 *%~.2..ia. 'll-~% •Pr:il. "1"11£ Ai~oJJAi t:J-AJ %~.2..ia. 'll-~% •t'ii' ~ ti! 
Or.£ Ai~oJlAi,c- 9'5' tiJt!"illl.sj 'J'{JOJ .i__g. ~% a:faJ- *%~ ~ %0il.ia. -fl-½'<J 
t:J-. Oll-il-.s1 "1'~-€c- 'it~ .2.!a. *l 4-"l 4 Et 'it .2.!a. '11 iir"l .2J Oii "l Oll-il-.s1 "1'~-"l- \'! 'l! 
Qj At 0 l <>il-"l i= "ll-il-7r oJ Sfilr :il. Sic"l ~ .2..'a. 'it"il.£ 'it~ Oii "l oJl Ai,=- \'!Al >I] w~J.si 
91--il-,, crEt 'dt:J-. 'itaJl \'! 'l! "l .s1 .l!. ¾ 'r.g..g. "11 "i'Oll 1 *~.si 'if ti!~ .2.!i!. 'r.g. 0 l 
';!--€c- "11 'r .si % 'll .2..'a. .2j Oii "l oJl •l "11 ';!- >'] 'l! ';l-"11 .£ 'it~ oJl Ai ,,. i'! A] >ii 'll-~J .si 91-
{f-.£ <tl~ Ai~QJ ~~Q:Jli!.tj- "r~0l ~.g_.. .7c)'6".J=¾ .!i!..<tltj-. IE.¼g] 11it~~C" "cJ-Cll 
~ .2.!a. 'll '1: 0 l '5!--€c- "11 'r ,, "11 "1'"111 % %"11 'it"11 !a. ¾'ll -"I "1 'itO\l .£91- >ll "1' .£ % 
~% '>) ,=- {,J .sj Ai ~oj Ai,=- ;,j 'lJ .sj "ii 'r 7r 'R-'/l ~ ilr Ji] 4 E} 'd,tj-. \l} \'! oJl o] {,J .sj 
%~oJl Ai ic :,J] 9' .£-ti! ot .£{!% %"11 -fl- 'll -"I,=- 'll {1,o] l't-€c- "11 'r.s1 ':j ~% 'IJ-0 r 'lJ 
'1: o l 'if ti! ~ .2.!a. 'Ii: t:J-. 

"l¾oJJAi,,. >il"i'.£ %~% %"11 -&'ll-"I,,. O\l'r,, .l!.¾<>il •1"11 \'!'l!"l s=:>1"'"1 
*"<f .f- %~ ~.g_.. ~%~.Q...£ ty-e-J¾ 13},Jf_ll. ~ol Ai¾~ 'tt;t);-.g_.. ~l?.5:. %~¾ 
% "11 ¾'ll -"I,,. ti! ot 'd-i'i-.s1 ':! ~JoJ "11"1'0\l 1 % %-"I- ~ "11 "i'Oll-il-<>il •l "11 .=1.,iJ cr Et 
cri= 1 ~% !I. '11 t:J-. "1 ¾.si 'll """" 3'.,,. "11 "1' £-ti! 0 , .£ A,0 1 'll >il "1'"111.si 'it.!/-¾ 
W"11:i1.'ll.s1"1i'r~¾'ll-"liclt.'1'.~.!1.'ll~ 

't'-<1~'11 'll.£ it.¥.,, 'itOII s?tf<>il oJ*l,,. ':!~¾ 1!cll\.!1.7l ~6,"l 3*r~ .£.,!/ 
~-"I-% .l!.¾.si s?tf-"l- 'll.£ '1:.¥.,, :il."1-"l"l \'J-€c- 2*,~ .£.'\!! ~-"l-:a •J.ii!6t'.llt:J
(Fig. 1-45). •l.ii!:a ~;,,oj 2*,~ .£.'i!!oJlAi 3*r~ .£.'i!!-"l- o,~,t>'].'a. ao"l 'J/ "'"' 
,J,iJ "I -€c- :;i ai ;,, "l \'J ~ :;i 1H •J-1 >11 oJJ Ai .si ?{I '!I 1r'<! "11-ll-1t .¥."1- % 'll • -&½~.g. 
3*r~ 14-91- %'l! 6t?il "1'"1 ~ t:J-. 2*r~ .£. 'i!! ~ -"l-91- •l .ii!~ n11 3*r~ ~ -"tic \'! '<! 
ei % "11 .si iir~ ~ 'l! ~ .2..'a. ,J '1-'<! "1-il-ii'-.¥. ~ !I. "l "1' :;i ~ oi * n ~ '11 'll £ "".¥.,, 
'it"11.s1 s?ll:% •H~~ n1i %.8.~ .8.'ll'll g .!1."l¾t:J-. 3*,~ .£.'i!!o\]Ai,c- .2j0\]Qj ajJ 
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-it.eJ 'r'~ 0 I \'! 'l! "l :i!f 'll oJ ~ .Q.;._ '1! .-f "l \'! 'l!"l oJI l'c "11-i'i-7f o] oi,~ 'l! \'! 2;;1~ _,,,_ 
'ii!% \'! 'l!"l :i!f .2j Oil OJ <'.}.ej Oil-l!- .., .¥.71 ir'l! aj-<>j \'! 'l!"l .g. .2. ~1 ill 2;>f~ .5'. <!! oJl Ai 
la!-%".l'-i'i-71 '1)-tl]:aj.Q.!a. 7J-.-f;,i] 1.-}E}'d,t:j-. 

4.2.2. upa- .!!I 'll ~ 

~ oJ1 Ai :,ii~'<! 3;>f~ .5'. ,!! ~:i!foJI o] ;>]l,; Hf;,j-.ej 'iJ 'll'½ ~i,j.!a.7] ~ aj-<>j 1J ,Y

'lPll .2J- Oil l!. \'! ½ -'8-~ 'l! · 'll ¾"l ~ !Jl 1J 'Y-"il ;,fl oJl "1.eJ !11-il-;;i, .¥. oJl .eJ !II ,1 ~ '<! 3 
;>f~ !11-i'i-;;i, .¥. oJl la!-%% ;,fl 'l! .eJ (56 • 'Y-'\l', 8.5 m/s) uf;,l-%"!½ ¥-:i!fi;f5il t;J-. •IW
.ej 'Y-".l':i!f -'ll7ll'c >l>llx i='ll-oJI ~"I~ "11'1!-¥-oloJl-"1 1989\1 8~29-Bil 31'l!<'.lc 3 
Ai n n" _Q.;._ 1'!.lf '<! ~ ,q.~ o 1 % .-\51! t:J-. •\W-%"1 1! ~ .g. ~11 •\W-½ ;i!. ;,J .-\ "i 
~;i!. 3.3.2.l~oJI 'l!iir'<! 7J->li"I½ -'\'-:i!fir\<>j SO'l!<'.} .5'.,!! run½ 'r''Bi<f5il;i!. SO'l! o] 
+oJI 'l!'ll~ •\W-%"1½ 7'l!<'.lc -'\'-:i!fA];,j SO'l! -57'l!JJ\>el .5'.'I!! run½ "i~t:J-. 57'l! 
,ffl'c t:j-A] •IW-%"1 ~ >ti;,J~ + 43'll:z! .5'.'i!! run¾ 'r''Bi;f5ilt;J-. Fig. 1-46 .g. ufsit 
%"I ¥-:i!f -\! ~ oJl t!1 ~ .'i'. '\!\ 'll "l 'l! "11 "1 ¾%oJI '-'I "l ¼ '--l-EJ-\!l t:J-. .'i'. 'i'l 'll "l 41.eJ 
¾%oJl'-i"il'c oJ' 30'l! +oJll'c 'l!'ll~ cl:½ *"lirfol •IW-%"1½ ¥-:i!f~ +oJll'c ¾ 
%oll'-i"l7f ¾7f.-f5ilt:J-7f uf~½ t:j-A] >i];,Ji;f;i!. "l' IO'l! +¥-E-1 .'i'.,'l run½ ¾.il.91 
½ a! JJf;<]l,; t:j-A] 'l/'jj~ cJ:½ *"]~t:j-. Fig. 1-47, 1-48% Fig. 1-46 .ej X .£ J!. 
A]'<) A]~ Oi] Ai .ej J!. ¾i?l!,½ 1.-}E}\!) cj-. l;!-%%.eJ 'iJ '\l' .Q.!,_ \'! 'lJ:Oj oJl Ai ,C 7J-~ \f Ai 
".l'-i'i-71 1.-}E} i.+ ;i!. '.ll oi 'l! 'l!"l '1! \t!ll .eJ i?l!:% >ll '1'"111 :i!f >11 '1' 5'. %'I'!½ * "11 * 
'll Jal ic "11-il--"l- ~ .q 'l! A] ;,fl 'Y-'!i'.eJ i?l!: 'ii Ell~ .la. '1! t;J-. \'! 'l!"l .eJ \t Ai ".l'-il--"1- .eJ Oil 
OJ .<I la!-% ".l'-il- A\o I oJ1 Ai ,c 'it ;t] "l .Q.!a. >l}Al ;,fl ,Y-'l}.ej .2j--i,-7\ '-1-EJ- 'dt:J-. >11 '1'"1\ ~-!, 

-'8-0il % 'll Jal l'c >ii 'i'Oil-il-l'c u\;,j- .eJ 'iJ '\I' .Q.!a. \1%~ .Q.!a. 'I'! '!i'Jal oj >11 'i' 5'. %~½ -'8-
0II ¾'ll Jal ,c "1\'r'ic •f~o] \ll l'c ;,;j~ J;!. cj- la!-~JJf;<] 'iJ '\I'½ o] ~ t;J-. Cl ;,j .Q.!a. 1.-}E} 
41~ ~'.l);.Q.4 "i¾ i?l!:% uf~.ej 'il".l'½ ;,J.ej 'l)-;t] ~.Q.oj '\Jc;<] >11'1'5'. %~½ 
¾"11 la!-".l'i;J-l'c t!1°f'd-il-"l -!a\-'11- ~;,fl7f -!a\-% >ll'il!.<I •l~"l 'lJ'l}.Q.!a. cJ-500 ~500'<! 
t:J-. 

\t"il .of '1! 'll "11 ;; \'! ~ irf l'c ¾ !a. oJl <\l 'a' .-fl'c >ti 'i' "111, t!1 ~"111 !Jl >11 'i' x -t!1 o I 
5'. Afo] ¾ -'8-~ OJl'r'-'I ¾½'ll .g. \t"11.eJ OJI ~:i!f i?l!: ~ ~ 'jj irfl,; ¾ .8. ~ .8. '1] o] cj-. 
t!l~OillloJIAi.eJ "1i'r' 'r'¾'ltoJI i'!~ 7)<';.ej \'!-,Ll'c t:J-'r' 'ltll.'<! •\ '.lj.Q.y. (°II, Yi, 
1966; Egawa et al., 1993; Jsobe et al., 1994) >ll'i'<\11½ ¾~ "1i'r' 'r'¾'lt"il 1'!!11 
Ail'c :I) (1987):il\ Suk et al. (1996)%.eJ J;!.;i!.'1]o] '.ll:llt:J-. \t"1loJI {1-.¥.ir\,c Oil'r'l'c 
.3.711 >il'i''d-il-'r'.21- tl]of'd-i,-'r' % ~&<>!]Ai 7]'1].-f,c .eJ'lf'r'.21- ;<J'll.eJ ~-'8½ ~,c 
'l! 'lJ:'r' !a. 'jL1,Lo] 7f'i,--.j-cj-. 7) j!S"] >Ii 'i'o\\ ~ <>ii Ai 3'c 'lJ aj-J!l 'i'J-.'\''<) .J 'r'~-'8 ;;,, _¥_ oJl 
.ej-.J-\'! "l % '!l >ii '1'"111 Oil ic ~& oJl Ai 7] '1! ~ ;i!..g., ;i!. 'll .eJ >11 'i' 'd-i,-'r' .2j oJl ~Oil 
',) %¾'-tOiloJIAi 7]1).-f,c ;<j'lJ.ej J!.¾'r'.2J- ;,j_g..ej 'li'r'7f ... _¥:i;foj ('IJ %, 1991), 
7]"°'"1 >il'i'o\\ll<>l!Ai"l OIi-ii- i'!.'\' 7}.il.l'c '!!ir 10 cm/s 0]'1)-91 %'if-il-7f '!I-Al ;<; 
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>F<f,cc ~E..sc !;!_:;r,;j:;r ~oj ("ii, Chang and Kim, 1995; Suk et al., 1996) 'JOiloJI 
ii'-.¥:of ,cc "1 'll .91 Oil 'r"° 9' .sc ,fl 9' "11 'll ~ ¾ "11 -& 'll "1 i!1 i!J- Af .ll. '<! t:l-. "; al >ii 9' Oil 
f.g. "l%'!1 OJ;<f?.j- :§i-'l'r7f %Oil£ -ff-'lJ,;j,cc ~&o]uj O] el'I! "J;<f7<f :§i-'i'r.91 
1,!-.¥ 'll~,cc \'l\ll%¾ .l;!_o]'<!Ai 'J"il.91 all~oJI ;s,. 'il~J~ !;!_o]:;r ~oj ("1 .ilf !a., 

1994) >il?ali'll ~ ¾Oil ¾'ll"l"° "il'i'.91 'i'i''ll'¾ .!If"l--of"° ~.g. uJ~ %.8.-oft:l-. 
ADCPoJI .91 'I! Oil-it'\'J:?f.g. 't-<!"l 'l] "11-itii'-.¥ ~ .!Ifoj-t;f 7] % o]-of :il "11 'r 'i'i' ill' 

¾ 'll .lfol {!;jj ~ 'r ~ oJ >ii ?Oil'll.!If '!):.g. Oil 'll oJl Ai 1J!-o] Af%"1 :il ~ q- ("ii, 
Simpson et al., 1990; Isobe et al., 1994; Suk et al., 1996). "1J?"il'lloJl-"1 ADCP \'! 
-1;\- ¥!-?foll .91 ~ 'l! 'll ir Oil-itii'-.¥ ,cc -l,- 'l!'i'Af'll .91 1, 2~1\'!.SC..2} Suk et al. (1996).91 
'l! T;; .¥ ~-ofoj .5'.'j' 5:§i oJ1 :,j;;J .!If"l-"1 ~ tj- (Table 1-4). ADCP 'i'l-?f.g. so-it½ A 
.ilf"IE.!i!. "11'4-oi-7] ~t;foj ¾-'if 25A]{!-26A]{!oJI '1"1 8-9:§j \l!-1;\- "l~t:l-- 5:§i"il 
:,j;;J ADCP~ 0 ] %-ofoj "1J?Sil 'll oJl Ai 'i'J-?f'<! %Ai ,g-.-.}_si 'l! 'lJ it "11-itii'- .¥.2} 
ADCP 'i'!c?f.!If 'lJ•»-oJ-oJ 'i'!c?f'<! CID 'i'!-?f~.!If 'JI CID ;,f_ll.i> o]%t;foj ;,fl{!'I! ;,] 
'!!-it ii'-.¥"° Figs. 1-49, 1-50 .!If :Qtj-. 

Table 1-4. Outline of traverse surveys in the Cheju Strait using a 
vessel-mounted ADCP. 

Time Location # of repeats 

95/04/26-04/27 Cbeju Strait 8/24.72hrs 

97 /03/22-03/23 9/25.87bn 
Cheju Strait 

97 /03/24-03/25 9/24.7hrs 

97 /09/29-09/30 Cheju Strait 8/24.82bn 

98/09/25-09/26 Cheju Strait 8/24.48bn 

98/11/25-11/26 Cheju Strait 8/24.Sbn 

>ii ?"11 'll oJ1 Ai .91 ;,fl 'jj 'l! "11 'r "; 'a ii'-.¥½ 11-lll .l;!. '1! 3-%! .!If 4-%! "ii"° 'r :a\ :aJ E.!i!. Oil 
'r "; 'll o] ir "'1 of uj 'il-"11 'l! 'l! 'l!oJI Ai ,fl 9' .SC. i'i' E.!i!. 'lf 'r"t 'i'.g..!If 'll ii'- 0 I % 71 'I! tj-. 
'l!'l!"loJI '1Hl~ Oil"!% "11.91-of;,> ~ B'<l"il '1"1 all'i'.91 'lJii'-o] 34.0 o]-'11-% !;!_o] 
:;r '<loJ 3-%!.!If 4-%/oJI >il?Oil'll"il ½'l!of,cc Oil'i'"° ti!'l·ii'- '"i-scoJIAi 7]~"1"° >ii? 
tl-it'r'll ¾ 'l, 'r '<I tj-. 3-%! .ilf 4-%! oJ1 '\'J:?f'<! %•.}-i,-,cc 'i':a\ :aj 'l] %4; ~Io] 7} 3.;,] 

1l!-:il ,fl 9' .SC. i'i' o I 'l! 'l! "I oJl "l Sil -ff-4; o] 3. uj :.ii ti! %4; t 20 cm/ s½ \l "i 1J!",cc tj-. 
9-%/ oJ1 "° 'i''ll 20 m - 60 m Af o] oJ1 ;,fl 'll "I 'r.g. "}% 0 1 '-l-Ef 'd,tj-. 

1998\:! 9~.9.] 784"" Q}¾QJ ii}J,!- ¾ 4=-~o] ~~ ~.9.] *~ A}1(10l]i::- 4=-.g.. 14.0 ° 

C u] 'l] .91 'll 'r 7} ii'-.¥ 1'} :il o] el 'I! "1 ¾ .91 'Jl 'r,cc >ii 9' .SC. oJ1 'll 'll ~ * .91 ii,' oJ1 '-l-Ef 
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t.j-;a. :;i'lJ.2j '114'.9t 'i"\!!'ect. :::Le]t-J- 1997\:l 9-!,!<>ll;a. 'l/4'71- 4',sj.aj'l] -'f-,;JJ;a. 'l[ 

:il 4''!! -'1 .2..S:. \ll >II 11-.l'. $J-"l >ii 9' 5'. <>II 'll 'll ~ i>r<>ll-'i e.J --)l-r:JI .o1 .2..s:. 'lJ <1:oJ la'-& 
'11 'r';a. 'lf 7,'! ,aj ;<] \'J";a. ct. ,:,! ~'i! '11-ll-ll'-.l'. ;a. 'l/ 'r' 71- 'r' ,sj .aj .2..S:. '9-'-'I ~ \"'! 1998\:l 9 
-%1<>11 ;,[e.j la\-~ -'l-\'!.2..S:.'/-El >ll9'5'.o1] o].s.E 3::.9.J %.-J-!l-7} 1997\:l 9-%1<>11 "1'11 
7,J-9l g % .!i!. "1 ¾ct. 9-%1 'it 4'-&"l'¾ %-¥-<>II ;a. ~'11'--l- %¾S:-'11 <>11-'i 71 ~ ,,.,;a. "i 'll 
.2j Oil4'7l- 11-3'.t;]-;a.t~ 1997\:l"i- 1998\:le.J CTD 'i'!c~ '(i!,if;a. J!.¾ 0<j'lJ4'.2j 'llll'-.J: 
,if 4'-&"l'¾ %-¥-.9.J 'll11- ;\'-.l'.7]- \'l'/!%0] 1J$fct;a. :,! g 'l) 'r' 'llct. 1998\:l 9-!, 
oiJ;a. 'll11- 32.0 c]'l!.2j "114'71- >1]9"5'.<>li 'll'll~ ~ 7j.2j 'i'!c~'ll g ,t].2j$f:il :@ 'i:!c 
\'! <>ii '11 '1 t-J-"1- t-J-"l O l "i 'll 4'.2J -'f->Jil ;a. .!i!. '>!sc. ~ .2..s:. 'll-4''<- 'i'-'-'I ~1 "'i .!i!. '>! sc. -e 
"11 <>11-'i ;a. -',-,;JI 71- "l' 30 moll O l ~ ct. "i 'll 4' "l--'i'-<>11 ;a. 7J-~ 'll fl-"l'¾ 0 l '!1 '\l "1 :il 'll 
<1:"l'¾-& >il 9' .£ ~ .2..ia. .2. \'! -'i 'l)'o 1->'1 ;a. 7,! .-J% .!i!. ol :il 'll "1 4'-&"l'¾ .2j 7,! A}.2j >fr 
r:JI.S:. t-J-"1-l±ct. :::i aj t-J- Oil 4'.9.J 'll5'.7]- 4'-&<>1] .2j Oil 9' .S:. iii 'll Q ;a. 'i'l:71].S:. i<l '!1-!l-E 
4'-& Of ¾.2J 7,! A}!,. 4'-Ej {l-4'Q ;a. % ~-jl--1, t.j-,af tJl oj ,:,! ~ 'iJ %4c;\'- _lI..0, 'lJ Aj .aj .2__ia. 

:Qct. 1997\:l 9-!,<>ll;a. 'll<I: 32.0 c]'l!e.J Oil'r'7l- .!i!.'>/5'. -e'1!.2J 4'-\l 10 m .!i!.ct 'll' 
.g. 3:: <>11 'l! t-J-"1-t-J-:;i :lJ.:;i J!. ¼.2J "114' 7} 1998\:l "11 "l Oil %r:JI "l .2..S:. 'll <'-01 la' :;i 'll 
11-01'¾.9.J 7J-5'..£ "l'"l-ct. 4'-&"l'¾ t;]-'/-.2J 'll <1, 33.5 o] % 'l] :i1 'll 4';a. "i 'll 4'.9.J All 
"lo] "1'911"'! 1997\:l 9-%/<>ll 1998\:l<>ll "lOil ~ \ll>ll t-J-"1-l±ct. 4'11°] 60 m.!i!.ct 'll'-& 
'JOii 'll'l}"1 <>11-'i ;a. "i 'll 4'.9.J "1 "i o l "1'91 \"'! 1997\:l 9-%/ <>II ;a. %-&{'! o l .!i!. '>! .<r. ~ .2..ia. 
.2. \'!-'i J!. ¾ .2..£ ->;'---)l-$1-E "a "<I g .!i!.~:il 0] "11 ,:,! ~'i! %"J-li-;a. 25 crn/s 01--)l-.2..S:. 
7J-$j-~ ct. :<i 'll 4'.2j All "I oJ 7J-91 \"'! 1998\1 9-!, <>II 'JOii \'l 'llc"1 <>11-'i ;a. %-&{'! oJ % 'll 
;\'-{'! ,if c}% 7]-:>] .S:. .!i!. :,15'. ~ .2..S:. .2. \'! -"l e<j ¾% ~t;]-oj o] uJI % "J-jl-;a. 1997\1 9-!, 
<>I] "l Oil "l'~"i 'll q. 9-%1 .2J 'i'!c ~ :,! "1-c >119'0il 1 <>l]-'i 4'-\l 01 :;J. .g. 3:: e.J Oll-ll-11- .l'. 

E 4'-& "l'¾ $1--'i'-<>ll t-J-"1- t.j-;a. 'l/ 'r' 'J.l :il 'lJ 4'.9.J "1 "i ,if 'i'!c 71] 7]- 'll.2. oj 'JOii \'l 'llc "1 
.g. 4'-&"l'¼ ~-'i'-e.J "i 'll4'.9.J All "I <>II "1-et 'I!~~ 4' 'll g g •l-'l-~4-

11 -%1 <>II ;a. -'ll ¾ o l ± 'l! 'i! 'i:!: >II o l oJ >ll 9' sc. <>II -'i 'J "11 \'l 'llc~ .2..ia. 4'-& o l {l-± ~ q. 
;,tsj l,\-~A}\'! <>Ii E 'l/ 4'7} oj :@t;J ';j-o} 'lJ:il ;,j)',' _<r."1J 'l) 'lJ ~ ;,["1J ;\'-.l'. t;]-;:: "1\ 4' 
"1 'll11-t 9-%1<>11 "lOil ¾71-$1-~4- %'<1-!l-c: 9-%/<>ll "1"11 q± "l'~'i! ~E!l.ia. 'r~ 
o] 9-!, ,if "l :ii!~ "11 'JOii \'l 'l}~'l] la\-~ .2..S:. 0] %1s]-~:il "'11!1 % ¾4c11-.l'. E 1! ~'i! 
11-.l'.ot :::i a 7) .2j .'i'. 0J"11 'll "1 °fl-9- ¾-'I t;f ct. 

Table 1-5 c 5~<>11 'II~ ADCP 1'!:~ ;<]-.il.<>I] e.JOII Jil~'i! >ll'rOll~<>il-'i.9.J 'll'!l 
'it O!l4' 4''lrrJ"i- ADCP <'!:~,if 'll•»t;]-oj 4'•»¥! CTD 'i'!c~i<]-.il.~ 0]%$1-"1 >II~ 
~ "'11!1-ll-<>ll e.J~ 0!14' 'lcrJ¾ .ll."l'~ :,!oJq. ;:J'!l-ll-<>11 e.J~ 4''lrrJ,g. Oll-ll-e.J 1l 
'll" '.l11-<>il "1~ 'il'lf 4''lcrJ'.2..S:. TI9'~ 4' 'll.2."l ADCP"11 e.JO!I 1'!:~'<! :@>ll 4' 
ii" rJ "1- 'il 'll" 4''lr rJ "1-e.J *t O l ;a. Oil -ll-e.J ~ 'll" -'ll 11-<>li "1 ~ ~ 'll" 4''lr rJ .2..s:. TI9' ~ 
4' 'llct. :@>II 4'i\"rJ,g. 9-%1<>11 ai/r:JI.J: (0.58 Sv)¾ .!i!_o]oj 4-!,<>il "'±.Jc (0.37 Sv):, 
:,/-.2."l 4-%/<>ll •lOII 9-%1"1JE 4''lcrJ01 01' 56% 'llsc. ¾71-~4- 7,l'll- 4'¾rJ,g. 11-%/ g 
>ii "11sl-i"c :,J "1 'll 'll-oi >ll t-J-E} t-J-:il 'll "1 <-1 >1 4''lr ,lo 'I! %,g. 9' .ia. ~'ll- 4'% ".l' l'l ~ 
"11 "10il ¾'llc-.1¾ 'lf 4' 'l!4. ~'ll" 4'¾rJo] :@>1 4'¾".l' ¾ *l-"'li>IE "l-£,g- 3 
0%-40% o]oj 11-%/"IIE 50%~ ,J;a.c}. >il9'0iltl<>ll•i 1997\:l 3-%/"1- 9-%/<>il 'i'!cec'i! 
:@'11 'r''li'".ft "15'~ Al7l'll 1997\:l 4-%/"1- 10-%/<>ll r:Jl~"111 -'14'£<>11-'i 1'!:~'<! :@ 
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>11 "i''!''ll'.sJ er 30% -40%oJJ "ii '<l-~cJ--
Tabie 1-SoJI .ll. er¥J "i''!''ll'.g. 'l! 'l!ir "i''!''ll' .Q.;,.>j ~ 'l}"J .Q.;.. -jj ¾oJ oj er~ ;,JJ 

'l! oJJ "i''!' ',jcoj "l Jil t.j-E]-t.j-.:il. -',l ¾o] '!I-.!" ¥J ;,JJ 'l! oJJ "i''!' ',jco I .3.Jil t.j-E]- t.j-~ 'iJ ~ 
% .!lo];,c]'l]:, Chang and Kim (1995)oJI .QJi>}'l\ >lJ?o\l~'-l] o\1-!l-;c,. °'1?"1- '1!%% 
.!lo] .:il. 'll <>I Table oJJ ;,JJ >] ¥1 'l! 'l! if "i''!' ',jco l :,fj 'jj 'l! "i''!' ,le '1! :I]-{!- tJ1 .l!. ~;,,. 7} 
oil i'!-"iJ>j;c,. ~,j;,.{! 'l! "r \l!cJ-. Chang and Kim (1995).g. !£~ 0 ]"1~ "11-ll--"l 
;,J ?.llf '1! %01 >I] ?sf ~:,} £<'.1-.QJ Oil "r \'l ~, o] '1!:IJ-sf AJ i'!-1'!: :,fJ 7f 'll g % !I.~ tj. 

"r \'l ~,0 l % Oil -ll-1"--" 4 Oii "i' "i''!' ill' .uf '1l 1'!c Al i'] 7 l ~ ~ .!1. 'll "I- 'll O l .ll. T ¥1 tj. 

Table 1-5. Summary of volume transports in the Cheju Strait based on (1) 
repeated. ADCP measurements and (2) dynamic calculation. 

Che.ju Strait 
(1) Total (2) Geostropbic 

(1)-(2) 
(2) X l 00 .,- (1) 

transnort transoort (%) 
199S Apr. 0.37 0.16 0.21 43.2 

Jan. 
Feb. 
Mar. 0.4S 0.15 0.3 33.3 
Apr. 
May 

1997 June 
July 
Aug. 
Sept. O.S8 0.17 0.41 29.3 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 

1998 
June 
July 
Aug. 
Sept. 0.51 0.15 0.36 29.4 
Oct. 
Nov. 0.46 0.26 0.2 56.S 
Dec. 
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Chang and Kimo] "1!-i,-1'!:~¾ 'r'.9-.f~¾ 'ifA]oJl,c (1981';1 4~) >i]?oJl'lJ: 'l] 

,,_ 5'~1'!:~±7t ~:l/Jl .a:-"r.x."11 'll'-1 "11'i"'1! ¥!-~±~ 11;;.1-.1-oi "II* 1'!~ 7Jn 
¾e.J "11¾ '1!'1-91- "1i'r'1! '1!'1-~ "l:iit-.f~cf. 1981'<1 %rl/!7loJI 'l':<l.x."11.x. 'll'i'- 5' 

~ 1'!:~±7l 11:>J"]"l ¾%"1JJ. ~.Q.E.!a. >11?91- 4:<l.x.Tie.J "11'i"'1! ;;.,0 lii- 0 1%-.f 
'1! >1]?"11-il-e.J '1! %-'ll¾ 'll-'/J-"J.Q.!a. ll]-"} ~ 'r ~ cf, "1i'r'1! ;;.to] e.] '1l '1!'1- (Fig. 

1-3)"11 e.J-ol-'1! 7~ ~11-%1"11 "1i'r'1! :>l•]7l ,'t,ij i..j-E]-i..j-JJ. 12-%1 ~3-%1 Aro]oJJ,c ';l,,i] 

i..j-E]-i..j-JJ. ~oj Table 1-5"11 >l]A]-¥! 'r¼"<l' '1!§1-91- -l!-'-r~ 7,J'lJ'¾ ,!;!_'l]cf. 'l],'- 5'~ 

¥!-~± :<HHl- o]-@--.foj >11?"1!¾.eJ '1!%¾ 'jj",j'.aj.Q.!a. 5'.'-]lej'lj -.f7] ~"1!Aj,c 
ADCP ¥!-~:;if 'll •~ -.foj "111 oJJ Aj.ej "11-li->li ;,fl-i,-oJJ e.] ~ ~7] .aj '1] "11¾1'!:~% ,;."Ii 
"11 "11 'r \'! ;;., o] ~ "11-IH!'-_¥. 4 "Ii 'f' 'r¼ 'll':af 'l! 1'!: A] ,] 7] ~ ~ ,!;!_ '1J "1-'ll O] Jl ,'--,l 
cf, 

~"° 'il'"11 '1l: "l "I e.i 7J-'i" 'll'.g. cf~ "'l "I"' 0 ,'tl 1,"'1 ;a_ oi %11 oiJ 'll ¾ >1 <>1 ~ cf. 
<>1 % '!l oJJ \'l 'll ir 7J-'r ill' e.J 50% o l 'lf ¾, 74 ¾ 11 oJJ "' 10% o l 'l!-e.J 7J-'r ill'¾ '-1-El- \!l cf. 
-%1 '!I if 7J-'r 'll'e.J A] ;,fl ',I "' .il. ,c 'l!l '-1 .hc9j- ¥!ill-¥! 2-7'd Al•l e.] 'r 'd ? 7] '1! %:;if 10 
'd 0] AJ-9.j ~7] '/!%-'/J ¾ i..j-E}\!) cf, 7J-'f' ¾7r-a-_g. .!/-~:ilf ~_¥. oJI Aj Sf 7mnt/10yrs, 
>il?oJI Aj 16mm/10yrs, ~11!.x. oJJ Aj 7J-'r '!l' 0 ] 7r~ llt.g. <>1 'r9J- Aj -i'! .¥. oJJ Aj 
40mm/tOyrs, s0mm;10yr, %.Q.!a. 'if"'l%l ¾1rtt¾ 'lJc 'r ~cf. Ell%:af 0 l'i!til ~ 
%.x. 7J-'r'll'e.J \'l'1!%, 'r'd ,;s1J 11!%-'lloJJ 'll.-J¾ oJ~cf. 'l!l'-1.tt 7]TI¾ ~1/!.x."il 
'll 'lJ'¾ o] ;>J ic Ell %9.J '1!-Aj'i",c ~±%lie 7,l .-Jo] ~;,] 'l!, ,.,.g. 'lf 1'!:1'!:;zfl~ i..J-E]-1.11 
:<],c ~,ccf, 

'il'"II"' ~ ai i.+aJ-oJJ..., 1,~ "11, llt .g. "l "I 1 "ii "I .Q..s!.Ai ,J-'i" ill' '1! %-'ll .g. 'il'"II oJJ 
Aje.J ,o-~ 'r"l J//!'l! •l'-]2]-, 11.¾'r i?t!:¾ \'l,'-%l,ct~ off~ ¾Jl~ Jl'l]o]cf. !; 

-.1, ~ 11 -"l .Q.!i!. ¾ 1,-.f,c 7J-'i"'ll'e.J ~"l"' 0 ,'l! tJl "11 "i .eJ :Gl-~ 1Po'-'il ¾ 1.11.¥. %l "l, 
"l 'i'-9.J .!/-7r-"l '1! .g. 1±'1-91- 'lf ¥!-1'!: ;,fl~ .I!. 0 l"' ;;!.Q.!i!. off-!,j ~ 'r ~ cf. 0 l ;;! .g. 'il'"II 
e.i 'ii 'll 11 ~ • 1 ,J-'i" ill' e.i ¾ 1, ~"11 oJJ e.i off ~ 11 .ai '1! '1! %-'ll ¾ ,!;!_ 'l! 'i" ~ %¾ e.i u 1 
-.f"l, •JA7J- J:J-!,j'i"9J- ~>II %"119.J 11.¾'i" i?t!:"11-'i .l!.•J,c "l'lle.J 91-%¾ "1~"11 
.s;_ 'll 'll'¾ u] ;>J ,c ~ '1] o] ~ 'r ~ cf. 

'il'"11 e.J '!I ir-"l '1! 3:>l~ >II 'l! i?t!: ~ 'r"l £ 'i'! oJJ e.J "II ,ff~ -of~ cf. £ 'i'! 'll "11.11 e.J 
off'rirctJ:_g. 11.¾oJIAj .!/-:;if-,l 9-%1,r '!!if 'r.g., 'lJl1,l1,_¥.9j- "r.l-%"1, '1i!1Jl 7fl'l/7,j 
;,fl oJI Aj e.j 37-C~ -l!-4;'11, _¥. 'JI 'f'_g., 'lj ,;'-,;'-_¥. oJI e.j "Ii * £."] oj 5'-!,j 7J->I] i'j _g. J1 ilj 

%r"'l ~'.ll:cf. 5'. 'i'! oJJ e.i 'll "1 "' .ll."' """ oJJ ,., 's-'ll 'i"~~ 'A'~ oJJ e.i "II 30'<1 n ¥!-~-¥! 
'r.g.:i!f 'll ii'-9.J '!I 1r .)-, ~':it"1! 'lf \'l ,'-±, oJI 9.J off >I] ?off 1 "t tJl ~off 1 Aj 'f' .x. oJI Aj 
t997'd. 9-%1 Oil ¥!-~-¥! 'l! '!I ir off ¾ii'-.¥. 'JI "11 'i"'r¼ ill' A .ll., 'J,l ;,J >11 .x. "II 'lf .!/- 0 l oJJ 
Aj i'!~-¥! "'""' .ll. o] cf. off 11. \'! :;if 7fl 'll "il ;,fl oJJ Aj .!/-:ilf-<l 5'. ~ 7J->il i'j ,"- 5'. ',!I run 
7]'(! ¾ 'l/'jj-.f}ij Jl'jjA]~cf. 

3;;.,11 5'.'i'! .!:ilfoJJ e.J%l\'! 11.¾:af "1¾9.J i?t!:0 1 cf± cf~ 0.l''lf¾ .l!.'1!cf. 11.¾ 
"i]Aj >11?"111¾ ',-"II 'a'"ll!i!. -ll-'ll-<l "li'ric >il?"li¾oJJ e.JOII %~.Q.!i!. .. 2 "l, >11 
?£-tJluf.x.7-!% ',-"1! -l\-'ll-¥! tJluf\±{t,c -l!-'ll ~ %~.Q.!i!. •J-'lJ'¾ "}'1'1 >il?Oil¾ 
91- Yl-"1~ ~ til~"111% ',-"11 %"11.ii!. %½-¥!cf. "11¾.eJ ,;s~.g. 5'.',!I 'll"ie.J e.Joff 
~ .Q.!i[ ;>] 4" "1 i..j-E} i..j-J1 ~ oj \'l '1}"1 i1 •J-oJJ Aj ic Oil {t 7} u] Sf-of J1 ':it ;,J .aj .Q.!i[ ic 1/! 
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'{:,-(¼ {>'TI:,_. N k< ¾'ii:* FA-i~£ lo !lo-!\ p:,~ is-kL ¾ ll:'E ll< I,:,& kL p:,{,.% lo 
i,;1!"{>'-i!Ht 'i'* -l6'i£-i!r*llo Bet.:~ fvlloll<ll'.-&kL llolv% -ltt~{;.kL ¾ii>o [¼{~£ 
lollo-1\ B,l,!rr lo~li<.f'L p;,'E ~llo3F<{~£ '(866l 'B: 'llo) {:lfo * ~ ¾~to ~l~ 
lr~.f'L ;a *II> lo to{l, i;t 20 t,,: l>'~ i' ~ 11<.f'L p;,'E i'i's l>'~ l,!rr fvllo-cc i;t it 
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Fig. 1-1. Coastline and !xittom topography of the South Sea. The area inside the 
rectangular box is the model domain where an ocean circulation model is applied. 
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Fig. 1-2. Time series (above) and power spectra (below) of low-pass filtered hourly (a) sea 

level at Cheju, (b) sea level at Chuja-Do, and (c) sea level difference between 

Cheju and Chuja-Do. 
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Fig. 1-30. T-S diagram for all CTD data obtained in November, 1998. 
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Fig. I-41. Mean temperature and salinity at sea surlace m September based on bimonthly 
data obtained by National Fisheries Research and Development Institute during 
1968-1997. 
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Fig. 1-42. Mean temperature and salinity at 50 rn depth in September based on bimonthly 
data obtained by National Fisheries Research and Development Institute during 
1968· 1997. 
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Fig. 1-43. Calculated circulation at sea surface (upper panel) and at the bottom (lower panel! 

in the South Sea superimposed on the distribution of the calculated distribution of 
temperature that was expressed as a grey-scale. All model results hereafter are 
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Fig. 1-46. Temporal variation of total kinetic energy for 100 days of a model run to examine 
the wind effect on the three-dimensional circulation of the South Sea. A constant 
northeasterly wind stress was imposed on the top a -level for seven days from 
day 50 to day 57 after the model circulation with no wind forcing reached an 
equilibrium state. The wind stress was turned off at day 57 and the model nm 
continued without the wind forcing until day 100. Surface circulations at times 
marked by x are shown in Figs. 1-47 and 1-48. 
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Fig. 1-47. Surface circulat1ons at day 50 when the model circualtion reached an equilibrium 
state with no wind forcing (upper panel), and at day 53.5 which shows the 
circulation at the stage of spin-up with the imposed wind stress {lower panell. 

-/46-



35· 

34· 

35· 

34· 

126" 

,· 

Cheju 
Strait 

126" 

•• 

Cheju 
Strait 

126" 

,, 
127" 128" 129" 130" 

Korea 
Strait 

35· 

34· 

127" 128" 

35· 

34· 

127" 120· 

Fig. 1-48. Surface circulation at day 57 day just after the wind stress was turned off which 
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Fig. 1-50. Sectional distribution of (a) east-west component of daily-mean currents based on 
ADCP rreasurerrents, and (b) geostrophic currents based on CTI) data simultaneously 
obtained in the strait. 
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>11 'l!"ll "'l t -l\-')/-.2.£-¥-E1 .ei '!I 0.J"ll :ilf %-e"a, ~"r"a * 7J %{/ .ei -ft-~, 'llc'll ¥! 
%e.J "1 t!:'ll % .2.£ 'l!~tAJ {}"i oj E-& x 0 1 c}. 01 el :ilf'll ¾ 71 "l '-11 'l!<>ll ~"1 "1 
C: %7]%{1~,0, :o,j-:§j-,.., 7]>jJ{l±, %-eA,jOj 7,}~ t!:~'1!111-"J '!!, 'lJ-'1: %-"J AJ,.. 
~c,j AJA,j:i!}'lJ¾ ~-s)AJo{)c}. 

op- t!?at.Jl~s] {!-~ "tfifol {!-;:t:.s] ±:.1:l] :_ II}-i'.}7}-A] *ii}-'i:! {!-~o]~~ 3!¾ 
Af%i.l::: A§ %"11 .eJ "11 -ft- 7]%oJ -li'-"11 '9::: <11 oj ;; '!17] "at!:'ll !E::: t!:~ t!:'ll oJ a}:,i 
~c}. oj t!:'ll-& -"1"1,..\11' ofya} -ft-711"-"l ,1-"117} \ll:iL {}±.ej 'l/-iJ-O] {! oJ,;<oJ 
;,cj ;<j '/,f C: ;,j ¾ "i°oJI Ai.Sc 'l! oJ 'er c}. '1l ;,JJ t!:~ '9 :iL -ft- 7 J 1"¾ '1l ;,JJ {} :§j-A J ;,J C: 7,1,0, 
pE7t ~ 7,1-','- tj ,?Aj <lJ £ 'cl ~I <lJ >iJ £ {/ {}'ll, 'll-'1 {}:§i-,.., 37}.ej 'l!, :o,j-{}, '<l:{} 

.eJ s,cAj qJ £ t!,~ ¥! c}. +47f .ej o J {}:§j-0J TI: (Mn0,),0, {/ {} :i!} 'l},O, 'lJ .Sc£ '1l ;,JJ t!: 
~ 5'j::: <ii 'l!, 0.i-n %-"l t!:~ t •I A§ 1t"1 \'!% .2.£ -sl •§ ¥! c}. "11 °J.eJ t!:~ t!:'ll ¾ qJ 

J!. i;f C: 7,1 t :o,j-:§i-"i"± .ej 'lf A§ 0 J c}. -"J aj ,.. qJ .ej '11-~'r C: -"I "1 '<[ ~ A J TI: 0] ;:j 1!} 'iJ 
oJl afa} -"Jc,J,..qJoJl :§j-~aj t!,;:joJ \'l:§j-i.}2 oJoJl afa} ::i ',"A,lA.j-l,'-.Sc \'li.fc:: 4;'A,l 
-3l-%¾ ~~t:l-. ir~ToJl %~ii}-~ ,,.aif-~.g. ~~%1.lloJV•i ¾¢f:ilt ~~, ~~~ 1 
A,l, -li'-"11 "} A§ A,l, ::ie.J 2 -"I "1..- qJ oJI Ai .eJ o]%% oj el aJ-%¾ "1 "l \'l:§j-~c}. 

';J-"11 'l} .eJ '-11 'l!:, -& '-11-¥-oJI Ai"' -l\-')/-.2.£ -¥- Ej .eJ 'a''r"t "11 'r 7} ~ ~ '9 oj 91 °J 
:i!}.ej "il"r .;;rt!,oJ 'l! oJ '-l-c:: ojJ ,,_,i,i e.1£ \l!JJIJ slJ "a "11 Qj .eJ "; 'll ¾ 7}-s) c}. ot{} -s) "11 
'l!-& -&<ll"IIQJ<>ilA1 ;,JJ'll<>ll afe A,l¾1F.l-"l 'a'll¾ '-l-El-'-11c:: ojJA~e.Jo]c}. 

,.,,,l~-8:- 9°7l-Al 'i:!oJlA-i A-i¾ -¥-{!-:t:.¾91 ~,,,~¾ %£ii}-Jl] £1~c-n 1!~ '8Jl"T2-l 4-
~~~¾ ~~liil-°'I ~¾..Q..~sj {}-~"t'-it½ ~}-'i:!-ii}-.TI B:.~ .H.¼oJlAi ~,t.3.-e ~-61 
¾ 'l!.2.i'I oJ;soJ ;<j%.2.£ 7}a}ll!-0 f -li'-"115'J\'!Ai ;<j¾.eJ {}±±•J7f .=i;,JJ %7}i>f7J 
"iJ-!E-o]c} (Officer et al 1984). ~f'i"oJI 'lloJ "a¾-"l AJA.j,0, 'l-'3l.!lc} ;<j'IJaj '1!111 
oJl +~ "1 .2.£ >11 ~¾ '1lc >il ¥!ct. 

4'{}±%0] 'IJA.j'9C:: 'lJ"ll'lJ:ojJAjc:: ~f;,jlojJ {l{}'lJ.ej ~£7} 0"1] 7c~ct ("il'lf\'! 
,Z.::!: 1983). oj1::" %7]~~¾ ~~A]7J~ o]A]%~o] {!-.:§}¾ ~~ ~{!-~£] {!-~~ 

±•Jt.}7] "11-li-oJl 'l!oJ'-l-c:: denitrification-"l 7,j:i!}olc}. {l{}'lJoj "1-"l ±5'.5'!\'! :o,j-{} 
~oJlA-i {!-±:.:;:: ~l:lJi>}-~ sulphate reduction°1 ~oil.fol H25~ ~,WA]'J].Jl o]~ "E" 
ec1lf \l!¾i>f oj ll. %-"I "1 %"11 ,,,,.I 'fl t :o,j-:§J- '11'1t-"l ~ ~ 0 l '-l-El-tlct. 

'!J7JA.j '-11'l!t!:'ll-"l 'l[AJ,0, "lei 7f;<j ~'c!oJI -"1"11 'l!oJ'dcc}. '11-¾"1'1! ~')1-t 

"ll"i°-"l .ii!tl:0 1 ~ l,i>fo<j \lf t llll sll A,l "11 "'l oJl Aj -l\-')/-.2.£-'i'-"1 .eJ \ll-& % 7] %{/ .eJ -ft
~' <-j,..A.j-l,-",J-3:e-"l ¾<-1 %"11 -"1"11 'l!oJ'-l-c:: 7,1°1 .!l¾o]c} (Richards 1965) . .g. 
<lJ 'ii "i "1] Aj ;,jJ 'l) "J 'r-&"f%oJJ -"J "ii ')/--','-~ ~¾-"J %-e{}±7f ;,j ¾"r £ ¾-l,-,-1 'l/
iJ-,aj o<j *~I\'! "l¾'roJ]Aj::: %7]%-"l "''ll'~ li'-"11£ %-e{}±7f ±5'.'<!c}. oj"iJ 
+}7}~~ *ailoJl £J't!" %~{!-~ .::!:BJ-§- 01 -'g-!j!-~~¾ !£.C" tj-~ Ai¾"T-311.£. -¥-E-1£j 
{!-~.:g-~~~q- ~.Q.JB %~{!-~~ 5:.£1 ~~7} L}E-}-ld-t:l-. -¥-{!-~¾o] "~ 7] 7] ~ 

~Ai:,: 1) ~~~ "T°-&<i!=¾, .::12.j.J2. %~.J.Jo] ~:?_ Ai¾4-~ ~,?i 2) %7]~~~ 

~~34 ~7J (1c!'7Jnoi1 i&~ ~~ B::.: AJ71n A·Hrx.. %71~~~ Al.4r~'?.l %9d 
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~:i!f) %SI ~{lo] '.l)ojo) ~tj-. 
o]a,~ -\1~ojAi 'll7]A.j i..Jl'l! -tl:7e!Si 'll:-'J~'ll-& '()oJl'l!¾ ¾{!$_£ 7]e:<l.a: 

¾-'1%f'<!t:J-. '()oJl'l!-& \1--l<\-'l)-'l,sj {l_o]7f ", 25km %Ai"J-.-J'sj ~o] "r 25km'll.'r. 
£ oJ~ *"1~ :<]'!ISi '!!Ell¾ o]-'f-2 '.llc- i..Jl'l]-o]oj "!--& oja, i..Jl'l!½ 5'.-'f- .¥.~ 
..-fc: '!11/o]tj-. '()oJl'l]-sj \'!"1-& 7}'9','.scsj '!Pi'·¾ .¥.~~ 7e!~ 637km'o]oj "'.-" 
it "i'c- .J\-:<l-';'-Si \'!"1 t 1008 km' oj 'it~t:J-. :<]'!1"1 ~{!oj =i:,JJ "'.-«½ 'Il-e
*-& D}{!-"r.£. ¾0Jlj!-~Sj 1:l.£:- ~~71: o]~ *..<?...£. 8Jl"rSl '\rt!-01 Jrltfii}A] * 
3foj .!/-{r±¾o] oJ \1 'lr'J ~tj-. 

~Sit"11°J\'!,'-±oj Si~ 1979-1989 \1'{!.oJ scAfojAi of{!i..Jl'l]- "11"lolAi.9J ..-f,tl 
"1¾.oJ 'r-&, '<I¾, %e{!±, pH.oJ ?Ail:: Fig. 2.1:i!f :il:t:J- ("11°.l'\'!'i'-± 1983, 
1988, 1989, 1990). "l¾'roiAi '1!7]-';j -tJ:7e!o] '()•~5'jc: 3!t \'!.'r.'l! \ll:,:f¾ .!a_O]c
ti] 7]-\1-sc<! %0] 'r-&"r¾.oJ 'il'.l"il \ll:,:f:': .!1.0]7] IJll1,!-o]cJ-2 •Jzt'<!t:J-. ~% 
%oj _gj "11 'r-&",¾O] 'l/ A] "1$_£ :oj-:ilj 5'Jc- 7e!~oj C: :<i¾ ,oJ "1 ~ £.!/-"1 -'j jo-AJ-1!
'lf =J:'esj ¾-'J~'()'l]:<}7} 'l;'ij-5'joj '°1sc'!f'~:i!f "l¾'r.9J Ci {I~ .!/-{r±:,:f ~-\f$_ 
.sc \'!~5'j7].'r. ~tj-. Fig. 2.2ojc: 1979-1989 \1'{! of{!','.sc<>IJAi ..-f,tJ "l¾'rSi 'r 
~ .. ~./f:-, %-'e{!-~, pH ~sj .:t-Ail~ ~~~ ~..<?...£. ~Al ~£1tl ~~= .!i!.~t:l-. 

1979-1983\:! ,qoJ£j 1:,.q.~31t~ .!i!.lB D)-{!-~Sj ~1J'T"~4 o}{!-T£0llA1 n~Jd 

.!/-{r± ¾ O] '!! ·~ ~ tj-. tJ 71 .9J 7el ~ 4-%1.!/- ,sj ;;oj ¾ sj {!±7 f -';'-~ oJI :<] 7] A] "1-..-f :<] 'l]
~ ~ ~ %e{J:±_gj 2~-& 6-8-%j"i] y-E}y-oj Y-EtY-C: A]7]C: ol\1 ",{!1'j_gj \'!% 
¾ J;l-c:t:J-("11°,J'\'!,'-± 1981, 1982, 1983). 1983\1 of{r','.SC oJIOj 37j 'li~Oi]Aisj 
"1 ¾'r.9J %e{!± .¥.§1-&, .H: ¾'rSi ¾ ££ '!!, .H:¾'r"i- ;;oJ ¾'rSi -&s::>f oJ (delta 
T): -ii\!! '!lil-"-1£ '-1-EJ-i..JI\'! Fig. 2.3:i!f 'l[tj-. e<i¾'r.oJ %e{!± 'li-.'r.c- .H:¾'r"i
gJ 'r-&:>1°]71 7}':f e 71loj "1"1"-1: .!a.'<!$_oj .H:¾.oJ ¾££~ 'l,-.'r..'r. 7-i/oj a,] 

2:>] : .!a.'<! tj-. 1983\1 'sl:"11 'l]- Ai-'i'-"11 "l.oJ 1071 'll ~ '!lil-*l £ "1 ¾'rSI {!±±•I :i!f 
'll ¾ -ii\!!£ .ll:A] ..-f \'! (Fig. 3.4) .H:¾'r"i-Si 'r-&"I 0]71 7-i/ Oil 7}"J- e 3!-& of{!',' 
£"11"1:i!f o}~7}:<]o]y- .H:¾'r.oJ ¾££'!/ 'l,-5'.7} •J--\1- 's!:t 3!0] ~,:Jo]tj-. 

1983\1Si ~Af"i]Ai (Yang and Hong 1988) of{!'l!, '()oJl'l]- Ai-'i'-"11"1¾ %e{!± 
"J'o] 2~/ e o].;-J-£ hypoxic sc<! 0i'll11l "11"lt 266km2$_£ \'!'i'-tl'll-"11"1 ¾ 497 
km'¾ \ll 0]-\1-¾ :>f:<],Itj-. "1"1~%oj *7]~{/o] \aft BJl"l-& of{!, •~'ll-'l!:i!f 
'()"1i'l]-Ai.!/-"11"l (2~'.l, ~11-'l!) % 271 oJl"l$_£ '-1-~ 'r '.ll'llt:J-. Sediment 
organic carbon (SOC)-& 1983\1 of{!i..Jl'l]-ojAi '!lil- 25mg/g o]'l)2 '()oJl'l]- Ai-'i'-"11 
OjojAic: '!lil- 20mg/g 'l!S:011+ 2~!'.l'l!, ~11-'l!'l!.!/-"il-"1 30mg/g½ -"c:i!]-..-f'<!tj-. 
o] 3't %e{r±7} ;<J¾ojAi of',' ',t'.l)-11) BJIQJ:ilf 'lJ:>]..-f'<!t:J-. ~3] 7f':J- .2.',j,aj 

'll ½ 3! o] "-I-2 >J Zf "12 aj ~ '!!'~ 7] '{!o] ><J 4-'aj 'l] of{!'l]-, •~ 'lJ-'l!-& ;;oJ ¾"1 "1 ~sj 
* 7] %0] '() Oil 'l]- Ai-';'-oJI Qj .!1.tj-5'. ;aj 'l) tj-. "1 '°1 %¾.oJ Pheophytin ~"J'-& .H: ¾'r.oJ 
-'J %A.j -i!-'lf 3:'e.9J CfroJI oj "''!f½ '1)- c: ti] of{J:'l]-oj Ai C: 20µg/ g½ \'J 'l/2 '() oJI 'l]- Ai 
.!/-Si 2 ~ AJ 'l]-oj Ai c: l',l il- 16µg/ g o] 'l) tj-. 

o}{!'l]-ojAic: C/N •]7f 9 '!15:£ Eof o] :<]QJ-& ~-\f7]'l].9J %7]%o] \,fO] "1 
"1"1c: 3!$_.sc .!;ioj'()tj-. ::r £ioj5'. •~'ll-'l! 'l!~, '()%'l]- 'l!~ %<>11Ai C/N•l71 s« 
'l):tj-. C/N •I-&-& \'!'l!"1'°11""olAi 8-12 0]2 -"1%'.l -1!-'lf=i'e¾"ilc: 3-9£ 'll
;,j;,j 'l)tj- (Meybeck 1982). 

of{! 'l!:i!f '() "11 'lJ-Ai .!/-"11 "l t ..-, >ii Oil t:J->l: 0 I '/! {!±-tJ:7.J O I 'll:>J %f y- :::i. '!!'~ ,''l'c 

ojAic: -\/-'it~ :>} 01~ .!l.'l]tj-. 0 f{!'l!-& ~-\1-2.£ -'i'-"1.oJ *7]% *~5'. llf2 ;aj'l'c 
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_ei >114r"l'1! 'ifAJ% 'i!* l!.¾'i'--"1 -6J%',l¾',l-3l" ',j~ol oj+ c;-'ll:~ *olcJ-. 'I! 
\'! ~"il'l! "l-'1-"i/QJ-& .ll¾'r-"1 ¾s!.s!.f/ °'5'.!r.7} til"l/.5!. l-3µg/ 2 'll.!r.s!. ';t.Q.i..j
!aj "l %oJl l= lll"-& %71%'« 01 ~"l "i :il ~;,fl oJl 01~ %:«-"1 ~'iloJl .ei '11 %-e~±7f 
±•l "1:il CO, '!fAJ'¼7foJl rrj-a} pH7f ~±~cJ--
~ 'ii 'l]-oJl Ai 1993\'! 3oAf'fl 'lJ:<f'ifr/l-"1 % 7] \'!±, ~±, 'l]_ei °'5' .x. C: ZfZf 198~ 

4416µgC/l, 24~792µgN/l, 4.50-69.00µgP/I~cj- (Lee et al, 1994). 'lJ:<}%71-i' 
ij' _£ C, -6j * Ail ¾ ',l-3 J" .ei AJ ~ 3!j- 'l/ 'lj ~ ti: ,11 oJl 'l) ~ ".)! .2..£ .!a_ '1] cj-. 0-} ;,j] oJl ,'; ~ 
~ POC/PP PON/PP•l-i-¾ .!a.oj :i!J-q-~ ~±'Al "i1°J'll 0l ~'if.Q.s!. 1/-cl 't'-ir"i 
oJ 'l]o] -6J%',j ¾',l-31"-"1 ,Q~Jl.'1!.2..5!. a/"%~cJ-- 1983\'! of~'l!-"1 3oA}oJlAi 
e li¾'r*-"1 POC7f 2000 µg/ R 'll.x.s!. ~Jll ~'ll'tl •f 'l!cJ-. :J.ej:il ..'££-'l! 
-& 61.Jµg/ R * \i:l/cJ-. Oll 0JoJlAi 'lJ:sf',j%7l%:i!J- io'££-'l! a '<I'£ •I-&--& 
(POC/Chl a) •l-i--l'c 'il"loJl rrj-a} lll"-& ;<}o]~ .!a_o]e ~o] .!a.~olcJ-. 
Lorenzen(1968)-& 01 •1-i-¾ 25-50'!/.!r.£ .!a.:il~•l 'l)ei;Jl o]¾ ~'1]-.-f\'! ,J-AJ JI¾ 
'r*-"1 'lJ ;<}AJ -j\- 71%~-"1 tilJ;'-~O] -6j *AJ-l!-',j-3J"oJl _ei ~ ~ 01 a} :il AJZf ~ 'r 
'll cJ-. 
~ BIi 'l! Ai1/-'11 QJoJl Ai C: io'££-'l!a '5' 5'.7} ';t:<l 'l! o] l'; 1/]-.".A] 'l!;<}AJ ~o] "J-& 

~-i- _ei olo-}c: ~-& o}yq-_ ~-& 'l!;<fA»~AJ:aj- .:a:i!J-"l'll grazingo] coupling'<!c:f 
'i'! ~-& AJ~AJO\l.'r. ¼-,'-o-}:il "1/1.-eaJ'-& "l¾ 'r 'l)cJ-. o] "ll"l<>IIAil= "11-ii--"1 oJ-6j 
~o] 'l!'!l'il 'l).2.oj o]~ •H-1!%0] -j\-7]%-"1 "i"laJ'¾ %7}Al'!!'r 'l!¾ ".)!.2.£ .!a. 
'l] cJ-. Pheopigments c: oj "i ¾-ii--"1 "'-'I Ail •» %0\l .e1 "II A» AJ "i oj 37]7} -,' 
macrozooplanktonoJl ~811 ~'B"ll~ ~~±~ fecal pel1etsoJl ~'9 {PJ'5}E...£. ~Hi-Al 
:(!o] lil"cJ- (Lorenzen and Welschmeyer 1983). of{!c'l!<>l!Ai C: 01 cl~ fecal pellets 
_ei ll7Jo] "l¾ ".)!.2.£ •»zJ-"1 c: r~ 0J-6J"1-%o] caj.2.oj "c'Jl. grazersc: %%AJ¾',l-
3l" E-s!. •n 11 * .ei a 1111 ai-, 1 n11 l,'- 'l1 ?:! 01 c:f. ~ Oil 'll- Ai ,.. '11 OJ oii Ai c: 'll'-61 a11 
-ii-oJl .ei Bil AJ AJ B -1' 'll :sf½o] "i "l ~cJ-. ~ Bii 'l! "l'i'-"il "l<>il Ai .e1 'll il- ao.;;.4; .'r. 
c: 5~10cm.£ Q}o-fcj- (Bi1°JI'!-,'-± 1981). Sawada and Taniguchi(1969)0\l -"10-f'i'! 
'lJ:sf_ei ll7J4;.'r.7f lcm/sec 0]:il Bll-i'i-4i'.x.7} 3~5cm'll.x. 'l! "11 'lJ:sfc: :J. 7]~.2. 
s!.1/-cl 7}:,f-8;- 30-SOmoJyj<>IJ 1'j "l'tlcJ-:il ~q-. 

1989\'! Bil 01:: ~'1] o-f 7] ~ ~ {/ "IJ "II Ai 1'j "l% !e.'/1 ¾ ;,j] i'j-o-}~ C: <ii of~yj 'l! 
<>!]Ai o}o]:',c{! 7]¾.2..5!. %7]% :,,Jcaj~o] 264 mgC/m2/day£ .![¾<>l]Ai AJAJ,aj~ 
of o] :SC~ -"1 6.8% 'l):o] :,J ¾"II o I .s'.:il 'l! :l/ cJ-(Bll 'lJ'I'! -,'-± 1990). :J. "I i..j- :il "I/! AJ 'l! -"1 
1+<>1lc: 95 mgC/m2/day'.llc:r~ .lI¾oJlAi AJAJB o}o]:sc{!- 7]¾.2..5!. 50.8%7} "1 
¾ <>II .X. 'i!c .. , ~ cj-. O I cl ~ ll 7,)-•I -a-.ei "' O I C: :il "I/! ',j '<!% ~ '11 'lr Ai 1/- '11 "l <>II Ai C: 
0J-6j ll:% O] i, 'lfo-f oj "11-ii--"1 'lJ "' 7} -,' •l -\! ¾O] ll 7J.-, 7] "11 ¾ O] a} :il A» zJ-"1 q-. 
cf{!-'l!"J 1+ .ll¾'r-"1 1';; o] 111}-.s'.7] n!IJ;!-oJl ¾7]%o] e<J¾'i'-<>11 :,,:s] ~ .r"i C: 

aJ'-& lll" "l ?.l"-1!- :,l .2.s!. .!a. '11 c:f. 
1981 \'! <>II of{!c'r £-"1 '!I'll <>l]Ai ii \!1 £ :>l¾'i'--"1 %-e~±'<I' .'r.<>I] Ai ~±±•I -&--1!

;,j] {!Oil .!a. 'i'! 0.068 ml.O,/ R /day~cJ-. l!.¼'r%-"1 %-e{l:±7} :,fl4; 'i'--&Of¾ o}i!Jls!. 
't'-iJ-"171 "11¾<>11 {/,if -!l-71¾-"1 ~Oil<>II -"1~ ~±±•I¾-& oJ!i!_c:f c-j i,r ~o]c:f. 

"i¾'r \ll "i"l%-"1 ~±±•I-&-¾ ~'!10-f1l ~'11 lll"-& \'!'i'-71 'lloJ~c:ril 
(Rowe et al 1975; Christensen 1983) "iil~'!loJlc: lll"~ oJaj-to] rrj-."-7] JI!ll,!-
0\l '!}!Sil el 0 f% AJ %-"1 Electron Transport System (ETS) tr% .x.-"1 ~'!I oJl .e1 Oil 
~ ¾oJl 9-1 ~ {!-~~ 1:1]-§- (respiratory oxygen consump- tion)¾ n~ ~ .2...£. ;z!] {!ti} 
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7l £. ~tj- (Christensen and Packard. 1976 ; Kenner and Ahmed 1975 ; 

Packard 1985). 1987\1 of0'-l!'l! ~-ll'l/91 'll'll<>l]Aj ETS'll:%£.* 0 ]%.-f"'I ~'ll~ 
"1¾'i"OilA191 'J% ~¼"11 91~ %~~1: x"l½.g. 442mt0,/ R /day5:l,i:J-("11°J\'!'i'
l: 1986). -"l"ii-<>11 91~ 01:x"i½¾ ETS!a.¥-cl ~'ll~ '!!:i!J-,c- 138-197 meo,/ 
R /day5:l,.2.oj tll7]¾ ¾~ 01:i'iH!·¾ 7,}'l!"f"'I .!/-01: ~')J- 0 1 '!f'a~:: A]'Jl 
¾ off~W- 'r '.ll'lli:J-. 1989\1 of0'l!<>IIA1 'll:-& •.J-'il.2.ia. ~'ll~ "1¾'i"<>IIA191 
~¼"ii 91~ 0xx"l½.g. 1320 mtO,/ i /day$.c.J-. 

{! 811 '<!-91 811 'i" :ii! l! t tll ¥-11- 7 f "l 'i";,. ¾ ¾ 811 ° 1-'l'-oJ "l 7 I atl li' "ii 'I!-91 '? :;iJ 'i'
x C: 7},;j'? £ oj] Aj -Jl-'ll £1,c- 8ll'i'<>il 91 "11 3.>I] 'll -.,i,¾ 'l)-,c-c]-. "f. ~ ~;,fl "ill= of 
0 'i!- ~ 1/l. ~~ oj] Aj -ll-½ £j C: "'~ 'r91 -Jl-'lJ'o] 'i!-'-1\ 9I 'r:il) T¾ oj] ')/-'ij-~ 'll .. J¾ D] 

~l]l V,t:}-. ~~~£11 !'114-%%-2:- f.£. 3:.~-£-%oJl ~c5-}of 0~7]£)-C- _3::*o]~ 0]c1 
~ 8119'-Jl-% ~')!-¾ 'it'l!i<f7) -'11~ ~"1°1 9:>.]£.'11¾ Af%i<t<>\ A].'r.,ajoJ ~tj- (l! 
7<l ;>f' 1991). .9J 811 S\-91 811'i" :ii!l!.g. tll .l/-11- 7f "l 'r £.:: ¾~"'! 0 1-'\'-oJ 0<) oj >.'! '-II 
'lJ'¾ .... ~ 8119:ii!lJ:.g. 71"\ .!j!-A)~ 'li£.i!t:il ~c.J-. ~811'1): %~~j: 1,-.l!_,C- ~811 
~-@~ 1'JAJ:;J}- ~~~ i:!'AJ7~ '.U_!::: 3;!..Q...£ A~2f£)~ ~{!-5:. i 1f-{!-5:. "r3ZJ!::: ~'r 
%-',-o] 0,o-} :i]. OJ'"") ,S-o] 'l) 'lJ "1] '.l) C: ~ 811 'i!--") Aj J;'-oj Oj :i!j- *"] oj] Aj .2.J,j) 99I -ft 'lJ 
ill' 0 I llf .g. -';'-£91 -!il-i!i'811 "l Oil Aj i.+ol- tlc]-. {l :ii} 01 (1994):: {1811 'I!- "101: '?JLJ 91 
1 A.j_g. .2. 'lJ~, ¾:>.t, 7) ')/-Jl. '1.), ,a~"!-%% oj ;,\ ?f;<] Jl. '1.) o] ~1,!!0<] 'I!- M,¾¾91 
{l~o) SJ' 20 cm/seco]i<f 'JI log (H/U3)91 .J:o] -, 3.5 °]')/-0i]Aj 1 '.J..!c]-:;,. J;L:il. 

~"' '.l)c]-. 

2.1. ¾A}'!l· '11 

l/J- 0J'i!- 'J.1 7faJ-'i!-oj] tJI~ ~,S-¾Af,c- 1997\1 Sil, Jlil, 1998\1 2il, 5~oj] {JA] 
i<f$_ t:l-. ¾Af'lJ 'll 91 -'1] ,>]:: Fig. 2-5 'l/ Fig. 2-6<>11 .!I.Al.-,$. c]-. 

¾if 4/ -!i'-"'1 % 811 'i" A).ll.:: u] 2-1 0 .2.ia. "ii al ..! JI~ o I :il 'll £. ¾ 2-1 oj] 'il s') 'll ¾ 
-, 6m7,l o] PVC "1-tll Oil :: i!]-6 "l i'!-(Tygon Tubing)¾ '-f%•-foJ •l ,;tof -, 1 - 2~ 
§.!a. ~8110-fc:: %'1.!c 'll'll'i'-¾ 'i"\'!J;l.tj- 20-30cm ,lo) "1ol >l'll~'.ll.t:l- (Boyle et 

al., 1981). :Iajt.} PVC aJ-tJI¾ o]%~ >J'li7f -!1-7f~~ ,:J4-<>i]c:: ¾2.1,fJ;l.Lj]o]E 
HolderoJl A]'r~¾ ~eJ.~~~..Q...£. ]178.A]~ {!'roJlJ..i ~~3j .:§:i;¾ 31}<2}~ + 
.2. 'll o] "1 "1 at>il ,a 'll "f 5:l,tj-. ,ff ill..! A] ,c:: '1!><17f %0<I \ll".'r.& ¾2-1 "ii>;;! "1 'I!¾ 
.2.ia. .l!.'l}i<f~.2.t>I, A],c,c- Gean Bench'-l!oj]Aj 0.2.ia. "il'"l..! 0.4µm Nuclepore 
filteria. oj :i!}i<)"'f <>\ "1-"'i 500ml"il %i'i-'e 'll 0 (6N) 2ml ;a 7}~ t:l-% 11-"'1 atl ~t><l 
~.g.oJ]Ai Ji!,~<S"}~t:}-. %e;.J ¾ii°~ ~~.g_ of:il}-¥! A].fi.: APDC-DDTC-Freon 

%oJ '}½'ll .2.ia. 50•ff 'Ii-~~ + •I ½'lie~ ><f¼'i"li'-%71:: o\ %0-foJ ""'ll ~$. t:l
(Danielsson et al., 1978). zt ~5:~ ~~ ¼'rlf}?f ~ Cd 228.8nm, Cu 324.8nm, 

Pb 283.3nm, Zn 213.9nm$.tj-. -l'--ll-*'!1%.91 %ic4/-€c <ll'r: "14~ + "'f:i!J-0<I 
:: digestion :i!J-~ (Windom and Smith., 1991)¾ 71"1 0.4 µm 0 ]%91 ¥-¾ *'ll¾ 
1)0<f-'3 ¾i,4/-¾ 4'l).-f$.c]-. 'I-¾ *'ll¾ ~*~ oj:i!}O<]: J,j]"',',- 11-<11%7\oj] .., 
:il '!10 2.5 m€, -?1-0 2()() µI¾ 7t"foj 150 t: oj]Aj 1,'-oj + ¾'Jf Z:!2 A)',jtj-. oj 
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7]"11 1% '.11! 5 m£:: ~2 -'1''-il¾ 'f!'.2 ',!.g. .g..sc.oJl-'i "l' 2-'l:U: "il~-li- -'I'{) -t
')J-.g. .<'__s!. '-l! Zj-J,] ~_<>_ "1 <>\ 'I)-.9j *O\] a}'lj _g. Oass-100 ',I '!I 'l!_ '1-] 4coJI Ai ~ %]-St) i:J-. ,} 
-'=.% (Cd), .i!'l{.!e.(Co), 'i'e!J (Cu), 1..J,J! (Ni), It (Pb), o}'iJ (Zn).g. ICP-MS.s'., ~ 
(Fe).g. "i-11-?it ~;<f¾'ll-*'ll-7] :a 0 ]%;;-foj ~'!l;;-f5:lc]-. ~'1! 'lJ;<\A,j ¾~"' ~'ll-"1 
'!!~.SC.:; 1l¾"f7] ~O!I NRC-"] Marine sediment Ji€'%'.!! MESS-2.lc. ~•II ;>je!j;;-f 
oj ~'ll .-}5:l c]-. 

"1 "l ~¾-"I ¾~4c.g. !'I "l ~¾ %'!I i'.lz"l '{) -t- "1 "l ~oJI 4i "1 ~ '° JIii zJ-~¾ 
>1171~ cJ-% 200mesh t+'l!-e>ll:: ¾4%\-.SC."i- Agate mortars'. *<U.-f5:lc}. *<II'<! 
-'I.Ii 0.2g¾ 100ml PFA "1l!'c-e "1"1"11 ~2 Teflon distilled HF 6ml, Teflon 
distilled HNO, 3ml¾ zj-zj- 7}il'foj 2A] {! 0 ] ')J- 1/ .g.oJ] ff- c]- g Suprapur HOO, 2ml 

¾ 7}~ + "11.l!.-e '1'-'il¾ ,/2 7}\1!\'foJIAi 160-C.s'. 7},1!;;-foj ~'ll"l ¾'ll-i'.12-'ls:l 
cJ-. o]uff A].llc~ t)<lj !f.c:: 'll.g. .'r.\'!<ll¾ t.}E}L/J:>11 "1"1, CJ.<,\;<] (\f.g. A]JioJI t!loJI 
Ai:: ~a}'ll¾ ~'ll c:, 'll-1'1-.-\-"1 -'l.llc¾ ~<'1 .. 1 %0\l-'l~cJ-. "l7\o\1 1% HNo,:: 
7}0\1 "1 "1 L/1.9\ 's]:,\f:: -a;oj 10ml.s'. 1,c4'QJ cJ-. ~\'! !'I "l li-.9\ ¾~4c*-'1 '!I~.£¾ 
:,J-¼'5}7] ~.-foj NRC.9\ Marine sediment .li€'~{1 MESS-2£ W"il :>!"1 -l,-.;j;;-f,;a 
c}. o]')J-4 'llc<>l :>!"1'<! -'J.ic %"1j.g. 1% HNO,:;: 7fil'foj ¾ ~-'1•1-'\' 1,000-"-.s!. .-f 
oj Cr, Co, Ni, Cu, Zn, As, Cd, Pb % 87J ~"' :S ICP-MS (VG Element, PQ II+) 

-"- ~'!I .-15:1 c}. 
TIMS (Termal ioniaztion mass spectrometer) .5'.. ,!l VG Sector 54-30, TIMS!::: ~ 

"1'11 ~"''-t *"'¾ 2>1] -'l.llc-"1 'llt113C ~4;' 'lla}'li!E ~oJI \)!.g. + oj7]oJI 'll* 
;s ¾'ii½ uff 'lf'¼"ic:: 0 ].g.% '.l".l'-ll'-°'1il'foj Pb%~~"';, il'c'!l~t:f. ~ ~'!17] 
7].s! ¾%t 'i"'"r~ "i~'il'i'"'oJI .91.<l~cJ-. 

.,g. 0J'l!/7f"t'l!t 'lll!Jl"ll"a "11"1-"--"- % -R-"l\'!"1°1 2518.98 km'oJt:f. <>I¾ 7f 
"1-'l!oJI "1 'll 'i! W¾ 9':: *.g. \'! "l O I "f 130km' 0 I t:f. '/l- 0J'l)c.g. ?"1 "l ~"l !'; "a 
o\ :>.]"joJI lij-i!} t:f.ss7] uffil'-oJI ;<]'ljo] <a-'lfil'f2 l'j"J~'ljo] q.oJ.-ft:f. '/l-oJ'l}.g. 
\'!"lo] "f 230km7.s'. <>J '\''ii 'l!:¾ ¾'ii 'JO\] '4-"1 %~.ii!~O] o]-'1-oj ~ t:f. 'iJ-OJ'l)c, 
"1'\'"11'1! O\l"loJlc:: -lJ~7J-oJl-'i ¾'ll"ic:: "l' 23,'e/~-"1 .-f1!'\' (i'.11!.l/- 1980) ¾oJI 
.l'. W "1 oJ ~ '° .l/--R-li- '.!! 'll .l/-, I -"I "l "1 2 ~ '° 'ii "1° I t:f. -lJ {! 7J--"-.£ .l/-El -ll- "1 '<! 
"1 "l li- t '/l- 0d''I! '>l "1-'\''il 'I!¾ ¾il'foj 'JO!I t!l-lt¾-"--"- ¾1/!"i ol 0 1 4'!1 "II Ai '{J £ 
oJ1 lit~ *" ~ 'll- 0 I t+ E} \:l:t:f 2 ~t:f. '/l- 0J 'l!-"-.s'. -ft-'ll "1 :: ';' J1. ~11! -8, 1l ~ 7.} 
~ "roi~o].Jl 9".8.~~~~i=" 31J- 0Ji2-~1c!'Al, ~oJ~lf, O:f~.2.~i2-~1c!-A], of~~ 
7}-i\''lll±:>.l %0 1 ~c]-. !';1'\ '!l- 0d'>il~-"1 1!•l~"J-I!f ½~-i\'1±2\ '{J'r 'j.) 'l!l11<>1"1 
.l/--',' i'.l 1! .£ '1J ~ 'i'f <'! 'll >ii ii'¾-"--"- lJII '\' 'l{AJ .g,o I :>ii 4i' "l-"-.s!. ¾ 7} ~ ~-"--"- oJl ')J
-'9 :: * o I t:f. 

-'ir'lf 'l!oJI Ai %i"-".J ¾~4;'.9\ -l,-.l'. c:: Cd-"] 97\'! 8~, 97\'! 11 ~' 98\'! 2-il, 98\'! 
5~ xAfo\lAi.QJ 'llzr.J: 0 1 zJ-zJ- 0.013, 0.026, 0.024, 0.016µg/ e £ %:>iloJI 'll-tll"l-"
.£ 'li:'l.tt:f (Table 2-1 - 2-4, Fig. 2-7). Co£ 2~ oJI c]-,e. :>ii '!l.!l. c} 'Ii: t .J:¾ .!i!. 5:l 
cJ-. cu:: 4~.s! :>il'll'1l xAfoJIAi zJ-zJ- 0.47, o.38, o.33, 0.40µg/ e £ %:>iloJI 'll-t!I 
~ _<>_3e 'st'l.tt:f. 'ii 'lf 'll ~ 'ii (1995)-"1 1995 \'! xAfoJI -"1 .-f \'! 'iJ- 0.J,'l)c-"] Cu:: 0.41 µg 
/ I -"1 -ll'-.l'.¾ .!l.~c::ci] ,e-xAfoJl-'1'4 "];;~ il):o]t:f. Znt 97\'! 8~, 97\'! 11~, 
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98\:! 2-W, 98\:! 5-i91 i,1<>11,1 21-21- 0.37, 0.44, 0.39, 0.44µg/ t "- >11~'1! 'll.§:1-~'J 
oJ 'f-'J!..-f;<] \lt~:il Pbe :zj-:zj- 0.046, 0.029, 0.015, 0.017µg/ e _ii!_ 97\:! 8i/91 -'l!irtl: 
oj 7f'lf >"t~t:l-. 

%e'J ¾.,,-4/91 21- >il'll'i!l "lal~ 11-~e Fig. 2.s<>11,1 2-11<>11 i+El-t.11'.llt:J-. % 
e':J ¾i,-4/¾ zn.g. .5'.~ >il'll<>il St. 5, 6, 7% oJ~'il''t!- 9-\!!"11"1:i!f St. 10<>11'1 t:l
e :Jc.!lt:l- \lt,i]e 2•N7Jf;<j >'e.g. -'.-.SC.l!- .!l'l!:il Cd.SC. St. 5, 6, 7% <>l~'il''t!- 9-\!!"iJ 
01 <>11 ,1 'o'<il ~ .2."- "'.g. tl:½ .!l 'l! t:J-. cde %e 'ii "11 "- i+El-i+ 71 "1! ,'j'-<>IJ 'll ai "' 
,q ¾¾"loJ ',,! 'r '.U:il ¾i,-4/ .2.'ll91 ;<).ll..s!c ,f%';1 'r '.Ut:l- (Mart and 
Numberg 1986). Pb;: .5'.~ ;,fl'l/<>11 ~1! 7}7Jf¾ St. 10, 11 <>11'1 >'e.g. tl;½ .!I.:,! 

t:l-. Cue o]~ 'll~<>li'1 •H! >"t½ll" ~ :>.f 0 1:S .!l_o]"l \lt~t:l-. 
'l!- 0J"1!91 Co, Fe %.g. 1Hl7J- il},'<>11'·1 %<11~.2..s!c >"t 0 f ~'r-R-'ll91 '!l.-.l'½ llt 

oj '1£ C: 5e %}:il t:l-e ¾i,-4/ :a: .g. 11 'l)7J-%f'j'-<>IJ,191 -'.-.SC.71 'i!- 0.l''I! -'II 1T .!l_q £ 'st 
o} %f~ -R-'ll91 '!j"J'o] ~al 3:,J \lf.g. ",!.2._ii!_ '1!:l'!'i'!t:l-. 'lll/!~.2._ii!_ ¾i,-4/~ 
..-f'i'-01<>11'1 ~~:i!f'l!:i!f ~ 0 ):i!}'l!½ .!loj Cu, Ni, Zn, Cd %.g. ¾TI:'ll-li'-<>11'1 >'e.g. 
-'.-.SC.; .!l_o]ec~ oj;: .!/-%'lJ;<f, :sj~~"- .!/-El91 .!-'I (desorption) 0 1'-l- %7]~.s!c 
l/-El91 >ls?t!:%<>11 91~ ",! 0 ]2}:,r ~cj- (Edmond et al. 1985). Cu, Cd %,0, •!it 
¼'rY- ~.§:I-it 'l!'!!<>ll 91"11 >il:>1!.Joj:,)7)£ %fuj aJ-'i'-"1<>11'1 Pb;: %11:i!f'l!.2..s!c "ii 
'r¾<>il'1 >il:>1"17].'ic. ~t:l-(Windom et al. 1988). 'l!- 0J'l!91 ¾i,-4/~C:::TI: 'i,}.:o:.'i,} 

tftf ;,fl C: Pbsf Ni (r'=0.537)½ >I] .2J ..-} :i1 C: 'f, :,j \lfO f 'i!- 0.J''l! 91 ¾'lJ ~ 0 ] cj-"J'%f :i1 

¾'E°4;=-~o] A~.£ t:},e ~%-i- .!i!_o]~ ~.2...£. ~~Zf¥!t:}. 

Table 2-1. Dissolved heavy metal contents in the surface waters of 
Kwangyang Bay in August 1997(µg/l). 

St. Cd Co Cu Ni Pb Zn Fe 

I 0.013 0.020 0.44 0.28 0.028 0.25 0.30 

2 0.013 0.020 0.41 0.26 0.031 0.24 0.12 

3 0.014 0.023 0.45 0.26 0.080 0.31 0.62 

4 0.011 0.035 0.52 0.33 0.028 0.35 0.86 

5 0.013 0.023 0.51 0.32 0.036 0.41 0.92 

6 0.016 0.022 0.55 0.41 0.098 0.58 0.31 

7 0.014 0.040 0.46 0.33 0.037 0.34 0.95 

10 0.Dl5 0.017 0.57 0.39 0.067 0.65 4.81 

II 0.012 0.030 0.46 0.33 0.061 0.35 0.96 

12 0.011 0.031 0.48 0.32 0.039 0.46 1.16 

13 0.010 0.027 0.43 0.33 0.029 0.28 0.45 

14 0.012 0.082 0.44 0.26 0.034 0.33 0.57 -- ----
15 0.01 I 0.092 0.45 0.30 0.024 0.27 0.48 
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Table 2- 2. Dissolved heavy metal contents in the surface waters of 

Kwangyang Bay in November 1997(µg/l). 

St Cd Co Cu Ni Pb Zn Fe 

2 0.025 0.012 0.28 0.2 0.031 0.34 0.32 

3 0.024 0.014 0.32 0.26 0.031 0.29 4.59 

4 0.029 0.013 0.33 0.22 0.028 0.49 0.63 

5 0.032 0.026 0.38 0.31 0.034 1.00 0.11 

6 0.024 0.047 0.36 0.34 0.034 0.34 0.43 

IO 0.037 0.029 0.41 0.34 0.038 0.72 8.77 

11 0.028 0.022 0.34 0.27 0.039 0.37 1.12 -
12 0.024 0.016 0.34 0.22 0.026 0.35 0.40 

' 13 0.022 0.019 0.33 0.18 0.021 0.33 0.20 

14 0.023 0.037 0.37 0.20 0.012 0.46 0.44 

15 0.022 0.049 0.37 0.21 0.024 0.46 2.01 

15.I 0.025 0.009 0.34 0.19 0.032 0.37 0.05 -

Table 2.3_ Dissolved heavy metal contents in the surface waters of 

Kwangyang Bay in February 1998(µg/l). 

St Cd Co Cu Ni Pb Zn Fe 
2 0.022 0.021 0.31 0.22 0.013 0.32 0.57 . 
3 0.021 0.030 0.34 0.21 0.014 0.31 0.19 
4 0.021 0.027 0.34 0.21 0.019 0.31 0.60 
5 0.032 0.104 0.29 0.35 0.012 0.66 0.76 
6 0.032 0.078 0.26 0.35 0.019 0.66 0.98 
7 0.034 0.098 0.43 0.33 0.024 0.86 0.33 
IO 0.025 0.030 0.32 0.32 0.009 0.48 0.90 
11 0.026 0.032 0.36 0.27 0.027 0.38 0.25 
12 0.022 0.021 0.20 0.24 0.023 0.32 0.79 
13 0.022 0.023 0.37 0.25 0.017 0.24 0.51 

-

15 0.024 0.025 0.37 0.24 0.014 0.27 0.36 
15.1 0.024 0.015 0.36 0.18 0.014 0.20 0.31 
16 0.022 0.032 0.28 0.24 0.016 0.39 1.01 
17 0.Dl8 0.046 0.32 0.20 0.004 0.20 1.53 
18 0.023 0.047 0.37 0.18 0.009 0.35 0.60 
19 0.022 0.057 0.30 0.23 0.013 0.23 1.35 .. 
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Table 2-4. Dissolved heavy metal contents in the surface waters of 

Kwangyang Bay in May 1998( µ g/1). 

St. Cd Co Cu Ni Pb Zn 

2 0.024 0.022 0.64 0.26 0.Gl8 0.39 

3 0.Gl5 0.026 0.48 0.26 0.012 0.24 

4 0.024 0.024 0.35 0.36 0.019 0.46 

5 0.024 0.019 0.43 0.46 0.017 0.27 

6 0.027 0.019 0.41 0.79 0.027 0.59 

7 0.026 0.020 0.40 0.63 0.031 0.38 

10 0.017 0.Ql6 0.35 0.32 0.017 0.35 

II 0.022 0.023 0.37 0.27 0.055 0.56 

12 0.014 0.012 0.33 0.16 0.0ll 0.18 

13 0.013 0.014 0.32 0.19 0.010 0.18 

14 0.012 0.021 0.25 0.16 0.014 1.68 

15 0.008 0.030 0.30 0.14 0.008 0.40 

16 0.004 0.037 0.35 0.15 0.006 0.33 

17 0.008 0.047 0.39 0.16 0.015 0.42 

18 0.010 0.060 0.43 0.25 0.016 0.42 

19 0.005 0.040 0.43 0.14 0.004 0.32 

20 0.Gl5 0.014 0.53 0.25 0.Gl5 0.35 

.!/-.f\- 'lJ>e}a,.g. '1JO,J'!'-.ss .f\-'lJ:,j _2.'i'J%~1':-"l ~~¾, ,1-3<_, -")aj %eJ 3,'l/7) 

'a'<>I! ¾.8.~ "l~¾ ~t:J- (Wollast 1982 ; Hart 1982 ; Salomons and Forstner 

1984). o);,) ~ !; ':l-1'- .2. 'i'J %~ o) llJ"o) fl-'ll-"1 ic '<! '<!-"ii ej oil 'i :J. e-1 .:il 'll 0J'i'J %o) 

llJ"o) ~"l-"1 ic 'l:! 1:! "l oil '1 !; !-) 7J-<>} :,J] 1--} q I± t:J-. -1'-%':l % 7) % 'll 0<}, l !e., Fe, 

Mn.e] ~~%:i!f ','~~% -lj-.g. "ilf'¾<>ll'i ¾~41¾ :,J):>J\>}ic ','.8. 0 H~ 0 )t:J-. 

'IJ- 0J'1}<>1J 'i 'll ;<}':J Cdej 'll ir ill:.g. 97\:! 8-%1, 97\:! 11 -ii, 98\:! 2-%/, 98\:! 5-%1 <>II 

zj-zj- 0.40, 0.32, 0.35, 0.36µg/g .'a. <>};,fl<>IJ i<.g. 'ii"-£¾ .!is:/.t:J-. 'l]0<}':J Cu.e] 'llir 

ilJ:.g. 4:§1.e] "'1'l!'!! 3,),}<>li'i zj-zj- 41, 26, 32, 3Jµg/g .ss <>}"'1"11 '!e.g. ½.5'.~ .!is:/. 

tj-(fable 2-5~8; Fig. 2-12). Pb.e] 'llirill:.5'. 4:§lej 3,,fojj,1 39, 37, 33, 30 µg/g!'

_;,_ 97\:J 8-%/<>fl i,:_g. -'.-£:, J;.O).:il %;,fl-!, '9~]oj ;,fl4;'- :;)-±_<>}ic 7il .. .}~ J;.s:/.tj-. 

Ni.g. 4:§lej :>il'l!'!! 3,A}<>fl'i 'llirilJ:oj zj-zj- 52, 46, 35, 25µg/g!'-.ss zn.g. 211, 

lBO, 164, 126 µg/g!'-.ss "\Al :.l,.g. 'IJ'\}% M.'.l\tj-. 

Duinker (1983)ic -!el-"ff<>li'i .!/-%%~¾ ¾~4;-fl±~ "1%!;':loll a:fel- "IJ7f0<).ss 

1,-j,-aj-'.l\ tj-. Oj ic 1) "f ,"_ 'lJ 0<} £ ~J-AJ- "ff 'r¾<>II 'e >H <>}ic ')!, 2) " 'lJ 0<} £ ',' £ 

-"1"1%-"l >J.!/-% %"I] .e]ojJ f'¾!'-.sl. %'ll.laic :;!, 3)" !;';lo) ~ic f)±a, o)q. 

~{?:- ~A}~,?:. '5fl'T°¾ ,¥-ft-¥~~ ¾t'J:o] 15!"~ A]ol] 1fr:Jl~_Q_£. ~}A]'8}t J:1]"5' 

o) ;,,.g.c]) o] ii,"_ C, Cu, Cd (Group 1 element) %% lll- 0 ) 3'. ~~ct. a:fel-'i o) ii 
'l)0<}<>fl'i .f\-7)%~:i!f Cd, Cu %:i!fic it.g. ~:;'l-:;'l-;,flii- '-J-£}111:: ')1°) .!i,._ 0 ]q. Cu 
.e] 7il~ -';'-%'ll0<}.e) specific surface area7} if%A) ll!" 0 ] -S-aJ-:,Jtj-ic 3''}7} ~"t-
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01~ 'f:lAti::- itl--%\1~ 01 ~T~, ~ ¾~*~oJ ~"r~ ~ ¼~£1:::: 3!0] i:J'a"8'}c}-. 
"\-"1\"J 7,j-,\'- ¾'lf-'\'- "1\"10\]-'1 -fl-7]'1J7\ 'Ji ,f?g-.3.-l",O] %-'\'-t<\oj ¼"J-o] \ll"O] 'l,/oj 

'--t jl \'! '<!"11 "1-2-£ 7 t \'! kj 4'){ 7] ~ % ~ 0] \ll"O \ ¼ 'f ',f "I O] ½oj ~ cj-jl ~ cj

(Kers\en et al. 1988). Cu, Cd %¾ llto] .'lc~t<l-!:: ?,j-~ '!);,.\½~ -'\'-%%'(,*£7\ 
Ji'o\:<]\'! 'll*\ {f~t<\:C 'a~½ .!i!_O]:,/J ,aJ::,,~ ~ ~-<\o\);.j '/l-'/l'\'l--"I 'IJ:<j->J Cu:: 
Fig. 2-13o\).>.j -l!: ? '.U'E- •ls\- 'll,o] -'\'-%%'(es\ ¾7\o\1 a:J-"1- o]a]~ '1-~~•J½ .!i!. 
"'cj-

"11 '/l'-"I -'\'-%% ~ ¾ e "1 :<\½-& 'r ;a_ 'll-"1-"1 ¾ :§1- 'llc-& %e.J ~ ~ 31-¾o\1 -"I "11 
>J 'J "1 nj 'l! e.J ¾ 'l]-,aj :<] 'i'ct<\.:i! '!l 'l! "l'E- 3l ;'; !a. :<] zt 'i'".l%~ s] •j~ (Ca, Al, Si. 
Fe) "1- •15:t<\cf. e '>J:<f½.". -'\'-%%~ '/f£7\ Ji'¾ ll1I ~-oJ ? ppm'l/£'lll111 ')l
t11~~_;,_ *\:<\t<f~ ~*171 .=1.cJ-.:,,_ ~cf . .!i!.¾ -"!~%!a. -'\'-Eo!s\ >l-'\'-%o\l s\~ o] 
½ '>):<\7} e -'\'-%-!o-~½o\l:: Al, Ti, Fe, V (Group II element)% 0 J %-'\'-t<fcJ-. e 
'>):<f~ 0 J'r!a. ~%t<\'e'- ~~½-8- ,;;a_ 'il"'i'!:-\'l:>11¾ c;/:~ci] "; -0] Al/FeU]-ll:-8- 0.50\] 
7}'{J-2 o 1 :: 4-)l- 7] ~ -"I alluminosilicate %%o\l •i "l •I -ll: "1- 'llc-8- 3l o I "1-.:a,_ ~ cj

(Duinker 1983). -'\'-%-!!-~¾ Al, Ti, Fe, V% ~±~"1 *£cc 'lJ'/]-~-2.!a. -l,-7J% 
~ ',,'£"-!- -'\'-s\ ')l--\'1:-i!f;,jJ;;: '--J-E}yjnj -'\'-%~'(, ¾'ll'.-J %7}"-J- c+i.-•i %7\~cJ-. 
Fig. 2-130\1"1 ¼ ? '.U~ •ls\- 'll,o] %0.l''fr '>);,.\¾s] Fe*£cc tli'l]!a. -'\'-%%~.QJ 
¾7}o\l a:J-"1- ¾7\t<\y- 7:l-O,}oj 'f;)lt<\:<Jcc \lt'Ur:J-. -'\'-%%~¾.QJ ¾~4i'-'li-£CC ~ 
±ii,:fro\1 o\,;,- Ji'.". -/t-s\'.l¾ .!i!.~r;J-.:,,_ 'l)-aj:<j 'Ucf. ~ ~•\o\l•i£ Table 2-9o\J•i 
.!i!.:: •l"-1- 'll,oj Ni:ilj- Co (r¼l.974), Zn:i!J- Co (r'=0.953)% .5!-.!j' ,f-8- ')f'i'!:'i'!:'AI;, .!i!. 
ojy- Cd'e'- cj-~ ¾~4,J:'} ')f-\'l:'i'!:;,JJ7} o\'r 'st'llcf. oj !:: Cd 7} "11?%o\l•i 'r!a. 
¾e,:,,>EIJ,s e>IJ$\-1J ll1i<i'--2-!a. .!i!.~"t- -'\'-%%~¾ Mn, Zn, Pb, Cr%s] -'Ii-Sc.cc 
-'\'-%%~s] ¾'l/'"1- ')f'i'!:'i'!:'AI¾ .!i!. 0J:<J \lrCC"t.:i! ~cf(Grop III elements). 

'f:l;t}.AJ ¾~4r-e:- tll~].£. %~.AJ ¾~4i'o] ~-£:- *oJlA1 ~,':_~ti"J=¾ .!i!.S'J.9-. ~oJ 
'tloJ)Ai ~~~ ~A}.AJ¾if4r,9.j 28-.£~ !Jj4" 1alE:JoJJ tjj!Jj Jl]{!-'i5'}tt!_ %e'-.AJ ¾if4;: 
½s] Oil'r 1e.JEj¾ *£"1- •15'~ <r¾~tJ\ Cd-8- '>)7)'.joJ ~<>1 ¾e'.l Cd,>j 
1110'!1:sc. :lief. %0J'll- 'l! 'll'!lsi •1>1111 "'-": t11')l-~_;a_ '>J:<r'.l ¾~4i'"r-"!a. 
'r'\!-:;'--l<'c,;j% ".! ~ 'l!:i!J- PC-I 0 ] 78.1 % PC-27\ 12.0%.QJ l/l;;\;;: 'lj 'Jl t<\"1c.\. .!j' 'r 
'.l -l<'cs\ ')l-1'!-'\'!-'AI £ o\l •i cc "l ~ i' 'i! 'r \'! s\ 'll '@ :;; 01 'i'-'11.saJ <>1 o I½ "'i "l o\l •i ~ ¾ 
~4i'.QJ 7-]%,o] c.\~ ;acJoj:i!]- :>}0]7} 'U!:: * ;;J-cf(Fig. 2-14). 

-159-



Tab]e 2-5. Particulate heavy metal contents in the surface waters of 

Kwangyang Bay in August 1997(µg/g) 

St ss Cr Co Ni Zn Cu Cd Pb Fe 

(mg/I) (ug/g) 

1 2.56 113 22 56 212 43 0.64 37 54044 
2 2.54 100 19 46 183 35 0.44 32 49089 
3 2.99 91 19 45 175 38 0.31 28 45427 

4 3.24 74 15 39 154 31 0.40 30 37837 
5 3.87 94 21 49 213 45 0.55 40 46612 
6 8.40 78 18 38 162 31 0.29 31 43195 
7 15.56 63 16 35 154 28 0.26 34 40846 
10 4.01 90 19 45 187 35 0.37 34 47265 
11 4.12 90 19 46 187 35 0.23 31 45503 
12 2.26 115 20 48 195 39 0.33 32 45166 
13 0.69 324 59 147 579 108 0.88 103 141765 
13 0.69 324 59 147 579 108 0.88 1 03 141765 
14 5.58 72 16 40 168 32 0.23 39 43734 
15 5.53 77 1 7 39 172 34 0.24 40 , 44876 

Table 2-6. Particulate heavy metal contents in the surface waters of 

Kwangyang Bay in November 1997(µg/g). 

St ss Cr Co Ni Zn cu Cd Pb Fe 

(mg/I) (ug/g) 
2 4.26 77 1 7 41 175 32 0.66 31 40215 
3 4.34 69 17 43 170 34 0.21 30 43581 
4 6.69 98 17 47 176 33 0.32 36 41921 
6 14.02 82 16 46 152 29 0.24 34 40721 

10 11.37 67 17 39 166 30 0.24 34 40874 
11 6.49 87 18 45 180 34 0.39 32 39952 
1 2 3.91 134 30 70 318 65 0.51 67 75098 
14 6.84 49 10 26 110 21 0.22 20 23762 
15 5.49 77 17 42 181 39 0.24 38 43250 
20 4.80 158 18 66 174 37 0.22 44 42776 
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Table 2-7. Particulate heavy metal contents in the surface waters of 

Kwangyang Bay in February 1998(µg/g). 

St ss Cr Co Ni Zn Cu Cd Pb Fe 

Ima/I) (ug/g) 
2 5.17 68 16 38 160 29 0.23 29 39416 
3 4.90 62 14 37 157 30 0.36 28 38485 
4 6.74 44 11 28 131 27 0.30 23 30094 
5 5.48 54 14 35 161 29 0.42 29 33864 
6 6.01 62 16 39 173 31 0.34 32 38929 
7 7.03 67 16 36 177 32 0.32 34 41587 

10 4.77 62 13 37 166 33 0.32 37 37636 
11 5.58 63 16 37 168 32 0.49 34 43384 
1 2 4.75 60 14 36 144 28 0.32 30 36933 
16 8.36 128 30 72 348 68 0.67 80 39595 
1 7 4.43 23 6 16 85 17 0.21 20 39983 
1 8 4.95 57 13 33 180 36 0.37 39 32692 
19 4.43 41 10 26 142 29 0.35 33 40156 
20 3.86 52 10 24 105 . 23 0.20 21 36848 

Table 2-8. Particulate heavy metal contents in the surface waters of 
K wangyang Bay in May 1998 ( µ g/ g). 

St ss Cr Co Ni Zn Cu Cd Pb Fe 

(mp/I) (ug/g) -
2 3.36 89 7 16 82 19 0.25 18 13954 
3 1.09 197 22 47 241 70 0.51 60 52692 
4 2.81 60 11 27 132 26 0.29 24 29877 
5 2.96 50 10 25 11 7 25 0.53 20 27030 
6 2.48 72 9 24 145 28 0.85 23 21306 
7 5.92 46 7 24 107 19 0.85 14 18418 

10 2.87 58 10 20 99 22 0.28 19 21117 
11 3.51 68 11 24 111 37 0.13 18 30746 
12 4.03 33 6 17 81 21 0.29 20 17665 
13 2.97 54 9 22 1 06 33 0.45 24 24093 
14 3.33 52 9 21 110 38 0.22 28 28855 
1 5 4.96 52 10 26 119 30 0.16 35 36010 
16 6.27 49 9 25 132 26 0.23 39 38826 
1 7 4.16 64 11 30 145 38 0.25 45 39949 
18 3.45 74 13 34 191 42 0.32 57 44192 
19 5.33 58 12 29 139 32 0.18 45 43357 
20 4.86 35 6 16 78 23 0.26 15 13823 -
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Tab]e 2-9. Corre]ation coefficients among particulate heavy metals in 

Kwangyang Bay. 

Co 0.362 
Cr 0.384 0.856 
Cu 0.386 0.837 0.821 
Ni 0.393 0.974 0.848 0.811 
Pb 0.241 0.795 0.705 0.865 0.798 
Zn 0.489 0.953 0.824 0.893 0.948 0.877 I 

Cd Co Cr Cu Ni Pb I 

'It%~~~;:: .2.<,l¾~"1 7]~¾ \lf~l7] ~~ ,1,'-ojJ \lfO] o]%-"loJ ~cj- 'It% 

!/l~±oJI tll~ ,1,'-;:: :>1% Rabinowitz and Wetherill (1972)oJI "10\I :>1% A]£-"l'U 

t:!-. 0 1~ t:!-e *.2._s!_J/-f1 ¾'ll'<! ,.-{1"1 'lt%~~±•171 ~all -t!:llt.Jl"1 'It%~~ 

±•14 t:!-e 'lloJI "J-'llci>l'l\t:!-. 'It%~~~~ .2.'.l¾{l"1 71~¾ \lt~l7l ~~ 'cl 
,'-oJI ll!- 0 1 °1%-"loJ ~t:!-. Chow et al (1973).g, •.!!"1.£'-101 \l--1'-"1 _,..,.loJIAi .ll¾ 

"1 \t 'li-£¾7lc:: ~'!!¾ 'll71%oJI "1~ 3! 0 Je.J..:il. .!i!..:il.~ •I 'll.2."1 oJ~ \lt.g, 'cl 
,'-71 'lloJ~cj- (Chow el al., 1975 ; Hirao and Patterson, 1974 ; Shirahata et al, 

1980). 'lJ 1!,.ej ;;j + %7,l '/!oJI Ai -l\-% tiJ 7] 7] 't} 'gej 90%71 '/!t.JI oJI -"J "J ¥! cJ-.:il. 

~cj- (Hirao et al 1986). 

,g. 0J'/!ej St. 6ojJAi :,;Jaj% ?%AJil..eJ .,..-'>j:,/3!} -"J.aJ¾t.JloJIAi Pb207/Pb206 •J¾ 

.g, 0.84250-0.84662.ej _,.. 3'.:; .!i!.'l\.:il. Pb'"' /Pb"" •l %.g, 2.09850-2.10919"1 'il !/1 _s!_ 

7-{.ej ;>loJ ;;_ .!;!.o];<J li'llt:!-. ,g.oJ'l!oJJAi.eJ 'Ir %~~± •J-£-oJ "1"l'c\tlloJI IIfe.} 
'/!i;f;<] (\f~ :,!.". 0 1 "i"loJIAi Al%"1c:: 'c\il.-"l '/!:§171 \ll'.l!7it.J- bioturbation %.2. 

..,_ -"I "l ¾ o I .iR \'!: "1 '.l! %¾ ,;-; ~ cJ-. 

1998';1 2~oJI ~'ll'<! -"l"l%%-"l ¾'i,4f.g, Cr-"! ;;J+ 41.7-64.9mg/kg dry wt. 

.QJ 'il~'l\c::til St. 2oJIAi ~.:il.;>];: .!i!.'l\cJ- (Table 2-10). As;:: St. 2oJ]Ai 7l'lf '1;;.". 

18.lmg/kg dry wt.¾ .!i!.'l\.:il. St. 5oJJAi 17.0mg/kg dry wt. 0J'.l!cJ-. Zn_g, oj~ 

i''cJ- .'/''/!"1 'lJ'lJii't! St. 5, 7 %oJJAi z}z)-136, 138mg/kg dry wt._s!_ •J.;R.aj '1;; 

'lit:!-. Cd;:: St. 7oJ]Ai 0.21mg/kg dry wl._s!_ •l.iR"l ',;'l);:;>_ SI. 5o\l"l 0.16 mg/kg 

dry wt.o]'.l!.2."1 t:!-e 'll'lloJJAic: 0.15mg/kg dry wt. 0 Ji>l'l\t:!-. Co.SC St. 7oJIAi 

•J.iR.aj '1;; 0 } 14.0mg/kg dry wt. 0 J'.l!.:il. St. 2, 5oJIAi 13.9mg/kg dry wt. 'l!t:!-. 

Pbc: St.. 5oJ]Ai 30.9mg/kg dry wt. 'l\.:il. Cu~ St. 5, 7oj]Ai 26mg/kg dry wt.o]% 

.2. £ t:!-e 'll 'll ::; oJJ Ai .I!. cJ- l¥:'ll cJ-. oJ ,;c "ii 'l! .". ,1 ¾ oJJ Ai ::: -I'-% "1 "l ¾ w aJ o I l¥: 
.:il. 'll%+-'11 ~-ii-£ 't}i;loj <i]',J{l:,;J"J% 0 J oJ'?O\l'l!¾ %££ ¾'ll"loJ %4foJ Qja 

~ ,g. 0J'l! ';J-AiJ/-"i"loJI -"l"l'<!t:!-2 'ls/i!l:<J 'Ut:!-(Kim and Kang 1991). oJ :,/.i?I 

oj'," '1J'/!ej 1'J"J-t!:;;j ."_ '9- 0J'/!3!} \fO\JtJl"l--'g--"J 'c\:,/.:il.i!l_s!_Ai ¾i'.}"J't} ,;.A,j¾ 71 

~3).2._s!_ >JzJ-'/lcJ-.:il. ~cJ-. 1!, 'l'cAloJl-'i C: oj9'1J'/!-"J "1"J¾A]il. (St. 2)oJ]Aj Cr-"I 
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As7f ~A\"11"1¾ 7\'lf ';;.°. itt¾ J;!_oJ:;,_ 'll<>l oJ',t ~±a;:"1 7]~o] \J-"ll<ll~*"1 
"l%'l! 7Hs''.loJ 'll.2.ol ~+ ~~.ut~"1 -i'l:~<>11-"i T>il"l'll 'i'lT7t 'l!-8.«\cf:;,_ ,'!
cf. 

Table 2-10. Heavy metal contents in the sediments of Kwangyang Bay 

(mg/kg dry wt.). 

St. Cr Co Ni Zn Cu As Cd Pb Mn 
2 64.9 13.9 29.4 117 22.1 18.1 0.13 29.3 924 
4 56.7 13.5 27.9 121 23.1 14.7 0.13 20.9 784 
5 60.2 13.9 28.2 136 26.0 17.0 0.16 30.9 1009 -

6 41.7 I 1.3 21.6 101 18.8 13.2 0.13 12.3 843 
7 58.0 l4.0 28.6 138 26.1 12.2 0.2t 15.4 100:l 
IO 55.4 12.7 25.7 127 24.5 15.4 0.15 18.2 860 
II 49.8 11.8 23.4 108 20.0 12.3 0.14 17.7 870 

7f"f'<!c"1 "i¾"r<>ll-"i:: ;,tJ1Pl.2.."- 1/!{!±c 'l/!"ll' 0 J i+El-\:!'cf. 7t"f'<!c.2.."-<c "r0 
% 7}-t' o] 1.} -6j il. %>11 ~9} :,1-.g. ± 'iJ- .5'.Jlj 't''l!-'<!: 0 ] ~ :>] «f :il. 'll cf, 7f "f '<! .2.."- -it 
'll"i!: llil"r"l½'ll±!: ¾ 5471 'll±."- 1224 m3/day'l/.£o]cf. 

,,oi-'<!:<>1l-"i:: %e'a %'ii-4i'.eJ ~.¥.'<!:¾ ~-"l«l'llcf. cd.QJ "iliritt.°. 97\'! 8 
~, 97\'! 11~, 98\'! 2~, 98\'! 5~<>11 ztzt 0.010, 0.020, 0.017, 0.014 µg/ e _.,_ %,ti 
Of] -'/rtll:aJ.2.."- ';;'l/cf (Table 2-11~14, Fig. 2-15). Znllj "i/iritt.°. ~A\7]TI, %'1} 
0.20, 0.30, 0.27, 0.24µg/ e ."- "1-"I %,U<>fl "ll'tll"l.2..sc ';;'l)t:.\. ::,aji.} Ni.QJ "air 
iiJ:.£- ;,jJ'ljojJ II]-~ 4~.Qj ~Af<>f]Ai zj-zj- 0.25, 0.20, 0.18, 0,22,µg/ € £ '§-;,jJojJ \,(.£
J!! o] 'l/,cf. Cuej "a ,tiiJ:_g. 41/! 2j ~A}oJl-"i zj-zj- 0.53, 0.39, 0.36, 0.22µg/ I 'l\:il. 
Pb<c 0.050, 0.041, 0.021, 0.015µg/ £ ."- 97\'! 8~<>!] "ll'tll"l.2.."- ';;:l}t:.\. '\i- 0J'<!c:i!J
"] :nto\l¼ !!J] Pbej 'ii-5'.7} ',;.g. '/! o] '.lj:;,_ Zn-& 1io] \,!' .°. '!! 0 ]'.lj.2.oj Cd.SC. eJ'Tic 
\,!' .°_ '!! oJ '.ll cf, 7f "f '<! ¾ 0J.l/-.QJ ;;i-1- "ii 0J;;J ~ ~ (1995)oJI .Qj $\ \'! o\l "r% %e 
A.J Cu!: 0.42µg/ e ."- ,'!-~Al-.o\ >15'«}'.l!:i! Pb!: 0.07 µg/ £ .sc ~'ll "i oj ,..,.~,, 

]I_ cf ';; :l} '.ll cf. 
,'!- ~Al-<>fl-"i St. 1.g. oj'!JA]ej «l"r'll~J¾ 11!:!: 'lJ~oJi.} 97\'! 8~"1- 11~21 

;;J ~<>fl'° _2_ .;J al cf~ Oil "1 .!;!cf .'i'. ~ %e'il %'i1-4i'"1 .,,. .<r.7f >t .g. '!! 0 I '.ll cf. 98 
\'! 2~ oJ1 !: Cd7f St.1 oJI Ai 7f'lf ';;:l}:il. (0.032µg/ !) 98\'! 5~ ojJ ::st. 1.QJ Cd, Co, 
Zn'§-o] 7f"f'<!c "11"1% 7l'l!- ';;:l},::.\. St. 3.°. "1"r-"]£'1-El.QJ «l"r -&'ll'll~Jol 'll 
¾ ~.2.."- "!lzt"i<c 'll~ 0 icf. 98\'! 5~<>!1 Cu.ej 'l;-5'.!: oJ1:oJl-"i 7t'lf ';;:l}:il. Ni, 
Zn%.£ 0 1 'll~<>fl-"i eJ.ut:aj ';;:ll:ct. 97\'! 8-%/, 97\'! 11-%/, 98>;1 2-%/oil zn.g. St. 
30fJ<i 7f'lf ';;of *"ll'-8-'lJeJ :,13!}'1] * -ofct. St.30fJAi!: Cu.ej -\,-5'. "1-"I ;,tJ'ljc\ 
cf oH,oJl-"i 7\"f'<!c ;>Jtl]>.J;; J;!'l\ct. St. 9-1421 6,J 'il~ ,o_ ';l-"11.o\ 7\"f'l!:"1 
'i'l"1"i!: "r."-a,'1/-oJI ~>.J-o\oj ,.-~.ej .uttf¾ xA\'t\71 ~"ii Cf.g. 'l!-J:-.olct. oJ>,j
'jj~oJIAi Pb"] '\l-'l- .5'.~ ;,jJ'Jl<>IJ 7r"f'<! 'l,>l)Jls,r.!;!tj, cf± ';;.°_ itt¾ J;!oj Pb!: 
91 '11 "l .2.."- 'I- E1 .QJ -ll-'ll .'r. 7Hf ~ ~ .2.."- '1f 'cc'<! cf. Zn"l .c:l-1-:: 0 I 6,H 7il ~ <>fl-"i 
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'llir.1!.t:J- 'II~ \;l"-& ~~.£ 'r'.8. %~~ 0 ] l.Jl'1!~oJl :Uc: 51~£ 1"!-'<!t:J-. Cu.QJ 
':l+.s::. o] 61H'll'lJoJJA1.QJ ~.lc.7f 'l.!:'-11<>1] ~;>]~ t:j-;a' 87H 'jj'jjoj]Aj .l!.t:j- '11% t:J-± 
\;l"-& ~¾ 1-fef lil t:J-. Cd.QJ ':al+::: 98\'l 2-'II <>11 '1! 41 'l.!: .I!. t:J- 'r £ Oil QeJ o l off+ \;l"-& 
~ .¥. ~:R t:J-e 'Al 'll <>11 ::: <" ;.f O l 7f \l:! '.ll t:J-. 

\f"il-"J oj tj l.Jl 'I]: -tl,':J oj]Aj .Qj %'i,4; ;,j %¾ llf<>j-i;f 7] ~ "i1A1 C: ~~ -fi-~-'g- 'Jl 
",/'aj ~-;j .2j oJl .le. zj- l.Jl 'l.!:<>1] Aj -"J %'i,4; ~ ± ½ .2J 'i'J: ;,i] * 1/-lli-l- '<!.8.7f '.<I t:J-. '/1-
0,)', 1f oJ-, ,f~, ,t~, n %% \J-"il '1!-"l 'r' .a. '<'l'rt!l-lf s1H ,n QeJoJJ t!I ,n 97\'l. 8-'ll-"l 
-8-~.1.J ¾ii-4,:- ¾~~11}~ tll"cl-E..£ ~~~~(Discriminant Analysis)¾ 8.!]ii"}S!J.tj-. 

::i :,l:,J- Dis-1-& 54.3%, Dis-21= 33.7%.QJ J/l;>f* 1/'lli;foj -'¥' •.j~oj] -"l"il %'ir4i' 
~ .¥. ~ A.j o] t!I.!/-~ 1! '!I 'I! 'r '.<I '.lj t:J-. Dis-1:,J- Dis-2;; -lf'i'! .le..£ ::J. ill .I!. 'i'! 'l!- 0J, 
7}~, At~, t",j-8J, ~%%01 ¾it~ ¾.¥.~.,,,r~ ~'t!~l -=r-¾-¥1¾ ~ "T" ~c.1- (Fig. 

2-16). 0 l ::: \J-"il '1!-"l zj- '-11 '1! ~ '1! 'l!Qe] Af% ~ '!1--"l *f O l «111-oJl ~'I} 7] '<l %'ir4i' 
~ oJ "11QeJ<>II uf21- t:J-~¾ 'l! 9' :Ut:J-. 

%'ir4i'~ 'll-2-'ll~ (t;f~):i!J- •l'!l-2-'ll~ (t:!11]% . .)oJl -"l"il Oll 0J~.£ %~51"1 Oil 
0Joj]Aj ojtj 7f>'1 \'!,:f ;;l.£:S sc:::ci-. t!l.ll."l'<l 51~£ •J~<>il -"l~ ~"l 0 ]i.+ "1 
"J ~<>i]-"J ¼"J-%½ ½ 'y' '.<I t:J-. %'i,4i'.Qj Oil 0.)'<>i] Aj -"J \?-tl, ~ of~ 'lfilj ;<] ;<] \',f ~ 

:i!J-'l! ';j- 0 ] lll-0 f \'l 'r 7f •J .ii[ aj lll° o] n ·~ ¥! -fi-'il-"l l.JI '1!0il Qej oJl Aj .le. 'l! >I] "l '<1 'r"'l :S 
llf <>J-;;f 1 l <>1 ill t:J-. ~ >il t!1 11/ "11 'll' 'I} .:oc "I-%, \'l '1!"11 QeJ / .2J "11 QeJ .ii1. t!:, "119' / 1'i "l ~ 
.iil-tl, -'g-oj] t!i "1iA11,; 'lfilj ;<] ;<] \',f-& '<);<f½ 0 ] lll°t:J-. uf2};,j -OJ'.:f \'l ,"oj] '.<I oj % 
-e %'ir 4; .QJ 7-l %¾ ,if <>j-t;f 7 l ~ "11 Aj ::: 0 l "1 ~ ':al ,t] 'i'! oJl Aj -"l 'I}.:§"_"!-% <>11 t!I ~ 'll % 
aj '<) \'l,"7f '.<I oj Of ~ 51~£ <',c}. 

Table 2~11. Dissolved heavy metal contents in the surface waters of 
Karnak Bay in August 1997( µ g/1). 

St Cd Co Cu Fe Ni Pb Zn 
I 0.007 0.005 0.53 0.56 0.22 0.006 0.26 
2 0.010 0.005 0.53 0.32 0.24 0.039 0.22 
3 0.011 0.019 0.78 0.36 0.28 0.026 0.62 
4 0.009 0.008 0.65 0.33 0.28 0.031 0.32 
5 0.009 0.033 0.55 0.24 0.25 0.036 0.12 ~--
6 0.008 0.006 0.47 0.20 0.21 0.027 0.20 
7 0.010 0.007 0.56 0.13 0.28 0.043 0.15 
8 0.012 0.010 0.47 0.69 0.25 0.022 0.16 
9 0.0ll 0.009 0.44 0.18 0.26 0.025 0.13 

10 0.011 0.0ll 0.40 0.24 0.21 0.386 0.30 
11 0.011 0.009 0.45 0.24 0.28 0.044 0.16 
12 0.012 0.012 0.52 0.22 0.26 0.020 0.17 

13 0.010 0.014 0.52 0.37 0.26 0.D18 0.09 
14 0.008 0.009 0.48 0.10 0.20 0.023 0.09 
15 0.010 0.008 0.43 0.08 0.22 0.031 0.10 
16 0.010 0.009 0.66 0.34 0.24 0.028 0.13 
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Table 2-12. Dissolved heavy metal contents in the surface waters of 

Karnak Bay in November 1997(µg/l). 

St Cd Co Cu Fe Ni Pb Zn 

1 0.016 0.025 0.44 2.14 0.19 0.014 0.50 

2 0.Ql8 0.014 0.43 0.34 0.20 0.048 0.38 

3 0.021 0.009 0.59 0.23 0.20 0.038 0.70 
4 0.022 0.009 0.45 0.06 0.20 0.061 0.50 

5 0.021 0.006 0.47 0.42 0.18 0.040 0.30 
6 0.02 0.012 0.39 9.59 0.26 0.044 0.27 

7 0.021 0.005 0.34 9.33 0.15 0.046 0.19 

8 0.022 0.005 0.41 0.31 0.18 0.027 0.23 

9 0.020 0.000 0.33 0.31 0.18 0.046 0.18 

10 0.022 0.004 0.34 5.76 0.19 0.041 0.17 

11 0.022 0.003 0.32 0.24 0.18 0.044 0.17 

12 0.021 0.022 0.34 0.13 0.22 0.071 0.36 

13 0.021 0.007 0.31 16.94 0.20 0.042 0.12 

14 0.017 0.004 0.39 0.16 0.19 0.039 0.13 

15 0.017 0.005 0.32 0.36 0.22 0.038 0.26 

16 0.Ql5 0.017 0.44 0.81 0.23 0.032 0.34 

Table 2-13. Dissolved heavy metal contents in the surface waters of 

Karnak Bay in February 1998( µ g/1). 

st. Cd Co Cu Fe Ni Pb Zn 

I 0.022 0.Ql5 0.45 0.784 0.21 0.005 0.83 

2 0.014 0.009 0.51 0.287 0.24 0.010 0.42 

3 0.015 0.008 0.53 ' 0.059 0.25 0.010 0.63 

4 0.013 0.010 0.49 0.089 0.24 0.007 0.13 

5 0.016 0.007 0.52 0.388 0.25 0.012 0.36 

6 0.017 0.005 0.49 0.166 0.23 0.006 0.20 

7 0,015 0.007 0.37 0.053 0.22 0.046 0.09 

8 ' 0.014 0.006 0.33 0.030 0.21 0.004 0.10 

9 0,015 0.004 0.31 0.019 0.24 0.008 0.09 
-·---

10 0.014 0.008 0.30 0.075 0.23 0.075 0.29 

11 0.012 0.007 0.29 0.093 0.22 0.015 0.13 

12 0.012 0.007 0.32 0.059 0.22 0.008 0.09 
13 0.013 0.002 0.27 0.003 0.21 0.009 0.08 

14 0.Ql8 0.006 0.32 0.042 0.24 0.013 0.15 

15 0.010 0.005 0.35 0.041 0.19 0.002 0.09 
--

16 0.009 0.006 0.33 0.042 0.17 0.003 0.12 
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Table 2-14. Dissolved heavy metal contents in the surface waters of 

Karnak Bay in May 1998(µg/l). 

St Cd Co Cu Fe Ni Pb Zn 

1 O.IJ.32 0.0'23 0.45 0.29 0.17 0.010 0.62 

2 0.021 0.015 0.37 0.13 0.18 0.015 0.52 

3 0.025 O.Dl8 0.47 0.31 0.20 0.023 0.93 

4 0.020 0.016 0.45 0.57 0.18 0.018 0.60 

5 0.016 0.009 0.36 0.25 0.21 0.027 0.21 

6 0.017 0.008 0.37 0.21 0.20 0.026 0.20 

7 0.012 0.009 0.28 0.19 0.16 O.Dl5 0.16 

8 0.014 0.008 0.23 0.13 0.18 0.021 0.10 

9 0.012 0.009 0.31 0.23 0.18 0.024 0.12 

10 0.014 0.009 0.79 0.28 0.20 0.020 0.15 

11 0.015 0.002 0.26 0.12 0.20 0.027 0.11 

12 0.013 O.IJ.31 0.31 0.41 0.16 0.013 0.11 

13 0.011 0.003 0.27 0.32 0.14 0.029 0.10 

14 0.012 0.008 0.28 0.02 0.15 0.025 0.12 

15 0.016 0.010 0.25 0.87 0.22 0.024 0.14 

16 0.018 0.012 0.28 0.23 0.22 0.023 I 0.16 
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Hg. 2-9. Distribution of dissolved heavy metals m 

Kwangyang Bay in November 1997. 

Fig. 2-10. Distribution of dissolved heavy metals in 

Kwangyang Bay in February 100.S. 
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Fig. 2-11. Distribution of dissolved heavy metals m 

Kwangyang Bay in May 1998. 
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'11.>H 77}>'1 >a-"11 oJ]Aj .Qj "11 oJAJ :<] :§J-15:j- "; A.j oJ1 til ~ '1!,'-,'c ;,j .Qj til-1'-*o) .Jl-:<) oJ1 7} 
77}¾ '1! 'll:oJl ~~ "1 ;,j '-t >1]'1'"11 "l oJ1 :>)4-"l :u cf. *"1 i/-.5'..QJ '1!,'-.'i'-:: ~'Ii "r~ 
~ ¾~ oJ1 Aj %e~±~ 'i'-"'- nff \:! 1!_A) o-f:: 'lH·i-1'!:~:i!J- ~~"11 °J'1!'i'-±<>11 Aj "'1 °J:<f 
~I caj-A.j¾ ~"11 1988\:!-\'-ISJ 1990\:!77}:<) 3\:!'(r 'ljOJ''lJ:ilj- %'E~5: *-"'~'j'_s!_ ~ 
A}:,! •I :U:rr, 'l!:>fAJ~"i:i!J- '!!11,'-~S)-.Qj -1'!:;,fl (Chung and Yang, 1991), 1l¾ "i 
"l%¾ ¾il"s!r *-"' (Cho et al., 1994), ¼>ii >11'1'"111¾ ¾:i!J-o-fc: :§J-15:j-~~ ~ "16 

(Suk et al., 1996)%0) '1!'i'-"1'l/cf. c:rajt+ o)~ '1!,'-c: 'll-1'- *o)oj) ~~'<! 'it'1l"l 
'l) '312_.'i'_Aj 'a°oJoJlAj_ej oJl'-'J:<] -O-;,¾ D}Oj-o-}7]~~ :§j-15:j- ~~ ~-¥!,:ilj- AJ:<):§j-15:j--a!j 
:i!J-'l! '1! ,,. :: 'l! -'i'-~ 1! 'l! 01 cf. 

"" _l;l_:i!Aj,'c 1:>f\:!.lc (1997\:!)oJl 0).g. 2:>f\:!.SC_s!_Aj ¼>II (4-%/), o-f;,jJ (8-%/) ',l ~>II 
(11-%/) ~Af;; 1!_A)5)-"1 ,Pl~¾ ?'s-5\5:!:rr,"" 11.QJ ,'-A.j :'. cf%:i!J- '![cf. 

]. Aj~ 
2. ~Afoj Qj ',l -1'f~A] 7] 
3. Al.a ,~~. ~e ~ ~~~1 
4. til,!j-% ojOJ:§j-15:j-A.j* *-"'";A.j 
5. >a-"11 til ,!j-% "11? 'l1 '11 "1 "i -a!j %Oil Aj .Qj ¾ 7) ~ * .o': "; A.j 
6. 21"I>b 'II Oil .QJ 'I! "i "l ~ .eJ "11 "1 "i ~ "l ¾ :ilJ- "i "l "l 1'J-
7. 'lJ."fAJ~"J 
8. til 7)-Jl-'iJ :§j-15:j-~~ "; A.j 
9. >a-"11 Oil ? 71 ~ 
10. >11'1'"111¾ ¾:i!J-5)-c: :§J-15:j-%~ ¾'16 
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:lcAtoJl"l-& ls-~ 33 °30' - 34· , %7,l 126" 17' ~ 128° 05' !a.Ai 'l).'r.9} >il'i'-At 
o]Sj >ll'i'-oJl~"i- .!/-~"I- '<l<e-Si tllot.'r. Ato]g] til~"11~-l!- 'll-eJ--o-t~ "1]?.'r. 0 1-!s-Si 
'il""11 ti1 It's- Oil "l 0 I cJ-. <e- •,Fi'-:::: 1998'.:l 4-'il o\l ~~"11 °J"1l 'i'-±- '1l ,'-kl o] <>1.'r.~ 
¾ At¾o-toj "11? ~ -"I .aJ ~ A] .il.:: •H ~ -o-t:ljsi, 9-%1 ~ 11-%1 o\l;: "il?Al .il. ii- ,ff~ 

-o-t:,lcJ- (Fig. 3-1; Table 3-1~3). 

til 7] :: ,.. "1! ',J-"11 .£. -il-'ll "i ~ 'lJ c<t% ~ ~-i-'ll ¾'ll i!J'-ll- ~'ll iit 7] ~ "1! 7<l 'ir'a" .'r. 
7-l>il±->HSI ~~"11°J'1l'i'-±. 'it"ii-lf-±.o\l ti17Jli'-'l1 ~'11"1"-o-t-i- •H~7l ('1!.aJ: 1.13 

m2)-i- 11=>1-o-toj til7Jl;'-'l1-l!- 'll7J.aj.£..ss •H~-o-tsi '.1!'1, ~~:lcAtAJoftj- k!'i!-o\l til 
71-lf-~ •1~7]¾ 11=>1-o-toj AJ.il.:: •H~.-t:llcJ-. 

%e*J:: ~ -s-e-1t-71~ 0J~* ~61% 8Jl4-Al.ii. _jM~-e- .tE.tr"T{l (o, 10, 20, 30, 
50, 75, 100 m)-l!- 7]<e-.£..ss .-t<>i Rosetteo\l .!/-~'<! 5"11'! ¾"J'S! '-16'{) "11?•1?7] 
¾ 0 1¾.-t<>i •l?-o-t:llcJ-. 

¾~-'I- 7] ':l 0J•ll-li- ~'ll-ll- ~ ~ A] .il.;: ~ ~o\JAi ,'-7,l 0.45 µ m Millipore oJ- oj,ij
c<] .ss oj,ij-~ + 10% 'lj~.£..£. P]i!j '1]3!~ 20 mJ jl',j.£ iti!Jo\J',/ifil '!Jo\] 'ifOt 'lJ 
% .,._ :;,J:-o-t oj {! ~ {! .£. ~ '() + li'- "l .-t :ll tj-. 

~:>tAJ~"l-& z]-z]-SI k!"i~ :,io]g] "11?:: '-16'{) "11?>H'r7].ss •H'r~ + ~~ 
o\]Aj •J 0JA]~ cJ-% oj,iJ--o-toj oj,ij-c<];': _cc_ej-o]oto]6.ss 'l/%-"-<'!: o-toj {!~{!.ss ~ 
Zl ~ {f-~iS"l-S!lt:1-. 

"1-aJ-i--& 'i!'1!.aJoJ 50X50 cm'<! "l-6.5i"1el:: o]¾.-toj •H~~ + '-ll7<l 7.0cm'1! 
PVC pipe¾ €'.£.!a. AJ'lJ-o-toj 'lJc<tAJ {l-7]"\'!±., >,,!±.. biogenic silica, 21"rb l;'-"J¾ 
-'/-A 1 .il. : 'l! '.ll cf. -'/-A 1 .il. :::: 'l! ,n .-toi ,;,* -V-".l', 'll ~ ".l'-ll- zt zt .,._ 'll .-t oi s?,;, -"1-aJ 
~ -V-".l'-ll- 'll ".l'-o-t:ll cf 
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Fig. 3* I. Location of sampling stations in the South Sea (April. September & November, 1998). 



Table 3-1. Location of sampling stations in Apri1 5~11, 1998. 

Location Depth 
Station Latitude Longitude 1ml 

Al 34· 10.10' 124· 59.92' 91 

A3 34· 00.68' 125· 00.25' 85 

A5 33· 50.96' 125· 00.00' 94 

A7 33· 39.96' 124• 59.99' 90 

A9 33· 29.97' 125· 00.01' 74 
Bl 34· 30.82' 125" 52.78' 21 

B3 34· 20.00' 125· 53.13' 42 

B5 34· 10.10' 125" 53.04' 51 

B7 34· 00.01' 125· 52.98' 83 

B9 33· 44.97' 125· 52.94' 78 

Bil 33· 29.99' 125" 52.98' 95 
Cl 34· 10.04' 127" 00.01' 32 

C3 33· 59.99' 126° 59.93' 60 
C5 33· 49.99' 127" 0006' 87 

C7 33· 39.99' 127" 07.06' 117 

C9 33· 29.99' 126" 59.96' 120 
DI 34· 35.02' 123· 00.04' 27 

D3 34· 25.02' 127° 59.96' 43 

D5 34• 15.00' 123· 00.00' 69 

D7 34· 00.00' 128" 00.00' 97 

D9 33• 45.02' 127" 59.94' 104 

D11 33· 30.00' 127" 59.93' 114 
El 35· 00.00' 129· 00.00' 44 

E2 34· 55.00' 129· 00.04' 73 

E3 34· 50.07' 129· 00.07' 83 

E4 34· 45.02' 123· 59.98' 97 

E5 34· 40.00' 129· 00.01' 102 

E6 34· 35.01' 129' 00.01' 109 

ES 34· 24.80' 129· 00.02' 135 
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Table 3-2. Location of stations in September 24-26, 1998. 

Location Depth 
Station Latitude Longitude 1ml 

Al 34· 04.89' 126" 32.94' 41 

A2 33· 59.15' 126" 33.12' 59 

A3 33· 50.19' 126" 33.19' 80 

A4 33· 41.29' 126" 33.20' 113 

A5 33· 33.98' 126" 32.99' 99 
Cl 34· 28.51' 127' 42.52' 20 

C2 34° 20.85' 127' 41.50' 32 

C3 34· 10.70' 127' 41.67' 42 

C4 33· 55.91' 127' 41.57' 85 

Table 3-3. Location of stations in November 24-27, 1998. 

Location Depth 
Station Latitude Longitude (ml 

Al 34· 05.46' 126" 32.84' 39 

A3 33• 58.47' 126" 32.84' 58 

A5 33· 48.00' 126° 33.11' 88 I 

' 

A7 33· 37.59' 126° 33.05' 130 
B2 34· 25.83' 12T 41.51' 23 

B4 34· 15.72' 127" 41.37' 32 

B6 34· 05.96' 127' 41.50' 62 

B8 33· 55.93' 12T 41.46' 88 
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3.1. pH ('r±o).g. 'is-£) 

Orion 920 pH meter;: Af%1l'foj ~ ~Oil Aj ~1j 1l'f'.l! t:1-. 

3.2. 'lJ0<fA.j -'i'--fi-*"1 (Suspended particulate matter; 5PM) 

Zl3c7]¾ 0)% lOO'C"ilA-1 lA]Z! %'1! zj3'A]'<] ~ JSl]A]i'l)o]E)"i] 'iloJ 'll''ll~ tj

% ~A}~¾.£. J¥-7IJ;: ~1~ Nucleo op!}-A].£. 'B]l~A].fi.; of JI}~ c:}-% ¾"ff""i=-.£. 
5-6~ "l]aj1l'foj 'lH.'-¾ "11:>1~ ~ 'll%!!'\'!o-foj 1!1-:,!oj]Aj t:J-AI Zl3'7];: 01% 

lO0'C oj] Aj Zl3c 1l'f oj oj :;,J-1\'f 7] ~ .oJ oj :;,j-7] .!/-;,fl* ,;j-11']-oj 'lJ ;;<f",j-lj!,-fi-* "1.ol .!j!-;,J] ¾ 

~ 9:l tj- (precision : ±0.02 mg r'). 

3.3. %~~± (Dissolved Oxygen) 

%,e~± ~i!J'¾ ,'-11'}7] ~~ 7]~.Qj Winkler 'l)-'1J.g. 1!1'1/-"i]Aj .2.c: ojaj 7f 

;i:] volumetric error St potassium iodate .£. standardization til-'C Jlt1i ofl A-j 

thiosulfate.s!. 'll ".l'~ uff .2. C: 1,-£ .2.~I 7f 'IJ'>J W 'r 'll t:1-. 01 ;: 7j ~ o-f 7] ~ "1 ~ 

~"i]A1 "I'll spectrophotometer oj] g]~ e]oJl~'ll'll (Pai et al., 1993)¾ Af%1l'f'.l/t:J-. 

.l!. ,?A] il,,s!.Aj l'; 'l! ~ gJ oJ'rAI il. (9' .s!. .l!. ¾"1'r¾ Af%)"il potassium iodate 

standard solution (5 mM KIO,) ¾ Zj-:zj- 0, 1, 2, 3m!¾ "12 zj-zj-g] ¼'/l-£¾ ~'ll 

1l'f"I %e~± ~i!J'¾ 'Al~1l'l'.l/t:!-. 

3.4. -S--e..1¥-7]~ 0J~"ff" (Disso]ved Inorganic Nutrients) 

%~•;j 'l}.£.'-1,S-oJ.g., ~~o).g_, rr~~ Grasshoff et al. (1983)"il g];>1 0<f%-lf--"i 

7] (Aliance AutoAnalyzer);: Af%o-foj ~'llo-f'.l!.Q.oj -lf--"i'll''ll ~ t:!-%"1- 'il:t:1-. 

o 'l}.£.'-1,S-o].g_ (NH4.): A]il."i] phenol"t sodium nitroprusiate ~~%QJJ 'J! 
sodium citrate3!} sodium dichloroisocyanuate ~W,%-Qlf ¾ 7}c5"}of ~~Al~ tj

(precision : ±4.8% at 1 µ M). 

o ',/ ~o).g-(NO,l A] il.:; Cu-Cd Column Oil ¾"tA] ;,j Aj of~ ~o].g_.Q.,s!. ,t!:~ A]'<] 

~ of~~oJ.g. -lf--"i'll''1l"1- 'i):.g_ 'l)''jj.Q.,s!. 'lfoJIAl'!lt:1- (precision : ±0.5% at 10µ 

M). 

o ~{:}-o]~ (PO/): AJ.liofl ammonium molybdate potassium antimonyl 

tartarate,>J, ll}~g] ~~Al"f¾ 7f1l'f2 ascorbic acid.§!. -tf~A];,j 'lfoJIA]'!lt:1-

(precision : ±0.1 % at 1 µ M). 
0 TT{:} (Si(OHM: AJ.fi.oll ammonium molybdate~ 7}-&}of silicomoly- bdate 

complex..;. ~.g. -'- oxalic acid9.} ascorbic acid: 7t&f-e:J ~~.A]~ tj- (precision : 

±0.5% at 10 µ M). 

3.5. ~ .£..£. 3il a 

oJ'T"A]il. li!JEi~ GF/F oj:;,j-0<].£ oj:;,j-1l'foj 'lJ%~ + 1!11!.£ -£.'lit:!-. 90% of 

-'1]{';-¾ 5ml 7f1l'foj 24A] '1, %'1]- ,l-',1-=i{';, oJI ± :< '}½ ~ ~ UV-vis 
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spectrophotometer¾ oJ%-.;-foj ¾'/l-x:: ~'ll%f~cj- (Parson et al., 1984). 

3.6. 'llc<f'J %71.!±, ~± (POC and PON) 

3.6.1. OIi? ¾ 'lJc<fAJ %7].Jc±, ~± 

GF/F Glass fiber oj"}:,]¾ Furnace:: o]%%foj 550"C"i]Ai 3A]Z} 'l/5'. Ell¾ + 
-'¥->II: ~'ll~ oj"}:,]_;,_ Oll?A]_,l_¾ oj"}~ t:l-¾ ¾-li-?!a. 5-6~ "i]3j%foj 'll-!,-¾ 

;,J] ;,j ~ + \II% .!i!.tf;;f ,1 {! ~ {;/£ -£-1/l-%foj {!~]I oJl W 01 105"C %Ell "ii Ai 2A] Zr {! 

il"c%}:il, "«\II~ + -'¥->II* ~'lj;;f~t:l--

.!j!-:,J]¾ ~'ll~ oj"}:,]¾ {!~ 'll~ (12N HO)¾ 0]%%foj acid fuming %foj "/-

7] .!~'ll%Si .!±~ ;,J]71~ + ~±*"'17] (Carlo Erba CNS)!a. %7].!±, ~± 

'!-1 '!I-¾ 'll'll' ~'llsf~cj- (precision: ±0.3% 0]%1). 

3.6.2. -"l"l% 'lJc<fAJ -\l-7].Jc±, 1± 

-"I "l % A]_,. ,c -l\-.g. ~ (1N HCl)~!a. .!~'ll (carbonate) %Si .Jc±:: ;,JI 71 ;;f :il 

I± + ~±:-l,-"'!7] (Carlo Erba CNS)!a. %7].Jc±:, ~±: '!,1 '!I-¾ 'll'l< ~'ll;;f~cj
(precision : ±0.3% o];;f). 

3.7. '~%7]~ it± (Biogenic Si) 

AJ%7]~ it± ~'lJ'.g. Na,CO3 %½ "«'il (Motlock and Froelich, 1989)oJI Si 71 

-l,-"'l%f~cj-. \11% tJifcA]o{) -"]"j{l- A]_,l_;;, -l,-clli~ +, A]_,l_ llJOmg¾ ~%foj 50ml 

polypropylene ~'\J-l,-ejtf"il ,.i.g. + 10% H,O, 5ml¾ w::t:J-. 30* + 1N HO 

sm1: ~:;i, &grq. ~2.JJ-l::U -l- ¥-1¾ 1@-2 30~ %~ 7]9-~ct. o]*} ¾"ff"T 
20ml¾ W:il 10-l,- %'llc 6000rpm oJIAi ~'\J-l,-ej ~ + %%"1¾ ,i]711l"f:il \tt A] 

li ii" '1)-Aff 5'.-'f oven"il Ai tl¾A] o{] t:l-. {!ifcA] o{] "I_,. oJl 2M Na,CO3 40ml¾ ,.i :il ~ 

~%"1 ~¾ll\-:: 7}%foj ~ ~yj-A]o{)cj-. o] A]_,l_'i- 85"C!a. oj]',!A]o{! water bathoJI 

.%-Zl + zj-zj- 2A]{1, 4A]Z} +"ii 'li'-11"1 ~ ~:;oi il',cj-. ¾ 5A]{1 %'<} 7f'l!%foj 

','-:il A]_,l_~ ~7]"1 6000rpm"i]Ai 5-l,-%'<} ~'il*el~ t:l-¾ %%"1 20ml¾ ~~t:l-

-'11 %%"1 ¾ "l 'a" '.' £!a. §I "'I~ + molybdate-blue method:: Af%.;foj "l-'11 A] o{] 

~ UV-Vis spectrophotometer..£. ~~~tj- (precision : 7%). 

3.8. "°rboJI Si ~ Oii "1-"l "I% Si \:! til ~'ll 

-"i"l%Si "°rb •JAl-,,-.g. ' 1°rbsJ 'lr'1i¾~ ' 1°rb"}Sj •JAf"i!'!l (seqular 

equilibrium) 'i'f >II :: 0 I %%foj -"I "l %Si ' 1'ro¾ 'l,'1} c'.::>!lj §.!a. oJl §. el !a. 'll 'lJ'%f ~ t:l-. 

{life~ -"l"l%¾ HNO,, HOO~ HO~£ '<!4/"l~!a. digestion %foj ~?½ ~caj:,f 

!a. '"'ro¾ acid digestion "'i~"il -"1"1% A]_,l_oJ] '!J7f;;f~t:l-- ' 1'ro .§1-~ -l,-ej ~:>f 

,c Carpenter et al. (1981)"11 Sj;;f~t:l--

3.8.1. -"I "l ii- >ii ~ 

'
1
°rb i::71 -"1'°1% ~"j,l-.g. l=>f~, 2¾, 'll%%Eii -"l"l-ll- £.',!!"ii i=71%foj -"l"l% 

~ yt.g. .Ji ¾-"l "l % ~ ~¾ (Surface Mixed I.ayer, SML)"il Ai '<!c '<I "14;: 3)~.;,. 'll 

.;foj >l]~;;f~cj-. ,rnPb -"l"l% ~"l,!- 'l!'ll'SI 'l!~'J t cj-g .'i'ctl¾ 'ljoft.J- '<!cirfA] 
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,];a,7foJJ ',l:aj'l)q. (1) "1~ .. ~~½3!} 3'7]3!}".J' ""J>b -\'i-.'r.7f 3!f>l 150-200\1Z! 

'l!'!/i<l~l *"1"1'.l/9-. (2) "1~ .. .s!..l/-E1 ""J>b ;;,~,<: "J-"l'o° -'8-:aJoJI -"li<f 0 P1'1! 'l! 
"1\tcJ- (~, "1~½½ ;,ll{!i<}c: 'i'TioJIAj "1~ .. ~~,"_ (ll.2-nj ""J>b-& ,oj~ + .. 
i!1 · :§}~~-2-.s!. o]%5'Jo<l ?,cc:9-. (3) ~"'~~-& SML"il SJ'~sjnj 'l!'!J-o-}q. (4) * 
.;j oJ1 >1%"1- c: "1 ~;. 'i'Z! (sediment slice -'i'-'>11)-& 'l! >ii \'l <II :;! 'ii 7] Z!oJI •I i<}oj 
¾*«I ~o}oF ~q. (5) ""J>b.oj -'8-"1%"1'71 '!J:j-i0}71l 'l!ai"i 'l/"10f ~q. o]r,J~ 

57} "i '1'c {! o I '/!~ "1 '1! "ii "I "1 ~ .. .ei 3!f "d' ""J>b "T'"'i * !E c: cJ-%3!f ilc-& "i-2-.s!. 7] 
T 'fl "T' 'll q. 

Ax = Ao exp(-bx) + A' 
oj 7] Aj Ax;a; "1 ~ .. ,Io] ("il"T'-"il :,j 7/l ;,ii '1!-2-.s!..l/-"1-"l 7121) xoJI -"1-"l ""J>b W"<f, 

Ao;a; "il"T'-"il"l ;,;j;,i]'1!"il-"1-"l 21"J>b ~"<f, A',"_ "1~ .. -"l "'Ra-2-.s!..l/-"1 '~-".jsjc: 
""J>b w"d'o] q_ b C: 3!} "<f ""J>b 'lf A}'o' -"l ;,}'i'J _;a_.:r.J: 3!} Jal ~ 1t ,/ 0] :: ;>j ±o<I* 'iJ 
-2-.s!. fit ~JI!-"l 7]½7] 0 ]q. SML o]..-} b = J./s 0 ]nj, sc: "1~1t ~~½ 
{sediment accumulation rate)o]c:}-. A!:::: 21°rb *~~'T~A-J 0.0311 yr·1 o]tj-. SML 

oJIAj b;a; "1~ .. ~~½3!} ~~½-"l o]o<]-"l ~~o]q. 

3.9. Ra %-'11 >ii *<1 ("'Ra, "'Ra) 
oJl"T'¾ Ra %-'1J>il¾ ~½i0]-7] -'1Joj 1]')]- Ra -\'i-~'lfo>] !:: Af-8-iOJ-'lJcJ-. 1J"}oJI -l!o>] 

'i'! "il"T'-¥l.e!.¾ o]-S--o-}oj .ll.¾"il"T'¾ 30 L mm·' 41.'r..s!. ~;,} ojllj--§- prefilter"\ 

MnO:, :: "i-1'\-•l~ 27M-"l ¾21.e!..s!.'llsl! -¥1"1!:: o]-8-i<}oj "il"T'¾ 100021"1°1% ~"i
A]~q. -"l.lc•M'il + Mn 'lle1;: .§i"T'iOl-01 ¾-li-"T'.s!. "'J!"1 'll*½ >1171~9-- 'lle1:: 
'!17M%}oj 'l!7].s!.oJIA1 550-C-"l -&.'r..s!. 1'11¾ + •Jo} >M.'a- '/!.,. qg '"Th ~'!!½ -'1l 
"ii 10 ml 'l!-.!:!.oJI "1"1 HPGe r ,!]"1'7].s!. ~'!/i<}'llcJ-. "'Rallj- "'Ra ~'!!½ -'1ji0} 
oj 20'lJ 7/J 3!} + cj-A] ;,jJ "ri<t'lJ 9-. "'Ra ('1J:7,f 7]; 5.75\1) ~'!J ½ -'1J 3foj 228Ra3!} 'lJ 
'd'll'!! (seqular equilibrium)½ 0];;;. '!r "1¾"1 228Ac ('1!7,l-7]; 6.13A]Z!)½ ~'!1-o-f'll 
:il, "'Ra~'!!-& 'll'd'll'!!¾ o];;;. '!r "1¾"1 '"Pb ('1!7,l-7]; 26.8*)½ ~'!!"1-'llcJ-. 

3.10. <ll7]Al.lc*t! 
{!')]- 7J-o-f~"i- ~% 7J3f-i"-"l ¾"d''<l 7J;;}*t! (Dustfall)-"l !E'll¾ -'1ji0]-oj 1997\1 

9-%/.l/-"1 1%\l".'r. >1>11£"11 -'1Jo>i~ ~'s'"i1°J"i!'i'± 'll-&*± (35" 00' N, 128' 45' 
E)-"l o<]')J- 10 m oJI -'1Jo>i~ :cl .. o<]-'8-oJI "'l',il 120 cm "1 PVC>M~-"l •M'll7] 2<11:: 
11_:j;]cS"}O:j 30-40 ~ 1t!-.!?l.£. 7Jii}~~¾ T~ 9-~'8-}~t'.t . .:,=-~~ A]ft"!::: 'T~¾ % 
'lfA],j >1171~ + '!l%7.:!'1'c A],]:il oj-;<f Af'lf.s!. *'ll¾ '/!.,. 'ii, 100 mesh ¾"1-.,_ 
"l 'ii .s!. '!I 5d q_ 

\l""il"ilA1-"l <117]*{! A].lcc: 11%0!1 <117]*{! •M'lJ7]:S "l!o>]i<foj 'i'l.'l!-'1'cAfA]ofq 
A].lc:; •M'l]i<foj <117]*{! ¾ oJoJ-&3!f %0]-&½ o]-&3..s!.ofse..:r,1J:a];: o]-§-i<foj 
*<1 i<}'ll q_ 
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3.11. 'l!:'<f'J~"l 
7)~,,.]~>-J (primary productivity) ~~¾ !?-]~ A].fi.'2- %~¾41 (IE.¾31J-sl 1%77} 

0<1) 67J'T"{ioJIAi Aj.!l.:;: 'l!o-foj 4 µCi "C-NaHCO,;s -'1''lJo-foj 'lj.2.;s ?j;\".2..£ 3 
- 6Aji'} %'<! •U 0Jo-f~r:f. •ij 0J¾ ~~ "1i'T"Al.!l.e Rosette >U'T"ll<>ll .l/-"l-'1! 5 liter 
Niskin >U'T"'ll ¾ oJ%o-foj 100, 49, 30, 15, 3.5, 1 % '!l-..,,_llf '1"11 (LPD: Light 
penetration depth)oJIAi •U'T";;J-~tj-. '/l-.'r.:S •l'T" '1"11Si '!f.'r..£ -'fill%f71 ~-o-foj 
250 m1 polycarbonate bottle¾ ~i1-~ nickel screenQ...£. .¥.~'8i-~c} (Stork Veco, 

Bedford, MA, U.S.A.). •U 0J-& .![ ¾til'r .£ ',/ zj-~ on-deck incubatoroJI Ai •~ -o-f~ 
tj-. •U 0J + GF/F ojllf;<J.£ Aj.!l.;s ojllj-~ + ojllj-;<j;s ~¾7l(HO fumes) "1"1¾ 
~ cf¾ :tl3'cAj 7'1, 11 '!l-"11 (scintillation cocktail; Lumagel Safe) 10 ml¾ 7)-o-foj 11 '!l
:ill "r 7] (scintillation counter; Wa1lac Model#);: o]-8-~}~ dprn¾ ~~, Steeman

Nielson(1952) 'll-'ll<>ll ?j~~ Parsons et al. (1984)<>11 a:fel- "CS! ¼'1"%% ,'--o-f~r:f. 

4.1. -'I ~ 

\t ti1 Si "11 '1! 'l! ti1 <>II ::: ti1 ir £Si •J 'tl llf 'll ti1 i' 'll I'! "l % 0 I 'll ~ .5'J oJ -o-f '!! 'T" .£ .!/
El .'r. \lf -& OJsJ 'il OJ'll -it:: .'!. ~~ t:l-".<91 :§:f "* ~ ~ 0 I "J½ .5'j oj 'a'tll .£ -R-'ll '1! 
t:l-. ~tilej 'll '1!½ a:fel-Ai::: >il-'1'tlll .2..£ ~ oj.2. e Ai ~'ll '1!-!i- (West Korea 
Coastal Current)¾ ¾tll ~tll 'l1 %¾~til.£.l/-El 'i!'tll til>i-*.2..£ "i"l*½ .'!.~~ 

q 0J~ 'i-'1-*~~oj ¾'ll.5'J"l (Suk et al., 1996), 'i!'"1191 "i"l* 'ria" 'l1 'i-'1-¾~ 
'\l".'r.-1,-.'!.oJ] 'i}<g-~ 'il-.J½ nj~r:f (Wells and Huh, 1984; Chough, 1983; Lee at 
al., 1990). !';o-J "lie' ¾~ 'ii-~ (°<l'"f7J) 'T""f~J;Lo:~ei 3'cAfoJI 91-o-f'.'! 0J;<f7J -'1' 
l'!Si so,1 til.<r.Als\- 16'tl1Jei i'~<>li'i •U½.sJe 'Jtr;;J-'T" 'l1 i'-~llll'T"¾ 83%71 
'll :§:f "l "1 \ll O I •l ½ .5'J oJ 'ii-'it a., 91 .2. 'll ¾ ~ 0 I ~ tll .£ •U ½ .5'J oJ "i :;,_ '.U :;i, 0 I cl ~ llil 
'T"•l½".l'-& nij\'! 2~3%"1 ¾7fo-f:;,_ '.</t:l-:il J;!.:il~ •I '.UoJ, oj~ej AJi'-i'lc"l'll I'! 
'i-71 \ttll tPa <>II oJ "i ~ 'il -.J½ 0 1 "-I e1f<>11 ti1 ti1 :sf"il "I ~ Ja..5'! oJ :<! 0 1 ~t:l-

!E ~ :;,_.g, 1/! 'il 0Jej ti1 cf \!:-Ii-!:: >!Pr tll 1 llf "1-'1' .'r.-il-tr "111 ½ % tll 'if "11 .£ -R-'ll 
0 1 .5'!"1 "i~"l.2..£ 'll'<!'T".oJ-91 ~W-llf'll t 'i!'"11 "11~<>11 'i}<g-~ ':l•J½ nj~tj-. a:f 
i!j-Ai \f til C: ;<j ~ "J .2..£ -1\-'i}ej 'il ~½ \lf Oj '/J-e 'lJ '1}~'.J llf til-!i-sJ 'il •J¾ '/J- C: 
~!JlQ:ft!-s] A~..£ ~ Ajoj ~"&j tj-,e ,t!-7c!o] ~-E'ii}.:il. '.U:i!., .:c_OJoJ~fi"~ W%~ §J

"11 "1 ¾ 'll'T"e \to-f-o-foJ >1i-'1't11 l ½ *"" \t"11 .£ -R-'ll 'il .2..£Ai 'il 0J'll-li-% ~ ,g * 
~±:ej AJi'-i'lc"l l'!'i- 'l1 -1,-.'!. !a 'a<>ll til~ 'll'r!:: \t"1191 'll•l'J~"l 'll'-'tl oft..Jel
AJ;<j,}o:} llf'll 'l1 ;,"~¾ 0 itll-o-fer•I '.U"l 'il-'a'"I ¾it .. lr:f. 
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1998\1 4-i!,iJ- 9~ 'l,) 11~, 3:§:ioj ~"! -\'!:~..! :<f.il.~ Table 3-4~3-6oj 'r;,.~~ 

tj-. 

4.2.1. 1998\1 4-il 

'i'± oj.g. 'le .'r. (pH)e 7.91 -8.35 'll-'11 !a.Ai 'll 0J'll-ii- 'le .'r.7} ,,,.g. 1111 A3.Q} AS 

.eJ "l¾"il-"l 8.0 o]o-fojtj- (Fig. 3-2a). 

'lJ :<f>J J;!-%~ >,/ (55) ~"If 'IJ-'11 C: 0.1 ~ 7.6 mg r' !a_kj 'ial 'l!c"i .<'-!a. .l!. ¾Oil Ai C: 1 

mg r' o]o-}!a. ',t.g. 'l!c'cl"il 'i'-lJoj ¾7f~'r;,. Oll"l 1'1"i~ii'.eJ "11¥-%!a. '<}o-foj 

'lJe<f>JJ;!-%~~ ~"If~ ¾7}o-}oj :<i¾"iJAi 5 mg r' o]-'1/-o]tj-. 1111 A3.ej 'r'lJ 20 

m"iJAic: .l!.¾ ',J "}!a. o-}¥-¾'1! 30~40m 'r-ll½otl "]Oil -'11-til"i-"-!a. >'e.g. ~"If (4 

mg r')¾ .!i! '<l t:J- (Fig. 3-2b). 

%;<;~± ~",f.g. 291-358 µM '/l-'11!a.-"i 32.8 psu oJo-}.ej "1'/l'i'7} \..f<}\..fe ~ 

~.'r. 'r'/! 1111:;' (Al~A3).ej .l!.'c\i'c'~¾<>IJAi 330 µM oJ-'1/-oJtj-. 'r-lJ '¼7}<>1] a:} 

2-} %;<;~±~",f.g. t}±o-}oj 2.g.2'/l (T>ll.St:, 5<33.6psu).ej -l;f->J¾ Ji!oJc: 'li11 

A9.ej "l¾"iJAie 295 µM 11£.eJ ~±'&!:½ .!i!.'1!tj- (Fig. 3-2c). 

'l)-.5'.yo}oj.g. 'lc£.e ~ 1111ii'otl-"l 0.5 µM oJo-}!a. ',!:2, 'll'l!c"i-"-!a. 2'/l.QJ "; 

•a¾ .!i!. 0]c: ';l-~ (Al-A9).<'-!a. ~'r;;. 11*1 ¾7}'/!-t:J- (Fig. 3-2d). 

~~oJ.g., '1]~oJ.g. ',J if~ i'i'£.'/l-'11e zJ-zJ- 1.4~6.9, 0.3~0.6, 5.1~8.0 µM!a.Ai 

'r"i ,,_ !f 0J-'l!-.g. t!I >ii !a. -Jl-A}o-}oj 'r.g. ',J 'll ,,_ o I zt zt 9 ~ 10 t:, 33.0 ~ 33.2 psu.eJ 

'/l-'11:S ;l-c: 11~ A5.Q} A7.QJ "l¾'i'<>IJAi 0Ja;' 'lc£.~.g. ztzt >6.0, >0.6, >7.0 µM 

!a. >'c~ 'Ii'£* .!i!'<lt:J-. ::trJ\..f 2.g.2'/l (T>ll.5'C, 5<33.6psu).eJ ";>J¾ Ji!oJ,,; 'lJ 
11 A9.ej "1¾ (70m)Oil-"l.eJ ~~oJ.g., '1]~oj.g. 'l! ir~'lc.'r.c: ztzt 1.4, 0.4, 5.7 µ 

M!a.-"l .l!.¾'r 'r¾.eJ ',t.g. 'lc.'r.;a .!i!.'1]tj- (Fig. 3-2/~h). 

'/J;,.± a yj-",f'/JJ11c: 0.01~1.2 µg r 1 !a.Ai 'lJ£"f¾OJ ','{j 10~20 m"iJ '!!>J.saj 

01 ~<>1 <'1~¾'6.3.~.QJ •~"J-½ ~'1!- "i~'I!- ".l- ~Z!"1-, ¾¥-'1!- "i¾'r!a.¥-El.eJ 'i/
-;i-oJ -S-oJ'I!- 'l!11 A7.2J .l!.¾"iJAi 1 µgr' oJ-'1!-o]tj- (Fig. 3-2i). 

(2) -i'!:~1! B (126' E; ~.'r.->IJ'r.'r. ';l-la\-:§:i'i'!c'c!) 

','±o).g. 'le.£ (pH) '/l~e 7.99-8.23 .<'-!a.Ai -\'!:~{! A.!i!t:J-e -'l'iJ!'/!- "°"'~'a 
.g. .!;!oj;<j a/"et:J- (Fig. 3-3a). 

'lJe<f>JJ;!-%~~ (55) ~"lf'IJJ11c: 0.4~44.2 mgr' !a.Ai 'r-lJoJ 40 m 0J'11!a. SJ.ii[ 

"i 'lJ'.g. ~ .'r. 'r'/! 'lJ 11 a;' (Bl~ B3)otJ Ai :C: 'lf '1)-'1!- .l!., ;,J ¾?Dc.eJ i'c' W .<'-!a. '1! o-}oj 
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Table 3'4. Water column of biogeochemistry in the South Sea during April 5-11 1998. 

STAT. DEP. Temp Sal pH DO ss NO2 NO3 NH4 P04 Si(OH)4 Chi-a 
(m) (C) (psu) (uM) (mgn) (UM) (UM) (UM) (uM) (uM) (ug/1) 

A1 0 10.042 32.233 8.33 331.10 0.92 0.06 3.14 0.09 0.40 6.11 0.74 
10 10.018 32.892 8.35 357.64 0.92 0.07 3.16 0.09 0.42 5.98 0.48 
20 8.933 32.901 8.35 325.47 0.64 0.12 3.67 0.15 0.48 6.30 0.35 
30 8.626 32.888 8.34 320.25 0.98 0.13 4.12 0.12 0.53 6.84 0.13 
50 8.493 32.903 8.33 320.08 1.52 0.05 5.17 0.08 0.57 6.92 0.18 
75 8.417 32.928 8.33 320.51 6.07 0.03 4.95 0.11 0.59 7.44 0.09 
85 8.415 32.929 8.33 309.47 7.60 0.03 5.27 0.11 0.60 7.01 0.08 

A3 0 9.956 32.918 8.08 329.45 0.81 0.08 3.33 0.23 0.43 6.39 1.03 
10 9.874 32.918 8.08 328.14 1.14 0.12 3.71 0.25 0.47 7.09 0.81 
20 9.775 32.918 8.06 328.83 4.48 0.09 3.82 0.22 0.46 6.44 0.69 
30 9.488 32.938 8.01 328.40 0.65 0.12 4.55 0.28 0.52 7.13 0.98 
50 9.001 32.993 7.97 317.69 1.21 0.02 5.56 0.21 0.61 7.59 0.13 

I 75 8.730 32.970 7.95 312.17 6.38 0.02 5.93 0.16 0.61 8.02 0.13 
~ 

~ 85 8.709 32.967 7.91 318.58 6.50 0.02 5.15 0.16 0.60 7.83 0.01 
I AS 0 10.504 32.817 8.11 328.29 1.00 0.07 3.06 0.23 0.39 6.24 0.69 

10 9.896 32.939 8.05 327.96 0.70 0.10 4.71 0.27 0.49 7.06 0.43 
20 9.480 32.922 8.04 316.09 0.60 0.11 5.22 0.24 0.52 7.01 0.17 
30 9.396 32.992 8.04 314.57 0.10 0.10 5.40 0.22 0.55 7.73 0.13 
50 8.966 33.005 8.03 320.55 3.50 0.02 6.19 0.28 0.58 7.62 0.13 
75 8.777 32.975 8.01 4.30 0.02 6.42 0.24 0.60 7.94 0.01 
85 8.761 32.972 8.03 313.63 6.60 0.03 6.65 0.25 0.58 7.89 0.13 

A7 0 10.919 32.975 8.21 334.71 0.70 0.06 3.09 0.30 0.30 5.92 1.20 
10 10.175 32.941 8.23 331.88 0.54 0.07 3.92 0.38 0.36 6.35 1.07 
20 9.582 32.972 8.15 319.60 0.74 0.09 6.18 0.50 0.57 7.57 0.17 
30 9.358 33.056 8.13 316.95 1.25 0.06 6.59 0.30 0.56 8.02 0.05 
50 9.613 33.168 8.13 309.84 3.00 0.03 6.89 0.31 0.56 7.89 0.04 
75 9.734 33.201 8.13 304.82 6.44 0.03 6.45 0.30 0.54 7.95 0.09 
85 9.756 33.206 8.12 306.52 6.80 0.03 6.62 0.33 0.55 8.00 0.09 

A9 0 12.186 33.479 8.23 317.98 1.32 0.07 2.79 0.51 0.26 5.09 0.17 
10 12.117 33.494 8.22 315.03 0.68 0.06 3.18 0.43 0.28 5.04 0.63 
20 11.435 33.503 8.20 315.15 0.85 0.11 4.23 0.38 0.34 5.66 0.33 
30 11.236 33.525 8.21 306.46 1.51 0.10 4.62 0.53 0.37 5.77 0.05 



Table 3-4. (Continued}. 
STAT. DEP. Temp Sal pH DO ss NO2 NO3 NH4 P04 Si(O~ Chl-a 

!ml (Cl !~l \uM) \mg/I) \uM) \uM) \uM) \uM) \uMl (ugn) 
50 11.653 33.699 8.14 299.24 4.25 0.04 4.68 0.43 0.48 7.13 0.01 
70 11.651 33.699 8.13 290.99 5.70 0.05 1.42 0.47 0.37 5.74 0.09 

81 0 10.349 33.259 8.20 307.27 25.10 4.14 0.51 0.13 
10 10.252 33.263 8.22 303.95 41.20 0.04 4.47 0.26 0.49 7.73 0.18 
20 10.261 33.264 8.17 308.62 44.20 0.03 3.89 0.20 0.50 7.41 0.35 

83 0 10.051 33.204 8.09 314.24 12.30 0.06 3.34 0.20 0.50 7.44 0.35 
10 10.008 33.213 8.07 309.36 14.40 0.06 2.91 0.23 0.51 7.35 0.09 
20 9.998 33.216 8.06 308.41 14.50 0.06 3.36 0.22 0.51 7.28 0.26 
30 10.003 33.217 8.00 310.55 19.90 0.08 3.44 0.45 0.51 6.81 0.00 
40 10.005 33.217 7.99 309.52 18.70 0.06 3.31 0.22 0.50 6.68 

85 0 10.089 33.088 8.16 326.79 2.47 0.08 2.07 0.27 0.38 6.25 1.50 
10 10.007 33.112 8.16 315.09 4.31 0.08 2.58 0.30 0.43 7.14 0.77 
20 9.780 33.183 8.13 322.28 5.86 0.08 2.71 0.25 0.46 7.68 0.35 
30 9.753 33.185 8.12 308.86 4.88 0.07 2.44 0.25 0.49 7.48 0.43 
45 9.734 33.185 8.08 311.08 4.75 0.09 2.32 0.43 0.45 7.65 0.60 

~ 

87 0 10.237 32.879 8.15 368.09 :g 1.46 0.07 0.52 0.34 0.23 5.15 1.89 
I 10 9.818 32.877 8.14 364.35 1.53 0.07 1.00 0.42 0.29 5.81 3.23 

20 9.604 32.897 8.10 343.29 1.32 0.06 1.72 0.35 0.41 6.44 2.40 
30 8.913 33.048 8.08 328.97 3.46 0.03 2.72 0.28 0.53 8.38 0.13 
50 8.979 33.075 8.08 340.44 14.50 0.04 2.66 0.45 0.54 8.46 0.09 
75 8.916 33.058 8.07 323.43 31.60 0.03 2.73 0.37 0.54 8.41 0.30 
80 8.905 33.055 8.07 319.17 27.90 0.03 2.77 0.45 0.55 8.29 0.35 

89 0 12.525 33.611 8.12 312.72 0.69 0.05 0.80 0.40 0.25 4.50 0.60 
10 12.224 33.597 8.13 304.30 1.13 0.05 0.88 0.46 0.23 4.49 0.64 
20 12.629 33.763 8.14 306.77 0.97 0.04 1.02 0.39 0.25 4.06 0.51 
30 13.091 33.971 8.16 295.47 0.65 0.07 0.98 0.48 0.24 3.82 0.13 
50 11.357 33.633 8.14 297.37 2.20 0.02 1.60 0.14 0.37 5.60 0.01 
75 12.195 33.853 8.16 287.83 4.70 0.01 1.55 0.16 0.34 4.80 0.01 

811 0 14.805 34.330 8.23 299.72 0.51 0.17 0.21 0.06 1.24 0.47 
10 14.813 34.342 8.23 303.54 0.58 0.03 0.20 0.04 1.23 0.35 
20 14.836 34.378 8.22 289.82 0.39 0.03 0.18 0.23 0.06 1.07 0.13 
30 14.836 34.473 8.22 284.92 0.73 0.08 0.50 0.94 0.14 1.64 0.09 
50 14.256 34.374 8.22 28314 2.30 0.03 0.80 0.43 0.16 2.48 0.01 
75 14.273 34.380 8.22 288.36 2.80 0.02 0.80 0.29 0.16 2.24 0.04 



Table 3-4. {Continuedi-
STAT. DEP. Temp Sal pH DO ss NO2 NO3 NH4 P04 Si(OH)4 C~l-a 

(m! (C! (e!U! (uM! ,m~11l (UM! (UM! {uM~ (UM! (uM) (u~/1) 
90 14.302 34.389 8.22 287.69 2.80 0.02 0.77 0.29 0.16 2.07 0.22 

C1 0 10.635 33.354 8.05 314.74 2.30 0.06 1.66 0.02 0.45 6.27 0.22 
10 10.447 33.367 8.01 310.18 4.93 0.07 2.23 0.15 0.42 4.81 0.17 
20 10.429 33.367 7.87 296.08 4.41 0.05 1.95 0.05 0.44 4.46 0.01 
30 10.440 33.369 7.99 309.46 10.29 0.05 2.13 0.00 0.45 6.14 0.01 

C3 0 11.526 33.325 8.40 305.25 3.30 0.06 1.56 0.02 0.34 5.43 0.39 
10 11.686 33.557 8.41 304.79 1.57 0.12 1.36 0.07 0.32 5.33 0.09 
20 11.691 33.619 8.43 288.39 1.30 0.13 1.54 0.05 0.30 4.48 0.21 
30 11.572 33.627 8.41 297.85 1.46 0.16 1.41 0.11 0.33 5.57 0.04 
50 12.036 33.760 8.44 296.03 1.11 0.17 1.25 0.15 0.30 4.84 0.09 
57 12.053 33.765 8.44 293.93 1.32 0.16 1.14 0.05 0.29 3.97 0.22 

cs 0 16.635 34.617 8.21 268.49 0.39 0.03 0.19 0.19 0.10 1.09 0.13 
10 16.627 34.621 8.20 273.65 0.43 0.04 0.09 0.20 0.09 1.02 0.01 
20 16.623 34.621 8.20 268.56 0.39 0.04 0.08 0.21 0.06 0.89 0.05 

I 30 16.544 34.610 8.20 266.71 0.46 0.08 0.08 0.25 0.10 1.06 0.30 - 50 8.20 0.20 1.77 0.01 "' 15.494 34.485 273.54 0.59 0.25 0.32 0.11 -I 75 15.598 34.603 8.15 261.79 0.58 0.28 0.23 0.15 0.18 2.64 0.09 
85 15.579 34.601 8.09 268.71 0.63 0.30 0.45 0.27 0.13 2.80 0.01 

C7 0 16.471 34.573 8.32 269.85 0.47 0.04 0.13 0.29 0.10 1.11 0.05 
10 16.472 34.607 8.29 269.31 0.44 0.05 0.08 0.31 0.10 0.91 0.05 
20 16.426 34.601 8.24 267.72 0.33 0.06 0.10 0.30 0.10 1.04 0.22 
30 15.753 34.480 8.13 276.36 0.44 0.19 0.18 0.60 0.08 1.82 0.21 
50 15.248 34.444 8.08 275.56 0.48 0.37 0.29 0.34 0.11 2.26 0.21 
75 14.588 34.408 7.90 279.75 0.63 0.42 0.52 0.20 0.15 2.74 0.17 

100 13.768 34.223 7.95 280.47 0.87 0.38 0.73 0.20 0.17 3.32 0.18 
115 13.796 34.229 7.90 275.83 0.74 0.38 0.64 0.19 0.16 3.05 0.13 

C9 0 14.553 34.219 7.91 280.05 0.49 0.32 0.53 0.43 0.20 2.61 0.17 
10 14.497 34.260 7.89 318.31 0.39 0.32 0.64 0.36 0.21 1.60 0.26 
20 14.424 34.251 7.88 280.95 0.54 0.33 0.68 0.45 0.12 2.83 0.22 
30 14.341 34.231 7.84 284.87 0.32 0.33 0.75 0.38 0.12 2.93 0.09 
50 14.236 34.258 7.82 286.20 0.25 0.42 0.83 0.61 0.13 3.05 0.29 
75 14.034 34.242 7.81 283.70 0.82 0.44 0.86 0.40 0.15 3.19 0.20 

100 13.956 34.247 7.78 279.90 0.34 0.45 0.83 0.40 0.15 3.06 0.16 
115 14.014 34.264 7.74 280.68 0.53 0.46 0.78 0.10 0.17 3.23 0.39 



Table 3-4. {Continued}. 
STAT. DEP. Temp Sal pH DO ss NO2 NO3 NH4 P04 Si(OH)4 Chi-a 

(ml (Cl (esu) (uM) (mg/I) (uM) (uM) (uM) (uM) (uM) {uill} 
D1 0 11.511 33.839 8.24 320.92 2.18 0.02 0.46 0.12 1.27 

10 11.500 33.843 8.19 316.10 2.63 0.14 0.56 0.14 0.21 1.20 1.53 
20 11.038 33.891 307.46 0.07 0.50 0.01 0.14 0.36 0.22 

D3 0 12.421 34.031 8.41 293.99 1.18 0.31 1.84 0.28 4.12 0.12 
10 12.419 34.032 8.35 300.62 1.61 0.26 2.16 0.01 0.37 2.75 0.63 
20 12.400 34.037 7.89 293.51 1.41 0.32 2.00 0.53 4.27 0.24 
30 12.213 34.054 7.92 287.33 3.79 0.50 1.75 0.40 0.54 3.08 0.21 
40 12.140 34.048 7.93 285.87 5.96 0.38 1.76 0.20 0.56 4.25 0.37 

D5 0 12.371 33.830 7.87 294.11 1.41 0.22 2.55 0.13 0.58 0.31 0.63 
10 12.317 33.824 7.61 300.53 1.23 0.21 1.96 0.55 4.72 0.35 
20 11.968 33.770 7.19 306.45 1.35 0.24 2.38 0.27 0.58 4.30 0.28 
30 11.458 33.748 7.13 296.19 1.88 0.22 3.13 0.66 5.49 0.26 
50 11.233 33.725 7.14 302.42 2.27 0.40 3.21 0.60 0.63 5.34 0.22 
65 11.268 33.759 7.15 295.94 2.27 0.29 3.36 0.03 0.66 5.38 0.09 

I D7 0 17.090 34.840 8.19 270.68 0.25 0.08 0.86 0.09 0.33 0.10 0.41 -~ 10 17.053 34.639 8.18 270.03 0.29 0.11 0.57 0.27 0.32 0.07 0.25 
I 20 16.976 34.637 8.17 273.41 0.14 0.11 0.62 0.16 0.33 0.24 0.42 

30 16.821 34.624 8.15 274.86 0.28 0.17 0.91 0.12 0.37 1.14 0.24 
50 16.500 34.638 8.12 263.73 0.90 0.10 1.98 0.02 0.47 2.88 0.16 
75 15.986 34.592 8.10 259.62 2.40 0.11 2.58 0.02 0.51 3.08 0.13 
80 15.676 34.534 8.09 258.25 2.00 0.10 2.54 0.10 0.55 3.88 0.17 

D9 0 17.449 34.644 8.25 281.16 0.37 0.07 0.84 0.21 0.32 0.18 
10 17.155 34.638 8.28 271.11 0.39 0.08 0.45 0.27 0.33 0.24 0.18 
20 17.110 34.637 8.26 275.48 0.44 0.08 0.50 0.25 0.30 0.39 
30 17.080 34.636 8.25 280.67 0.34 0.08 0.59 1.36 0.32 0.24 0.26 
50 16.547 34.626 8.18 234.57 0.20 0.09 3.29 0.02 0.58 5.08 0.01 
75 16.326 34.631 8.17 238.71 0.24 0.04 3.53 0.06 0.59 4.11 0.01 

100 16.126 34.625 8.15 252.39 0.58 0.08 3.89 0.18 0.61 4.81 0.05 
D11 0 8.34 271.62 0.29 0.12 0.99 0.26 0.32 0.10 0.05 

10 8.38 275.30 0.54 0.16 0.50 0.37 0.31 (0.00) 0.05 
20 8.38 282.32 0.14 0.15 0.53 0.34 0.31 (0.00) 0.17 
30 8.36 268.64 0.23 0.27 0.67 0.29 0.34 0.42 0.17 
50 8.33 245.74 0.24 0.11 2.55 0.18 0.49 2.90 0.01 
75 8.29 230.39 0.19 4.31 0.13 0.64 5.23 0.01 



Table 3-4. ~Continued). 
STAT. DEP. Temp Sal pH DO ss NO2 NO3 NH4 PO4 Si(OH)4 Chi-a 

!m) !C) !e•LI) !LIM) !m9II) !LIM) !LIM) !LIM) !LIM) !LIM) !LISII) 
100 8.28 235.49 0.34 0.04 5.59 0.35 0.69 5.44 0.01 
110 8.27 233.15 0.20 0.03 5.81 0.13 0.72 7.56 0.01 

E1 0 12.356 32.775 8.37 322.04 5.00 0.52 21.59 2.83 0.19 2.88 1.08 
10 12.231 33.532 8.36 301.41 4.88 0.46 16.53 1.89 0.22 2.10 0.43 
20 12.581 34.109 8.32 286.33 4.36 0.30 4.72 0.87 0.22 2.01 0.26 
30 12.714 34.152 8.32 288.48 4.16 0.27 2.12 1.17 0.17 0.04 0.47 
40 12.730 34.157 8.31 286.31 7.45 0.25 2.67 0.49 0.19 1.88 0.52 

E2 0 12.756 33.915 8.35 259.93 1.70 0.27 4.23 0.30 0.17 1.65 0.05 
10 12.670 34.039 8.34 286.56 1.21 0.30 4.21 0.33 0.19 2.02 0.18 
20 12.748 34.083 8.31 2.62 0.32 4.02 0.36 0.26 2.87 0.56 
30 12.741 34.110 8.29 285.74 1.23 0.33 3.94 0.31 0.23 2.63 0.13 
65 12.911 34.213 8.13 291.38 1.05 0.35 3.72 0.23 0.24 2.61 0.22 
70 12.890 34.235 7.89 283.89 1.17 0.44 4.09 0.17 0.27 3.23 0.30 

E3 0 13.619 34.187 8.14 297.90 0.29 0.23 3.69 0.24 0.22 2.97 0.17 
I 10 13.531 34.210 8.15 291.81 0.69 0.23 3.84 0.22 2.84 0.13 -~ 20 13.287 34.203 8.15 288.75 0.34 0.22 4.15 0.04 0.25 3.18 0.09 
I 30 13.145 34.184 8.15 288.13 0.29 0.21 4.11 0.01 0.23 3.29 0.17 

50 13.113 34.187 8.14 300.24 0.54 0.35 4.25 0.25 3.43 0.05 
75 12.344 34.197 8.13 355.96 0.71 4.61 0.00 0.32 4.92 0.01 

E4 0 15.985 34.553 8.28 302.20 0.60 0.15 2.01 0.02 0.05 0.38 0.77 
10 15.597 34.558 8.24 297.76 0.87 0.22 1.72 0.05 0.80 0.64 
20 14.823 34.455 8.19 285.74 0.40 0.43 2.99 0.13 1.53 0.05 
30 14.736 34.460 8.18 277.33 0.73 0.58 3.54 0.05 0.17 2.38 0.05 
50 13.385 34.268 8.14 288.59 0.60 0.53 4.43 0.17 0.22 3.39 
75 12.087 34.126 8.12 279.11 2.70 0.60 5.62 0.03 0.34 5.48 0.09 
95 12.083 34.126 8.04 282.22 2.60 0.61 5.79 0.04 0.33 5.35 0.13 

E5 0 16.241 34.601 8.26 281.92 0.47 0.41 2.75 0.13 0.08 1.80 0.05 
10 15.434 34.531 8.23 284.39 0.67 0.34 2.71 0.17 0.09 1.90 0.09 
20 15.347 34.526 8.24 295.45 0.20 0.32 2.72 0.16 0.09 1.73 0.05 
30 15.224 34.507 8.21 284.92 0.20 0.42 3.22 0.22 0.11 2.25 0.09 
50 13.939 34.319 8.20 290.25 0.90 0.49 4.12 0.06 0.18 3.22 0.05 
75 11.800 34.046 8.15 295.18 2.20 0.55 4.82 0.18 0.27 4.10 0.10 

100 11.743 34.043 8.15 294.37 1.90 0.54 4.32 0.52 0.28 4.44 0.13 
E6 0 15.992 34.642 8.17 277.81 0.40 0.48 2.29 0.20 0.13 1.63 0.26 



Table 3-4. (Continued}. 
STAT. DEP. Temp Sal pH DO ss NO2 NO3 NH4 P04 Si(OH)4 Chi-a 

(m) (C) (esu} (uM) (m1;ttll (uM) (uM) (uM) (uM) (uM) (ua/1) 
10 15.900 34.642 8.20 280.46 2.20 0.50 2.37 0.07 0.11 1.71 0.17 
20 15.849 34.640 8.20 294.46 0.20 0.55 2.38 0.32 0.12 1.77 0.25 
30 15.819 34.639 8.21 282.58 0.20 0.53 2.15 0.28 0.13 0.95 0.13 
50 14.836 34.498 8.17 283.98 0.40 0.58 3.70 0.10 0.20 2.86 0.05 
75 12.152 34.080 8.12 291.97 2.60 0.62 4.67 0.39 0.20 4.13 0.09 

100 11.687 34.041 8.11 291.93 4.00 0.63 5.03 0.37 0.25 5.01 0.22 
EB 0 16.629 34.654 8.27 274.90 0.35 0.59 2.89 0.31 0.14 1.98 0.17 

10 15.791 34.603 8.29 283.91 0.29 0.44 2.95 0.30 0.15 2.47 0.17 
20 14.743 34.388 8.28 300.14 0.40 0.21 3.67 0.30 0.18 2.95 0.18 
30 13.137 34.037 8.27 305.99 0.33 0.16 4.38 0.25 0.12 3.53 0.42 
50 13.189 34.213 8.26 294.98 0.30 0.53 4.54 0.39 0.14 3.39 0.17 
75 11.859 34.051 8.25 293.72 1.10 0.58 4.16 0.81 0.22 4.35 0.04 

100 11.754 34.057 8.24 305.12 1.60 0.58 4.19 0.70 0.24 4.73 0.20 
110 11.745 34.061 8.24 296.38 3.20 0.51 4.08 0.63 0.21 3.93 0.29 

I 
~ 

~ 
I 



Table 3-5. Water column of biogeochemistry in the South Sea during September 23-25 1998. 

STAT DEP. Temp Sal Density DO ss NO2 NO3 NH4 PO4 Si(OH)4 Chi-a 
(m) (C) (esu) (uM) (ma/I) (uM) (uM) (uM) (uM) (uM) (ua/1) 

S1 0 23.658 29.9255 19.905 - 0.89 0.30 2.32 2.42 0.94 22.23 1.54 
S2 0 23.619 30.0738 20.0282 - 1.26 0.30 2.13 0.67 17.68 1.67 
S3 0 23.7033 30.2643 20.1479 2.12 0.26 2.63 1.89 0.41 11.61 1.13 
S4 0 24.4927 30.7819 20.3092 - 0.71 0.15 1.08 0.69 0.08 4.37 1.28 
SS 0 24.7882 31.1947 20.5333 - 0.41 0.05 0.86 0.75 0.06 4.91 0.89 
A1 0 23.9399 30.8457 20.5189 219.4 0.51 0.07 0.32 0.27 0.05 4.55 0.23 
A1 10 23.7261 30.88 20.6066 212.6 0.50 0.05 0.51 0.73 0.09 6.16 0.09 
A1 20 23.1641 31.1126 20.9433 211.0 1.22 - 0.76 1.47 0.13 5.54 0.14 
A1 30 19.8294 32.0528 22.5607 199.4 2.53 0.20 3.60 0.83 0.33 8.75 0.17 
A1 38 19.3056 32.2063 22.8114 200.6 3.90 0.26 3.53 0.63 0.31 8.48 0.05 
A2 0 23.8996 30.9447 20.6054 229.8 1.51 0.01 0.60 0.62 0.04 4.91 0.73 
A2 10 23.4871 30.9946 20.762 225.4 0.55 - 0.11 0.19 0.04 3.57 0.81 

I 
A2 20 23.1712 31.1297 20.9543 210.7 0.86 0.26 3.08 0.40 0.12 5.89 0.23 

~ A2 30 21.7175 31.547 21.6753 202.8 0.95 0.20 2.62 0.90 0.28 5.80 
~ A2 50 16.7316 32.8373 23.9183 192.6 2.49 0.30 7.28 0.21 0.56 10.98 0.05 I 

A2 55 16.6702 32.8531 23.9447 192.2 1.89 0.20 5.69 0.26 0.46 8.48 0.09 
A3 0 23.6475 30.6694 20.6213 234.5 2.83 - 0.27 0.09 0.07 4.11 0.79 
A3 10 23.2909 30.9638 20.7948 221.2 0.61 - 3.44 0.40 0.04 4.11 0.62 
A3 20 21.1627 31.7052 21.9456 202.0 0.75 0.28 3.33 0.34 0.24 7.77 0.21 
A3 30 17.9607 32.5824 23.4319 195.1 0.66 0.26 5.32 0.28 0.39 7.86 0.19 
A3 50 13.6011 33.4345 25.0601 184.0 1.75 0.01 8.99 0.08 0.58 11.52 0.00 
A3 75 13.1753 33.4429 25.1526 187.6 2.47 - 9.54 0.03 0.69 15.09 0.05 
A4 0 23.2755 31.3227 21.0706 200.6 0.52 - 1.77 0.47 0.07 5.89 0.27 
A4 10 23.3421 31.7 21.337 201.6 0.35 1.80 0.52 0.09 5.27 0.18 
A4 20 24.0975 32.6269 21.819 192.1 0.18 1.93 0.18 0.13 5.18 0.26 
A4 30 23.0295 32.8274 22.28 145.4 0.19 0.03 7.34 0.11 0.40 12.14 
A4 50 17.2545 33.0511 23.9599 162.2 0.73 - 8.60 0.23 0.51 10.98 
A4 75 13.6603 33.4656 25.0721 178.2 0.85 11.02 0.12 0.74 15.00 
A4 110 14.0237 33.7203 25.1939 174.2 3.51 - 10.46 0.44 0.64 12.23 
AS 0 23.435 31.9491 21.4989 203.2 0.75 - 2.76 0.32 0.09 8.21 0.09 
AS 10 22.5858 32.7954 22.3815 176.5 0.18 - 4.07 0.18 0.24 8.04 0.22 



Table 3-5. (Continued). 
sTAT. DEP. Temp $al Density 

(Cl (esu) 
21.6299 32.9104 22.7344 

A5 30 21.2084 33.3359 23.1726 176.3 0.43 4.72 0.11 0.34 8.48 
A5 45 19.9482 33.4029 23.5587 170.7 0.33 0.01 6.98 0.21 0.43 9.73 0.05 
A5 65 17.5624 33.2984 24.0761 160.5 0.50 0.01 8.66 0.81 0.55 14.29 
A5 95 15.2369 33.7778 24.9789 163.1 5.48 10.40 0.18 0.71 12.86 
C2 0 24.6146 29.9946 19.6794 221.3 0.92 0.03 0.24 0.50 0.02 4.20 0.09 
C2 10 24.6234 29.9869 19.671 219.5 0.34 0.05 0.26 0.48 0.02 4.11 0.05 
C2 20 24.5809 30.0145 19.7043 218.5 0.40 0.09 0.33 0.54 0.05 5.45 0.09 
C2 30 24.0243 30.5316 20.2571 194.8 0.24 0.71 1.23 0.28 11.07 0.14 
CJ 0 23.6735 31.0858 20.7773 224.4 0.64 0.09 0.30 0.48 0.01 3.75 0.22 
CJ 10 23.6851 31.0694 20.7616 223.7 0.52 0.07 0.26 0.36 0.01 4.02 0.28 
CJ 20 24.6332 30.8043 20.2848 220.0 0.23 0.09 0.42 0.49 0.03 4.29 0.34 
CJ 30 23.7385 31.4395 21.0259 210.7 0.22 0.15 0.77 0.52 0.05 4.91 0.05 

I CJ 40 22.1359 32.2005 22.0561 154.5 1.74 1.12 4.49 0.27 0.60 17.86 0.05 ~ 

:§: C4 0 24.8075 31.2872 20.5975 219.8 0.32 0.01 0.57 0.39 0.04 2.77 0.23 
I C4 10 24.8001 31.2873 20.5997 218.3 0.25 0.03 0.65 0.62 0.06 2.86 0.09 

C4 20 24.7241 31.3228 20.649 216.9 0.29 0.01 0.59 0.57 0.06 3.21 0.05 
C4 30 19.8106 32.2968 22.7514 206.0 0.26 0.05 1.26 0.58 0.07 4.02 0.09 
C4 50 14.9347 33.9895 25.2078 191.7 0.41 0.05 5.45 0.21 0.47 7.86 
C4 75 14.8715 34.1583 25.3518 164.7 1.39 0.03 8.36 0.60 0.67 12.95 
C4 83 14.8796 34.1802 25.3668 163.5 1.09 9.68 0.31 0.69 13.66 



Table 3-6. Water column of biogeochemistry in the South Sea during November 24-27 1998. 

STAT. DEP. Temp Sal Density DO ss NO2 NO3 NH4 P04 Si(OH)4 Chi-a 
(ml (Cl {esui (uMj \mg/I) (uM) (uM) (uM) (uM) (uM) (ug/1) 

A1 0 14.4044 32.6486 24.2871 254.4 5.12 0.30 7.76 1.17 0.46 12.57 0.16 
10 14.3883 32.6476 24.2898 255.6 9.69 0.28 7.94 1.35 0.45 12.62 0.11 
20 14.389 32.6478 24.2898 258.9 10.87 0.30 7.36 0.09 0.42 12.99 0.16 
30 14.3727 32.6461 24.2919 258.3 9.80 0.30 7.56 0.30 0.42 12.80 0.21 

A3 0 15.3713 32.9877 24.341 220.3 1.57 0.28 7.47 1.12 0.39 12.20 0.21 
10 15.3687 32.9891 24.3425 213.7 1.79 0.30 7.03 0.16 0.38 12.24 0.06 
20 15.3512 32.9949 24.3509 210.4 1.78 0.30 6.99 0.20 0.37 12.38 0.00 
30 15.3008 33.0106 24.374 217.3 2.00 0.28 7.37 0.32 0.39 12.48 0.11 
50 14.8825 33.1868 24.6005 190.5 4.90 0.24 8.98 0.16 0.52 15.00 

AS 0 17.3705 32.5805 23.5717 239.6 0.44 0.30 1.65 0.21 0.02 5.79 0.16 
10 17.3596 32.5794 23.5736 240.1 0.39 0.30 1.70 0.32 0.01 5.70 0.11 
20 17.0435 32.5982 23.6824 245.3 0.36 0.32 2.45 0.83 0.06 6.54 0.06 
30 15.0746 32.6594 24.1528 219.8 0.59 0.24 6.65 0.21 0.35 11.21 0.10 

I 50 14.0749 33.2414 24.8134 174.3 1.11 0.10 10.79 0.14 0.66 17.38 -'C 75 14.6397 33.8518 25.1654 158.5 2.04 0.06 11.99 0.14 0.75 20.37 
" I A7 0 17.9093 32.8715 23.6855 226.1 2.36 0.34 1.49 0.61 0.01 4.58 0.23 

10 17.9095 32.8701 23.6645 233.9 0.37 0.34 1.47 1.79 4.21 0.21 
20 17.9075 32.8702 23.6651 233.4 2.29 0.34 1.69 0.67 0.01 4.21 0.48 
30 17.9739 32.8914 23.6652 229.6 2.47 0.34 1.54 0.81 0.00 4.21 0.11 
50 18.7793 33.3516 23.8184 208.8 2.16 0.34 3.02 1.10 0.10 5.79 0.17 
75 17.1508 33.8764 24.6173 156.4 0.89 0.10 10.25 0.25 0.54 17.38 0.06 
110 15.6053 34.1118 25.1544 155.7 3.45 0.14 12.95 0.78 0.73 20.89 0.00 

82 0 13.9022 32.3111 24.1307 - 3.22 0.10 6.42 0.80 0.62 14.30 0.11 
10 14,0214 32.4053 24.1791 2.32 0.81 6.42 0.68 0.61 14.02 0.11 
20 14,3187 32.7793 24.4058 2.53 0.81 6.94 0.43 0.56 13.74 0.10 

84 0 14.1871 32.5138 24.2287 - 0.88 0.79 5.55 0.57 0.39 10.61 0.10 
10 14.1931 32.5139 24.2273 1.06 0.89 5.38 0.50 0.40 10.56 0.06 
20 14.2078 32.5191 24.2282 0.98 0.67 5.35 0.63 0.38 10.61 0.11 
30 14.1782 32.6171 24.3101 - 1.15 0.67 6.14 0.51 0.40 11.54 

86 0 14.5281 32.8453 24.4129 - 0.55 0.67 5.13 0.24 0.28 10.75 0.32 
10 14.5459 32.8519 24.4141 - 0.46 0.32 5.28 0.15 0.28 10.75 0.10 



I 

' ~ 
I 

Table 3-6. {Continued~. 
STAT. DEP. Temp 

(m) (C) 
20 14.5072 
30 14.7816 
50 15.1273 

B6 0 15.6466 
10 15.6531 
20 15.3666 
30 15.3193 
50 15.4001 
75 16.0206 

Sal Density DO 
{~su} (UM) 

32.9753 24.5174 
33.1294 24.5779 
33.7663 24.9954 -
32.6615 24.0291 -
32.6617 24.0278 
32.6692 24.0923 
32.744 24.1647 -

33.4464 24.6692 
34.5011 25.3599 -

ss NO2 NO3 NH4 P04 Si(OH)4 Chi-a 
{m!il'll (UM) (UM) (uM) (uM) {uM~ (uanl 

0.26 6.75 0.17 0.37 12.34 0.11 
0.62 0.30 6.24 0.75 0.43 13.36 0.10 
3.77 0.28 11.76 0.15 0.67 19.11 0.00 
1.06 0.16 3.47 0.02 0.06 9.06 0.11 

0.24 3.46 0.06 0.09 6.92 0.06 
0.54 0.20 3.66 0.01 0.11 9.77 0.32 
0.54 0.16 3.97 0.05 0.14 10.09 0.11 
0.57 0.16 10.86 0.66 0.56 17.43 0.00 
0.66 0.06 12.72 0.97 0.71 20.69 



13 mg r' o] ',l-.2..ss ';,;cj-. !le~ 0<1.g,"1 'll (T<JO 'C, 33.0<5<33.2 psu)9.J 'i ',hi· '$<::: 

'll 'll 85£]- 879.] "1 ~ ?<>11 A1 £ >l.!/-¾'<l "ii "1 Jal aj~9.] 'l/ ",,'.2.5'. 10 mg r' oj ',l-.2.5'. 

E"2, AJ]-?.s:. ~..Q...£. ~-'r~ ir:?4~1 tr±~ct (Fig. 3-3b). 

%,e~~ ~"a':'. 283-368 µM '1i-$J.s'.A1 'r¾o] "].ii!aj 'l}'lJ,;s! 'lJ'lJ 879.] .l!.',! 

~ ~ ¾ <>I] A1 350 µ M 0 1 -'II- 01 cJ-. \'} 'l! <>11 :;, 'll 'r 7 I * 'll "1 ::: >ii ? Ai .!/-"ii "l (811) <>I] Ai 

::: 300 µM oja-}5'. ½tcJ- (Fig. 3-3c). 

'l)-.2.yo}oj.g, -'o-£C: 'i'l:"i'<:i A"]- cf~7}0<j5'. rJl.!/-1.':9.J 'll'!l~<>i]Ai 0.5 µM oja-f 

ojcJ- (Fig. 3-3d). 
~~oJ.g,, ~~oj.g, 'l] TJ-{! -'o-£'11-$1~ zj-zj- <0.1-4.5, <0.1-0.6, 1.1-8.5 µM 

_ssAi -l,'-.,t: 0J',l-.g, rJI "1] 5'. 'r_g, 'J1 'lJ-l,!- 1,!: .,t:"]- ¾A}a-f cj- (Fig. 3-3e - h). "] .ii! aj 'lf 
:'. ?1l (<40 m):i!J- 0<1.g,;,J'lJ (T>9.0'C, 5<33.0psu)9.J 'i'.l½ >(C: %£?1'!"11"1 (B 

1 - 83)<>11 A19.J ~ ~oj .g,, ~ ~oj .g, 'l] TJ-~-'o-£ c: zj-zj- >4.0, >0.5, >7.0 µ M.ssAi ';;; 

t:l-. .::r~Y- o]~ ~£~ t -\:!~1! A2} o}~7},A].£. 2.g.2~9.J ~AJ¾ .5!.. 0]-:: ~Fr 
£~..Q...£. ~'r~ t[::t:~l-~ -'r.g_.. ~ ~~0 1 ztzt >14t:, >34.2 psu~ .5!.. 0 ]-:= 781:1 
811<>i]Aj9.j oj~ -'o-£"-e, zj-Z, <1.5, <0.1, <2.5 µM oj.;-fo]cJ-. 'lJ'lJ 85£]- 879.] "1 

.g,;,J 'll (T<lO 'C, 33.0<5<33.2 psu)9.J '.l ~ ½ 7}{! "i ¾'r<>il Ai C: TJ-~-'o-£7} 8.0 µ 

M o]',l-.2.5'. ';;;cJ-. oj 0<1¾'rC: 'i'!:";{i A9.] 'lJ'lJ A5-A7 <>IJAi 'i'l:"i''<! %.!/-~ 'l/ 0.J' 
'lJ-Ji-~ ~fl-~ "1¾'r£J- 'r-ec 'J1 'lJ1,!:oJ ¾Afo-fcJ-. 'lJ~~ a W".r'1i-$l C: 0.01 -3.2 

µg I' oJcJ-. .l[, "1%'r<r9J 'r'°1~~0J ~'1£~ %£?\'!"il"J<>IJA1C: ')lOJ''lJ:'_ ?\'! 

781:l~oJl l:l]!Jl ~r.H~..Q...£. ¾-¥-15'}1-f, ~~1~ T¾l!t ~.g_.. ~Pl,..,Pl'-%~~.£. 'i.!~ 
'l!-"1.;-j-5'. ~"11 0.2 µg r' oJa-f.s'. ½tcJ- (Fig. 3-3i). ~eli+ .l!.¾<>11 33.0 psu oJ.-f9.] 

"1'll?7l ½'Ila-le: 'll'll 8791 10 m ?'lJ<>IJAiC: "1¾9.J '!r"il'il?.s'. A}E'9C: 0<1£

"l'll'r (T<lO"C, 33.0<5<33.1 psu)"l- 1Ja-f'l!Ai ~P.J'<l 'llc'll'<l ?¾.2.5'. ~a-foj aJ'!l 
~ '1!-.'fc:tl 'J1 "l¾i°.s'.J/-E-19.J -'fJ/-~ ')lOJ''lJ 1fif% -6J~:: ',/-=J:~9.j A~'lf¾ -$j~ 

½.g, .'fc :cl¾ 's< ,r,. <>1 3 µ g r' o I -'II-9.J .,.g_ w ".l' ½ .I!. o I "1 , ¼ ,iJ rJI it! ""I 0 1 ° 1 'll 11 <>11 

Ai J/-E-j AJ "}~¾ 7}2.j zl cJ-. 

'r~oj_g, -'o-£ (pH) '1i-$lC: 7.7-8.45'.Ai %£<>iJAj >iJ?£5'. >f'r~ '(J,t} :;}~a-} 

oj 'll'!l C9<>1JAi 8.0 °Ja-f9.] ',;t:'. pH;, .l!.~cJ- (Fig. 3-4a). 

'lJ0<}'.J.!/-¾%~ (55) ~".l''11-$l~ 0.3-10.3 mgr' 5'.Ai %£ ?l'!'ll11" (O-C3) 

oj]A~ E°2, ~l-?£~..Q_.£. ~-'r~ t}-±15}~ ~PT=-£"?~ 111:l~oJ]A~::: 1 mgr' 0 J%} 

5'. ½tcJ-. ?1Joj 30 m oJt.lJ.s'. 'lf:'. %£ ?I'! 'll11 (Cl)<>IJAj9.j ?"'11.':±C: .l[, "1 
¾TI9.J ~£;7;}o]: _5!..o]A] ?i"::: ~~1! B2}::: ~~ 'r~ 20 m;: 787'11.£. irZ:J~l ¾ 
7fa-foj "i¾<>IJAi 10.3 mg r'9.] -'lrJI.J:½ .l!.~cj (Fig. 3-4b). 

%,e~~ W".r£- 262-318 µM '1i-$l.s'.Ai <1£-;<J'lJ (T>9.0'C, 5<33.0psu)9.J %£ 

? I'! 'll 'll a, <>II Ai 300 µ M oJ "J-oJ i+, :i! 'll ?7f ¾'ll "1 ~ 'll 1l C5S} C7<>1JAi 270 µ 
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M oj..-fojt:J- (Fig. 3-4c). 

{l{!o].g., '1){!o].g. 'JI 'ij-{! -'o-5'.'/l-\'l<c- zj-zj- <0.1-4.5, <0.1-0.6, 1.1-8.5 µM 

_s!.Ai -11-.¥.0J-')i-.g. '11>1].s'. 'i'-& 'JI 'll-l1--l1-.¥..9t -fi-Af..-ft:J-. 40 m o]'-1\£ •J.ii!-"l 's)'.g. 

'i'{J ½ ?,!-TI',) <c- % 5'. '? \!! oJI Qj (0 ~ C3)oJl Ai ;: "il 0J'lJ -ff- -'o-5'.7} s'f £. l.j-, TI-& .:i'. 'lJ 

(T>16.0'C, 5<34.5psu)-"I "; 'J¾ ?,!-;: ll'll CS.oj- C7 Afo]oJl>i zj-zj- <1.0, <0.1, <1.5 

µ M.s'. ~U:: ill:¾ .l!. '1! t:1-. 
-1'!:~11 A.oj- BoJ] Ai ;,,.g. 'll 0J'/Hi-¾ 7}~ e<j.g.;,j 'll (T<lO 'C, 33.0<5<33.2 psu)-"I 

;<J¾'i'c: -1'!:~11 CoJJAi -1'!:~'9"'] 1',r<c-t:l- (Fig. 3-4d-h). 

'll .;,.± a ~'lf'll -\'I<=- '!J '1]-.aj£..s!. 0.2 µ g r' oJ 11"}.sUi t:1-e -1'!:"i'11 ii <>ll •I "11 ';;tt:1-

(Fig. 3-4i). 

'i'±oJ.g. -'o-5'. (pH) 'IJ-\'J;: 7.1-8.4.s'.Aj t:1-e -1'!:~11ii<>II •JoJIAj l!!.§:J-~o] 3.t:l-. 

e<i-&e<i'lJ (>12'C, >33.8psu)-"I "; 'J¾ .l!. 0 J<c- ll'll D5-"I "l¾<>IJAi;: 7.5 °111"}-"I ';at 

t pH:S .l!_ojl.j-, TI'll (>34.6psu)-"I 91'il"l<>IJAi<c- 'll¾<>II ~;>j 8.1 oj-'1)-ojt:J- (Fig. 

3-5a). 

'lj;,cfAJ-¥--Jl-%{/ (55) ~'lf_g. 0.1 -6.0 mg r' '/J-\'J.!,!.Aj _ctAf'f! -i'!:~11¾ 7}'lf ';;to}, 

,J-"11£ 'i'\I! ll'll (D1)¾ "11911\"}TI;: 2 mgr' oJ..-f 0 lt:J- (Fig. 3-5b). 

%"E0± ~"J''ll-\'J;: 230-321 µM.s'.Ai 'a°-& 'JI 'll-ll'-~11oJ •1Hl'1oJ 'll<=- ll'll 
D5 - D7¾ :,J >ii.,;. ..-foj I'! 'tl-"l<>IJ--<i;: 295 ,, M 0 1 % £..s'. l',£. '-t 91 "11 "l £..sc .lc'a°>i

'1)-:t,1\"foj ll'll D11-"I "i¾oJlAi 230 µM.s'.Aj -"i±ilt¾ .l!.'1!t:J- (Fig. 3-Sc). 

{I {! o j .g.:ilj- '1! {! o j .g. -'o-5'. 'll -\'I :: zj-zj- <0 .4 - 5.8, 0 .1 - 0 .7 µ M .s'. Ai -l1-.¥. 0J-'1} -& 

-Jl-Af1l"foj 'a°-& 'Ji 'lJ-l,'-~{l 't}~e.j 'lJ't}"JoJlAi<c- qj>\].s'. 9-"'\a\£.£ 1f'l)_1\"ftj-. Cl. 

el '-t ~ 11 •I'll~ .2J "11 "l <>ii Ai :: 'a° {l 30 m;; '!I >II .s'. i:r "l ~ -'o-5'. 'r•H :S .l!. "1 ll 'll 

D11.21 "1 ¾oJl Ai "1 '11 ill:¾ .l!. '1! t:1-. Cl. el '-t 'il-0-"1 7<l 4-<>II ;: {I {!o I-& -'o-£-ll'- .¥..oj-;: 

.te.J 'lJe<f'J.!/-%%{/oj "1'11<11:½ .l!.'1) ll'll D3 "i¾<>IJAi 7.5 µM.,;. 7f'lr l',tj

(Fig. 3-5d -h). 

'll ,;. :tc a ~ "J' 'll -\'I :: <0 .1 - 1.5 µ g r' .s'. Ai ,J-'iJ 5'. ic' 'll ll 'll '1! D1 .2J .ll 'l! ~ ~¾ 
<>11 Ai 1 µ g r' 0 I -'1} £..s'. J,; t:J- (Fig. 3-5i). 

T :tc 0 I .g. * 5'. (pH) 'll -\'I :: 7.9 - 8.4 _s!.Aj I'! '11-"l oJl Aj :: ',"{l O I 11 oJ {I 'r>i- '1-± ..-1 
oj 'lJ 'lJ E391 ;,j ¾oJl Ai ;>J :tc.J:½ .l!. '1) cJ- (Fig. 3-6a). 

'lj;,cfAJ-¥-¾%~ (55) ~'lit 0.2-7.4 mgr' 'IJ-\'JOJt:J-. "'f%7J-1l"f,'- '1l'll'll'll'1! El 

oJl Ai :: 5 mg r' 0 I -'1} £..s'. J,; .:i'., •I .ii! "l .ll, "1 ¾ '{}<>II ,t{l ..-f t:J-. :::i el '-l- 91 "11 ~ £..,;. 

1f"r~ '1!A}-'-JJ\!-%~~ ~o:!J'~ "E°4f~ 7J6::0}of 31. ~ (>34.Spsu)~ ~ "-J¾ .!i!_o] ~ 
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'll'll E4~E8oJ]Ai-"1 .H:\'!;<>:tJ-¾'-HoJIAi;: 1 mgr' o].-fo]c} (Fig. 3-6b). 

%e~± ~"J''ll~:: 260~356 µM£Ai '1'~~ 11-.l'.0J')J-.g. !;!_o]:<l \l!"::r:J- (Fig. 
3-6c). 

"1-%7J- o-}'i'-"1oJI '(!'lJ~ 'lj'lJ El.ej .!1:¼?oJIAi;: 'l]-5'.yo}oJ.g. 'l) ~~o].g.'o'.sc 

7} zj-zj- 2.8, 21.6 µM£Ai '9"%7J-.ej '!I~.£.£ 'l)oJI r:J-e 'lj1J:;,oJ] •JoJI ')J-t:Jl"l.£. 
£ ')J-'iJ-~l 'lt.£.'-1- 'l]~o].g.'o'.sc:: 0.2 µM 'lj.sco]tj-. ~± t:i1 'l]~ •I (N/P);: 100 
oj'))-.£.£Ai '{t±;,\l '!1°J',lo] 't!~'ll<>ll •1"'1 %t:il"l.£.£ '1cc} (Fig. 3-6d~h). 

'll~± a ~"J''ll~:: <0.1~1.1 µgr' £Ai "1-%7J- .-1,1- 'll=tl'll'lla,oJIAi •l.ii!"l 
'ltt:J- (Fig. 3-6i). 

4 .2.2. 1998 'd 9"1/ 

'>J:<HJ.t;'--ff-%~ (SS) ~"a''ll~<c 0.2~5.5 mg 11 £Ai ¼'Al (4"1/)sJ-;: .tel ?11°1 
'll',"- \'!'l!-'11<!JoJIAi£ ?11 20~30m Oil 7J-.-}:,j '!l'J'1oJ ~,c 'll£0l'¾.£.£ '11"11 
"l¼.£.£.t;'-El-"1 i/'il-¾ ;J]~'l):o} .![\'!;,,:VJ-¼ '-11oJIAi:: 1 mg r' o];,}£ \.!:r:J-. .:re, 
'-1- '11 .sc Of¾ of '11 <>ii Ai :: "11 "l "1 "l %-"1 ,ff .t;'-,t £ 'l1 "11 ?11 ¾ 7f oJI a:f "1- '<l :<}'J .t;'-,t 
~~ w"J'o] ¾7}iif"i "l¼oJIAi:: 3 mg 11 

0 ]% 0 ir:J- (Fig. 3-7a). 
%e~± ~"J'.£, 145~235 µM 'lJ'1j;,.Ai :<J'lJ? (<31psu)7} ½'l\ii},c 71l'lJ A2~ 

A3-"1 .H:¾oJIAi 230 µMo]'IJ-.£.£ 'lt.£.'-1-, -"1"'1~.£.£ '!f?~ 'll*f :;}±~t:J-. ?"! 
"l.£.£;: ?11-'g'7}oJ] a:fe} %e~J:: ~"J'.£, :;}J::o-faj, ')J-t:Jl"l.£.£ .:iL'lJ.ej ~AJ¾ 
!;!_o];: -"1"'1"1"1 "l¼oJIAi 170 µM o];,}o]r:J- (Fig. 3-7b). 

~~o].g., 'l]{J-o].g. 'l) if~ 'o'£'1J~;: zj-zj- 0.1~11.0, <01~0.7, 3.5~151 µM 

£Ai 7J-iif711 '!/'J'1oJ ~;: '/l£Qf¼ 0 ] "l¾.£.£.t;'-El-"1 i/'il-% ;<i]~ii}"i \'!'l!-<!J-"1 
.H:¼<>l]Ai£ ~{1-o].g. 'l) 'l}~o].g.'o'.SC<c zj-zj- 0.5, 0.1 µMo].-}£ .:iL'!f'1<>l ~c}. 
:J. el '-1- "J £ "f¼¾ 'a;,\]£ ?11 °] ¼7}~<>11 a:fe]- o] a, 'o' £;: jj-:zij ft} :,j ¾7}o-}aj 

-"1 "i\ <!J-"1 "l ¼oJI Ai "1 cJ1 ;;l:% ,le;: tj- (Fig. 3-7c ~ g). 
'lJ~J:: a ~"J':'_ 0.2~0.8 µgr' 'lJJ11£Ai %e~J::~2J'o] a!j!'.Jl;;J:% !;!_o],c ;<j'lJ 

?"l (<31psu; 'll'llA2~A3)-"1 .H:¼oJIAi a!lt:il;;l:% ,!c;:tj- (Fig. 3-7h). 

'<l 7-}'J.t;'-%%'1 (SS) ~'il''ll '11:: 0.2 ~4.7 mg 11 £Ai 11-.l'. 0J,'l)-.g. 'll tfr"l .£.£ i'!: 
~1! As} -ft-A}-%}-o:f 4-1) 20m ¥--2-oJl ~,._,:J.~ 7J~ J.J¾~ ~~.9...£. ~t;\] E~~i}

¼'-11<>11Ai;: 1 mgr' 0 ];,f_;,_ \;!:r:J-. .::ra,t..j- '11£0f¼ 0 feJloJIAi;: "i\>i"1"l%-"1 >ff.lj!
%.sc '11'11 ?'iJ¾7foJI a:fe]- '<J7-}AJ.t;'--ff-%~ w"J'o] ¾7}..-f"I '!I'll Cl-"1 :<i¼oJIAi 
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5.5 mg r' .s!. 3l t!I .Jc¾ ;, ::: cf (Fig. 3-8a). 
¾e{!c± yj-".,-& 154-224 µM 'il~.s!.•i i'f~-t! A"!- ¾>l'i:! 'il~;; ;,:::cf. "r 

"i"l.<e..s!.::: 'l/.r."f¾¾ 'l/>11.s!. oliil<>li'i ii'"liil {l-±iif"l 'il'll 091 •i¾<>ll•i ;,J 

±.Jc¾ .!a. 'l] cf (Fig. 3-8b). 
'l!{!co)-&, 'l}0o).g. 'JI Tl-{!: '\\'-5'.'/l~~ zj-zj- 0.2~9.7, <0.1-0.7, 2.8~17.9 µM.s!. 

>i i'f~-tl A-"l- 0 f~7f o<j .s!. .!I:\'!~ ~%41 <>ii >i ~ :>l 91 .:iL'lf"i <>! '.U.<e. t.J- 'll 5'. "1'%¾ 
7<!>11.s!. 0 )~ '\\'-.r.::: ,i'Zjii) ¾7f~cf. ¾e0± ~"J'oj ;;\±.Jc¾ .!a.'l.! 'll'll 0"1 
•i¾<>ll•i~ of'l,!0°1-&:i!f 'it0'\\'-£71 3lt!litt¾ .!a.~cf (Fig. 3-&-g). 

ii~.±:. a "if~ !E~ 7J~ ~.5:.~¾9.J 1-AJ..Q...£. 'i!~ Ai¾..Q.~~E:19.J ~ 0.:f~ff" :g
it >ti~-"-.,,_ .H:¾<>li"i~ 0.2 µgr' .,,_,,_i \tcf. ::ielt.J- •l.iit"l •i¾-"-.s!..l/-"191 ".l 0J 
<,l -lrii' O) ~ ~iii JI, '/r ~ {! 0) 0J C,: ~ 'l/ 5'. "f¾ -'t-'l-%<>11 "i ") l'.JI .Jc¾ .!a_ 'l.! cf (Fig. 
3-8h). 

4.3.3. 1998\1 11 ~ 

'lJo<f'a.1/--!l-~'l! (SS) Yl"".r'il~~ 0.4-10.9 mgr' .s!."i "i°-lJo) 'll':'. \'!'l.!"l<>li"i::: 
•a ¾91 .!IJ-:i!f .s!. 'l.! ~ .H:,•i %"i°91 ~ tr .<e..s!. s mg r' 0 l ~ 91 i,, :: w".l'¾ .!a. 'l.! cf. ::i 
el t.J- -"1 "11 "I~ .<e..s!. '!lc"i°,._ 'll o<f'a .1/--!l-~ 'l! tl-"J' :: ii' "l ~l {}± iif"l -"1 "ii "I 91 .!I:¾ 
<>ii•i::: l mgr' 0 )%foj:;t., "i°a\"l.<e.5'.::: 9-ll ¾71<>11 ttl-4 11~1 %7l~cf (Fig. 
3-9a). 

¾e0± ti-28':'. 156-259 µM 'il~.s!.•i .H:,•i¾"i°91 "i°a\~tl- 0 1 •l.iit.aJ lf'lfiil 
'lJ <>I t.J-::: \'! 'l.! OJ Oil "i ::: •l .iR .aJ "i°"i .aJ .<e..s!. it'll iii JI ¾e0± tl-"J' 0 I 3J t:11 itt¾ .!a. 
o l oJ -"1 "'1 ~ ~ .<e..s!. '!lc"i°-'i- 'll ~l {}±~cf. "i°"i "1.<e..s!.::: -"1 "'1 "i <>ii •i 9-ll 30 - 50m 
<>11 "J'a"i<>J :U::: 'll.r."l'¾-& 1>11.,,_ i:r"l~ '\\'-5'.'i'-•H::: .!a. 0 1\'!•i {l-±%!"1 •i¾<>II 
"i 160 µMo)i;fojcf (Fig. 3-9b). 

'l!0o\.g., 'l.!0°\.g. 'JI 'ij-0 '6-£'/l~::: Z,zj-1.5-13.0, <0.1-0.75, 4.2-20.9 µM 
.,,_ ,1 * .r. ii'-±~ -s-e0± tt".l' ii'-± 0J-'t :i!f *'l iif cf. "i°-ll O 1 'll'-& \'! '1lc "I <>11 •i ::: .H:, 
~¾'rgj ~W-..Q..~'i!~ oJ~ ~.5:.~ ~ t:l]jR~ ~.:il, 4-.:3:J~_Q_,£. l:l].ii!.~ ir~<5}tj-. 

::i el t.j- -"1 "'1 "i ~ -"..s!. '!le "r ~ 0 \ ~ '\\'-5'. ~ :'. '/l 11 A3 "i- AS ;a ,;j >ii .s!. ii' Zaj ~I 7,} ± 'i:! 
cf. >ll'r-.l/-~"il"l<>ll•i~ 30-SOm<>il 'il'a"ioJ '.U::: 'll.r."l'¾¾ ',l>il.s!. ir"l~ '\\'-£ 
'i'-•H ;a .!a. 0 loj, •i¾<>il>i ;,Jl'.JI.J:¾ .!a.'/lcf (Fig. 3-9c-g). 

'll-'i-± a tl-".r-& .ll:\'!~tl-¾Yl<>il"i <0.1-0.5 µgr' .s!."i •\.iR"l ¾.1/-'i:! ",l 0J<,J 
ff"~ 7,.tA]~ ~~ '€f.5:.~ }lo]~ ~~~&tj-~ ~78¥1 'r¾1lt A~~'r.£.~E:19.J %-'9-
'i:! ",j 0J<,J-;;.;: -lrii''lc¾ 'r :l/::: -"1"'1"1"1 'l/£"1'¾ ~.1/-¾<>li"i ,,;cf (Fig. 3-9h). 

(2) tf~-t! B (126° 42'E; JI¾\'>£ \l"-14-1 'it\'!) 
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'll"Hl-¥--ll-~'11 (SS) -W-'il''ll~::: 0.5~3.8 mg r' !i!.Ai -\'!:~1! A .!ltj-c: '/l~;;i.o] 
~2, li,"i %'i-i'!-"1 'i-~-2' t!-01 'l! "1 '-1-<= '11 'l!"l Oil "i "1 tr'il' !E ~ 'stcJ- (Fig. 
3-10a). 

'!!~o]-&, 'l}~o]-& 'a/ 'if~ '5'.£'/l~<= zj-zj- 3.5~12.7, <0.1-0.71, 8.9-20.9 µ M 
.£.A-j ¾ ..¥. PJ-'g-£:- ~~1! A9t %A}'5}0:i "r1J o] ~ ~ ~ '?J-~ oJl A-j ~ "r~ .ajE...£. t1] .ii! 

aj ir'l!%1-'-1-, 91"il"l"iJAi<= 7J~ 'll.£"1'%0] 1AJ5'J"1 '.lie: 'i--ll 30m;s 7il;,fl£ %} 
oj 'i--\l%7f"i] n\-al- o]½ -'.'.£c: ,:tzji>};,\] %7}~tj- (Fig. 3-10b-f). 

'fi~J:: a t/-'iJ'-& .ll.'i'!-2'-W-%Lil"iJAi <0.1~0.3 µgr' £Ai -\'J:~1\ A2j- of~7f,<]£ 
'11 '1l "I "ii Ai 'st-& -W-'il'¾ .!a. 0 I '-t, 91 Oil "l "1 'll .£ "1'% -')rJ/-¾"il Ai ~ cij ilk¾ .!a. 'l] tj
(Fig. 3-10g). 

'a""ilc: ~Bil, %%~"ii 'al %"11"1- 'll'llBII '.l/"1 Oil~-& 0 H-9- -!11-'lti>}2, 'i'\'! cJI~ 
.2.£ J/-E,j "J½'e 'ifT"J '!I .. .f _2.sc '!I OJ\'J ff";; 0) * ~ :§t ~AJ-1,-,t 2j A] -if {j-J.!j \'! :§t 

.£ oH-9- {l i;}tj-. n\-al-Ai ;,j] 'J! \'!%'Jo] e 'a""il oj] Ai 91 'J "] :§f ~'-'l "; AJ ¾ o] Bil i;f 7] 
~ "ilkJ;,; 'lJA}AJJ/--Jl-~'I!, %;<';~± ',) %;<';-'¥- 7] '!I 0J\'l -il- '5' .£0!] cij ~ ;,j] 'J! \'!:§!-;; 
o]B!li>f<= 3!0] 'll'i-aJo]cJ-. 

'l! \l]-'-'J .2_£ O] ,; :§t ~AJ-1,-,; :: ;,j) 'J! '/J :§j-Oi] ttj-a} -"f 'l! ~ "; >ii¾ ~ic cJ-. 
pHC: <l\'i-21 '/1-1,-.£7} 35 psu0]2, '1\7],>j 0]~:§1-.J:J::"1- 'l!1¾ %"]~ 7il-9-oJ) 

::: 8.3 ~s_o]tj-. "il'i°OilAi pH¾ .'c'l/i>fc: 'l];<fc: 'l!*}'J~"i.i!f -ll-7]~ -1,-"ilsc 'l] 
~ >a~'l! "1 ¾B-.2.sc 'l1 Bil pH7f ¾B-~cJ-. 'a"B!i Oil Ai 91 pH ::: cJI -¥--i.-21 Oil "I "ii Ai 
::: ~-')J-aj'l] <l\ 0JoJ]Ai"J ilk¾ .!a_o]y-, "l¾Oi]Aic: pH7f 8.0 °]%fsc \;ttj-. o]:;l:C ?\] 

%.2.£ 1fal-&-& %11~'!!"1 'J:§f~aJ tl:§fsc 'll<II %;<';~±w-ll-'il'.i!f pH1f B-J::i>f 
7] allli':o]tj-. 

'lJ ;<}AJ J/--Jl-% 'I! '5' .£ C: ¼ ;,j] (4-il)Oi] 'a '1J<I\ Qj Oi] Ai ic .lf., :,j % {!-21 '5' £.7f 0) :iil .aj 

ir'l!i>}'-1-, i>}:>lloJl::: .ll.%:af "1%21 '5'.£;;.}0)1} •H-9- 3.tj-_ 
'i-'ll '5'.£-1,-~C: B!lo<i"i.af¾"l ,'-AJo] 1JE2j- 'lJ.§.£ 'i'-"J ("11 6"J ~ct)"1"1 '.l) 

::: ~\']-.£ "i'a""il"l ({!.£ ',) ~.£ i"'ll"il"l)Oi]Aic: l'l¾ 5 mgr' 0]-')J-.2.sc l'c2, 
Ai~"i]Ai %~.2.£, l'l'l!Oi]Ai 91"ilsc ><'r~ B-±i>fc: -i,.~ 0J-i}¾ .!l'l]tj-_ o]::: 'a" 
Oil SC -fl- 'll "1 ::: "1 aj % % -'))- 'if 'il' 0 I ~I']-£. "i 'a" Oil "l 21 l'l '1! "l oJ] Aj 7 I~ "1 2 V g ¾ 
'll-"I ~cJ-. 'l! \ll-'-'J .2.sc ~ \ll-.£ Ai 'a" Oil "l l'l '1! "l Oil Ai 7-1 ½Oil 7J~ •f ~ 21 '!I ~.2.sc 'l1 
~ .ll, "i ¾ ,;-21 -2' ~ .2.sc "ii ?\J 91 "1 ai % ,; 01 ,n -¥--fl-"1 "1 'l! -¥-1, 'a" Oil " * 'll "1 ::: 
:;l.2.sc 'll-"1 :<l '.tl cJ- (Wells, 1988). !E ti- l'l % >11 'i' "111 (-\'!:-<'c1! B)91 ?\] -&o<i 'ii 
(T<15 t:, 33.0<5<33.2 psu)21 "; 'J¾ ~::: >1%'i°Oi]Ai91 'lJ:<fAJJ/--fl-%'1! '5'.£c: 10 
mg r' 0 I -'))-.2.sc l'c cJ-. 0 I ci ~ •1 -& "i 'll 'i- ;a -'t- Oil Ai £. -'))-'if 'il' "1 J/--ll-% 'I! ,; o I 'a" Oil 
sc -ll-'ll fl 'r '.l/ cJ-. .'c.Q} 1J (1994) :C "1) ',' Oil 191 -ls-~¾ ~ Oil 'a"<\\ sc -Jl-'lJ £1 C: 1 
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4'C o]..-f~ ;,j.g.4'* ¼"11-"i -'i];,J.•1"1~01 ¾\'!:'-loJ {l-4/0] '3j--£, \J-"11 %0J-¥-"11"l 
oJJ ~"l'il 7f'if-\J¾ -"l-"I~ •I 'llt:f. 

~1fol-£c, '111fo].g. '>! ir1!% %e.!/-7l'il'll''ll-li-~ -\I'.£~.>': !t~ 'lJo<Hl-¥--fl-~~ 
ll]- of~7fo<]!a. -"I· -l/''1:"l.2.!a. 'f'l!~ l'l:§f 0J-'l)--i- Ja.'1]t:f. 

Fig. 3-11:af 3-12;: \l-"11"11-"i 4'1lo] 'll'.:il., :o<J'll'r '8.-J'½ 'l!c;: \'l'<!"Jll]- -'1)-tJ!"l.2. 
.;,. 4'11o] ,I.TI., .TI.'ll~ 'il~¾ 'l!c;,, 'll~<>ll-"i~ 4'-£c, 'll1"-, %e1!± '>1 %e.!/-7l 
'll oJ'll ii-%"11 tJ! ~ >II 'l! 'l! 'r"1 ~ 31:£ o) t:}. ¼ J\\ (4~)"11 'r 11 o \ 'lj'.g. l'l '1!"11 "l "11 '-i 
;,, .ll., "i-¾4''1:gJ ~'ll-.2.!a. 'c]..-f"I 0 \% -\1'£:a.g. 4'"1"1.2.!a. •I.ii!"! ir'll..-ft:f. ::i 

21 '-I 9il oJJ:: -61 ~:. ;,J-aie-<>11 ~ ~ 'il 0J'll ±5'.<t 7J..-f >1J ~ -\l "1 oJ 'll;,, -".l-¾.2.!a. "i 
-¾'r !a. -¥-El gJ -l,'-ij-,i\ ~¾ 'l!cof .ll. \'! ~'IJ--¾'-11 <>l\-"i gJ 'il oJ'll-ii-;,, ;,j gJ .:il.'ll:"1 oJ 'll 
t:f. CJ.el'-]- 4'-£c"f-¾¾ 7,J:>il!a. iJ-:aj..-J ¾7fi';f;: -\1'.£,'-•l ;a .l!.'clt:f. 0 \-"]7\<>IJ 'l1.£ 
"f-¾ 7\"l-¥-<>11 %e1!± 'l1 'll~± agj alltl!-¾ 0 1 ~-",j,;a!t:}. o\~.g. 'lo!:'. ¾~1';f'-]-
7J~ 'l1£<2f-¾gj ~•,l.2.s!. 'c1"11 "1-¾.2.s!..l/-El~ o,joJ'll-ll-iJ-o\ "1~-i- '1!:7\ uj{i!-oJJ 
Jl¾ -6J-tl"-l,-",l-3.1",0) cJ.SC"f-¾ .l/-i:coJI 7f2j-'<!-;,J'--1-, y3!\gj ~'lJ-.2.5'. 'lJ"11 o)->1)5'. 
'-11 ill-£, -61 %-lf ;,J-3.~ O I Ji¾ 'r 31\ ~ '11-'ll .2.!a. 'c) "11 ',l .£ "f-¾ -¥-i:coJI oJ .!/-_§_\'!Ai '/l
'IJ- ',j O] cj ~'lf-ol-"i 1f±; cj l',l-o] •§-",j;;f;,,c~ 7]'c)'<!t:f (Goering et al., 1970; 

Pingree et al., 1976; Chung et al., 1991). 

4'1lo] ,i-2, ~"il"loJl'-i;: l'l¾ 4'11 20-40 m .l/-icoJI 4'-2:"f-¾O] ~-\J'-loJ 'll 
t:f. a:f2l--"i .ll.-¾oJIAjgJ 'll"l'.l-'i'--fl-%~ 'l) 'iloJ'll-!i' -\,;'.£;,, ';!-.2.oj, 4'1lo] ,loj~ 
<>II a:fej- ¾7fi';foj, .ll.-¾llf "1-¾'1:oJI "f lO•ff oJ-'1)-91 -\\'.SC ~fo]¾ Ja.'c]t:}. o]~.g. •~ 
-tl-'lJ o<)-oJI gj ~ "1) ;,j ,>)- ;~ 1J:gj ,;! ll]-'c) <~, 'l) \')c<!j .2.5'. '/l-'IJ--\J o] ~',f~ .ll. ¾oJI Aj ;: 
-61 ~«.;,J-a~gJ ±5'.<t ,J~ 'l1.'r. "1'¾ ~ •.l oJJ gJ ~ "1 -¾4'!a.-¥-El gJ -ll-il->ii ~.2..;,. 
'c)i';foj ':l 0J'll-!i'~ ,;!J/lo] 'lloj\:!:t:f. CJ.el'-]- 4'-£,"l'-¾¾ 7.J:>115'. 0 fell 4'11"11-"i;: 
¾'il-tl! oJJ -"i 714'<!-.g. -fl- 7]-tl- 'll "' 7f "1-oil e1 °1<>11 gJ "11 %e1f Jo1f ±£'-! \'!-'l "I-7 I 
~ (remineralization)-"101 -'11-tl!"l.2.s!. ':l 0J'll-ii-7f ¾-¥-..-f.:il., -fl-7]% 1"-"115'. 'cl~ o] 
1!:§f .!±~ ¾71 !a. 'cl "11 pH7f ';tt:f. .!/-7]:§f'<! 'il 0J'll-!i':: ',j.£ "f¾O] 4'"1~'ll-¾ 
Qj >ii i'>f .:il., -61 % :, ;,J-3.~-£, 'JI 0 1 -¥-iff ~ 'l!.£ "f¾ 0 fell oJI Ai;: •~ 'lfi'>f 7] oj ill-t E.!a. 

;j>~'<J ':l 0J'll-l'i-'e "1-¾oJIAi ;,j\4/ ~"l'-1.:iJ., ¾e1J:±;: 7,j-,!:~t:}. 

\l-"11 ;: "1 'll gj ~"11 'l) ll-"11 l'l '1!4'<l- 0J;<f 7J~ ~ 4'91- -'j'-s!.-"l .2.!a.-¥-El {,-;<) "i oj 
\j-"ii !a. -fl- 'lJ "i ;: .:i1. 'lJ ~ tJ! Pf \:rff" 'r, ::J. i!j .:i1. ,tj '? .'r. Ai ~¾ -t ~ i'>f oj >I\ ? "ii ~ ¾ 
¼"11 ¾'ll'-1;,, >il?\:r-ii-'r, ~ojoJIAi \j-i'>fi'>foj >ll'?OII~¾ ""'"" ¾'ll-"I:: ~"11:o<i-¾ 
'/l'r-li- Ai!a. 7\~¾ -.,aj;;f;: t:f 0J~ Oil',"7f ½~o-foj Aj • -l}'1,<!j.2.5'. -!i\-'ll-~ Oil~ 
¾ Ja.o]oj, Zj-Zj-gJ 4':i!J\!!.'a. .TI.-fl-gj :§1-"0:]-": -\J¾ sr;,,t:f. oJoJJa:fej- 1998\'! 4~, 9-%1 
'll 11 ~ >ii'? "11 ~ oJI ½ ~ ;;f;: .:i1. .g. .:i1. 'll .ll. ¾'r (>ii? 'cl 'll -¥-i:c "11 01 ), "1 'll gJ l'l '1! ll 
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¾'i" ( J;!.~ £-'/-i=) 'Jl ;,J .g.;,J 'll 91 "1 ¾'r !a. 'i'-~~"1 o I Ji- 'i" "1 oJl Dl-e ~ 1l 11-~± 
'i:91 ~-"-!s'a¾ 'i"&'ll~.'r..ll.* 7]&!a.%foj Table 3-7 oJ1 'lli!l%f'.l!t:l-. 

Table 3-7. Ranges of T, 5, 55, DO and Nutrients concentrations at 

each water masses in the Cheju Strait based on T-5 diagram. 

Water mass 1998. 4. 1998. 9. 1998. II 

T<ll, 5<33 T>23, 5<31 T> 14, 5<32.6 

5.5 : 2.3-10.3 5.5 : 0.2-2.8 5.5 : 1.0-3.2 

'a°'B~ 't! ~ JI ¾'T° IX): IX): 212-230 DO: 

C .ll. <i £ •1Hl '11 "l l NO, : 1.5-2.2 NO, : 0.1-0.7 NOi : 5.0-6.4 

PO, : 0.3-0.5 PO, : <0.1 PO, : 0.4-0.6 

5i(OHl.: 4.5-6.3 5i(OH),: 3.5-6.2 5i(OHl.: 10-14 

T<20 T>l7, 
T<l7, 5>34.5 

32.5<5<33.5 32.6<5<33.9 
5.5 : 0.1 -0.4 

.2J •l "l .JI.A~ 5.5 : 0.3-1.2 5.5 : 0.4-2.5 
oT IX): 

( ~l 9 '?.l -2- .!~ ~ ) 
oo: 200-224 oo: 226-240 

NO, : 0.4-0.9 
NOi : 1.5-2.5 

PO, : 0.3 
NO, : 0.3-1.5 

PO, : <0.l PO, : <0.l 
5i(OH).: 0.1-0.2 

5i(OH).: 2.9-5.9 5iCOHl.: 4.2-6.5 
----

T<15, T<15, T>17, 

34.2<5<34.5 33.5<5<34.2 32.6<5<34 

5.5 : 0.2-0.8 S.5 : 1.0-5.5 5.5 : 1.0-3.5 

A'7 .g. A'7 ¾'T° oo: IX): 163- 188 IX): <160 

NO, : 1.0-5.8 NO, : 8.4- 10.5 NO, : 10- 13 

PO, : 0.2-0.7 PO, : 0.6-0.8 PO, : 0.5-0.8 

5i(OH),: 3-8 5i(OH),: 12-15 5i(OH),: 17-21 
·--

Unit : T: °C, 5: psu. S.S.: mg r1
, DO, NO,, PO• Si(OH)4: µ M 

4-iM ~]'"r'--¥--2-~Q:jS] .H.¾"r!::: .:il~9.} !;J.J¾ 7}~ t:Jlo}\!itsf °atiJ.Q..£. 4"1:Jo] 
'lj'o} ;,J ¾ -2.!a.-'/-El 'f. ~ ~~-2.!a.-'/-El 91 -);'-i:f o] %0] ~ \'! 'l]Qj J;!.tj- ~t:il <lj .£.!a. 'iJ 
0J 'lJ -i!- * £7} \;j-tj-. ~ ej \.t 9-%/ ;.if 11-%/ oJl C: ;,j 'lJ 9j '1i 'r.2J- ~ ~ '9 \'! Ai 'lJ <i'-.g_ ~ 
±o-f:;r 'il 0J'll-!i-C: %7f~tj-. !;;i>] 'l]~o].g.o)] •IOII ~t:il"l.£.!a. ',!~o].g.o] l>,:o} 
N/P •]-§-o] 30 o]~¾ .!i!'llt:l-. o]".:!.g. 0J:sf7J- §1-"!'i"S!J 'IJ~,l'IIll'1c'll ".:!.£.!a. Af_ilc 
'9 <cc~, 'l! '/l:"l .£.!a. *'ll "i "l ¾ 11 'r Qj .£.!a. o-f C: %Sc %}'ii 'r c: '.l± •I .llc9j Af¾ .£. 
!a. 'llo\l 'll~'ll"il •IOII ~t:il"l.£.!a. ¾-'I-~ ',!±:,JI ':l 0.l''ll-il-!:: ~-l,-5}C: =::!.£.!a. 'lj-

-205-



aj "I '.Ut:l- (Hong et al., 1997). !t~ 'cl~'ll.g. 'r~~ofl .ej~ >IPL 'i'!'l-%'l!ofl .eJ 
~ ¼~ '>) 'It~% 'l!±:;,jJ 'lJO.f\!l-lf.2},'c tj-~ ~'l!;?~ :i!f'll¾ ;,,JC: 3).£.£ 'l{aj:<j 

'.ll "1 °J0<Hr ~ °"1 'r ¾ '?r'ir".f "1 'c)~oJ .g.oJ ¾¾"1-'ll ¾ >il 7l B tj- (Edmond et al., 
1985). Kim% (1998) !t ~ 19%';1 >il'i" "i s!i' '>l \J-s!i'"il 01"11 "1 ½ 'i'! o-f::: "1 'll .eJ .l!. % 
¾ 'c)~oJ.g. 'A°.'r.,c; ';"\'!"1101:i!f *"fo-fy-, 'l!~o1.g..g. '?J-til~.£.£ ¾'l'-%1-'l!.31, ol :S 
O.)';;<f7<f ~"'i'f'ofl .ej~ 'lJ~'c) 3).£.£ 4':jjo-f'l!t:J-. 

~¾"r-e- ~.g. (T<lSt)SI !:; ,.,.:i~ ';9¾ ¾lj!-~ °a 0J:iHt¾ ~%"5}.:il ~_Q_tij, 0 1 ~ 
'A°.'r.c: 4-'/!"11"1 11-'/!£ t!'r'<- 'll~I ~~Br:J-. 0 1::: "1%ofl 7121-?J-& %71%.eJ 11: 
"ii£ .!j!-7J:§:f (reminalization)-"l.31, 7Jo-f~I '11'-JB 'll.SC."J'%ol "~%~% 0 1 ~'!1-~ 
.l!. %.£.£.eJ 'i>'it¾ >11 ~o-1"1 "I %<>11"1 ~~ "17I u\l li'c 0 1 r:J-. \J-"ilofl "i "I .g..ei !; ,.a¾ 
,l:,c; "i¾'r,c; O,l-"il'll'r:>1171 71~.£.£<1 >il'\""111.eJ ~",''<!\'!¾ -'o-"11 \J-"11£ *'>l 
'<! 3).£.£ 'l{aj:<j '.Ur:J- (Rho, 1985; Cho and Kim, 1994). 

{e- I'! 'rofl kJ .'r. 9-'I! 21-% %~ ~±:;: 0 1%0-faj "ii 'r 71~ ¾ 11:"'I ~ 'l!:i!f "1 .g..ei "1 
%'re: O,l-"il<>il"1 *'11¥! 31.£.£ "til.Br:J- (9. "il'r7I~ 1)-.:lc). 
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5.1. "f ~ 

!ll-'r¾9.l -A-7l'i-~ %e (Dissolved Organic Matter; DOM) ~ .:i!.l~El! 
(Particulate Organic Matter; POM)s<. ¥:•l~cJ-. 01a,¾ :il~-\l-71"1:±c: * %71"1: 
±¾ SJ' 11%<>11 :>:]1.f<I ?,f-2-1.j- (Cauwet, 1978), -'iH!·¾",/-.3:1e- 01'-l- "1-il- 'l1 "1Ai%% 
'!1-otJ ~J "l 01 s'_A7 "11 'l/-51 "1 "I 7] uj -li'-otJ ¾ .8. ~ "'I~¾ ~q. !; -0-1 'iJ-"11 C: '1li'.! 270 
g Cm·'~ ,.,.g. 'l!>f,g{!-oj¾ 7,,:il'l.!"1 (Chung and Yang, 1991), -\1){!-'i! -l,-7Ht~ 
¾ -',/-,l-"J'01 "11 "1 otl ->gc'l! '5!-2-s<. ofl -'ii- 'i! cJ-. Suess (1980) c: til 0J"11 "'l otJ Ai <c 'l!:>f ,g 
{]-"J'~ ;,J~ '@.!/-71 ~71%'-ilotJAi >l-1,-"1151"1 ;,J~ 1% ol'l!~ 's-±2.l'ol "11"1<>11 ->gc 

0 I 711 51 "I 'l! ? {l O I 'l,.g. ~ "ii "'I otJ Ai :: 'l! :>f ,g {!-2s' ~ 50% 'll .'r.7 f "1 "1 otJ ->gc '1! q :;:,_ 
.!i!.:il a-f '<I q. "11 "i otl 1f e.fet ~ % 7] 1l-'£ ~ -"I .ai 1l-'-ll otl "1 ~ 517l '-l- •l -'1-% 'sl -1,-"11-"l
~ ¾ :rl~ .!'f-7)~1Ell.£ tj-AJ 4"9"1..lL~- i2-ir£loi 3f~ ~~}-AJ~¾ A]A]~t:} 

(Roman and Tenore, 1978). 
<"- •1Fr "I "'I '1! 'il-"1 :: '!l-"11 'l1 % ¾ ~ "11 % 'i" I'! "11 "'I -2-s<. 'I-El til O I \:Hi-, ~~ 'i'l 'l! 

°'r ~ ~~ ~¾~4"%0] %9J£l.:iI, 4-{Jo] ~-e_.. ~~~~ojJAf:::: 7J-~ ;tfi-7}- t3}-1=f 

otl -"l.aj'i! .!/-%1l-~"1- :il~-\l-7]%¾ >l.!/-%A];,j 'il-"11~ %711l- s?t!:otl j" 'll~¾ 
ol~:o!-2-s<. "il-'i/"'i!cJ-. olotJll}e.f ?'Al 'Jl -"i.aj%91 -\j-7]% -1,-.l'.!;Aj-"} -"l.aj¾%¾ 
o]oJl%}c: '5!0] ¾.8.a-fcJ-. 

<"- 'i'J ,",c 'l! "11, oJl-f' 'sl Oil 0<7-"1 .aj %<>1J A7 ~ ij-7] % !; Aj-1,-.l'.;, o] oJla-f :il, ½"11, oJI 
"i-"i.ai%91 ~.ai-&-¾ ~½a-toi, ~"11, "il"i-"i.ai%~ 'it±, ~± 'l1 rr±% '!%71~ 
-"I .aj -"l-'ll ¾ '? .aj ..-f oj -"I .aj t!:'il ~ I'! :§1- ;; :i!}Qj-..-f,c t~ 'i"'l!'ll ¾ '¥-'l.l cJ-. 

¼;,iJ (4~), a-f>li (9~)91 '>J;tfAj -l,-7]\'t±, ~ctotJ til~ ;tfil.c: Table 3-8~9<>1] '-} 
E1-Lil 'l.l q. 4' 'Al (11 ~) "' il. :: 3 •t \1 .sc. otJ ?:;,. 'fl ofl "ii o I cJ-. 

s.2.1. ¼'Al (4~) 
~7'1] lf.."'5'4"ojJA~9l 9J;t;}.J.J %,7]~~ ~ ~i:_ °if~-£:- 2fzt 50.1~2576.3, 9.7~ 

992.2 µ g 11 s'_A7 -l,-.l'. C: 'l/ 'l]:.aj.2-s<. 3 T"'l-2-s!. 'i'--1,-51 "1 ~ q. "; .!£, "] ¾-f'~ t{ 

'lf~ ~W -2-s<. Oil "i "] .aj ~ 01 "11.l/-%51 "1 'lj;,fAj .l/-%%~ -\,-.'r. (>5mg r'):: ""-2- '-} 
.!/-%~~Lil % 7] \'t± ~2,f •I -a-.g. >;t .g. "1 'll 91 'i'l 'll:"11 "'l, 'll ;,f Aj J/-%% ~ * .'r.:: 
';t-2-'-J- 'lJ;tfA.J%1ll'tct ~"a' •J¾.g. ,.,.g. ':!{! 'il'Al"'l ("il'll D5), ::i.21:;:,. >;t~ 

~A}-A.:j lj!-.fi-~~~.£2} ~.g. 9JA}-AJ%7)"fd-.::!: 1f~Hl~¾ 7}-~ .:il.~ (>34.Spsu)9.l .2} 

"11 "" -2-s<. '-l-~ ? 'l.l q. 
'i'l'l!"'!oi1,,~ -'1-%%~'-ll %71\'t±: w2t•1¾~ s1.u1.ai tr'llc~ .!£,•i¾~ ?"!~it 
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Table 3-8. The chemical composition of organic matter in the water column in the South Sea 
during April 5 - 11. 

Station Dep. Carbon Nitroseo Sulehur Carbon Nitrosen Sulehur CIN 

(m) (%) (%) (°") (µg/1) (µg/1) (µg/1) 

A1 0 4.53 0.83 1.42 147.53 27.18 46.33 5.43 
A3 0 332 0.64 1.38 97.76 18.95 40.75 5.16 
Af, 0 4.64 2.35 1.08 108.68 54.89 24.76 1.98 
A7 0 8.04 3.59 1.35 97.11 43 35 16.37 2.24 
AfJ 0 3.74 2.07 1.17 80.46 44.49 25.12 1.81 
B1 0 2.14 0.37 1.62 627.10 107.12 473.94 5.85 
B3 0 5.69 2.08 136 895.99 327.84 214.26 2.73 
B5 0 1.81 0.75 0.39 68.75 28.43 14.96 2.42 
87 0 4.42 3.08 0.32 97.28 67.21 6.99 1.45 
B9 0 16.54 2.80 1.36 247.97 42.05 20.37 5.90 
B11 0 688 3.67 0.52 88.66 47.31 6.65 1.87 
C1 0 4.65 1.86 0.53 130.66 52.25 14.85 2.50 
C3 0 4.94 1.55 1.17 94.48 29.64 22.46 3.19 
cs 0 5.69 1 57 1.69 61.48 16.92 18.22 3.63 
C7 0 4.39 0.84 0.40 50.78 9.73 4.61 5.22 
C9 0 3.50 1.11 1.86 52.40 16.60 24.76 3.16 
D1 0 5.99 1 08 0.89 305.68 54.38 45.62 5.62 
D3 0 3.05 0.66 0.54 127.02 27.51 22.38 4.62 
D5 0 55.23 21.27 4.28 2576.30 992.19 199.81 2.60 

10 2.99 0.48 1.27 108.04 17.33 46.05 6.24 
20 2.42 0.58 0.91 105.12 24.41 39.64 4.31 
30 2.30 0.53 1.45 
50 3.30 0.36 1.11 20505 22.43 68.60 9.14 
BT 51 54 18.66 6.70 2116.16 766 14 275.06 2.76 

D7 0 1.93 0.36 1 23 87.36 16.29 55.44 5.36 
10 1.38 0.31 1.76 65.05 14.88 83.36 4.37 
20 1.38 0.24 1.95 60.55 10.39 85.60 5.83 
30 1.90 0.39 1.74 94.66 19.30 86.92 4.91 
50 1.20 0.20 1.37 73.53 12.60 84.13 5.84 
75 1.24 0.20 1.13 71.70 11.32 64.86 6.33 
BT 1 67 0.25 1 24 72 90 10.71 54.08 6.81 

D9 0 3.15 0.85 1.32 144.82 39.29 60.72 3.69 
10 5.16 0.58 1.83 208.75 23.58 74.11 8.86 
20 1.82 0.32 1 96 74.97 13 19 80.80 5.68 
30 2.70 0.67 1.69 109.36 26.91 68.36 4.08 
50 
75 0.70 0.05 1.39 32.79 2.47 64.82 13.27 
BT 1.66 0 12 1 76 29.45 2 18 31.31 13.49 

D11 0 5.99 2.04 1.90 124.25 42.28 39.31 2.94 
10 4.31 0.87 1 34 88.58 17.88 27.50 4.95 
20 18.61 3.31 2.34 358.55 63.77 45.17 562 
30 5.78 1.35 1.10 260.27 60.82 49.70 4.28 
50 3.30 1.12 137 53 46 61 
75 0.65 0.13 1 24 30.42 6.11 57.70 4.98 

100 0.61 0.12 1 45 7.77 1.51 18.34 5.16 
E1 0 689 1 33 0.34 310 06 59.78 15 44 5 19 
E2 0 4.88 2.14 0.56 109.88 48 11 12.52 2.28 
E3 0 5.10 089 0.01 213.16 36.98 028 5 76 
E4 0 3.86 2.69 1.34 56 59 39.50 19.59 1.43 
ES 0 3.63 1.43 1.07 181.71 71.61 53.51 2.54 
E6 0 2 46 0.41 1.70 102.86 17.04 71 19 6.04 
ES 0 6.93 1 58 1 60 54.31 12.27 12 51 4 43 
JM 0 9.18 1.79 1.32 45994 89.62 6605 5.13 
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Table 3-9. The chemical composition of organic matter in the water column in the South sea 
Durin!:J September 24 - 26, 1998 

Station Depth C N s C N s C/N 

~m) (%) !%) \%) (ug/1) (~I) (ug/1) 
A1 0 20.33472 4.406417 1.953363 75.74665 16.42135 7.27635 5.361469 

10 14.56004 3.233013 2.750963 154.2566 34.20527 29.1054 5.261361 
20 12.50096 2.771417 1.797034 79.22463 17.56366 11.36671 5.262452 
30 4.724759 0.974725 0.647373 112.6696 23.24395 15.43769 5.655151 
36 3.71969 0.616261 0.592226 134.5456 29.59567 21.42043 5.303775 

A2 0 16.10651 3.632613 2.006697 215.4767 43.23035 23.66332 5.815171 
10 32.61966 6.652547 2.814146 105.5468 21.39434 9.050189 5.75563 
20 22.31087 4.829858 1.904163 20.97119 4.539644 1.789825 5.389258 
50 3.386734 0.769976 0.621964 39.31217 9.169798 7.219796 5.001658 
55 5.368092 1.152525 0.592896 56.34402 12.47992 6.420094 5.454204 

A3 0 6.137717 1.227325 1.707245 64.42636 12.88298 17.9206 5.834372 
10 40.06527 6.072719 2.951238 109.6396 22.08016 6.072107 5.793109 
20 3.910717 1.253442 1.802026 16.11905 5.807417 6.349107 3.639961 
30 2.485307 0.672723 1.320027 13.42297 3.633329 7.129374 4.310134 

3.404756 0.647534 0.940406 18.64321 3.545664 5.149335 6.134369 
75 2.474391 0.48701 1.016857 25.47001 5.013015 10.46696 5.927573 

A4 0 29.19731 6.164823 2.443713 32.77939 6.921155 2.74352 5.525468 
10 4.571646 1.11319 2.059129 19.58755 4.769332 8.622095 4.791475 
20 17.71692 4.457055 3.200107 28.464 7.164926 5.144322 4.636056 
30 16.21354 4.295682 2.220595 13.00362 3.066917 1.585402 4.946625 
50 1.616603 0.51779 1.142795 11.72232 3.341234 7.374316 4.093111 
75 3.964757 0.673963 1.169108 23.04554 3.69761 6.761444 6.697837 

110 3.258169 0.632627 0.546904 19.791 3.842748 3.322044 6.008591 
AS 0 4.770233 1.13739 1.671706 30.11644 7.181287 11.81763 4.893019 

10 13.77449 3.431581 2.335723 14.14577 3.524076 2.39866 4.663041 
20 20 9661 4.754051 2.619635 15.46654 3.506337 2.0606 5.150579 
30 14.75449 3.769916 2.600329 12.95697 3.326709 2.283667 4.54194 
45 6.30761 2.014766 1.543614 11.69347 2.664442 2.210179 4.810537 
65 1.976074 0.576474 1.264204 12.75407 3.716945 6.151234 4.00322 
95 1.536013 0.350356 1.120401 61.01053 13.69615 44.44456 5.121468 

84 0 16.5955 4.127066 1.654176 17.94576 4.462666 2.005043 4.691323 
10 25.37035 5.617026 3.134463 22.16567 4.907507 2.736531 5.269466 
20 10.9147 2.465665 2.079153 16.45311 4.202431 3.515155 5.1229 
37 14.90717 3.316933 2.010347 14.79009 3.290663 1.994559 5.243307 
50 15.57546 2.67765 5.392001 64.41909 15.59795 29.22465 6.314225 
65 9.025956 2.390396 1.539966 16.95451 5.019636 3.233933 4.405242 
95 4.19795 0.692351 0.72669 11.64379 2.475101 2.015609 5.486431 

C1 0 25.63151 5.77293 2.191964 35.3959 7.972142 3.026997 5.17994 
10 4.164016 1.066407 1.477702 80.40716 20.59232 26.53442 4.555502 
16 2.146104 0.541352 0.891616 105.3451 26.57316 43.77626 4.625065 

C2 0 21.02327 4.662777 3.043062 171.3397 36.16464 24.60112 5.237735 
10 20.03759 4.315171 2.652256 59.1109 12.72975 6.414155 5.417443 
20 22.42903 5.127639 2.203917 27.93049 6.365362 2.7445 5.103166 
30 3.074056 0.636666 0.671154 9.336934 2.547915 2.645984 4.275296 

C3 o 24.65722 6.053632 3.170523 57.04733 13.69309 7.27635 4.790526 
10 28.66562 6.665099 3.664226 57.04949 13.55657 7.27635 4.906905 
20 16.79374 4.633021 3.077646 44.63513 11.00342 7.309666 4.732555 
30 15.40632 4.275105 3.255636 34.4376 9.55466 7.27635 4.204896 
40 1.614194 0.407576 1.036202 59.16607 13.29723 33.60606 5.193017 
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Table 3·9. (Continued). 

Station Depth C N s C N s C/N 

(m) (%) (%) (%) (u2/I) (u~/1) (ug/1) 

C4 o 24.28259 5.734212 4.814719 45.8941 10.83766 9.099819 4.940488 
10 21.83552 5.283709 4.018865 51.09513 12.36388 9.404144 4.821382 
20 16.89488 4.050137 3.16413 47.81251 11.46189 8.954488 4.866674 
50 5.684367 1.48901 1.357274 30.67255 8.062988 7.349637 4.438136 
75 4.540997 1.239586 1.055423 33.26281 9.07997 7.730975 4.27387 
83 3.524324 1.05282 0.798924 32.22994 9.628035 7.306161 3.905428 

S1 24.07274 4.728595 2.052257 440.772 86.58057 37.57683 5.939369 
S2 19.70641 4.024055 1.934782 400.0401 81 .68831 39.27608 5.713345 
S3 18.84933 3.81361 2.241234 294.4266 59.56859 35.00807 5.766423 
S4 18.75327 3.908418 2.798596 195.034 40.62674 29.1054 5.600736 
S5 26.09767 5.158163 1.995434 27.21415 5.378833 2.0808 5.902738 

BLANK 6164.639 1004.263 2926.439 
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.Q..s!. sl'.g. 'lJ;acf-'!l"l--ll-%~ ti"".l'~ J;!_o];,; 'll'l!Oil<!J"i]Ai;,; 2% o]'IJ:0]4, ¾1l'c~ 'I} 

~{!3lj- 9'¾-"J '1J:'!i >.J_Q_;;_ -6)%:, "d-31e-.Q] •~ ~o] 'W-'!f~ ~ {j ':J Jil <!j "i] Ai;,; 10% 
0 l-'11-.Q..s!. al' cJ-. ~ .s!..s!. -1/1 cJl .ft-7] 'i!± tl-'ll' •I½ .'f. ~ 'll '1!<'1 <>ii Ai;,; \;t >C] '/! ~ {j 
;:J Jil <!J "il Ai;,; al' cJ- (Fig. 3-13). o] ;i! .g. 'll '1!<'1 "il Ai;,; 'lJ >Cf 'a.!/-¾¾~¾ -'1} ',j-'lJ'o] 
'1}%~.s!. 'i'-'8 "1 <>I ~"'l 'I!, ~ {j ':l Jil <'l "il Ai;,; -6j ¾¾"<f 31e-.Q] ·~ >11 'll'"il af4 'll ,cf 
>.j -fi-7]'/!i, tJ-'lJ'o] ifc~,;Jcj-;,; ;i!% .QjD]~cj-. 

'l! 'l}"J 2-.s!. ~ {j 'rife;,; ~ '1! ~ ~ '>1 %11'"1-'!l 01 'l! <>14 '1'.g. if .£.Q] 'll 0J"ll ~ % 
~{j ':JJll<!j.Q..s!. -£-¼A];<j -6J-i--l!-"<f31e- •~~% ~~A];<j s'f_g. >J{),-'3 ~ J;!.'1)cj
(Pingree and Mardell, 1981). -le- \'l','-c<]<!j'1] 'itoff"iJAi.£ Omng and Yang (1991) 
.g. ~ {j ':l 'Al <!J "il Ai 'l! :>f>J {!"1 o] al' >II 4 E} 'dcJ-.il J;!..,1-oj-~ cJ-. 

-/t-7]¾.QJ 7]-?,1% 4"1-111;,; 'lJ;<f-'3 %7]'/!±t:il %71~± %•1-&-.g. 1.7~7.0sj 'il~ 
.s!.Ai t:Jl4'-~01 OIIOJ7]-?,)% J;!.'1)cj-. 

5.2.2. -81->1I (9-%1) 
J!.¾',""i]Ai-"J 'lJ>Cf-'3 .ft-7]'/!± ',) ~± tJ-'lf.,0. ztzt 68.3~347.0, 7.6~38.5 µgr' 

.s!.Ai 4-%1 J;!_ q-;,; £1 cJl ~"il-"1 1/10 9'¾0 I .il, ~ .£ 0J-'1}.g. 'll '1!"11 Aj 91 "".s!. /4lc',"-',- 'll 
:>f 7,)-±~cJ- (Fig. 3-14). 

%7]¾Sl 7I~~ 4"1-111;,; C/N %•I;,; J!.¾9'"iJA1 4.8~5.8.s!.Aj 4-%/"il •loffAi;,; 
\l!:§fe!-o] "f_il, Oll 0J7]~.Q..s!.Ai -&-c<]7l-?,l 'lJ;<f-'3 .!/-.ft-%~ .ft-'lJ.,O. ;,J.Qj ll/g ~ 'l! 
"r ~ cJ-. !; 1'] .il 'll "ll 9'Sl 'll -'J% li 0 I 'l)-;,; 91 Oil <'l "il Aj;,; ~ .s!..s!. -'11 a if .£.Q] ~ t:il 
¾<>I] Aj 'lJ ;<f-'3 4'-.ft-%~ ¾ .ft- 7] '/!± ~'lf•J-&-o] £I cJl 'I!: J;!. '1) cj-. 'lJ >C}-'3.!/-.ft-%~ if 
.£7f ',;!-.,0. ¾'If t:il 111 "il Ai;,; % 7I 'i! ± ~".l'•l-&-o] 'l! 'l}"J .Q..s!. 10% o]-'1} .Q..s!. al' cj-. :::J. 

"14 'lJ;<f'.J"I-%¾~ if.'r.71 sl'-.0- "1¾<>11Ai;,; -/t-71'/!± ~";l'.,O. ¾¾"il •loll '1'2-
4, .ft- 71 '/!± ti"'ll'•I %.,0. 3% o] .J-01 cJ-. 01;,; -6J ¾-!!-ill-3.1e-0 1 .ft-'l}t:Jl 111 "il Ai;,; 'll >Cf's 
¥-.ft-¾~ .,0. -6j ¾:, 'lj-3.'e.Q..s!. 'i'-'8 "1 oj ~ c<] 'I!, ;,j ¾"il Ai;,; 'If¾~ O I -'11-'il-'ll' ~% 
,1 oj ~ g ~ sj D] ~cj-. 

1998';:! 4-%/ ';J-OII t:il<t-'8-"iJAi •l~B "1"l¾¾ %71'/!±, ~± '>) .oJ-<>11 t:il~ ~'ll' 
~.£;, Table 3-10"1- Fig. 3-15"1] 4E1-111~cJ-. 

J!. ¾ -"J "J ¾111 .ft- 7] '/!± ~'lf.,0. >il'f''1J '!J '!i 'lJ '1) A9"i] Ai sJ £1 cJl ~ (2.2%) ~ >ii 91 
1'f.,1;,; 0.1 ~ 0.8 % 'jj~o]cJ-. 

o] ~,°_ 'll'l!<'lsJ of{!'/! (2.5%; Hong, 1987; Omng et al., 1999)J;!.cj-;,; CW-\'! ',;!
.il, .oJ-"8"1 "l¾ (0.7-0.9%; .:g:1],f, 1992)"11 •loffA1.£ ',;!-cj-. 

'l! 'l}"J .Q..s!. -"] "J ¾"iJ Ai .Qj .ft- 7] '/!± ~ ",l'.,0. *if 3lJ- ~Oil½ '>) -"J "J ¾ -"J 'i'-'a .Q..s!. 
.!/-is-J ~'ll'll "r ~cf- -"l"l¾¾ %7]'/!± ~'lf.,O. -"l"l¾¾ 'l!.ss~",l'o] ¾7f~<>il af 
2t ¾ 71-81-"l, -"l "l ¾¾ .'i'. '11 .QJ ~ 'lf O l 50 % o l 'I! '11 'itoll 'll '1! '11 'll 'll 'll ~ ( 'll 'll Cl, 
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O7Joj,<7gJ ¾7J\'!± tJ-"J'.g. 0.5 % oJ')}oJy-, .5'.ajJtJ-"J'oJ 70% oJ')i-'1.! 'jj'lJ a, ('lJ'lJ 
AS, E3, ES)oil"1<c 0.3% oJt;foJcf (>II 5 'li! .I-~). 

ll:¾ ¾71~± 'tl-ilf~ ¾7]\'!± 'tl-ilf *3>:-"1- 0 }%7f;;t]_ss 'll'll A9oj,<79l ~t!l.l 
(0.2%)¼ >l1"1i>f2::: 0.02-0.12 % 'll~.ss"i .5'.ajJ 'tJ-"J'o] 50% o]LJl'<.! 'll'll~oil"1 
0.08 % o] ')1-o] cf. 

¾71\'!± ',,) ¾71~±"11 t!I~ ?"'1*3>:1=- E¾oil"1 'lt2, 11°17} ¾7f~'r~ t!l>ll 
.£ {J-±5}::: OJ'')r¾ J;!.'1)cf. 
~ ~"l .2-.ss -l\-"l .ss .i;t cl -"1 "l ~"I % 7] ~ 'il-il' 0 I >ti~¾ 'le::: .21 "11 "l oil "1-"l ¾ 7J 

% 'i/-jj-.g. 9'.£ 'r¾LJloJJ,<7-"J ;~~;~~oj ej"1J oJ_;;<<>J ~cf. 'f.~ 'lj'1JcJ;!.cf ?{)OJ 
11~ "1"11"1"11"1::: ¾~t!l'-il"11"1 'l!'!ic<>J~ %7J%oJ •lst-"l -"l"l%~f;;tJ .'ic',ri>}:::c~ 
C7 Ill' .g. "i '1: 0 l ±.fl.,aJ E!..ss t!l-¥-*-"l ¾ 7J % a, .g. 7}2}~_2_ ~ ,<7 *"I!'<! cf. 

¾71%-"l 7J~¾ y-E}LjJ,c C/N '!!:•J::: ll:¾-"i"l~-"l ¾7]\'!± 'l,) ~±tJ-"J'oJ ~ 
t!i.l¾ .l!.'1) '!I'll A9 (12.5)¾ >1].21i>}2::: 3.0~8.4.sj '/l~.ss"1 ?>il'-iloJl"1-"l C/N 

~•l-"1- %,<fi;foj t!l.i;t*ol "11°J7J~'ll¾ y-E}';l!cf. 
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Table 3-10. The chemical com~sition in the sediment of the South Sea iAeril, 1998) 
Station Depth Carbon Nitrogen Sulphur C/N 

(cmj (%) (%) (%) 

A1 0-0.5 0.27 0.05 0.10 5.80 
1-2 0.35 0.06 0.11 6.50 
3-4 0.14 0.03 0.05 5.88 
6-7 0.19 0.04 0.07 5.45 

9-10 0.38 0.07 0.12 6.42 
12-13 0.42 0.08 0.11 6.37 
15-16 0.45 0.08 0.14 6.48 
19-20 0.51 0.10 0.15 6.26 
26-28 0.09 0.02 0.07 4.43 
34-36 0.15 0.03 0.09 5.18 

AS 0-0.5 0.12 0.03 0.07 4.36 
1-2 0.08 0.03 0.04 3.73 
3-4 0.18 0.04 0.05 5.09 
6-7 0.15 0.04 0.05 4.56 

9-10 0.17 0.04 0.07 4.94 
12-13 0.12 0.04 0.04 3.77 
15-16 0.09 0.03 0.06 3.32 
19-20 0.07 0.03 0.05 3.01 
26-28 0.08 0.02 0.07 3.79 
32-34 0.11 0.04 0.10 2.99 

A9 0-0.5 2.52 0.24 0.44 12.45 
1-2 0.25 0.06 0.07 5.01 
3-4 0.27 0.04 0.03 8.62 
6-7 0.24 0.04 0.08 6.45 
9-10 0.10 0.02 0.62 6.01 
12-13 0.13 0.03 0.07 5.66 
15-16 0.14 0.03 0.06 5.90 
19-20 0.11 0.02 0.06 5.80 
26-28 0.15 0.03 0.08 6.41 
34-36 0.17 0.02 0.12 7.85 

C1 0-0.5 0.61 0.09 0.19 8.27 
1-2 0.36 0.05 0.09 7.64 
3-4 0.55 0.08 0.12 8.00 
6-7 0.48 0.07 0.08 8.02 

9-10 0.48 0.07 0.17 7.83 
12-13 0.46 0.07 0.10 8.14 
15-16 0.48 0.07 0.15 8.01 
19-20 0.44 0.06 0.14 8.27 
26-28 0.42 0.06 0.17 7.88 
34-36 0.42 0.06 0.13 7.98 

07 0-0.5 1.08 0.16 0.44 7.68 
1-2 0.97 0.15 0.32 7.81 
3-4 0.90 0.12 0.22 8.43 
6-7 0.72 0.11 0.29 7.63 

9-10 0.66 0.10 0.25 7.77 
12-13 0.75 0.11 0.57 7.80 
15-16 0.65 0.09 0.20 8.37 
19-20 0.56 0.08 0.77 8.52 
26-28 0.57 0.90 0.20 0.75 
32-24 0.51 0.08 0.31 7.92 
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Table 3-10. (Continued). 
Station Depth Carbon Nitrogen Sulphur C/N 

(cm) (%) (%) (%) 

E3 0-0.5 0.26 0.07 0.17 4.52 
1-2 0.29 0.07 0.17 5.04 
3-4 0.31 0.06 0.15 5.65 
6-7 0.35 0.07 0.13 5.71 
9-10 0.30 0.06 0.18 5.56 
12-13 0.24 0.05 0.12 5.40 
15-16 0.32 0.07 0.22 5.76 
19-20 0.22 0.05 0.19 5.14 

ES 0-0.5 0.47 0.06 0.11 8.45 
1-2 0.53 0.09 0.18 7.06 
3-4 0.39 0.06 0.14 7.22 
6-7 0.40 0.06 0.13 7.50 

9-10 0.14 0.02 0.09 7.23 
12-13 0.30 0.05 0.12 7.57 
15-16 0.39 0.06 0.14 8.19 
19-20 0.59 0.09 0.28 7.92 
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Fig 3-11. The vertical profiles of (a) Temperature, Salinity, DO (b) POC, SS, Chi-a (c) N03·, PO/·, Si(OH)4, 

at the representative stations in the coastal area ofthe CheJu Strait. 
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Fig. 3-·B. The distribution of salinity, C, N, 55 and Chl•a concentration m the surface 

water of each section of the South Sea (April, 1998). 
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Fig. 3-14. The distribution of salinity, C, N, SS and Chl-a concentration in the surface 

water of each section of the South Sea (Septemberl, 1998). 
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6.1 "'~ 

>I] ,;,. "111 "1- til ~"111 A f O I 9-j 'il-"11 til ,;.* 9.J -"I "l • "' '1'-'11--"I "l • 9-j -"I "l -a:J-"l ~ 
'il.g. >11 5 'ii ¼.st-'11 "11~ -"l"l"i-% 'JI 'l--ll-11-~ ll'll '1!ofl 11'\lt"l2-.st 1]~'-loJ 
'l) cJ-, :I i>J '-t ~ ,fcAf"1J Ojofl til~ -~pJ .§j "J½ (100\'! A] i'.]:if £.)"f .§J "J ¾9.J ~'It½ 
ofl til ~oj A1€ til ~* '!J>li "1J Oj,j- til 'lJ-2_!,. >I] ;,j] "J.Q..st ,fcAf '1J'i'-"! oJ 'l);<] \If,:} 

("1, Park and Lee, 19%). ~'1! 0J;,f7J'lJ'i'-9.J "ii Oj (29--32"N, 122-126"E) .g. ~PR 
100\'! ir £.9.) -"1 "l "l-%0] ~ '1!,'-!i] oJ 'llcJ- (DeMaster et al. 1985). "11 "I 1'j "l ¾9.J 
~"l "1- ~ '11'-i- '!/ 7} C: AJ ¾"1-'ll 2-.st olf 'll-<>11 "1 ::i1 'lJ-2-!a. !E. ::i1 '11-oJI Ai olf 'lJ-2-.st ;<JI 'ii' 
'i-:§J.~ 4" il€:' le!&::_, ~:±:_, if,1::, ~% ~AcJ,j, ~,1::-2} ~~A}-AJ '5°4rff"91 "8Jl 0cf ~ 
%¾ o]"1Ji;f::i! &7]4s''il"1-'ll¾ 5'. 0~,17] ~;;fojAi!:: -li'.l"l2-!a. 'l!.8.i;fi:}. ~"I 'a" 
"11 til~*"' ~.g. ~"112l<>lll<J!:: -~%"1-'ll"I- "11"11'1"1• "1-'ll9.J 'II-~ '1!~ 
(water- sediment coupling) ';lo] •H-9- 7Ji;fi:}. o]i>J~ ~AJ-lt!E.€ ,J,.--\'!:'l!,.-~o] 
"I o\l .'r. ½tr'J 9-J ;<] ~ -1,~9.j Oil "I t!:'ll ojJAi 9-J >l-li'-•1€ i:J-~ "1-"G:r¾~ 9-J -l,!, .o'. ¾ -li'
•1 ~ 'r (til'll- ¾'l/9.J "1l'i'sf -"i"l¾i'.!9.J -li'-•H•I½)¾ •H1l.st ;;foj :.!'ll~7J ¥!i:J-. 
u;f a}Ai "11 "I .§j "J ¾9.J 'Ii. 'R Jaj ;aj Oj-a:J-9.j o) oJI € oJI 0ci't!:'ll 'll-1'119.J 'll 7} 'J! A] Ji. •H '1j ;,jJ 
~ 'r~ % "11 °Jt!,'ll if A]~~ ofl .'r. 'l! 'r"l o] i:J-. ~'1! 'rofl Ai€ o] "1 ~ "11 °cl"!- -a:J-"l 9-j 

D]:: ;<] 1..j C: 7].!o;aj '1) .§j "J \'! 'ri!- 21°rb-'lJ ¾ o].g.~oj ~'lJi;f'.l/. i:}, 

>il'f'-"111 "1- til ~"111 Afo] 9-J ';l-"11 til ;;.*<>II Ai ¾ 2671 'll 11 o\l Ai 'lJ-0<f '!! .'i! oJ AJ ~ 
7] (Ocean Instruments BX640, 4(km x 40cm x 60 cm)¾ o] .g.;;foj 1998\'! 4-i ofl 
•1 '11 i;f'.l/. i:J- (Fig 3-1, 1998. 4). •H '11 Jal "1¾9.J '1 °1 !:: til >ii.st Af'l/ ofl Ai€ 20cm o] i;f 
o] i+ 1..] ~ ofl Ai€ 40 cm o] ~,:J-. •H '11 ~ A) la.!:: 'l!"Jofl Ai ;aJ 'll 13,5 cm9.J ofa ~-i'r 
¾ o]¾i;foj J/-A]Ja.:: •ff'11i;f::i! o]¾ q-,] 1cm i'.]::aj.Q.;,. '111H~ + 'l/%Ji!.-\'!:i;f'.l/. 
i:J- '!!% -"I.ii.!: {!~{!.st -£-;,jAi 'r-li'-~i!J'¾ ~'lj;;foj -l/-~½¾ ;,jJ~i;f::i! 1'1"1¾ 
9-j ~ til ~ i!J'¾ ~'ll trf '.l! i:J-. -"I "l. 9-j "1-i!J' 21°rb-~i!J'-li'-"i"' -"I "l. ~"l ¾, -"I "l-!t 
li¾~'lt¾9.J 'f'"1J, ~'11'½%.g_ '!J\'!.'r. Ji!.::i!Ai<>li 7]~~ "J'lJ¾ Af%i;f'.l!i:J- (~~oJI 
0J:~ T.1::, 1997). 

'il-"11 til ,;.* "11 "I 1'1 "l ¾9.J "°rb-'ll ojJ 9-j ~ "1 "l. ~"l ½"1- "1 "l Ol -a:J- I'! 'r€ 
Table :1-11 ofl 112-1 i;f'.l!::i! Zf 'll 11 \!! "1-i!J' 21°rb9.) 'lt'a'9.J 'r:aJ aj -l,!, .o'. € Figure 1 ofl 
'lle.l i;f'.l!i:J-. ~ "110l91 '!fir 'r1l :'. 80:':25 m o]::i! '!lit "1"1½.g, 102±68 mg cm·2 

yr' o I i:J-. oJ;,, 0.10 + 0.08 cm yr'<>ll "11 'if ~i:J-. "1 "l ½.g. 'i'1J "f;,, 719.J "1-t!:~ ::i1 

~ "i2l91 i:J-0ci'~ "1"11'"9.J ic~,J, ci4 '1/t!:01 'l.l!:: ~.Q._;,_ AfJa.¥!,:J-. u;fa}Ai >ii 
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5 ~ojAj >l"'i~ "11"1 Tfi'- ¾'!I¾ 01%-ol-"1 "11"1 Jai"l-!t ~"l¾:i!J- la]aj '31-% "'1-? 
-1- 7l~~t:l-. 

>il"/'£A1-l\'-"11"l: >ii"/'£ AJ-l\'-"11"1 ('1!11 Al, A3, AS, A7, A9, B1!).g. -?~ 01 til 
>II.>'. 74-95m ol.:il Ja]aj¾.g. 36-161 mg cm' yr' 01t:J-. li¾~~¾91 -'¥-"1\e- "itil 
8.4 cm oluj, Jai"l* ~~,l-.g. ;ti.:il 84.1 cm2yr·'olt:J-. 01 :<l"l "11"1-"l.aJ-!t91 ~'l].g. 
.li¾ -? cm91 t.f-'1-oj Af1'11 (slump) 1!11'1191 7,}~ ~~Tx7f "1-".l' ""rb ~".l'91 -? 
-'Jf1-.¥."ilA1 'f-~ol L]-Ej-L]-.:il 'll:t:l- (Fig. 1-16). '!I'll AS:: >il.2J-oj-.:il;: til7J 1'}-l\'-91 
Af 1'11 Tx7f 27101 'ii- e>l ~t:1-. '!I '!I AS la] "l¾.g. 2 'i!-:<f .s'. la] :aj '31-%¾ I'!\?~ Al~ 
T 'll:¾ ~olt:J-. ol;,J~ -?'-'J TxC: x-radiography (>ii 5~) 1'!,~ojAfS'- 'f-~ol 'l!: 
{'! '1! q-. 01 :<I "l 91 la] :aj ,o- a; .g. '!1-t.f 71 ~ 1J-2J-"/'91 la] :aj -1to I >l ¥-% ,aJ oJ 'i/-'1- ,aJ .:il 
"171"11 ~7faj.Q..s'. "J:<f7J 71~91 -!t~½OI t,f;,il"il ~'l]--oj-;: 0J:<f7J %½-?-"!- ~"11 
if'g"~ 3!-2...£. A}.fi.~tj-. 

AJ\t'il"l ~{!yqj (''lJ'lJ Bl, B2, B7, B9)91 Jaiaj-&.g. 26-7lmg cm·' yr1 01.:il, ~ 
0.03 -0.06 cm yr-I olt:J-. x-radiograph 'i!-91 -:a!.s-"l- 'll.!a..s'. T'.l-'1! ul"i]¾½.". :ilj
"J' ""rb ~"J'91 -?'-'l {;!-.¥.'ir"ilAj;: '!l'i!-'i!-1'1191 Ja]:aj:ilj- slumping01 .ut.:o:t.f;: ~.Q. 
.s'. L]-Ej-',;l:q- (Fig. 3-16). "I• ½'l! Bl '!i 'lJ 91 la] :aj %.g. 0-2 cm.g. '!i 'i!-'i!-1'!191 la] :aj 
01 .:il ::1 •f.s'. ofaJI 91 2-3cm TZ!.g. slumping TX:,: .I!. 01 uj .Ji¾ 28cm91 ,'-'(}oj 
Aj 4'll91 slumpingol e>l~t:1-. '!I'll B2ojAj;: 6-28cm TZ!01 S'."t- slumping TX 
:: .l!.'<!tj-. '!i'lJ B7ojAj;: .Ji¾ 36 cm TZ!ol S'..!j'- ~~,ajoj 'lJ:t:1-. '!i'lJ B9 ojAj;: 
.Ji¾ 6cm 7J}:<le- ~~,aj.:il :i01t.f ~olO!IA1e- '!l'i!-'il-1'11.s'. l1c-? 'll:;: la] aj Tx¾ 
7}:<l.:il 'll:t:1-. ol;: ~{!'-111!91 "1¾-!!-91 01%01 4'!i'oJIAje- •I+ 7,}o-f.:il \t'!i'"ilA1 
e- •I .u!. :aj ~ 'l]:t.foj :<I 71 Dj li'-.Q..s'. Af .il. '1! t:1-. !'; 1'1 B9 '!i 'll 91 la] :aj %.g. Bll 91 la] aj 
%91 :ilj-i!J' ""rb -?"1-li'-.¥. !s A,j:ilj- ¾Af-ol-t:1-. 

.:il¾'/l-£ Aj'!i' ('lJ'lJ Cl, C3) "11"!.". 71-i-l/ Ajoj'1!'1]-oJIAj :ail-l\'-¾'1! Ja]aj-lo-ol 
ol%"1oJ ~oj;: *.Q.-"- 1']:aj¾.g. 74-189 mg cm·' yr1 01:;r, .ll¾;<:~¾.g. 1.5-16 
cm.>'. 3..:il ;o:~-a,.g. >1.1-7.7 cm2yr1 01t:1-. 'll'll Cl Ja].aJ%.". -?-'J"l.Q..s!. 2 'i!-:<fS'. 
1!1.Q..s'. :i!J-"J' "°rb¾ i::'Af~ -? 'll:t:1-

-'1J {! 7,} 8-fT -l\'-i::' (DI, D3, D5) la] aJ%:i!J- "f%7J'lJ-r -l\'-i::' (El, E2) la] :aj ,o-91 
210Pb ~i!J=~.¥.~ 1aAH ~~¾o]tj-. 

\t"11 ¾ 0J-lj!- (CS, C7, D7, D9, D10, D11, E3. E4. ES. E6) oJ"l .". ¼.s!."11 3'c7I oj 
-?'l!ol ';l-'ll:¾ Dj "1"l'1! ¾½ol til-¥--li'- ::J.til.s'. x½ol ,ajoj 'll:t:l- (>ii 5 ~)- ·~I_AJ 
"]aj¾.g. E6 'll'll91 29 mg cm·' yr1 ;a >il.21-.f'l!, "l' 119-284 mg cm·' yr1 .Q..s'.Aj 
•I+ "1:t:1-. .ll¾;<:~¾91 -'f->Jile- 1.5-10.3 cm01.:il .Ji¾ "1"l%91 ~~¾,"_ "ix 14.8 
cm'yr' 01 q. ,toj ¾0J-lj!- "11 "191 :i!J-".l' 210Pb91 -?"1'1-.¥.;: til "f 2 'J:<f S'.1!1 .Q..s'. 
i::'Af'f/ -? 'll:t:1- (Fig. 1-16). 
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Table 3-11. 210Pb-derived sedimentation rates and sediment parameters in the Cheju-Korea Straits. 

Water SML Mixing SML Steady state Superficial 
Cruise St. Lat. Loog Region O.pt.h Accumulation rate 0.,,h Coeff. Residence ""' 210Pb M, Corg(%) 

N E !m) ma cm-~(1 (cmyr"1r (cmJ (Cf112:t:r"1) Time (Xr) clpmcni~f1 
dem1f1 

NH9710 JM 3459.55 128,40.68 JangMok Bay 6 1'6 0.22 9.5 >26.2 34.0 1.1 4.90 
NH9703 A10 3336.09 12617.75 T,ough 109 89 009 8.0 >12.4 51 0 0.7 9.30 
NH9710 SC1 3452.04 128 50.01 Nakdong delta 43 207 0.35 6.5 >40 10.0 4.1 15.10 
NH9710 SC2 3512.99 12919.97 Korea Strait 87 65 0.09 4.5 >2.1 34.0 1.9 21.90 
NH9804 A1 3410.10 12-4 59.92 Western Cheju 91 120 0.11 1.5 0.2 12.2 0.6 4.90 5.67 0.27 
NH9804 A3 3400.68 12500.25 Western Cheju 85 100 0.04 6.4 64.7 140.3 0.9 2.27 3.13 
NH9804 AS 3350.96 12500.06 Western Cheju 94 56 005 "" ad "" 0.2 3.55 4.-46 0.12 
NH9804 A7 3339.96 12-4 59.99 Western Cheju 90 161 015 8.4 12.7 422 1.2 4.73 6.83 
NH9804 A9 3329.97 12500.01 Western Cheju 74 36 003 3.87 5.02 2.52 
NH9804 B1 3430.82 125 52.78 Heuksan Mud Belt 21 26 003 2.05 8.23 
NH9804 B2 3420.00 12553.13 Heuksan Mud Belt 42 29 0.03 0.06 1.60 7.89 
NH9804 B7 3400.01 12552.98 Heuksan Mud Belt 83 non-steady stale sedimentation 8.62 
NH9804 B9 3344.97 12552.94 Heuksan Mud Belt 7B 71 006 7.1 24.2 27.1 0.6 -4.67 83 
NH9804 B11 332999 125 52.98 Western Cheju 95 72 0.07 "" "' "' 0.55 721 6.78 

I NH9804 C1 3410.04 12700.01 Reworked zone 32 169 0.17 16.0 77 90.9 2.3 6.10 5.94 0.61 

b: NH9804 C3 3359.99 12659.93 Reworked zone 60 74 006 1.5 >1.1 19.8 0.50 3.29 362 
~ NH9804 cs Early Holocene Zooe 3.86 

NH9804 C7 Early Holocene Zone 3.42 
NH9804 D1 Sumjin River Zooe 9.18 
NH9804 D3 Sumjin River Zone 9.59 
NH9804 D5 Sumjin River Zone 9.94 
NH9804 D7 3400.00 12800.14 Early Holocene Zone 86 156 0 14 2.9 2.3 10.7 2.2 12.02 8.87 1.06 
NH9804 D9 Early Holocene Zone 5.95 
NH9804 D10 Early Holocene Zone 3.01 
NH9804 D11 3330.00 127 59.93 Early Holocene Zone 114 264 0.22 1.5 >37 6.0 2.4 7.71 2.46 
NH9804 E1 Nakdong River Zone 7.39 
NH9804 E3 3450.02' 128 59.99' Nakdong River Zone 86 119 0.09 2.0 >2.6 15.4 1.4 5.88 4.11 0.26 
NH9804 E4 3445.02' 128 59.98' Early Holocene Zone 97 119 0.09 6.5 >14.8 23.4 3.3 9.98 3.79 
NH9804 ES 34 40.00' 12900.01' Early Holocene Zone 102 141 0.10 6.7 0.8 44.4 1.3 5.66 3.56 0.47 
NH9804 E6 34 35.01 129 00.01 Early Ho_~ne Zone 109 29 0.02 10.3 3.0 383.8 1.6 5.62 3.81 
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Fig 3-16. Depth distribution of excess 210Pb from each station of the South Sea of Korea in April, 1998. 
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7.1. "1~ 

"l~¾',l-3.-e'oj .ej~ 7]&-'J,a (primary production)-& "1! 0J -'JEll>ll-"1 <!Jo]'lJ" 

(food web):i!J- ~~ €~ (material flux)<>ll Ai i! oJ Ai ¾-ll "l '<! "I~½ \t'il-~c:J-. "11 °J 

~'aO!JAigj 7J&-'J1f,<: 7J-le,;aJE.£ "l~¾?g-3.{;'0! 'JI O!Jt-i><I¾ -s:,;,.~oj 'f-7]\1~ 

;: %7]~£ ~~-'-J,]l= :,j-'jjo]i!} ~ "r i!c:J-(Falkowski and Raven, 1997). 'iHJ--'il 

:i!J-'ll ¾ ¼ "ii "J ~-I!-..-3.1', <>Ii .ej "11 ~ -'ii ,;al % 7] ~-e, 0] ¾ "J o] £ .-fl', '1f -'11 'lJ 0J 'ir 

:,l]gJ -'J~:a½ ¾><]AJ~ 'il'-'1! ofyi!} u]-'J~~ (microbial loop)-"1 ,c'~o] "17].'r. 

~c:J-. "11 OJ~'a <>Ii Ai 7] & -'J -a-ec 'JI, 'll °.f 'll, "f'-&, ;; ~"f'-ll 'JI & "J :,j- 'lf-& oj a,j Jl. 

'<! ½Oil .ei "11 'l! ~, "I 2-£ .'fc 11 " ~ :>,! 2-£ .., ill :<j ~ c:J-. 0 I "I t "11 °J ~ 'a <>Ii Ai 7 I & 

-'J 1!-"1 ¾ Jl.Ail oj .'r. ~,,. .. , .:il., ~"' %'ii 'la) Ai Oll-'t •I .ii[A] \t"II ojAi-"1 7]&-'J-a-'il 

oj til~ '<l'i'-~ u]{l~ '1/-E!lo]q. 'ir"l Chung and Yang (1991)0] 1989\'! 4-'l!Oil \t 

"IIOll"loilAi ~'ll~ 7]&-'J-a½ .!l.:il.~ "' i!c:J-. 

7]&-'J,a-'il (primary productivity) '<l'i'-~ 1998\'! 4-i!, 9-i! :::ti!j.:il. 11-i!SI ¾ 3~ 

Oil ~"l ~"c"II 0J'<! ,'-~ 'iJ-Af{! '<] o] oj .'r..:OC ;a o]-§-%foj ,;,.•J "1 '.lJ_ c:J-. '<J 'i'- "11 Qj ,': 

%'a 126" 10· ~128" 15• , *-'11 33' 20· ~34" 45' 2-£ 4-il.Oil ~ 13,j 'll11, 9-'l! 

<>II l= 671 'll 11' 2 i!l .:i!. 11-'i,! oj ~ 371 '!111 <>Ii Ai 7] &-'J-a¾ ~'ll %}'.l/ c:J-. 

7]&-'J1!'\I-& %'/1-%1.Jl (.l!.%'/1--"1 1%~}><1) 67j "r'-llOilAi A]il.;;; 'lliif<>j 4 µCi 

"C-NaHco,:: ~~ti- c:J-½ '!1.2.:: 7J¾E.£ 3 - 6-'l?J- %'11- •R"J'.-foj ~'!liif'.l/c:J-. 

7l~A~{!.Aj ~11¾ ~~ ~"'rA].fi.i:" Rosette ~l=r7loJl -¥-~¥! 5 liter Niskin 

sampler¾ 01%~"1 .l!.¾'!1--"1 100, 49, 30, 15, 3.5, 1% '/1-'i'-"l- 'r-ll (LPD: Light 

penetration depth)Oi]Ai >l'riif'.l/c:J-. '/1-£:S •H'r 'r-ll-"1 '!r.'r.£ .'fc'!l%}7] J11%f<>j 

250 ml polycarbonate bottle¾ ~~¥! nickel screen.Q...£. .£AJ~}S,.c} (Stork Veco, 

Bedford, MA, U.S.A.). •H 0J,<: .l!.%"1i'r£ 'llzJ-~ on-deck incubator<>IIAi •J.-f'.l!c:J-. 

'l!'ll A]1'.} •1°J :f 25 mm Whatrnan GF/F oj:ilj-0<]£ A]il.;: oj:ilj-t)- :f <>j:,j-0<]:: 

1!% 7J (HO fumes) "I i!l ~ cJ-½ :::!.'fc-'J i>J, 11'!1-"'I (scintillation cocktail; Lumagel 

Safe) 10 ml;, 7}.-foj 1/'!1->il'r7J (scintillation counter; Wallac Model#1405);;; o] 

%.-f<>j dpm ;;):¾ ~'ll, Sleeman Nielson (1952) 'll"'llO!l 7J&~ Parsons et al. 

(1984)oil n:\-"1- "c.ei ¼'r¾¾ ,,_,,,'.l! c:J-. 
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Jf~ 'lf'lJ:.:il, :jj~ A9oJIAi 29.8 ,rue 7f~ 'l',i'.dt:J-. 9-'i/ ~AfAJojJ -Jl-'li-¾.2J -9'-lJ t 8 

('!I~ 52) - 19 m ('!I~ Al).21 '11'11¾ .l'-5!/t:J-. 11-'il ~AfAJoJI"" ~ '!l~oJI ~"l % 

'IJ-¾.21 'l',10J7f Sf 19 m5!/t:l-. 

~Af7IZ! %0 .ll.% %".l'-& (Figs. 3-17~18) 1998\:! 4-'il ~Af.2j 7<l+, ~AfAJ 7I 

3,7JoJI .ll.¾ "itll '11-"J'o] Sf 600 µEin m·' s1~£ ~'!1¥1. 3!½ >!l.21~\'! 4-'i/ ~Af 

7]1'.! %0 ,U.4,- Sf 300 µEin m·' s1 o]i>}£Ai 01+ Sf~ '11-a.l'¾ '-l-Ef\llt:J-. 11-%1 ~ 

A}7\Z! %'ll: .l!.¾ "itll '11-rtt Sf 900 µEin m·' s1"1 .Jc½ '-l-Ef'-11'llt:J-. 

1998\:! 3§} ~A}7IZ! %'ll: ~'!1¥1. l'!:'11 -l'-"1'it 'l) l'!c~ \'!"i'it 7J&A~{! ill:½½ 

Tables 3-12~14"11 '-l-El-Lil'.dt:J-. 7J&A~{!".f½ zj- ~A} AJ7]'l!£ -::l-"1.1'-\'! t:J-%"1-

'>l-t:l-; 1998\:! 4-'i/ ~AfAJoj] .ll.¾ (100% LPD)oJJAi.2J 7J3,>~{!-& 0.27 ('!I~ C7) -

2.90 mg Cm~ h 1 ('!I~ C3).2J 'il'1J5!/.:il 'l!it(±SD) 7]&>J{! ;;l:t 1.41 ± 1.07 

mg C m·' h·' £Ai '!I'll Z!"il 01+ e \ll§} ;': .l'-5!/ ,::J-. 1998\:! 9-'i/ .2J .ll. ¾ 7J &A~{!-& 

3.24 ('!I'll B4) - 8.89 mg Cm·' h·'('!i'll 52).21 'ii~ :S '-l-Ef\11~"1, 'l!i:r (±SD) 7\ 

3o>J{! .):.g. 6.23 ± 2.25 mg C m·3 h.1£Aj 4-'/i ~A}7]Z! %0.2J 'l!;t.J::tj- li].ii'.-'-] 

"f 4.4•1 .3.71J ¾7fo-f5!/,::j-. 1998\:! 11-%/ ~Af7JZ} %0 .JI.% 7J3,A~{): .J:-& 5.01 ('!J 
~ AS) - 5.56 mg Cm·' h'('!i~ A7).2J 'ii~;; '-l-Ef\ll~oj, 'l!it (±SD) 7]3,>J{! 

;;l: t 5.21 ± 0.30 mg C m·' h·' £Ai 9-'i/ ~A}-'-12f "I .ii>."11 Sf 16% '!I 5'. :,l-C:::C ~ .Jc 

½ t-}Ef\11~'-J-, %;,fl"J~5!.C: :::1 ;}oJ7f %.2Jo-f;<] \lf'lJ:t:J-. !E~ 4-'i/:tj- 11-%1 ~AfA] 

2j- li].ii'.oli 11-%/ ~A}AJ.2j .JI.% 7J3,A~{):.):.2j 'lj'lJZ} \ll§}C: e ;}oJ7} llJ,'.dt:J-. 

2f ~A}AJ7J\!! 7]&>~{):.2j 4'"J-,'~;; -lfllJ.l'-\'!, 1998\:! 4-%/ ~A}AJ (fig. 3-19) 

13,JgJ 'll~% 77j.2j '!l'JloJlAi ~'!1"1~5!. .ll.%(100% LPD).l'-<t'.: 49 - 30% LPDs 

ojJAj 7f~ :\'t-ec- 7]&>J{!;;l:½ .l'-'l] 1JoJ ~'!1;,Jo],::J-. 4-'il ~Af-'-1 \'!c~\'!"i'it 4'¾ 

;,J-l,!-~ 7]&A~{!"<ft 3.44 ('lJ'Jl E3) • 37.19 mg C m 2 h.1 ('!l'Jl B11).2J 'iJJ1l5!l.:i1, 
•j 0JAJZ}:tj- '11-"<f½ .:;ri!j.-foj '}'lj~ 'li'li B~\'!"i'it 7]3'A~{J:AJ-& 19.6 ('!I'll E3) 

- 212.0 mg C m·' ct·' ('!1 'Jl B11; 11! it ± SD = 78.8 ± 61.0 mg C m·' ct·1)5!.Ai '!I 
'lJZ! 12•J 0]~.2j ,C >}oJ:: '-J-Ef'-1J'l/t:J-. j;!. \'!,1-olJAi 4-%/ ~AJAJ.2j 'l!ir 7J3,A~{): 

;;l:-& ¼:>ii tJ1 'l!-6J(spring bloom)o] 4-%/ oJI 'l/ ol',J-½ .:il al vJ- 1<11 oJ+ ',!--& ;;l:~5!. 'J 
zj-,ajoj, %'li~ '1i"loJJAi Chung and Yang (1991)0J 1989\:! 4-%/oJI ~'!I~ ;;l: (1,727 

mg C m 2 ct·')"1- liJ.ii'.vJ- 1<115'. oJ+ ',tt ;;J:oJt:J-. 4-%/ ~AfojJAi o];>J',l 7J&AJ{!oJ 

01+ '>t'.ll-11:! 3!-& -1'!- ~A}7]Z! '-11Lil tll.!/--li'- 'll<>r~ 'Ii-~{!~.£. 'l]~oj (tJl:,j "f 
300 µEin m 2 s10]a-}) '11-tJ-AaoJ ~'!,8-\'-l 'i':~7] 1<11-li':'ll 3!~sc A}Jl.¥1.,::J-. 1998\'l 9 

-i/ ~A}A]g\ 7J&>J{!g\ 4'"J-,'~"" (fig. 3-20) .'i'.~ :jj~oj]Ai .ll.%oJIAi 7}~ s't.:il 

4'{loJ ¾7HJ-oJI uj-e.f 7J&AJ{!o] :,J-500-f;: 7a-.J¾ J;l.5!/t:J-. 9-%/ ~A\AJoJI '<!~\'!"I 

'it -9'% "1-li'-~ 7]&'~{!:"J'-& 14.68 ('ll'!J B4) - 54.12 mg Cm·' h·' ('!I'll A1).2J 

~~~:i7.., t1H 0JA]\!-i'l- "'l;1f¾ 2~"8-l-etl 478~ ~~ 'r!-~1a.~ts" ~TI' (±SD) 7]~ 

>J{!•a t 158.3 (±96.3) mg C m 2 ct·' ('ii~; 11 B4oJJAi "/C:::C 94.2 mg Cm·' ct·', 

'!I~ AloJIAi "ltll 347.2 mg Cm' ct·')5!.Ai, 4-'il ~A\AloJI "l'11 Sf 2•H oJAJ ¾7} 

.st~9-. 0 1~~ 71&..,,~~.,,3.<al "¼7~';:: 'r~ ~.g..3!} ~3::~Sl %71-0\l 71~~ ~.Q...£ 
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"1-\'t'i'!t:J-. 1998"1 11-il xAfAJofl 7]&'J1Ml-"l 'r"i1i!-."E1=- (Fig. 3-21) 9il xAfAJsf 
-f\-Af"O};>I] .!1:¾oflA7 7f'lf ,,;:il 'r1Jo] %7f"O}';'I_A7 s}C::::"0]-1=- '!!~¾ .!i!.'l/t:J-. llij x 
,<f;'] \'t-'11'.'!"l'it 'r¾ "l1E-~ 7]&'J1!-"J'~ 30.09 ('ll'!J AS) - 48.53 mg C m·2 

h"
1 

('ll 'll Al)-"l 'll -'11 'l/:il, •H oJAJ n-"1- >Y-"<l'¾ :,]. ai ..-foJ +'ll ~ 'l! 'l! l't-'11 '.'! "l 'it 7J& 
A~ 1!-'\l~ 160.4 ('ll '!J AS) • 526.5 mg C m·2 d-1 ('lJ 'lJ A7; 'li it ± SD = 344.6 ± 
183.1 mg Cm·' d"1).eJ '/l-'1i'l/t:J-. ~ xAf7]n% 4i! 'll 9ij.!i!.i;J-!:: lli!ofl 'liir 7] 
&A»1}AJ o) 7]-'lf ,,;'l):t:J-. 

Table 3-12. Primary production April, 1998 

Station Depth(m) mg C mJ h·1 mg C mi h' 1 mg C m2 day" 1 

Al 0 1.94 16.65 114.92 

3 1.86 
Secchi 4 1.47 

6 7 1.58 
12 0.22 
16 0.06 

A5 0 2.67 23.08 159.26 
4 2.55 

Secchi 6 1.56 
9 10 0.74 

18 0.09 
24 0.06 

A9 0 1.09 13.93 96.11 
5 0.98 

Secchi 8 0.96 
11 12 0.37 

22 0.10 
30 0.13 

Bl 0 0.72 3.57 20.35 
2 0.48 

Secchi 4 0.16 
5 6 0.27 

10 0.16 
14 0.10 
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Table 3-12. (Continued). 

Station Depth(m) mg C mj h· 1 mg C m2 h· 1 mg C m2 day" 1 

B5 0 2.89 19.68 112.20 
3 3.58 

Secchi 5 1.72 
7 8 0.33 

14 0.15 
19 0.02 

Bil 0 2.85 37.19 212.00 
5 2.42 

Secchi 8 2.24 
10.8 12 1.73 

21 0.11 
29 0.06 

Cl 0 0.95 4.41 30.45 
I 1.2 I 

Secchi 2 0.97 
3.2 4 0.49 

6 0.10 
9 0.07 

C3 0 2.90 14.95 103.13 
2 1.90 

Secchi 4 2.07 
5.4 6 I.II 

11 0.06 
15 0.04 

C7 0 0.27 5.72 39.43 
3 0.54 

Secchi 5 0.57 
7.5 8 0.36 

15 0.10 
20 0.01 
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Table 3-12. (Continued). 

Station Depth(rn) mg C mj h"1 mg C mi h· 1 mg C ml day 
_, 

03 o 0.35 3.77 21.49 
2 1.04 

Secchi 3 0.88 
3.8 4 0.14 

7 0.18 
10 0.03 

05 0 0.74 4.74 26.99 
2 0.93 

Secchi 4 0.54 
5.8 6 0.17 

11 0.04 
16 0.01 

01 I 0 0,62 12.49 71.21 
4 0.77 

Secchi 7 0.87 
10 11 0.83 

20 0.01 
27 0.04 

E3 0 0,38 3.44 l 9.63 
2 0.62 

Secchi 3 0,60 
4.5 5 0,26 

9 0,10 
12 0,03 
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Table 3-13. Primary production September, 1998. 

--·-
Station Depth(m) mgC rn-3 h-1 rngC rn-2 h-1 mgC m-2 day-I 

Al 0 8.58 54.12 347.228 

3 5.52 
Secchi 5 3.78 

7 8 3.74 
14 0.35 
19 0.04 

A2 0 4.36 14.76 94.671 

3 0.74 
Secchi 4 1.38 

6 7 0.96 
12 0.24 
16 0.01 

A3 0 5.46 18.02 120.26 
2 1.14 

Secchi 4 2.65 
5 6 1.78 

IO 0.00 
14 0.02 

A5 0 7.25 24.99 160.35 

2 3.45 
Secchi 4 3.69 

5 6 1.35 
10 0.12 
14 0,04 

~ 

B4 0 3.24 14.68 94.21 
I 2 2.66 

Secchi 4 1.43 
5 6 I.I 1 

IO 0.15 
14 0.01 

S2 0 8,89 21.27 168.10 
1 G.15 

Secchi 2 4.04 
3 3 2.20 

I 
6 0.29 

II 8 0,05 
-· 
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Table 3-14. Primary production November, 1998 

Station Depth(m) mgC m-3 mgC m-2 mgC m-2 day-I 

h-1 h-1 
Al 0 5.07 48.53 347.02 

3 4.79 
Secchi 5 3.58 

7 8 2.83 
14 1.12 
19 0.68 

A5 0 5.01 30.09 160.40 
3 3.81 

Secchi 5 3.32 
7 8 0.34 

14 0.56 
19 0.21 

A7 0 5.56 40.00 526.47 
3 3.85 

Secchi 5 3.44 
7 8 2.10 

14 0.64 
19 0.40 
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Fig. 3-19. SOUTHSEA 9804 Primary Production 
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Fig. 3- 19. (Continued). 
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Fig. 3-20. SOUTHSEA 9809 Primary Production. 
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Abstract 

Aerosol samples were collected in the marine boundary layer aboard the ship for 

November I 997 and April 1998. A part of the sampling period in April 1998 coincided to the 

Yellow Dust Storm occurrence in the region, therefore, provided a unique Yellow Dust Storm 

samples in situ. The samples were analyzed for contents of major and trace elements, nss sulfate, 

nitrate, ammonium, and 21°1>b and 78e. The aerosol Al and metal concentrations in the Yellow 

Dust period is an order of magnitude higher than the low dust period. There was a significant 

difference in major elemental composition of the marine aerosol particles between the Yellow 

Dust and the low dust periods. The anthropogenic elements and compounds were more enriched 

in the aerosol of the low dust period than that of the Yellow Dust Storm. The relationship of 

aerosol 21 °Pb and 'Be concentration with nss sulfate, nitrate and other trace metal concentration 

suggests that these particles are emitted from the continent, pass through the higher altitude 

(free trophosphere), then descend to the marine boundal)' layer in the region, despite the close 

proximity to the Chinese continent. Due to the strong annual variability of the dust storm 

occurrence in the region, contribution of dust storm will undergo a corresponding annual 

variability. 

1. Introduction 

Basic research on the fluxes of pollutants and other substances across the sea/air interface 

has been hindered by the paucity of data on the chemical composition of marine aerosol 

particles in situ. The data for background concentrations of trace elements in aerosol particles 

from remote marine regions are especially limited, and these data are needed to identify sources 

for trace elements in the atmosphere and to refine global mass balance models (Duce et al. 

1983; Prospero et al., 1985). Now it is well known that atmospheric transport of mineral 

aerosols, and the components contained in, Fe and nitrate, Pb has shifted the distributions of 

these elements in the ocean away from steady state (Broecker and Peng, 1982) and signifincat 

enhancement of the biological productivity (Zhang, 1994), and the chemistry of the aerosol can 

affect its light scattering of the atmosphere and cloud formation hence affect the climate ( ). 

Interest in the biogeochemical cycles of certain potentially toxic trace elements, such as Pb, Cu, 
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Zn, and Cd, also is increased. Therefore, characterization of compositions and sources of 

trace elements in the atmosphere are important in understanding climate (Schneider et al. l 990~ 

Uematsu et al., 1983). 

The regionaJ seas of the Northeast Asian Maiginal seas are one the dustiest area in the 

world (GESAMP, 1989) due to the presence of constant westerlies and a large desert in China. 

Among the most outstanding geological events in the region are the dust storms, locally known 

as Yellow Dust Storms, that occur each spring. As shown through the images of the aerosols by 

NASA's TOMS instrument in March 28-April 13, 1998, the Chinese dust storm reaches the 

eastern Pacific Ocean. Approximately 11.4% of the total sur&ce are of the People's Republic of 

China is desert (Gao, 1998). According to Gao, the evolution of dry climates in northeastern and 

northern China has been closely correlated with rapid uplift of the Tibetan Plateau, which has 

attained its present elevation of about 400m above the sea level since the late Pleitocene to early 

Holocene. The Tibetan Plateau serves as a very strong shield for the atmosphere in northwestern 

China from the influence of moist air coming from the ocean to the southeast, therefore, the 

upper tropospheric transport is so effective. There are usually more than IO days a year when 

the wind is gale strength which leads to the development of Yellow Dust Stonn in the northeast 

China. In China, dust stonns are most frequent in April for more than 200 years of records 

(Gao et al. 1992). Deserts and Gobi have created a huge accumulation ofloess with a total area 

of ca. 0.6 million km2 in the middle reaches of the Huanghe River and the North China Plain. 

Loess is eolian deposited material with greyish yellow, loose, porous, and calcareous features 

(Liu, 1988). Major dust stonns have been observed at Nagasaki of Japan an average of 5.3 days 

a year with an annual range from O to 18 days over the past 62 years. Japanese observation 

correlated well with those in China (Uematsu et al. 1984). Despite the growing interests of the 

geochemical importance of Chinese dust, many aspects of the dust flux are as yet unstudied 

including the chemical composition of the Yellow Dust over the sea. We present here some 

results of our analyses of aerosol particles from the marine boundary layer over the Cheju-Korea 

Straits during dust stonn and low dust periods. Yellow dust stonn samples was sampled 

probably for the first time. These studies were part of the long-term Atmospheric Input of 

asian Marginal Seas (AIMS) Program of the Korea Ocean Research and Development Institute, 

which was established to study the fluxes of natural and pollutants across the sea/air interface in 

the northeast Asian Marginal Seas. The specific objectives of this work are to ( 1) to measure 

the concentrations of selected chemicaJ elements and compounds in marine aerosol particles 

during high dust and low dust periods, (2) to identify the sources for these elements in the 

marine atmosphere, (3) to describe the temporal varibility in the trace element composition of 

the aerosol particles, and (4) to estimate total deposition and fluxes of atmospheric dust and 

chemical elements to the regional sea. 
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2. Materials and Methods 

Sampling was carried out in November 1997, low dust period of April 1998,.and high 

dust period of April 1998 in the Cheju-Korea Straits. Sampling of high dust events were 

confirmed later by TOMS images (Larko et al. 1998). All samples were collected on the ship 

windward and forward of the stack and only when the ship was underway between 

hydrographic stations (Fig. l and Table 1). The sampling equipment used in this study was a 

high-volume bulk aerosol sampler (flow rate-1.6 m'min•1, Kimoto Inc., Tokyo, Japan) located 

on the upper deck of the research vessels 5-8 m above the sea surface. An inlet discriminates 

against the very coarse particle larger than 100 µm. Whatman 4I(R) filters (20 x 25cm) were 

used as the sampling medium for their high load capacity of aerosols and being relatively free 

from metals (Kitto and Anderson, 1988). Sample changing in the field was conducted with 

care to minimize contamination. A clean area was prepared in advance for loading and 

unloading filters. When one sampling interval was completed, the bolder with the sample 

filter was put a clean plastic bag and sample filter was kept frozen until analyzed. The frozen 

sample filters were brough back to the clean area for unloading. 

Chemical analysis was performed using a portion of each sample filter. The filter was 

cut using an acid clean ceramic scissors for trace metals analysis. A filer aliquot was subject to 

acid digestion using ultra pure HNO3, HF, and suprapure HCIO4 in closed teflon bomb. The 

completely digested samples were diluted to 30ml with I% HNO3. Analysis for major and 

trace elements were done using an ICP-AES (Perkin Elmer Optima 3300OV) and ICP-MS (VG 

Elemental PQII+), respectively. In and Ir were used as internal standards in the determination 

step ofICP-MS. The accuracy was checked using a standard reference material (NBS 1648 

Urban Particulate). For chloride, nitrate, sulfate and ammonia analysis, a portion of each 

sample filter were extracted with 50 mL of double deionized water. The analyses of all filters 

were done by routine ion chromatography (Dionex DX-100). The detection limits of the 

species were estimated on the basis of their filter blanks, collection efficiency, and uncertainties 

in air volume samples. Gammay-ray spectrometric analysis was performed on the ashed sample 

filters to obtain 21 °Pb and 1Be activity. The 7Be and 21°Pb gamma ray activiy was measured at 

477.6 and 47.4 keV, respectively. 

3. Results and Discussion 

The concentrations of25 elements were determined in a total of 12 samples over the 

Cheju-Korea Straits. Two samples in November 1997, 7 samples in low dust April 1998, and 3 

samples in high dust April 1998. The summary statistics for these samples, including mean 

concentrations and standard deviations are presented in Table 2. The samples are grouped by the 

season of collection to illustrate the temporal variability in the concentrations of the elements. 

There was a large temporal variability in the region. Due to the lack of statistically 
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sufficient number of samples, spatial variability in elemental concentrations are not discussed 

here. The aerosol Al concentrations in November were generally 2-3 times higher than those 

in the low-dust Apnl 1998. However, the aerosol Al concentrations in high-dust April 1998 

were higher as much as two orders of magnitude than those in low-dust April 1998. 

3.1 Enrichment Factors 

The principal sources for most atmospheric elements are the oceans and the earth's crust. 

Enrichment factors, defined below, have shown that many elements exhibit atmospheric 

concentration ratios similar to those in average crustal material or in bulk seawater. Aluminium 

and sodium are most used as reference elements for calculating crustal and seawater enrichment 

factors, respectively. The enrichment factors computed in previous studies indicate that natural 

processes may dommate the atmospheric concentrations of many elements. Average 

enrichment factors of marine aerosols in the Cheju-Korea Straits, given for crust and seawater in 

Tables 3 and 4, respectively, were calculated according to the following equation: 

EF = ([X]/[Al])....,,j([X]/[AI])_, (I) 

The sea-salt EF, are calculated similarly to crustal EF,; however, Na is used in lieu of Al and 

Bowen's sea-salt averages aer used in lieu of crustal averages. 

EF = ([X]/[Na]),...,,'([X]/[Na]) __ ~ (2) 

Taylor and McLennan (1995) crustal averages were used as the reference source, and Al was 

used as the crustal tracer. For seawater, Broecker (1982)'s averges were used as the reference 

source, and Na was used as seawater tracer. As expected, many elements linked strongly with 

crustal material or seawater-originated material, having EFs near unity. In general, elements 

with EF c:run (or EF-... ) values less than 3-5 are considered to have approximately the same 

inter-element concentration ratios in the atmosphere as in average crustal material (or in bulk 

seawater) (Duce et al., 1983). In the aerosols over the Cheju-Korea Straits, Na, Mg, K, and Ca 

exhibit relative proportions in marine aerosol particles that are similar to those in bulk seawater 

including Sr in the aerosols samples ofNovember 1997. Consequently, the oceans are 

assumed to be the predominant source for these elements. Sea-salt aerosol particles form after 

bubble burst at the sea surface (Duce et al. 1983). The elements of Al, , Ti, Cr, Mn, Fe, Co, Zr, 

La. Ce, and Nd in marine aerosol over the region display relative proportions similar to those in 

average crustal material including Sr in both low and high-dust period of April 1998 and Ca in 

high dust April 1998. As pointed out by Duce et al. (1983), the crustal enrichment factors do 

not unequivocally demonstrate that their ultimate source is either crustal, because various 
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anthropogenic activities such as quarrying operations, agricultura1 land clearing, combustion of 

fossil fide, and road construction resulted in dust that concentration ratios of some elements 

are similar to those in crustal material. Gao et al. ( 1997) also pointed out that the coal burning 

also introduce Al in the air. The elements ofNi, Cu, Zn, As, Mo, Cd, and Pb have shown that 

these elements are enriched relative to both crustal and seawater sources. The anthropogenic 

atmospheric inputs for these elements in the northeast Asian continent are significant from 

industrial emissions and fossil fuel combustion are siginificantly greater than those from natural 

sources. 

3. 2 Meteorological evidence of origin 

In order to examine the origins of the aerosols taken over the Cheju-Korea Strait during the 

low and high dust periods of April we performed backward airmass trajectory analysis using 

European Center for Medium-scale Weather Forecasting (ECMWF) reanalysis data. Four 

times daily data of temperature and wind are used for calculating isentropic trajectories at each 

sampling location. Since the transport of yellow sand dust is well correlated with flows on 850 

mb altitude (Chun et al., 1998) backward trajectories are calculated on isentropic surface of 

295K whose altitudes are close to those of850 mb level except April 23 case which has 295K 

surface within very limited area. Results are presented in Fig. 2. During the low dust period 

from April 9 to April 11 it is indicated that air mass was originated from adjacent East China or 

Korean Peninsula. During the high dust period, surface weather analyses strongly suggest that 

the sampled aerosols on April 16 contain Yellow sand dust particles. For the 16 April case air 

mass was originated from Northeast China in which Yellow sands were reported on April 13 

after the passage of low pressure system on April 12. Thus, within following three days, the 

air mass laden with Yellow Sand dusts likely moved into the sampling area. For the April 17 

case, air mass trajectory goes back to the Gobi desert. Later in this section, we will provide 

compelling evidences that aerosols ta.ken on April 17 were originated from the Yellow Sand 

storm event using informations on dust cloudy area given in surface weather maps and satellite 

observations. On the other hand, the aerosol sample taken on April 23 may not be related to 

the Yellow sand event since it traveled over the southern China where mostly hazy skies were 

reported in previous two days. 

Fig. 3 shows time series of air mass laden with yellow sand particles outlined from 

-272-



consecutive weather maps from April 15 to 18, 1998. It was reported that the Asian dusts 

produced by a stonn in the West Gobi desert were transported into the west coast of North 

America across the Pacific Ocean (NASA. 1998). The dust area related to April 15 stonn 

moved into the Shaanxi province on the following day (00 lJfC April 16). At 00 lJfC April 

17, the dust area further moved south-eastward and located in the area from the Yantze basin to 

Kyushu of Japan, across the East China Sea. On April 18, it indicates that there were dust 

clouds over the East China Sea and over the south of Japan. 

The evolution of the dust air mass is in good agreement with the area suggested by satellite 

observations. Figure 3 shows SeaWiFS image of April 16, 1998 in which yellowish cloud 

from the west of Shandong peninsula to mid-China represents dust sand area. Combining 

locations of Asian dust area (Figs. 2 and 3) with the satellite image, the yeUow sand events 

reported at Che ju and Kyushu weather stations at 00 UTC 17 April appears to be the same dust 

air mass found in Figure 4 for April 16. Thus, the samples taken at April 17 must be 

associated with the April 15 dust storm event. 

3.3 Non-sea salt correction for Chinese dust 

As Zieman et a).1995) pointed out correctly, crustal average Na to Al ratio of Taylor is not 

accurate for the Chinese dust stonn observed at Mauna Loa, Hawaii. Therefore, special care 

should be exercised to detennine the sea-sa1t contribution of Na in the aerosol samples collected 

near the sea surfu.ce. The average Na to Al ratio in Loess is 0.15-0.17 compared to that of 0.36 

in Talyor's upper crust (Table 5). The Tanaka's data mentioned in Holmes and Zoller (1996) are 

coincided to those of coarse fraction (32-63 µm ) of Loess (Li and Chen, 1996). Since the 

dominant particle sizes of marine aerosols are 2-20 µmin the Yellow and East China Sea (Li 

and Chen, 1996), we chose 0.15 as elemental mass ratio of Na/ Al in the dust stonns. And 

average continental crustal elemental ratio was used for other seasons since the atmospheric 

minerals orginated from the surrounding land mass in the region (Mukai and Suzuki, 1996; 

Hong et al., 1998). Marine Na is calculated as all the sodium that is not due to crust by the 

following equation (Zieman et al. 1995). 

[Na]_,= [Na]..,. - {([Na]_,,/{[AIJ-} x (Al]..,) (3) 

The concentration of nss sulfate was calculated by subtracting sea-salt sulfate from the total 

sulfate. Sea-salt sulfate was calculated as the marine [Na] times Bowen's ratio of 0.252, the 

typical sulfate-to sodium mass ratio in seawater. 
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[nssSO;'[ - [SO,'J..,-{([SO;']..,![Na])x[Na]_) (4) 

The summary statistics of the non sea-salt mean concentrations for the samples including 

one standard deviations are presented in Table 6. These vaJues are the true abnospheric 

element concentrations affecting the seawater composition. The marine fraction oftotaJ aerosol 

Na was, 97, 95, and 46 %for November 1997, low-dust April 1998, and high-dust April 1998, 

respectively. Fresh dust originated from the continent has substantially lower marine Na fraction. 

The dust-stonn collected on 16, 17 and 23 April 1998 over the Cheju-Korea Strait should be 

less than 3 days since major dust stonn occurred on 13 and 20-21 April 1998 observed by U.S. 

NASA Satellite equipped with TOMS (Larko, 1988). Also it is noted that when dust 

concentration is high. total atmospheric Na content can not be safely assumed to be entirely 

originated from the seawater. Marine fraction of aerosol sulfate was 44, 3. 7, and 2.7% in 

November 1997, low-dust April 1998, and high-dust April 1998, respectively. 

3.4 Atmospheric elemental concentrations 

3.4.1 Major and trace elements 

Aerosol Al concentrations were 747 ± 379,468 ± 426 and 17287±16491 ng m·3 in 

November 1997, low-dust April 1998, and high-dust April 1998. Dust storm Al 

concentrations are the highest values observed over the sea and predicted over the Yellow Sea 

(Gao et al. ,1992). In dust-storm pericxl, abnospheric Na, Mg, and Al concentration was two 

orders of magnitude higher than the low dust period. Aerosol concentration of K, Ca, Zr, and Ce 

in dust storm was a two order of magnitude higher than those in the low dust period. Aerosol 

concentration of Ti, Cr, Fe, Mn, Co, Ni, Sr, Mo, Nd, Cl was one order of magnitude higher than 

those in the low dust period. Pb, nitrate, and nss sulfate were a factor of two times higher than 

those in the low dust period. Only aerosol Cd concentration in the Dust storm was similar to 

those in the low dust period (Table 3). 

3.4.2 Nitrate 

The mean concentration of nitrates were 1.3± 0.2 µgm·1, in November 1997 and April 1998 

with an average of3.5±2.9 µgm·3 in the low~ust season, and 7.0±2.5 µgm·3 in the dust-storm 

period. It is interesting to note that high dust storm aerosols carried more nitrate than those in 

the low dust. In comparison, the mean nitrate concentration were 7. 7±5 .8 µgm·3 at Qingdao 

(February-June 1992) and 1.9±1.2 µgm·' in the East China Sea (April 1992)(Gao et al., 1996), 

and 0.75±0.64 µgm·3 in the open North Pacific along the Tokyo-Honolulu track (Uematsu et al. 

1995). It is interesting to note that the aerosol nitrate contents in the dust-storm period were very 

similar to those observed at the Chinese Yellow Sea coast of Qingdao. 
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3.4.3 nss Sulfat.e 

The mean nss-sulfate concentrations were 2.8±0.07, 11.4±1.4, and 14. 1±4.0 µgm·~, in 

November 1997 and low-dust April 1998, and dust-storm April 1998. The difference in mean 

nss-sulfate concentrations were much lower in November 1997 than April 1998 period. In 

compariosn, the mean sulfate concentrations were 12±11 µgm·3 at Qingdao and 4.0±1.3 µgm· 1 

in the East China Sea. Spring-time nss-sulfate concentrations were very similar to those 

observed at the Chinese Yellow Sea coast of Qingdao. and much higher than over the reove 

oceanic regions. In the open North Pacific along the Tokyo-Honolulu track 1.7±2.0 µgm·
1 of 

nitrate was observed (Uematsu et al. 1995). Gao et al . ( 1996) suggested that the much higher 

concentrations of nss-sulfate over the China Sea is attributed to a large input of nss-sulfate from 

the non-biogenic sources by analyzing methanosulfonate content. 

3.4.4 Ammonium 

The mean ammonium aerosol concentration over the region was 1.5±0.3, 1.4±1.4, 

3.2±0.9 µgm·3
, in November 1997 and low-dust April 1998, and dust-storm April 1998, 

respectively. In comparison, the mean ammonium concentrations were 0.4-1.2 µgm·3 in the 

North Atlantic coastal ocean (GESAMP, 1989), and much lower concentration of0.08 µgm· 1 

were observed in the NW Pacific Ocean (Quinn et al., 1988). The decomposition and 

volatilization of organic materials release a number of reduced nitrogen compounds (e.g., 

ammonia, amines, amino acids) to the atmosphere. In the atmosphere, these compounds can be 

hydrolyzed, oxidized or removed by deposition processes. Quinn et al. (1988) pointed out in 

some regions the oceans may be a source of ammonia, therefore, GESAMP ( 1989) cautioned 

that ammonium flux data may not be very meaningful from the standpoint of assessing the 

impact of continental inputs on the oceans. 

3 .5 Chemical characteristics of marine aerosol over the Che ju-Korea Straits 

3.5.1 Relationship between aerosol nss sulfate and ammonium 

The molar ratio of aerosol NH/ISO/· are 1.26, 0.44, and 0.51 in in November 1997 and 

low-dust April I 998, and dust-storm April 1998. These values are lower than those observed at 

Cheju Island(~ I) reported by Carmichael et al. (1997) however, their trend is similarly 

observed. The lowest values occur during spring dust stonn events and summer periods. 

Recently, an ammonia emmission inventory for Asia, on a mass basis, the anthropogenic NH3 

(as N) and sulfur dioxide (as S) ratio varies from 1 to 2 in Eastern China, is 2 in Japan. and is 

0.25 in South Korea (Carmichael et al., 1997). As noted by Carmichael et al. the windsofthe 

northerly directions are the emissions less than what's necessary to fully neutralize 
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anthropogenic sulfur. 

3.5.2 Relationships between aerosol nss-sulfate and nitrate 

The sources for atmospheric nitrate are considerablly more diverse than for sulfate, but 

the largest source for NOx is fossil fuel combustion (Logan, 1983; Arimoto et al. 1996) and 

which is expected to continue to increase annually, especially in Asia (Galloway et al., 1994). 

The source ofNOx in the region could be also from biomass burning, soil microbial activity, 

lightning and stratosphere-troposphere exchange are the major natural sources of NO. There are 

substantial uncertainties associated with the flux estimates for all of the natural sources for NOx, 

especially that associated with lightning (Arimoto et al., 1996). 

A preliminary inspection of scatter plot of nss-sulfate vs. nitrate showed that the 

relationship was reasonably well explained by linear models, suggesting some similarities in the 

sources and sinks of these compounds (n=l2, r2 = 0.69; Fig. 5). A similar trend was also 

observed in the relationship between aerosol nss sulfate and ammonium (Fig. 6 ). The slope of 

linear regression of nss sulfate on nitrate ranged from 1.3 to 2.1 which are similar to those 

values 1.7-1.8 at Cheju Island reported in Arimoto et al. (1996). Differences in the slopes for nss 

sulfate to nitrate regressions in different season may suggest that there are temporal differences 

in the source of air mass sampled during the cruise (Fig. 5). China is a dominant source for 

anthropogenic sulfur and nitrogen in the northeast marginal seas. The emissions of exhaust from 

Asian countries vary substantially in their relative proportions of sulfate and nitrate, ranging 

from 3.01 in China and 0.57 in Japan (Arimoto et al. 1996) and 1.7 (1990) to 1.3 (1994) in 

Korea. Korean emission of SOx is steady since 1990 however, NOx emission increases annually 

(Korea Ministry of Environment). Therefore, the low dust period of April 1998, the air mass 

was probably originated from the Korean Peninsula in the north and November and high-dust 

April, air mass was largely originated from the China. Much of the early interest in aerosol 

sulfate and nitrate resulted from their connections to the acid-base chemistry of precipitation. 

Dissolution reactions brought about by exposure to strong acids could make certain trace metals. 

both toxic metals and micronutrients, more biologically available to oceanic communities. 

3.5.3 Mineral aerosols and nitrate 

On a mass basis, mineral aerosol is one of the dominant natural components of the marine 

aerosol. We examined the relationship between nitrate and mineral aerosol as Al as its tracer 

(Fig.7). Average nitate/AI ratio is 1.77, 12.45 and 0.41 in November 1997, low-dust April and 

high~dust April 1998. 12.45 is very similar to the values reported at Cheju Island reported by 

Arimoto et al. (1996). Gao et al. (1996) reported that nitrate/Al ratio is 3.1 in Qindao, and 1.0 in 

the East China Sea. It is interesting that the Dust stonn has lowest ratio of nitrate to Al, 

probably due to the source regions for mineral dust and NOx in China are different. Unlike NOx 
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which probably originates mainly from urban areas, dust comes from the vast sandy deserts in 

western and northwestern China, from the Loess plateau, and from regions of deseart and gobi 

in northern and northeastern China (Gao et al., 1992). The emission inventory of Akimoto et 

al. (1994) shows that Shannzi and Xinjiang Provinces in China, which contain many of the main 

source regions for Chinese dust, account for only 1.4% and 2.7% of the NOx emissions from 

China, respectively. Thus on the basis of source strengths, one would expect the NO,-/Al 

ratio to be low in the source regions for Asian dust. Differences in the relationship between 

NO1 • and Al were observed. The mean nitrate to aluminium ratios varied more than a factor 3, 

ranging from 3.9 at Kato to 15 at Okinawa (Table 3 in Arimoto et al. 1996). High values 

observed in low dust April 1998, the air mass comes from the northern Korean Peninsula where 

a substantial nitrate sources present. 

3.5.4 Mineral aerosols and sulfate 

MineraJ aerosol particles can serve as a substrate for the uptake of SO2, and reactions with 

dust particles can at least partially neutralize anthropogenic acids (Arimoto et al., 1996). The 

aerosol S/Ca mass ratios in aerosol particles were of the order of 0.3 -11 in Yellow Dust Storm 

event and 100-200 in the \ow dust season. The low value of the ratios of high dust period are 

comparable to the ratios (0.1-0.2) of soil particles in the Takalmakan Desert (Tanaka et al., 

1986). Higher values of 0.6-0.7 in the aerosol collecte.d. at Nagoya (Japan) is thought to be 

resulted from the reactions between CaCOl and sulfur Oxide or sulfuric acid (H,SO4) to form 

the minerals anhydrite (CaSO•) and gypsum (CaSO•.2H2O). Arimoto et al (1996) and 

Carmichael et al. (1997) reported aerosol S/Ca ratio is about 5 at Cheju Island. The high 

values we observed in the low dust period may be due to the significant lack of nss Ca in the 

lower marine boundarJ layer, unlike that air mass reaching Cheju Island, Kosan measuring site 

of elevation of 72 meters, often times have traveled at middle to upper layers in the troposphere, 

indicating that S is present in the aerosol in excess of that expected by the conversion of CaCO3 

ln the soil dust to gypsum or anhidrite (which would lead to a S/Ca ratio of 0.8). Therefore, 

the weight ratio of aerosol S/Ca may be attributed. Winchester and Wang ( 1989) who 

proposed that the mass ratio of S to Ca was an indicator of chemical changes associated with 

aging. According the Winchester and Wang, the aerosols in November and low dust spring is 

aged and the aerosol in high•dust spring is unaged. These explanation appears to be supported 

by the elemental ratios of aerosol Alf10Pb (n= 12, r2 =0.62; Fig 10). 

The nss SOiAI ratios in aerosols over the region is 3.8 and 15.8 in November 1997 and 

low-dust April 1998. A significantly lower value of aerosol SO•2·/AI ratio of 0.8 was observed 

in Yellow•dust storm in April 1998. Gao et al. (l 996) observed that SO4
2 /Al ratio is 4.0 and 

2.1 in Qingdao and the F.ast China Sea. It seems that the low dust period, aerosols may be 

originated from the same sources. however, high dust season, the aerosol characteristics are very 
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different than the rest of the season. 

3.4.4 Concentration ratios ofnss sulfate to certain enriched elements 

The concentration ratios of nss sulfate to nitrate, Ni, Cu, Zn, As, Mo, Cd, and Pb are 

given in Table 7. The aerosol nss SO/·/Zn ratio varies from 300 to 4700 in the region, and 

these vaJues are substantially higher than those observed in coastal sites of Qindao and Xiamen 

in April (Gao et al. 1996). Therefore there is some mechanism responsible for the enrichment of 

sulfate over the certain trace metals in the marine boundary layer. 

3.4.5 Relationship of aerosol sulfate with 21°Pb and 7Be 

Tsunogai ct al (1985) proposed to use a coupling of the sulfure dioxide and sulfate 

system with the 222Rn and 21 oPb system in elucidating the behavior of atmospheric sulfur 

compounds. The behavior ofa chemical constituent in the abnosphere depends on its 

reactivity which in tum determiru:s its atmospheric residence time hence its concentration in the 

air. Both sulfur dioxide and ~ are unstable gases having similar life times in the atmosphere. 

Both sulfate and 21°J>b are produced from their gaseous percursors and soon became attached to 

aerosol particles. Aerosol nss SO/"/21°l>b ratio (xl0--1 g/dpm) was 6.9-15.6, and 3.8-310.4 in 

November 1997 and low dust April 1998. The scatter plot of 21 °l>b vs. Al shows a strong 

linearity in dust-storm period (Fig. 10). It appears that spring aerosol, especially in the Yellow 

Dust storm period was fresher (i.e. higher 21°l>b specific activity) than the fall aerosols. 
7Be is a natural radionuclide (53.3 day half-life) produced by cosmic rays in the upper 

abnospehere. 7Be rapidly attaches to aerosol particles in the atmosphere and thus provides a 

useful tool for the study of aerosol behavior and for identifying substances transported from the 

upper trophosphere and the lower stratosphere (such as bomb fallout debris, volcanic 

components injected into the stratosphere, ozone and certain nitrogen species) into the planetary 

boundary layer (Uematsu et al. 1994; Graustein and Turekian, 1996). In the Cheju-Korea 

Strait region, a significant correlation between the nitrate concentrations and 7Be concentrations 

was observed during the high dust period (Fig. 11). A similar correlation was also observed in 

the central North Pacific (Uematsu et al., 1994; Uematsu et al. 1995). It does not imply that the 

sources of the nitrate are the stratosphere. Because, such high correlation was not observed at 

the stations in the South Pacific (Uematsu et al. 1994). The high nitrate concentrations in the 

North Pacific stations are believed to be originated from the anthropogenic sources. There is a 

pronounced transport pattern of continental sources from Asia to the central North Pacific 

Region (Uematsu et al., 1983). In high-dust period, the air parcels are lifted by frontal or 

convective processes to high elevation (400-500 hPa) over Asia and transported eastward by the 

westerlies, then decended gradually as they pass around the anticyclone over the central North 

Pacific (Liu, 1988; Merrill et al., 1989). By aircraft observation over the Northeast Pacific 
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(Andreae et al., 1988), the higher concentrations of nitrate and nss sulfate were found in the free 

troposphere where transport from Asia dominated. A few episodic events of high 7Be 

concentrations at the South Pacific stations might be associated with stratospheric intrusions 

because the nitrate concentrations did not covary at those times. Therefore, Uematsu et al 

suggested that 7Be can be used for a tracer of descending air mass from the free troposphere 

rather than stratosphere to the marine boundary layer with a few exceptons. This is evidenced 

by a positive relationship between aerosol 210Pb and 'Be concentrations in the marine aerosol 

over the Cheju-Korea Straits (Fig. 12) 

3.6 Atmospheric deposition of dust in the Cheju-Korea Straits 

3.6.1 Dry deposition 

It becomes clear that atmospheric deposition over the ocean surface affects a much wider 

area than the river input does. The materia1 flux transported through the atmosphere of the 

Cheju-Korea Strait has yet to be quantified bec.ause of the lack ofa continuous sampling 

strategy. The atmospheric input rate of mineral particles to the regional sea can be estimated 

using the mean dust concentrations. We would expect most of the larger minera1 particles (i.e. 

those with radii greater than - IO µm) to be deposited relatively close to the coast of China 

bec.ause of the high settling velocities of materia1 of such size. The dry depositin of aerosol 

particles (Fd) is given by the product of the measured air concentration of the substances (C .. ) 

and a dry deposition velocity (VJ, 

(5) 

Where, Fd is the flux of aerosol particles due to dry deposition (gm·2s·1
), C..,. is the concentration 

of that substance in the near-surface atmosphere (µg m·1
), Vd is the dry deposition velocity (ems· 

1
). A very detailed discussion on the particle size effect on the deposition flux is given by Gao et 

al. ( 1997). According to Gao et a1. ( 1997), the dry deposition velocity should account for all 

mechanisms related to the dry deposition process. Each of these mechanisms is a function of 

particle size, particle density, wind speed, relative humidity, etc. Therefore, it is difficult to 

predict dry deposition velocities accurately. After careful consideration of deposition process, 

GESAMP ( 1989) suggested that the best value for the dry deposition velocity should be 

associated with an uncertainty of a factor of three. 

Since we do not have information on the size distribution of aerosols, we take a literature 

values of 2 with range ( 1-6) for earth crustal elements, and 0.55 with range of 0.19-1. 70 for 

enriched elements, and I with range of0.3 to I for sulfate, nitrate and ammonia. 
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3.6.2 Dust storms 

Major dust storm events (Yellow Dust Storm) are observed during spring in China, Korea, 

and Japan (Liu, 1988: Chung, 1992; Uematsu et al. 1983). During the past 60 years, 85% of the 

Kosa events occurred between March and June, based on the visual observations at Nagasaki in 

southern Japan. Dust storm occurs an average of 5.3 days per year with an annual range from 0 

to 18 days (Uematsu et al., 1983, and Liu 1988). The dust storms in 1998 occurred over 10 days 

in the region, depositon fluxes was ca1culated for the dust storm period. During the dust storm 

period, a mean dry deposition velocity of 4.8 cm s· 1 was used as a representative mean Vd 

(X.Y.Zhang et al. 1993; Gao et al., 1997). 

3.6.3 Wet deposition 

When direct precipitation chemistry measurements are not availe, an estimate of the 

atmospheric removal of dust via wet deposition (F .. ) can be made using scavenging ratios. 

Studies have shown that the concentration ofa substance in the atmosphere is generally related 

to the concentration of that substance in rain (Duce et al., 1991 ). This relationship can be 

described in terms of a scavenging ratio: 

S= p C/C, (6) 

Where Sis the scavenging ratio for a substance (dimensionless), C, is the concentration of that 

substance in rain (g g"1 
), Ca is the concentration of that substance in the atmosphere (g m·3

), and 

pis the density of air (-1200 gm·3). 

The atmospheric flux via wet deposition (Fw) can be expressed as: 

F.=C,.P (7) 

Where Pis the precipitation rate (m s·1). IfC, is replaced according to (6), Eq. (7) can be 

rewritten as: 

F. = P.S.Cjp (8) 

Using Eq. (8), we can estimate the atmospheric fluxes of substances through wet deposition 

based only on their concentrations in air, the precipitation rate, and the scavenging ratio. Since 

S is a function of many parameters including particle size, particle shape, the vertical 

distribution of the atmospheric concentrations, the vertical extent of the rain and the rain cloud, 

etc., it is difficult to predict it value accurately. GESAMP (1989) reported a range of 
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scavenging ratios for mineral aerosol of 100 to 2000, and suggested that 500 to 2000 are the 

most appropriate values for coastal seas. The Pacific data of Uematsu et al. ( 1985) resulting 

from direct measurements suggest a mean scavenging ratio of I 000 for mineral aerosol with a 

range of 500 to 2000. For this work, we chose to adopt previous results suggested by GESAMP 

and Uematsu et al. from the Pacific, we assume a mean scavenging ratio of 1000 with a range of 

500 to 2000 to be the best estimate for mineral aerosol along the Asian coast, as suggested by 

Gao et al. (1997). 

The averaged value of the dust fluxes to the Cheju-Korea Strait is 22 g m·2yr·1 which is 

similar to the average value in the region (Gao et al., 1997). The annual dust fluxes can be 

partitioned as 41 %, 39%, and 20% of wet deposition, dust-storm, and low-dust dry deposition, 

respectively. Dust storm plays a significant part of the total flux, therefore, the annual variation 

of total flux could be very large depending upon the frequency of occurrence and strength of 

dust storms. For other aerosol elements and compounds, dust storms in 1998 could be 8-66% of 

the total flux. The lowest contribution from dust storm is nitrate and the largest contribution 

from dust storm is Zr. Overall, the dry deposition is the major pathways of atmospheric 

elements to the surface of the sea, however, nss sulfate and nitrate is being brought down by wet 

deposition. The total mineral dust flux over the Cheju-Korea Straits (surface area, 4.59 x 

I010mz) is estimated to be 1-2 x 106 tons per year which is about 10% of the annual sediment 

discharge from the Nakdong River which is the major rivers flowing into the region (Parle and 

Chu, 1991). 

4. Conclusions 

Aerosol samples were collected in the marine boundary layer aboard the ship for 

November 1997 and April 1998. A part of the sampling period in April 1998 coincided to the 

Yellow Dust Storm occurrence in the region, therefore, provided a unique Yellow Dust Storm 

samples in situ. The following major findings are drawn from this work. 

l. ln the aerosols over the Cheju-Korea Straits, the elements can be classified according to 

the enrichment factors using the average earth crust and seawater. Na, Mg, K, and Ca are 

largely derived from the seawater, and the elements of Al, , Ti, Cr, Mn, Fe, Co, Zr, La, Ce, and 

Nd are originated from earth crustal, and the elements of Ni, Cu, Zn, As, Mo, Cd, and Pb are 

derived from industrial emissions and fossil fuel combustion are significantly greater than those 

from natural sources. However, Ca and Sr are largely derived from the Chinese Loess during 

the Yellow Dust stonn period which was identified based on meteorological evidence. 

2. In the Yellow Dust Storm period, aerosols Al and metal concentrations are significantly 

higher than those in the low dust period, therefore, a depositional flux due to the Yellow Dust 

Storm is significant (39% in 1998) despite the only IO days of duration in the year of 1998. 

There was a significant difference in major elemental oomposition of the marine aerosol 
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particles between the Yellow Dust and the low dust periods. The enrichment of anthropogenic 

elements and compounds were rich in the aerosol of the low dust period than that of the Yellow 

Dust Storm. 

3. The aerosol particles in the marine boundary layer during the low dust period is more 

aged than those in the Yellow Dust Storm period based on the S/Ca and A1P10Pb. 

4. The relationship ofaerosol 21°Pb and 1Be concentration with nss sulfate, nitrate and other 

trace metal concentration suggested that these particles are emitted from the continent, pass 

through the higher altitude (free trophosphere), then descend to the marine boundary layer in the 

region, despite the close proximity to the Chinese continent. 

5. The annuaJ dust fluxes can be partitioned as 41, 39, and 20% of wet, dust-storm, and 

low-dust period. Due to the strong annual variability of the dust storm occurrence in the 

region, contribution of dust storm will undergo a corresponding annual variability. 
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Yellow Sand Event April 16, 1998 

Fig. 4: SeaWiFS image on April 16. Yellow sand areas are depicted by yellowish color. 

(Image provided courtesy of the SeaWiFS Project at the National Aeronautics and 

Space Administration's Goddard Space Flight Center, the Goddard Distributed Active 

Archive Center, and Orbimage Inc.). (Explanation of the movement). SeaWiFS image 

of April 16. 
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Fig. 4. Continued. 
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Table I. Sampling positions, period, and air volume for the analysis of aerosol particles in the marine boundary layer in the Cheju-Korea Straits. 
Sampling Cruise Sample Sampling period Sampling Sample 

Year/month 

1997/11 YS9711 

1998/04 NH9804 

YH9804 

ID track volume (m3
) 

nl 

n2 
a2 

al 
a4 

a5 

a6 
a7 

a8 

Al 
A2 
alO 
All 

Start End Start End 
Lat.(N) Long.(E) Lat.(N) 

Nov. 18, ll:12H Nov.18, 18:12H 34°58' 128°40' 34°00' 

Nov.18, 18:16H 
Apr.07, 08:00H 

Apr.08,03:50H 
Apr.IO 

34°30' 128°45' 
Nov.19, 02:34 34°00' 127°19.5' 
Apr. 08, 22:40H 34°00' 127°20' 

34°11' 127°00' 
Apr.08, 11:27H 33°30' 127°00' 

34°10.1' 125°53.04' 
34°30' 125°52' 
34°10' 125°00' 

Apr.09, 16:00H Apr.IO, 02:12H 34°03.5' 125°07' 

Apr.IO, 02:40H 
Apr. IO, l 9:09H 

34°00' 125°54' 
Apr.IO, 15:20H 33°30' 125°53' 
Apr. II 06:00H 34°03' 127°36' 

33°30' 128°00' 
Apr.II, 15:JOH Apr.II, 21:41H 34°35' 129°00' 

Apr.16, 20:15H 
Apr.17, 14:00H 
Apr. 23, 08:50H 
Apr. 23, 

Apr. 16, 23:25 
Apr. 17, l 9:05H 
Apr. 23, 20:00H 

34°50' 129°00' 
34°47.7' 128°45.5' 
33°58.9' 127°17.2' 
34°04,6' 127°00.8' 
34°17' 127°23' 

33°10' 
33°30' 

34°10.1' 
33°30' 
34°03.5' 

33°30' 

34°03' 
34°15' 
34°33.5' 
34°58' 

34°24.5' 
33°32.4' 
34°49.0' 
35°00' 

Lon_gjfil 
127°19.5' 

126°00' 
127°00' 

125°53,04' 
125°00' 
125°00' 

125°53' 

127°36' 
128°00' 
128°43' 
128°40' 

128°18,0' 
126°34.6' 
128°45.8' 
128°48' 

692 

819 
731 

817 
1458 

757 

1101 
1302 

636 

313 
454 
1209 
456 



Table 2. Aerosol chemical comoositon over the Cheiu-Korea Straits tnc/m3\ 
Date 

Elements Nov. 1997 Low dust Apr. 1998 Dust storm Apr. 1998 
Ava Std Ava Std Ava Std 
ln=2) ln:71 ln=2l 

Na 9076 +- 641 2737 +- 1873 6573 +- 2184 
Mg 2164 +- 47 490 +- 274 7233 +- 3538 
Al 747 +- 379 468 +- 426 25672 +- 14036 
K 228 +- 15 257 +- 129 8626 +- 5062 
Ca 252 +- 45 419 +- 384 20372 +- 9607 
Ti 16.94 +- 9.16 29.41 +- 24.16 1407 +- 719 
Cr 2.04 +- 0.05 1.07 +- 0.74 27.6 +- 13.2 
Mn 33.83 +- 15.03 12.07 +- 8.62 350 +- 186.3 
Fe 122.5 +- 69.2 333 +- 287 14150 +- 7625 
Co 0.12 +- 0.04 0.22 +- 0.14 6.99 +- 3.81 
Ni 2.27 +- 1.16 4.21 +- 1.88 20.67 +- 8.36 
Cu 55.2 +- 19.1 191 +- 53 112 +- 8 
Zn 21.8 +- 10.1 35.17 +- 18.56 147.80 +- 66.80 
As 9.27 +- 2.24 1.55 +- 0.81 19.80 +- 6.98 
Sr 6.65 +- 0.06 4.57 +- 2.98 105.34 +- 47.22 
Zr 0.66 +- 0.22 0.69 +- 0.61 39.78 +- 18.21 
Mo 0.29 +- 0.02 0.83 +- 0.26 2.86 +- 1.28 
Cd 0.37 +- 0.02 0.49 +- 0.25 0.56 +- 0.16 
La 0.21 +- 0.08 0.22 +- 0.23 13.86 +- 7.19 
Ce 0.41 +- 0.16 0.56 +- 0.44 27.56 +- 14.15 
Nd 0.17 +- 0.10 0.41 +- 0.18 11.54 +- 5.92 
Pb 48.8 +- 1.0 19.53 +- 8.13 92.65 +- 51.35 
Cl 18667 +- 2076 4396 +- 3610 5261 +- 396 

NO3 1323 +- 197 5826 +- 2869 8653 +- 1364 
SO4 5025 +- 50 8056 +- 2119 17285 +- 2430 
NH4 1514.97 +- 259 1425 +- 1432 3790 +- 3 
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Table 3. Enrichment factors calculated relative to average 

crustal material for marine aerosol particle samples 

over the Cheju-Korea Straits. 

Date 
Element Nov.1997 Apr.1998 Apr. 1998 

Low dust Dust storm 

Na 34 16 1 
Mg 18 6 2 
Al 1 1 1 
K 1 2 1 
Ca 0.9 2.4 2.1 

Ti 0.6 1 7 1.5 

Cr 6.3 5.2 2.5 
Mn 6.1 3.5 1.8 
Fe 0.4 1.6 1.3 
Co 1.3 37 2.2 

Ni 12.2 36.1 3.2 
Cu 238 1310 14.0 

Zn 33.1 85.1 6.5 
As 666 177 41.3 

Sr 2.0 22 0.9 

Zr 04 0.6 0.7 
Mo 20.6 94.6 6.0 
Cd 405 867 18 

La 1.4 2.3 2.7 

Ce 1.3 2.9 2.6 

Nd 1.1 4.5 2.3 

Pb 657 419 36 
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Table 4. Enrichment factors calculated relative to average 

seawater for marine aerosol particle samples 

over the Cheju-Korea Straits. 

Date 
Element Nov.1997 Apr.1998 Apr. 1998 

Low dust Dust storm 
Na 1.03E+OO 1.07E+OO 1.00E+OO 
Mg 2.00E+OO 1.60E+OO 9.23E+OO 
Al 1.13E+06 2.43E+06 5.21E+07 
K 7.02E-01 2.71E+OO 3.56E+01 
Ca 7.48E-01 4.27E+OO 8.11E+01 
Ti 2.17E+04 1.29E+05 2.41E+06 
Cr 1.25E+08 2.25E+08 2.27E+09 
Mn 6.92E+08 8.46E+08 9.58E+09 
Fe 7.52E+07 7.00E+08 1.16E+10 
Co 7.98E+04 4.82E+05 6.09E+06 
Ni 5.94E+03 3.77E+04 7 23E+04 
Cu 2.66E+05 3.16E+06 7.24E+05 
Zn 7.02E+04 3.88E+05 6.38E+05 
As 6.60E+03 3.78E+03 1.89E+04 
Sr 1.07E+OO 2.52E+OO 2.27E+01 
Zr 2.95E+04 1.07E+05 2 39E+06 
Mo 3.34E+01 3.29E+02 4.45E+02 
Cd 5.75E+03 2.64E+04 1.17E+04 
La 6.15E+04 2.18E+05 5.47E+06 
Ce 1.78E+05 8.41E+05 1.62E+07 
Nd 7.11E+04 6.05E+05 6.58E+06 
Pb 2.89E+07 3.97E+07 7.35E+07 
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Table 5. Elemental ratios of some major elements in the Chinese Loess and average earth crust. 

Loeu Minquin .... croot Loeu Japan Kosa 
fine coorse Spring summer avewge - coarse particle 

Na/Al 0.1458 0.2353 0.2265 0.1502 0.3595 0.18 0.25 
Kl• 0.25783 0.31 HI 0.3270 0.3517 0.1654 0.29 0.25 
Ca/Al 0.5241 0.4595 0.8784 1.0551 0.3731 0.66 0.82 
Mg/Al 0.16285 0.1483 0.3237 0.3572 0.1854 0.20 0.48 
Sr//trJ 0.00258 0.0033 0.0065 0.0061 0.0o« 
c,AI 0.0018 
Reference 1 1 2 2 3 • 5 

1: U and Chen (1996), 2: Liu et al. (1998), 3: Taylor (1964) and Cl from Emlley (1989), 4:Uu (1988), 

5: Holmes and Zolar (1996) 
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Table 6. Non-sea salt corrected chemical compositon of aerosols over the Cheju-Korea Straits. Av 

Sampling period November 1997 Aplil 1998 Aplil 1998 
low dust low dust hiah Yellow Dust 

Number of samoles 2 7 2 
element /nn,m3) avo std averaoe one si averai:1e one sic 

Na 268 +- 136 168 +- 153 3743 +- 2046 
Mg 124 +- 63 77 +- 71 4177 +- 2284 
Al 747 +- 379 468 +- 426 25672 +- 14036 
K 124 +- 63 77 +- 71 8014 +- 4381 
Ca 6 +- 3 11 +- 9 13455 +- 7356 
Ti 16.94 +- 9.16 29.41 +- 24.16 1407 +- 719 
Cr 2.04 +- 0.05 1.07 +- 0.74 27.60 +- 13.17 
Mn 33.83 +- 15.03 12.07 +- 8.62 349.8 +- 186.3 
Fe 122.5 +- 69.2 333 +- 287 14151 +- 7625 
Co 0.12 +- 0.04 0.22 +- 0.14 6.99 +- 3.81 
Ni 2.27 +- 1.16 4.21 +- 1.88 20.67 +- 8.36 
Cu 55.2 +- 19.1 191 +- 53 112 +- 8 
Zn 21.8 +- 10.1 35.17 +- 18.56 148 +- 67 
As 9.27 +- 2.24 1.55 +- 0.81 19.80 +- 6.98 
Sr 3.25 +- 1.65 2.04 +- 1.86 66.7 +- 36.5 
Zr 0.66 +- 0.22 0.69 +- 0.61 39.78 +- 18.21 
Mo 0.29 +- 0.02 0.83 +- 0.26 2.86 +- 1.28 
Cd 0.37 +- 0.02 0.49 +- 0.25 0.56 +- 0.16 
La 0.21 +- 0.08 0.22 +- 0.23 13.85 +- 7.19 
Ce 0.41 +- 0.16 0.56 +- 0.44 27.56 +- 14.14 
Nd 0.17 +- 0.10 0.41 +- 0.18 11.54 +- 5.92 
Pb 48.8 +- 1.0 19.53 +- 8.13 92.7 +- 51.4 
Cl 1.17 +- 0.59 0.73 +- 0.67 40.00 +- 22.00 

N03 1323 +- 197 5826 +- 2869 8653 +- 1364 
S04 2805 +- -77 1425 +- 1432 9321 +- 5534 
NH4 0.30 +- 0.13 1425 +- 1432 8656 +- 1364 

210Pb 0.55 +- 0.28 0.75 +- 1.03 7.15 +- 0.4 
7Be 19.38 +- 9.46 38.45 +- 12.61 38.76 +- 7.59 

Note. 21 OPb and 7B e was given tn dpm/1 OOm3. 
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Table 7. Concentration ratios of nss sulfate to certain enriched elements over the Cheju-Korea 

Straits. 

Date November 1998 April 1998 April1998 
Low dust Dust storm 

ava std ava std a= 
SO4/nitrate 21 +- -0.4 1.3 +- 0.6 1.9 +-
SO4/NI 1234 +- -'37 1762 +- 894 802 +-
SO4/Cu 51 +- -4 39 +- 32 148 +-
SO4/Zn 129 +- -8 211 +- 91 112 +-
SO4/As 303 +- -35 4781 +- 2070 837 +-
SO4/Mo 9753 +- -3691 8965 +- 6592 5796 +-
SO4/Cd 7609 +- -3134 14982 +- 6666 29371 +-
SO4/Pb 58 +- -75 379 +- 207 179 +-
S/Ca 1482 +- -7.6 225.3 +- 62.4 0.4 +-
NH4/SO4 0.54 +- -3.34 0.19 +- 0.85 0.19 +-
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Table 8. Deposition flux of non-sea salt atmospheric chemical elements and compounds in the Cheju-Korea Straits 

Annual total flux (ng/m2/yr) Relative contribution Total areal flux 

Elements %wet %yellow dust (g/yr) 

min max avg 

Na 4.88E+08 8.33E+08 5.54E+08 48 28 2.54E+10 

Mg 3.27E+OB 4.BSE+OB 3.57E+OB 34 49 1.64E+10 

Al 1.99E+09 2.95E+09 2.17E+09 34 49 9.97E+10 

K 4.86E+08 6.44E+OB 5.16E+OB 24 64 2.37E+10 

Ca 5.71E+08 5.85E+08 5.74E+08 2 97 2.63E+10 

Ti 9.37E+07 1.30E+08 1.01E+08 28 58 4.62E+09 

Cr 3.52E+06 5.96E+06 3.98E+06 47 29 1.83E+OB 

Mn 4.95E+07 8.57E+07 5.64E+07 49 26 2.59E+09 

Fe 9.34E+OB 1.29E+09 1.00E+09 28 59 4.6E+10 

Co 5.48E+05 8.15E+05 5.99E+05 34 48 27487588 

Ni 1.8-4E+06 3.38E+06 2.19E+06 36 39 1E+OB 

Cu 4.18E+07 1.00E+08 5.51E+07 54 8 2.53E+09 

Zn 1.47E+07 2.83E+07 1.78E+07 39 34 8.19E+08 

As 2.46E+06 5.03E+06 3.04E+06 43 27 1.4E+08 

Sr 3.56E+06 4.82E+06 5.03E+06 13 55 2.31E+08 

Zr 1.85E+06 2.18E+06 2.23E+06 7 74 1.D2E+08 

Mo 2.87E+05 5.52E+05 3.47E+05 39 34 15946871 

Cd 1.54E+D5 3.59E+05 2.01E+05 52 12 9205496 

La 8.98E+05 1.23E+06 9.62E+OS 27 60 44134445 

Ce 1.88E+06 2.64E+06 2.02E+06 29 56 92896523 

Nd 9.23E+05 1.38E+06 1.01E+06 35 47 46323304 

Pb 1.42E+07 3.04E+07 1.79E+07 46 22 8.21E+08 

Cl 3.11E+06 4.61E+06 3.40E+06 34 49 1.56E+08 

N03 2.86E+09 3.65E+09 3.62E+09 60 10 1.66E+11 

S04 1.87E+09 2.33E+09 2.32E+09 55 17 1.06E+11 

NH4 8.58E+08 1.02E+09 1.01E+09 43 36 4.63E+10 

210Pb 7.27E+05 1.04E+06 7.98E+05 49 37 36618158 

7Be 2.55E+07 3.10E+07 3.06E+07 57 5 1.41E+09 
Note 21 OPb and 7Be 1s given 1 /1 Oath dpm/m2/yr 
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9.1. "1 ~ 

\J-"11:C: 2.g,2'lj.2j tiJof'tl-lt-?"1- ~~ 'l! %~ 'i'l'l!-?"1- 'ljisf'1!-'-\ '1!% "1-{l-~ 

aff4-~.),J¾ ~~tj-. 't.Pfr~~.£. !ll 0JS1 "'r31l: ~¾"8"}~ "}~A}.£.A-i 4-..g-~ ~~¾ 
0 ]¾1'f;<] 'l! -?.g,.2J l'!:§1-.ss 'l]t.foj -?.g,-i- .l!.;,";,';j 4"1 :,f £ .l!.7]<= oJ 'llt:J
(Torgensen, 1979). 'l!'l}"f.Q..ss "1! 0JoJl-'-l -?:i!J:a 'i'-l':isl<= ~"l"-1.ss-'-l i!l-% (Ra) % 
~~9}- {!-~~~%~-@~~ ~01 A}-%~tj-. 

811°JojJA-j "'Ra (>/j-:{}7] 5.7>d)JJJ- "'Ra ('ll:~7) 1,620\1).g, ~'i'l U/Th ;,J)'l! 'll--'f'o' 
OIi¾ 2-.ss-'-l ~ .ss "1½"1 "I~ .ss l/-"1 i'i'f £17-\ Lf >J-~7)-'I! -"l 'll "t~ .ssl/-"1 'it~ 
(desorption)"i"l '1!'l!"ioJI i'i'r~t:J- (Elsinger and Moore, 1984; Reid et al., 1979; 
Okubo, 1980). "11 °JoJl-'-l ~-'I} 7] -'I! -"l %i'r4rllf t:J-e .2. 'll ~'l! ~-e, '1! 'l! "I :aJ- ti! <'t* 
oJ1 Al >ii 1,--'] Z! o l -? ?ij-';l o) 'l]:2-.ss #Of ti! l/-¾ o] 'i'l '11:af ti! <'t* "1-"l "1 "f ~oJl-'-l ~ 
"l"i:C: 'll:'1!oJI o]'!t Ra %-$J>il~~ "11-?%oJl-'-l %'11,';J '>! •,Fl*:i!l¾ >11-"l~ •l>fr 
%,';J _Q,£ ~ ~:aj- sr~oJI .2j "if :;j-~ '9 2 ¾ 'l} '9 '1J A-j .2j OJ Qj 7J};<] 'lj .. J¾ Oj '9 '1J 'l1 .Q_ 

.ssl/-"1 '>loJWoJl ul-i!l- -'F'll~ 'lf.x.'i'•Rii- LfEJ-\!!t:J-. :ii-..-J "'Ra;'''Ra •I<= -2."i 'll: 
~ 7 I 7 f # ~ "'Ra -"l * "1 oJI -"l "11 I'! :§1-t.f 7 l al <1-oJI "ii "I 'l! -? 11 oJI ul-i!l- ~ °'1 "l t:J
e ";'l)½ .l!.'l!t:)-. ul-i!l--'-l o)~ Ra %-'ll>il~~ t:j-OJ~ "ifOJ~'aoJl-'-l-"l ,';J'l!o] -'-\.ss 
t:J-e -?"1 a; -"l "; 'a¾ o 1 "ii ;;f 2, '1l 'l1'?!ll- .si 0J-?<t -"l ~ ¥1--"l '!I.£:: '1! 'rt.I<= ~ 
"f>tf.ss-'-l -lt¾al-t:J- (Moore et al., 1986; Okubo, 1980; Nozaki, 1989) . .:rajLf ~>fr.£ 
i:'"ll "1\"ioJl-"l ~•R?Jf"l 0 Jg i!l-% %-$J>il~<>I) ti!~ 'i'l'i'<= %"ii (Okubo, 1980; 
Harada and Tsunogai, 1986)"1- til~"111 (Lee & Kim, 1998)0\l til"il '1l'i'¥! •I ~ 
.Q.Lf, ';,"1/.ss-"J ~Oj/ 'Jl %%~"1/ r/1~*-?-"J ~.fl_ -it'lJ ¾.ss'lJ ;!j)~/lJltjoJ} r/1/lJIA-j 
<= oJ •I t.fcl-. 

i!l-%%-'ll>il a;:af t:1-l-oJ ~±%'11-'1!±:: ~-l,1->tf >tf>il-"l %-'ll-'l!±•l :a ?r'!l~.Q..ss 
-'-I Oll 0JoJl-'-l -?"14-"l"-l.ssA-j -it%%l-711 Af%"ioJ"l .2.2 ,Uc}. ~±%-$J-'I!±:: ~ .... 
"1 "1>11-"l %-'ll-'1!±•1¾ ?r'll~2-.ss-'-l .l!.e"l'l! 'a'!!½ s!"<=ct. "i"I !al"l~oJJ .¥. 

~'!! Th2..ssl/-!a ll/l-?.ss i'i'r"i:C: -'a'!!.ss 'l]%foj %}~'? :,f>i].l!.q:C: %]-,' 'lJ'lJ"if 
QjoJIA-j ';;;~ 'jj-J.f'o'-'1)7)~ s/-2,U<'c "'Ra:af<= '<!21 ~±%-'IJ-'i!±<= %f~-?!l} llJI-? 
n -"l ~ ~ii- oJI -"l "11 %-'I! -'I! ± Ye O I '!I '!I "i , I al <1-oJI "11 -? , 1-'ll oJI til ~ "I 'll "1 '11 4 '!I 
0 ] 7f'o'%fq. 

O)oJ}uj-i!} ~ '1!,':C: -?"1~aj;<f.ssA-\ *%%f;,j) Af-%,',j -'? ~:: i!J-%-'if-'IJ-'i!J:c!l} ~ 
±%-$J-'I!±:: o]%a}oj o)~-"l -l':.l'."; ,';j:aj- 'll-l,1-:af,>j A,J-tftf:,I);; o)%%f<>l >1)~"111 
oi1 -'-I .si O\I -? 71 -'I!¾ .a;; ai ... 1 il, 0J A ,J .oi -'-1-?,,, .,,. -" "1 .2. R ½-? n -"l % 21 ai ~ ~ 1l 
.!r.¾ l!f"i:: tJ] %~¾ '¥-:llcl-. 
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1998\1 411"1- 9~oj ,J-ojojAj.Qj 4% %~>11 1!'-"i .!"i-~ Table 3.15<>11 4EJ-41'.d 
cJ-. 

Table 3.15. Ra isotopes activities in the South Sea of Korea in April 

and September 1998. 

Temp. Sal. .:-.21Ra =Ra ""Ra 
St. 

('CI (psu) (dpm/1) (dpm/1) '"'Ra 
1998.4 
Al-0 10.042 32.233 0.390 0.193 2.018 
81-0 10.349 33.259 0.375 0.317 1.184 
83-0 10.051 33.204 0.382 0.291 1.314 
85-0 10.089 33.088 0.347 0.274 1.266 
87-0 10.237 32.879 0.393 0.234 1.684 
89-0 12.525 33.611 0.278 0.301 0.925 
811-0 14.805 34.330 0.146 0.234 0.621 
Cl-0 10.635 33.354 0.294 0.260 1.132 
C3-0 11.526 33.325 0.271 0.147 1.843 
C5-0 16.635 34.617 0.071 0.156 0.459 
C9-0 14.553 34.219 0.157 0.188 0.836 
DJ-0 11.511 33.839 0.207 0.188 1.102 
D3-D 12.421 34.D31 0.232 0.227 1.021 
D5-0 12.371 33.830 0.263 0.211 1.247 
D7-D 17.090 34.64D 0.067 D.136 0.5(X) 
Dll-D 0.993 D.271 3.666 
El-D 12.156 32.775 0.215 D.136 1.586 
E2-0 12.756 33.915 0.417 0.297 1.405 
E3-D 13.619 34.187 0.352 D.255 1.379 
E5-D 15.985 34.553 0.251 0.143 1.762 
1998.9 

AZ-0 23.900 3D.945 0.336 D.161 2.072 
AZ-2D 23.171 31.130 I 0.241 0.115 2.097 
A2-50 16.732 32.837 0.259 0.125 2.072 
A4-D 23.276 31.3Zl D.189 D.091 2.D72 
A4-25 24.098 32.627 0.154 0.070 2.216 

A4-:l3 23.030 32.827 0.250 0.120 2.072 
A4-:,0 17.255 33.D51 0.197 0.089 2.216 
A4-75 13.660 33.466 0.232 0.112 2.072 

A4-110 14.024 33.720 0.274 D.130 2.102 
S1-D 23.658 29.926 0.,53 ' 0.114 2.216 
S3-D 23.7D3 30.264 0.263 : 0.119 2.216 -- --
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9.2.1. 1998"1 4~ 

~At-<! 'll 'll ~ oj Aj gJ ?-& 'a) '/Hi'- t zj-zj- 10.04~16.641::, 32.23~ 34.62psu 'II 'l1 
.s'Ji >il'\'.!/-ic' "11 "l Oil Aj '1.£,'1 'il (T>141::, 5>34psu)¾ .l!. 'tl t:J-. li ¾'r¾ '"Ra 'o' 
.'r."' 0.147~0.317 dpm r' '11'11.s<.Ai 'l''l!~ 7.l"J-& .l!. 0 Jc<J ~.£.t..} til>il.s<. "1'/l'r.l!. 
ct-:: .ll~ToflA~ ~tj-. 

::J.ejt..} "'Ra 'o'.'r.c:: 0.071~0.393 dpm r' '11'11.s<.Aj "'Ra-"!-c:: 11]-tiJ.s<. ,;,{lo] 'll' 

'1, Aj '/J gJ '; 'll ¾ .l!. oJ;: '1! 'tlc"lo!lAi ,,;tj-. oJ 7,1.£, ?{l oJ '>t t ~ "11 "l oj Aj C: "1¾ 
-"I "I ;o. .s<. .!/-Ei 'I} 'a-"d'.91 2211Ra 0 I ii-i'r "1 7J "ii si' 0 1 tj-. ::1 el '-l- "'RA 'o' .'r.;,; .21 "11 "l ~ 
.£.5'. ~'r~ 'll *t ~± %toj .,_ ~A,'lj 'lJ ¾ 7t~J- '1 '/l (34.62psu)¾ .l!. 0 ] C: '!I'll C5 
Oil Aj Nozaki% (1991)<>1 .91 "1 -'r'-!il'•I .2. <'-"l"il Aj ~'!I'<! .J: (0.07 dpm r')-"1- :;}t:J-. 

226Ra.91 ~til.J:-"1- ~±.J:.91 *foJ;,; 0.17 dpm r' .s'.Aj 226Ra.91 ;;, 0 1 (0.32).l!.t:l-c:: 
<21' ~lt!-T~o]tj.. 0]3:!~ 226Ra (t,/2: 1,622\!)34 228Ra (h;2: 5.75\1){!-9.J lfr~7] ~} 01 

.91- 228Raol 226Ra .l!.tj-c:: "1"1-"l"l%.s'..!/-E] ll~ r.-oJ -l,'jj-!<J7J nlsi' 0 Jtj- (Yamada 
and Nozaki, 1986). n:f;aj.Aj 'r-ll o I '>t-& '1! 'tlc "l .91 "11 'r::: 'r-ll o I <I -& -"1 "11 "l "11 'r 
.l!. tj- 'i}til "i .£..s<. llf t 2211Ra¾ ~% ~t:l-. o I .91-:;}-& '; 'll .£..s<. 'tl "11 Ra %'11 >ii½-& "1 
"lo!l n:f"1- ~°'1"1 t:l-s7J nlsi'o!l zt <r"l"l ';'\I-"!- ~~:ilf'!I¾ 0 J"ll~t:::ts11 %%~ 
?"ic<f.s<. At%"1 'r '.llt:J- (Moore et al., 1986). 

9.2.2. 1998';1 9~ 

4~ 5eAf.9j-;: 'iti:'1 9~ oj::: >il'\'"11 ~ t1l Oil Aj •I .i<"i "1 'il sJ '1! 'tlc'r"l 'll-.J-a, lJ!-oJ 
11! C: '!I 'll A4-"1- -\}cjJ "i .£..s'. '1 '/J sJ .21 "1 'r 'll .. J¾ llf o J 11! C: '!I 'll A9"il Aj 'r-ll Oil 
n:fe "1-%%'11 >11 -1"-'1 ¾ ~,'l! t:J-. 

,=-.g. ~ ~~-& ztzt 13.7-23.9't, 29.9-33.?psu ~.$1.£.A~ .H.¾'T".Q.J 11--9-- ~~'r 
sJ 'll .. J¾ le€ 0 I '1};,; '!I'll 51, 53, A2"il Aj"' '1-&°'1 'il ¾ .l!. 0 I ::: 'I}'.'! oj .21 "",;,gJ 

'li ~¾ 11!;: '!I 'lJ A4"il Aj;: -\}cjJ "i .£..s<. >1-&2 'iJ ¾ .!i!.OJ '1 '.ll t:J-. 
226Ra ~S..C" 0.07-0.13 dpm r1 ~~.£."'~ ~~'r.Q.J ~\l=¾ 1'€ 0 1 ~-:: ~~ S1, 

53, A2-"1- 'll'll A4Sj >l¾"i]Aj 0.1 dpm 11 oJ-\}oJtj-. 
"'Ra 'o'.'r.c:: 0.15~0.34 dpm r' '11'11.s<.Aj "1til.J::ilf £1±.J:Sl ;;foJ;: 22'Ra .l!.tj- 3 

•» '!i .'r. ,,; t:J-. ii'-3'_ 0J'I}-& 226Ra.ilj- of'<! 7f c<J .s'. 'r-ll o I 'll' '1, "1 'il gJ '; 'll ¾ .l!. o I;,; '!I 
'll 51, 53, A2-"1- A4Sj >J¾ojAj 0.25 dpm r' oJ-\}oJt:J-. ::J.e]t..} 'i}til"i.£..s<. -"1"11? 
-91 ~""J¾ ~-:: A4.2l .H.1B~~¾of1Af::: 0.2 dpm r1 0]'6"}0].ll, T~~.¥.-:: T{I¾ 
7foj JI};aj. ¾7f~ .2..s'.Aj "1-%%Jl1>i] ~ sJ "rJl. ifi'ff'.! t °'1¾-"] "J;o..s'.J/-Ej 'lJ¾ 'lf 
T 'U q. 

-304-



11\'.! U/Th ;,JJ~ •.J-1+':J <11¾'1! 22'Ra>l} 228Ra.g, '1'£ ;,J¾1,p•J%£'i'-ei :aJ-~oJ) 
9\0II i'-ia--•P-lt.J- 7J%7)~9j 'll><f:;£-,1-el ~~ (des<>rption)-"loJ 'cl'l!"loJl i'-ia--<l 
cf. ::1 cl t.j- ~-jJ-7)~ -"1 ¾~4;-,if cfi'o .2. 'll % :l .g, '1! '1!"14 til-!i-*oJI Ai >!Hi-A) :tl:01 
,;o 1fl ~ o I 'l!c .£.£ i:to f ti! .!/--li'-o l I'.! 'I! 4 ti! ;;-* ><l "I "l "1 "l % £ aj "J .£ :: 1ll: 'i'l oJI 
oj',;i Ra %'11"'1%.g, oJl?¾oJ)Ai -%-Oll>.J.£.,c Oil?"\ %'2-\"l ~'ll-4 -:?ll:oJJ 9\"11 .ll. 
¾Oil?£ :aj-~saj jl ¾ l'!saJ 'i'JAi 'jj-Af*:il] (radio-decay).-f"i 9j 0JQjJJf><l ':l .-J¾ oj "I 
I'.! 'I!.£.£ 'l! oj ~ oJI tI)-aj- 'l' 51 ~ ".l-Af-\;""1)7) 'i'-•M ¾ t.j-E}\!l cf. 4~ :i!f 9~ ;,Jj '1' "11 ~ oJJ 
Aj9j "11?9\ ~'ll-4 -:?~oJJ "l~ Ra %~>I) .a}"J><f£Ai.9J %%•a¾ 0)"11.-}7) 'tlOII 
'i'-~ 1998\'! 4~ ,iJ.a;aOII~ .ll.¾?¾ 'll-li'-4 2l-%%'1l>ilii-TI.9J -lJ-1'J:1'J:;,Jl:: cf%4 
il-cf (Fig. 3-22~23). 

1998\'! 4~: "'Ra = 5.24 - 0.15 S 
"'Ra = 0.73 - 0.02 S 

(r2 = 0.84) 

(I = 0.03) 

"'RaoJI •l Oil 228Ra.g, 'll-li'-4 -j}',j-i<J 0J~~ "19\ -j}1'l,1'l,;,Jj:, _l;I_ 'll.£.£Ai ""Ra -'t
.'r.e "-i'll?oJl 9\0II .=i>!J .3o~-<lcfc: 3!¾ 'lf? ~cf-

!f.~ ""Ra"\ 7)%7JC: "'Ra 7J%7)_l;l_cf "f 7.5 •M ~cf- 0)3!:'. "'Ra"f 228RaTI.9J 
\l!{j-7) ~fojojJ 7)'1].-fe >,/.£.£.Al "'Ra:'_ 'lJ-li'-o) ~£- 9\0J.£.£ '![','~ 22'Ra .!;!cf 
:: '11-til"l.£.;.. ~"1"1 tl-J:.-fe 3!¾ 'llc,;, ~cf-

19984 

0.5 

~ 0.4 • 
.§' 0.3 

i 0.2 y=--0.148x 
1!!l O 1 
N R" =- O 8444 • 

0 L--~-~-~'--~-~--

32 32.5 33 33.S 34 34 5 35 

Satinfy (pSU) 

Fig. 3-22. The correlation of salinity with 228Ra activity in the surface 

water of the South Sea in April 1998. 
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• 
• • • 't -lf.Ot49x + 0.7)71 

R2 "'0.0291 • • 
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Salmy (psu) 

Fig. 3-23. The correlation of salinity with ~a activity in the surface 

water of the South Sea in April 1998. 

.2jOJ 1f.¾oQAi.2J "'Ra:ilf ""Ra.g. 'lJ1,<-:ilf 'lfO] 7.}f- ~ ¾'!fofl .2j'ff, 'lJOJ'lJ-jl-.2j
'lfO] •~~ -ll'lloQ .2Joff '5-£7) 'I!~ 9' ~c\- .::J."1'-} "'Ra/"'Ra '!i-Af-\s'-•1%.g. .2."i 
~~"1- \l!:;l-7]7) ~.g. 228Ra.s1 *"iofl £1"11-"ll'! 'l!§l-~q (Moore et al., 1986; Key 
et al., 1985). lI]-i!J-J<j !;l.¥,--',j'l] Ra %~>11.21- 'll1"-:i!f.2J 'i'!:>11~ oJ-S-81-"1 Oil9'.2J ~,q 
:aj ~~, :§1-{!c:i!f'll½ 0]"1181-7] ~~ ~:aj;<f.s!.Ai o]%~,;, i/c\. :f.~ o]~ Ra%~ 
>Ii .2j * £1,'-_,!_ ~ "11 "I ',1 9'{) oQ lij-i!J- ~;,j "!"] c\2 7] "111"-ofl qoJ~ "11 OJ~;,;j .2j -'lJ 
>;,jo] Ai!i!. c\~ 9',zj:;£1 ~-',j:aj- ~~'lJ£-1- o]"1!8J-~ 'l'-:aJo<f.s!.Ai£ -l\--@-8J-c\ 
(Moore et al., 1986; Okubo, 1980; Nozaki, 1989). 

Fig. .g. .::J.{! ~"11 ~ \I-off oQ Ai ~'ll ¥! ""Ra/"'Ra '!i-Af-\,-•l .2J- 'll 1!'-{! .2J ,j} 'i'!:'i'!: 
;,flo]q. >l]~off1oQAi£1 "'Ra;"'Ra £1 •JAf-\s'-•l~ 4~oQ 1!.¾9'oflAi 0.46~2.02 .s!. 
Ai 'j'.,!.A].2. 'll .. J~ ig-01 I'!~ %¾'s'Oil t!l.;;.*B"loQAi£1 ~t!l~ (1.01; ~'s'Oll 0J 
•1Fr±, 1998).sl.c\~ ~ 2•1 'l!.sc. 'ltc\. "'Ra;"'Ra .21 •JAf-\s'-•l :£.~ 'll11-:i!f 'l}~ 

1'j OJ~~ "I £1 ,j} 'i'f 'i'f ;,fl ~ _1;l_ oj >I] ~ 'ff 1.g. 'l) \I]: :aj .Q__,!_ ;,j 'll 9' ofl .si oil .3_ JIJ 'lj .. ., 

½ l'!~c\~ 51% 'll- 9' i/c\. 'l!\l!:aj.Q..s!. '\'-3!.AJ.2. 1!.¾9'oflAi.2J ""Ra/"'Ra .2J •J 
Af'ff-•J ~ 0.5 oJ 1')_,!_ ';.t:il, ,j}t!] :aJ .Q._,!_ ,;,c{l oJ 'll'-2- ~oil ~ 0J;<f7J1')-,'- 'f-'2: oil "I 
:'. 3~4 'll .'r. ~ ~ 0J c\ (Nozaki, 1989). >ii ~off 1 "1- ',' .,!.AJ.2. ',1 ~oil, 0J;,f7J1'f'i'
'f-'2:"11 "I oQ tJl ~ "'Ra/"'Ra £1 »JAf'ff-•I ~ t!l-'IJ.s!. "I 11 'i'!:;,fl lit .sl. 0J:;r ~ c\. 0J 51 
.g. q g :i!f :,,oJ 'l'-'ll ~ ,;, ~ c\. ""Ra/"'Ra .2J '!1-Af'ff-•l 7) 3 oJ,j} .Q..s!.Ai ,; :'. ~off 
.2J- 0J;<f ?J1'f-,'- 'f-'2:"11 "1 £1 "119' 7) >11 ~"111 ½ ~Oil \f'ff .£ -f\-il oJ "1 :il, :f_ ~ 
228Ra / "'Ra £1 •J A I 'o • I 7 I O .5 o I 1'f .s!. 'st .g. ',' !i!. AJ .2. 7) -fl- i] "1 'll Ai Ai .s!. ~ ~ "1 "1 
\I-off £1 ""Ra/"'Ra £1 '!i-Af'ff-•I 7) :,! 'll "1 ~ 51 oJ c\ . 

.::1 r1 i.+ 9~ ,;,c{l 'l! "' .il. oQ £1 ~ i!J-%%~ >II •I .2J- 'll 1!'-'4£1 'i'!:Jl ~ "i ¾9'£1 7,J 4-
ll ¾-'r~~ t:l-'E ~ ~¾ Ji!.nl¾t:l-. 
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"1 'll .9J l!. %-'1".9J 11 +oJl ::: 0J:<HJ-:§:J -!,j 'T'st 'j'-!,.A] ~ l!. %-'1"'1:oJ] "I~ -i)-oJ) '.'"1 "1 
'.l/"1 o)~"l 7]~~ 0]~ 0J'iHH'-'1c.9J ~~'T''ll¾ 'll- 'r '.l/r:J-. CJ.ejy- "1~"1'll'r 
(T<17°C, 32.5<5<33.Spsu)"l "i".l¾ 1H! "1%-'i°C: "1'll.9J 'il-".l1"-2.!ieA7 °J:<HJ- ~ 
-'j'i°!a.r:J-C: ~"ii l!.¾'i°oJl C7 7t'7f,£- 7)-i:7]; $(icr:J-. ~Sj- {) (1994)~ "1-!<-1/ 'a° 
"ii %-0.J-"ii"l "1¾oJl e>J..-f;,; "1~"1'll'i° (T<14t, 33.4<5<34.0 psu).9J 7]~~ ~"ii 
~%,~"r~ -3! o]4.TI. ~~i>}<i!c}. n}i!}A~ Jf..¾4,s}:: tj-€ li!'-AJ~-i- 7}~ ~¾"r:: 
~"11"1¾'-il'i°~'i'-El %ell¥! 5)2.!ie \'!-'i!-'<!r:J-. ielt+ ¾Ci :<f,j]~ 31'(/:~ 1999'<! 
'ii ,. I 'ti "11 °J ~ A foJ],7 ~ "ii 'J,) 'a° "ii oJl til ~ :>11 ~ 'i! :<f .ll] f !a. 7.J- ¥! ~oJ] "§ "ii ~ off 'll 
o) r:)-. 

• Kuroshio (l'-bzaki, 1'B1) 
4.0 

' ,, 
• Yargt,11 River Esl\Jary 35 • ' 

(Na1:ak1, 11:91} •• ... 
• South Sea(9310; !.f~!l'Y'i!:!. 

30 • 1:.1997) • • 
x East Chore S111!1 (Elil0:"!."~$1 co 

Y'i':!:;,1:.199nJ Jr. 2.5 
• South Sea(9703:!.~!l ~'c!,1 "' + 

±,1007) "' •• •• -- t/11,,1.:~ A Alj 
o Yellow S9a(Noz1id,1~) co 2.0 ,,.+ 0 

g:. •i + 
0 

+ Yellow Sea(9702) 1.5 "' ~ Oo "' 0 • 
o Souti Sea(9:0i) 

o'b 1.0 
1>. South Sea {93:B) "'· 0 

----- 05 ~ 

• 
0.0 

26 28 30 32 34 36 

Salinity (psu) 

Fig. 3•24. The relationship of salinity with 228Ra/ 226Ra ratio in the 

surface water of the South Sea, Kuroshio and Yellow Sea. 
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"1 ~ ~ol] .£ ~'i! Th~!il.l/-El "11<r-"' '8-il-"i ,c "ii {/5" 'tl i>}oj i5}1\ 'r >:}>II Ja.cj- c: 
i>}'i'- 'tl1l"11"loJl,<J J,t,O, 'jj-A}'i,'"1171¾ ?<2V:C "'Ra:af:C .rel ~±%'11~±::: i>} 

1\<r~ "il<r:U:.91 ~~½<>ii .ol"il %'11~±-1:0 1 .!'\l'-171 «1111-oJI "il<r7l~ofl cJI~ -'I 
'!J~'t) '\''\JO] 7}'i,'i5}cj-. o]ol]a:}e.} ~±'1}'\J%~~± -l,!--'>j% '11~ A]liC: 1996\:J 

JO~ 2'll-'I-El 12'l/77}>:] ~';:'Oil 0,l''l! 'i'-± oJl Ai ,;c•~ 'i! ,'-!ilAI .2. "112j :sf %¾-s:'"il .9j Oil 
0,l's?~"i->11 ~ '1! ,JI o-}oj ,1 'll 8"}'.</:il, 'll 1 '11 ;>] 'Jl -li'--'1 'i! :.! :sf::: Fig. 3-25 - 26~ 

Table 3-16oJl '-l-EJ-LJl'l!cJ-. 

Table 3-16. O 180 values in the surface water of the East China Sea and 

the South Sea of Korea in October, 1996. 

~-· 
{) lllQ Location Temp Sal. 

Region St. 
Latitute Longitute CCI (%,,) (psu) 

A4 34· 24.26' 128" 27 95' , 22.96 i 32.8f6 -0.42 
Korea Strait . ' 

A6 33· 57.76" 128' 50.13" 24.98 34.013 -0.13 
Cl 34· 09.77' 127' 37.81' 22.15 32.143 -0.57 

C3 33• 50.03' 127' 53.98' 20.61 32.450 -0.51 

GI 34· 04.91' 126' 49.90' 21.59 31.702 -0.72 

South Sea D2 34' 00.07' 126" 00.18' 22.43 31.806 -0.64 

L-----
D4 33· 30.03' 126' 00.09' 22.75 32.404 i ·0.49 

124· 50.18' 
I 

E6 33· 43.98' 20.83 31.342 -0.77 

E8 34· 00.02' 125' 30.06' 20.15 31.929 -0.60 -----
B5 31. 29.89' 127' 00.09' 26.06 . 33.913 -0.24 

iEast ~~i~~ Sea D8 32' 30.04' 125· 59.88' ' 24.65 I 33.739 -0.28 

3'cAf'i! 'll 1 :'i oJI Ai .oi a '"o .i: t --0.13 - -0.77 %,,!ilAi \'l-li'-:af.91 -\'!,ii::: cJ-%:af 

'llc,O, -3j -:1.91 -'J--\'l-\'l;,il ¾ ?, :C cj- (Fig. 3-25). 

o 18
0 = 0.25 x salinity - 8.52 (r=0.98) 

o]aj~ -'1-:1.91 -'l!--\'f-\'l;,jl:C;,. 'l!'i'->:]"l'tl ~'s'\t"11:C 2\'1.91 end- member~ >:i 

\'1.91 end-member:U:.91 ~W<r!ilAi ,~zt'll- 'r VcJ-. :i!\'1.91 end-member (K):C ,'-5" 

Al .2.;; cJ1 .!!. 'I)- >:] "l (4 • N, 125· E)oJl Ai .91 a '"o (34.675psu, 0.07%,, ~-s:'"11 °,l''l! 'i'

±, 1993)0 ]2, >i\'1.91 end-member (Y):C l!l-"iloJ]Ai.91 o 180 .icoJcj- (~',:'"11°,l''l!'i'

±, 1993). '<!-'ll -'1-:1 'll-'ll ""I oJl-'-i \'1-li'-% 0!il '!l- "<l-9-oJI ::: a 1"0,0, -8.5%,, o l cJ-. o J., 

,0, Zhang et al. (1990)ol] .ol"il 0,l';,}7J- (-7.1--8.7%,) ',) l!l-s-} (-7.9--8.8%,,)<>ll-'-i ~'ll 
'iJ 8"0 -1::af -ltA}%}cj- (Fig. 3-26). a:}e.}Ai ',J-"11.91 oJi'rC: ,'-!ilA].2.~ OJ'>:}7J-% ',' 

.8-7J- :'i n .oi ~ w ,;c-"' '1!"' 'i! cJ-. 
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Fig. 3-·25. The correlation diagram between salinity (psu) and 8
18

0 

in the East China Sea and the South Sea of Korea. 
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Fig. 3-26. A 8 180 - S diagram of surface waters in the Huanghe, 

Changjiang River, East China Sea, Kuroshio and the South 

Sea of Korea. 

The value 8 180 of surface water of Kuroshio {O.G7%o, 34.67psu). 

The value 8rn0 of surface water of Huanghe River (-7.9--8.8%,,). 

The value 8 180 of surface water of Changjiang River (-7.1 ~-8.7%o). 
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;<fl-';'OII 1 .lf. ¾"r"il Aj S1 4-W (-i'!:~<:i q,q. 9-W (-i'!:~<:i A)Sl '!lir ""Ra/""Ra •I,= 

~"11 'J,! 0J0<}7J-~'r -'i'-i=-Oll "1 "il-'1 S1 •I .2j- 'j' _ssA) ~ "1 "il-'191 ti] {r S1 ") <:i-'d-"il ~ "] 

~tj-. o] 'l,!.g, ""Ra/""Ra•I 7} >'<.g, ~'11.21- %¾'Sic0il"r ("'Ra/"'Ra ;, 3).21-

"'Ra;"'Ra•I 7} ',!-.g, 'J'-_ssAJ ~ '11 i'i- ("'Ra/"'Ra,;; 1)7} ¾'ll "1 oJ 'il-'11 til~*"i]Aj 

-'i.ss ~~-'ii E._ssAj 'il-'11 S1 "'Ra/"'Rati]7} ~ 'l! '<! tj-,= 'la!~ S1 o] ~tj-. 'l!S, "'Ra 

*:.17} 0)%"1- ~~ (mixing)~,= %'1! .!j!-A)5')JJ., 'lj~,zj- aJ-%%~>i]_ssJ;'-E-) OJ<!,':l 

~.g, oJ,<}7J-:§j "1"r.2t ',' _ssA)~ .lf. ¼"raJ- 7}'l! ~\'! o}'1) "!¾ ,._~oj ~'Sc'a"OII .lf. ¾ 

",'¾ OJ,<}7.j-:§j"j",'"i] t'.Jl~ 7]oj,i-¾ Ttf ",' ~tj-. 

["'Ra/"'Ra]SSK = [f"'Ras + (1-f)"'Ra.J / [f"'Ras + (1-f)"'RaK] 

f "i] tJl ~ oj 'lr 'll "i ¾ 'll al ~ \'! 
f= [("'Ra/"'Ra)56K - ("'Ra/

226
Ra)K] / {("'Ra /"'Ra)= - ("'Ra/"'Ra)K + 

"'Ras/"'RaK[(""Ra/"'Ra)s - ("'Ra/"'Ra)ss1d) 

f = a fraction of the Shelf water component in the South Sea of 

Korea. 

SSK = South Sea of Korea (;<fl-';'Ollf) 

S = The Shelf water 

K = The Kuroshio water 

~ ~A} '(j,zj-.2j- Nozaki (1989)91 ~"1-~ ,._~oj tj-g,q. :Q.g, ~,q.;: 'l!'.l/t:l-. 
("'Ra /"'Ra)ssK = (4-W : 'il-OII ~>!] 0.62-2.02; ;<fl-';'Oilf; 0.62-1.68) 

(9-W: ;<fl-';'"111 2.07) 

(""Ra/""Ra)s = 3.5 

("'Ra/"'Ra)K = 0.2 

"'Ras = 131 dpm 10-3 r' 
"'RaK = 65 dpm 10·3 r' 

f = 0.17 (4-W), 0.39 (8-W) 

~ '(!,zj-,= 4-W ;<fl-';'"111 .lf.¾"r (-i'!:~<:i B, q¾ S, 6.7-31.4% ('!lir 15%), til~ 

'1if (-i'!~<:i E) .lf.¼"r"E' S, 21.6~30.8% ('!Jif 23.7%)7f 0JO<f7J- :§j"j",'.ss ,"•J,;;) 

oJ :,jtj-,= 'la!¾ S10]%}oj, 'il-"11 ~>l]:ajE..ss,= S, 6.7-38% (S, 20%) o]tj-. o] 7]oj 

¾_g, 1997\:l_ 2-W Lee and Kim (1998)0] t'.Jl~"1if .lf.¾"r'"i]Aj ~'l!~ 'liir 10%,!;l.tj

,= 2•1 'll .'i'. .3. tj-, 

9-WSl 7,14-oJ],= "1]-';'"111 .lf.¾"r¾ S, 39%.ssAi 4-W,!;l.t:J-,= 2.6•H'l!.'i'. .3.tj-. o],= 9 

.w.g, ~o}7] o]~_ssAj, ";1'] 98\:l_ oj~"i] 0J,<}7J-¾"1"1 till-"r'.ss '1!"11 -'d-'iJ-'lf"1 ;<j 

'lJ "r 7} "1]-';' off f "i] ¾ 'lJ '<! '\l ~ E..ss A} li '<! tj-, 

-310-



10.1. -"J ~ 

%-•i ~ 0 ]7} ~ 70km '11 >11-'i"Olll-& ."11 'al %¼'s-Oll.2t 'a'OII~ \'!~A]7]ic ~ 
.!if <>I] .\11 ;>] •oj 0 1 £ g ~:ilf-ic Oil 'T' 'al ~-o:J-%• 0J.QJ I'! ~ic 'a'Oil "11 • 'al ,~ Ell t!: 
'il <>I] ~ 'll 'll'¾ €' c]-. >il 9' .'r. •i ~"11 'llc¾ !IJ-et-'l ic %¼"coil£.!/-Ej -lr'lf •lic JI. 'll 
'/)'lJOJ.QJ tJloPJ--i,-7} -lt'lJoJ sjnj, %}:>IJ<>i]ic ;<j'lJJL',jOJ'lJ.eJ OJ:<HJ- §i-'1'?7} "1]9' 
"111% ¼oil ¾'ll"1"1 tll~Oll1¾ ¼"11 %"11£ 111-"1'-l-<!cJ-. 'E~ °'1~"i'llJL'll0J'll 
.ei•"11"1¼~'?ic~•<>11tIJ-et'it•.1J-"if•oJ~-'i""111¾¼:ilf•oJ'itOll<>il'll9 
~ u]~tj-. 

•OII.QJ \'!'llc¾ tI]-eJ-Aiic ~-'i""1!1E..£ a; "1.2.ic •i~\'!'llc-il- (West Korea Coastal 

Current)~ ¼Oil •"11 ',l %¼'ic"1!£.!/-El ';toil tJl ~* E..£ "1 "l %¾ 3'. ~~ c]-0J~ 
~oc]-%'(,/a;o] ¾'ll"1"1 (Suk et al., 1996), ';l-OII.QJ "1"1% 'T'i'r 'al ~-o:J-%• i\".'r.,'-

3'.<>i] ')r'a'~ 'll .. J¾ o]~c]- (Wells and Huh, 1984; Otough, 1983; Lee at al., 

1990). "il-'i"oil1¾ ¼oil ¾'ll"1ic Oil-Ii-½-& AJ'i/-<!"1'11 \1!~7} c]-0J%}cf. tI]-eJ-Ai ~ 
-'i"Oll 1 ¾ ~Oil .illt!:"1 ic ~ -o:J-¥-'(e! ½"l -'-oJI tll ~ \'!-ric 'a'OII <>il 'i .eJ A~:<]~ -o:J-"l :ilf 
ll:ilf ~-o:J-%'(,! iict!:g 0 ]0il%}ic<~ 'll"1Ai ')}-'1t-a-J %.8..c]-. 

-~ (9-%/)oJl ~'s' \'!'llcoJl -111"1~ ll'll A2<>il•iic .l!.¾<>il>i -'19-ii-(-), 20m o]%}'? 
-ll:ilf t..J-oJ:<l ll'lla.<>il>iic % .. J-il-(+) 0 JcJ-. (~ 1• %~). 

,t .\11 \'! "I 'a' 'll :<\ '\l .!/--ll-% '(el, 'l} .'i'. 1-J of, •{le, '11 {le o l ~ ',l 'rf {l: ¾ ,i -'-ic z\ z\ 
-47.6~458.l mg m-2 s·1, -100.5-176.4 µmol m·2 s·1, -52.3~2,793.2 µmol rn·2 s·1, 

-8.9-164.8 µmol m·' s1
, -500.5-3,565.1 µmol m·' s1.QJ 'lJ.\'1o]c]- (Fig. 3-27). 

~-'i"Olll¾ ¼"11 .u1t!:"1ic ¾ °ll"f'\l.!/--ll-¥-'(e! ¾"16% ~ 78%, '(e!{l:oJ~¾ 3'.~ 
~ %"".!/-7]',j 0J'll-il-ic 'l}.5'.1-]o}o]~ (78%)¾ "11.QJ.Jl.ic ~ 93% oJ')}-o] %%J.jl-<>I] 
.eJ Oil 'a'OII £ ¾'ll !e cJ-. ~ •i .. J-il-<>il .eJ oil ~-'i""il 1 ¾ ¼"11 'itoil <>il •i •Oil£ llf"1 '-l-
7}ic ~~%'(,!.QJ 0J.!lc]-ic % .. J-il-<>il .QJOII .Oll<>il-"l ';toll£ a."1.2.ic ~~%•.ei 0J 
0 ] 71.QJ tll.!/-ii'-¾ ;>):<]~c]-ic '51¾ .ejo]~c]-. .::i.aj'-]- oJ•l~ %9-il-oJI .QJ~ 7]"iic 
97\1 9-%! Si °ll "t'J .!/-¾% '(el (97%) 'al %"" .!j'- 7] 'll 0J'lHl- (97.5% ).!l cJ-ic 31-c]-. 

{' >ll (11-%/)<>il ic • >ii (9-%!):ilf ¾>f %foj ~'ic \'! 'llc<>il .\11 "l ~ ll 'll A2.QJ .l!. ¾<>il >i 
ic >i.-J-il-(·), 25m o]%}'?-ll:ilf '-]-oj:<] 'jj'jj;:;oJ]Aiic %.-J-i,-(+)o]c]-. (~ l'l! %~) . 

.::i."1'-]- -~91-ic .tai >11-'i".<r. .!/-i:'.QJ 'll'll A7 "l¾<>il>iic •19-il-(-)i<- .!i!. 0 ]:il. 'lie]-. 
'iJc .\11 \'! "I 'a' 'll :<f '\l .!/-¾% '(el, 'l} .5'.1-] of, '(el {le, '11 {le o l ~ '.!! 'rf {l: ~ "l -'-ic z\ z\ 

-164.8~304.9 mg m·2 s·1, 37.5~233.7 µmol m·2 s·1, -619.1-1,539.7 µmol m-2 s·1, 

-35.1 -80.4 µ mol m·' s1
, -998.6- 2,596.7 µ mol m·' s1 .QJ 'll .\11 o] c]- (Fig. 3-28). 
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>1121'"111% ¼Oil .ii!~'1c ½ 'll"Hl-'1-%%'.I ~"1~¾ "l' 87%, >,1{]:ol.g.% &~~ 
%~-\'- 71 'll 0J"ll-i,-c "l' 95% 'll .'r.7f % ~*<>ll .ei Oil ,r"11.s1. -& 'll '1 "1 tt 'Al (9-Yl.)~ 
0 H}7}Al.sl. %~-1',-<>I] .eJOII ~Oll<>ll•i ',l-Oil.sl. :S "1.2.c .§:1-~%'./.ej 0J 0l ;,J.ej tll-'1-ii' 
% "l"l~t:l--

9-%/:llf 11-%1 >1121'"111 g ¼Oil ,rOll .sl. :S "1 .2. c Oil 'r 'r'li''il'"i- .§:I-~% '.I '!! iril'-.'r. 
;; i!/-%foj -,"~ .§:1-~%'.l:S.eJ ½"1~ (gross flux)c Table 3-17<>1] i.+EJ-t.Jl~t:l-

~•l-71- {!>151><1 ~.g. %>11¾ >IJ.ejtj-:,,: l"f'd.'r. (97';'! 4-%1, 9-%1)~ 2"1-\'!.'r. (1998 
\'! 9-%1, 11-%1) '.la) 1995';'! 4-%1 (Suk et al., 1996)><1-.i>.~ ol-@-tl-"i '<!<! >,l{}ol.g. 'JI 
'l! {}01 .g. ~ "1 ~ ;; >ii {}OIi Ja. I'! cJ-%"1- .Qq. 

>,l{}ol.g. (2.9x109 mo! yr·'), 'l]{}ol.g. (0.95x109 mo! yr·'), 
olc ><l¾otl %-'l-<>ll -'ll"l~ Otranto otl1% ¼Oil Adriatic Sea.sl. llif"l47}c >,I{} 

01.g. (2.9X109 mo! yr·') '.la) 'l]{}ol.g. (0.95x109 mo! yr-1
) ½"1~~ -fl-Af%J-cj

(Civitarese et al., 1998). 

',l-ot1.s1. ¾'lltl-c ?.fl. "11-i'!-.sl.c >l!"l'otl1% ¼Oil -&'ll'1c "112/'otl-i,-~ >Ii?- * 
,i=-,'} 0 1 ~ ¾~ ¾~51~ tll 0 }1d-if-§- ~ "'r" ~tj,. 

~ ,1,,,1- ><l ~•I-'<! CS:-1.Jl .eJ otl-i'!- '.J! .§:I-~%'./ il'-.'r.><l .i>. ~% 'l! % %1"1 ',l-OII ii' ><lit_,,,_ 
.eJ .§:!-~%'./ -!l-<>J~~ '};jj%J-'acJ- (fable 3-18). oj7l>i >IJ"/'-if'i'r'(! oJl1% %~ OIJ 

'i''i''li'"if ><l-.i>.c ~-1'-%\"i tll~Oll1 (%, •i'i'.'r. ->'-~) 'i''li'"if<>il•i >1121'"111% ¼~ 
'i'4f'il'g '!i! i.+<>1><1::: >11?-il''i'r<! "111% ¾'11 ,r'11.s1. ~<>1.2.c "11'i''i''li''il'.2..s1. 
;,j]{}t}'a:il, .§:1-~%{1 i,-.'r. :a .g. 1e- '<l 'r,PI-~ %¾CS:-"11 ><I-li (~CS:-"11 °J'<! 'r±, 
1997)1'- 'l!¾tt<acJ-. '}'ll'<! ,r'il ii'><lit.£.<>il•i.eJ .§:!-~%'./ -ll-"1~c cJ-%31J- .QcJ-. 

"1121'"111 ("11-?otl-li-)¾ ¼otl ',l-"11.s1. :a "1.2.c 'l!ir 'll><Hl-'1--&%'./, >,l{}ol.g., 'l!{} 
0 1.g. ~ TI'~ ~e:l~t ztzt 0.4X109 mg s·1, 2.6X109 µmol s·1, 0.16x109 µmol 

s 1
, 4.9x10' µmo! s 1 olcJ-. lfr\'!<>ll >1121'-il''i'r<! Oll1% ¼'11 ~"1.2.c 'll><Hl-'1-¾ 

%{1, >,1{}01.g., 'l]{}ol.g. 'JI it{! ½"l~c zj-zj- 0.9X109 mg s 1
, 8.0xlO' µmo! 

s·1, 0.59 x 109 µ mol s·1, 17.4 x 109 µ mol s·1 01 tj-. 
<II ~ otl 1 % ¼ otl % ot1 .s1. i.+ 7 I-c 'll ><1--'ll-'I--&% './, '.I{} 0 l .g., 'l! {} 0 l .g. 'JI it{! ¾ 
~~t ztzt l.5x109 mg s·1, 10.7X109 µmol s·1, 1.0X109 µmol s·1, 24.2X109 µ 

mol s·1 o] tj-. 

<11°1-1±-li-<>ll .eJotl "11?-il''i'r<! otl1% ¾Oil ',l-Oil.sl. :S"1.2.c .§:1-~%'./:S.eJ ½ ¾ 

"1~c "11?'111% ¾~ ¾'ll 'il'Ja.t:l- "l' 3-4•1 .=i.cJ-. >ll'?otl1"i- >1121'-il''i'r<! '111 
% ¾'11 ,r'il.sl. -&'ll'1c {1{}01.g. ½"1~c "} 10.6X109 µmo! s 1.s'..Ai <ll~Oll1 
% -%'-otl %'11.s'.. llil-"1471-c 0J (10.7x109 µmol s1)"i- ;,J.ej .Qq. ::iaJi.+ 'l]{]-01.g. 
(0.75x109 

µmol s1
) 'JI it{! (22.3X109 

µmo! s').eJ 7il~<>llc tll~otl1¾ ¼Oil i.+ 
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Table 3-17. Along-strait material fluxes in the Cheju Strait. 

Gross fluxes 
Chemicals 1997\1 3-%1 1997\1 9-%1 1998\1 9-%1 1998\1 11-%1 

<tl.<a~ <tl. <a~ 21811 "1 <tl. <a~ ~~~ 21 "11 "l ~<a~ "1 ° f "' 21 Oil "' ~~~ "1 0 f"' 21 Oil "' t...:. >...: 7, 7 t...:.c.7, 7 

(AjOJ-i,-) ( % 'll-il- ) ( %'\l'-il-) (%'1}*) ( Aj ',f-i,-) (-'o~¾) ( Aj 'lf-jj-) ( % 'll-il-) ( Aj 'lf-jj-) (%•J-i,-) 
Suspended matter -0.56 0.12 3.67 0.57 -0.11 3.71 -1.92 6.97 -1.2 17.8 
(x l08 mll s" 1

) 

Ammonium -0.07 0.04 1.76 0.25 -0.09 2.66 -0.44 1.55 -0.1 2.1 
(x 108 umol s·1

) 

I 

(: 
I 

Nitrait -0.78 0.33 13.30 2.18 -0.64 22.88 -2.14 37.02 -1.6 30.0 
(x 108 umol s·') 
Phosphate -0.08 0.03 1.21 0.19 -0.04 1.42 -0.19 2.36 -0.1 1.6 
(x 108 umol s·') 
Silicate -1.16 0.49 15.22 2.56 -0.77 33.63 -5. 17 57.02 -2.6 53.4 
(x 108 umol s•t) 



I 
C, 

.: 
I 

Table 3-18. The comparision of chemical material transport in the South Sea. 

iiff fi- ~l '?" i5ll * qjc}\:f¾ >ii "I' + cJl "h±-il- '\'-.£A] .</.. "11-il-
A]~ "11 <r"" 'ii ~l'Y ftfr cJl ~"11 'ii cjj 'fr%.!/- '\'-.s'.A] .</.. 

~~11 ~ (km) 100 200 166.2 300 
.::j={I (m) 100 150 IOI 1000 
% "'r¼eJ= (Sv) 0.52 2.97 3.49 29.5 
'.,l{loJ.g- 'lliF1f£ (uM) 4.91 2.68 3.08 5.88 
'l.){loJ.g- 'llir'lf5'- (uM) 0.31 0.2 0.29 0.40 
iJ'{I '!I if'lf £ ( uM) 9.41 5.88 6.94 13.43 
'll >}-';I 'I-%%'.!! 'II ir-'lf £ ( m2/l) 0.75 0.3 0.44 -

¼ %~ ~~,..._ 
'.,l~o].g- (xl09 umol/s) 2.55 7.96 10.75 173.5 
'i!~oJ.g. (xl09 umol/s) 0.16 0.59 1.01 11.8 

iJ'{I (xl09 umol/s) 4.89 17.46 24.22 396.3 

~~}-'-a¥-%~~ (x109 mg/s) 0.39 0.89 1.54 -

normalized with width and depth 
~~oJ.g. (xl09umol/s) 2.55 3.70 6.40 5.78 
<?J~o].g. (xl09umol/s) 0.16 0.28 0.60 0.39 

it~ (xl09 umol/s) 4.89 8.12 14.43 13.21 

~At-"J-¥-%%~ (x109 mg/s) 0.39 0.41 0.91 -

normalized with water transport 
~~oJ.g. (x109umol/s) 2.55 1.39 1.60 3.06 

<?J~o].g_ (xl09umol/s) 0.16 0.10 0.15 0.21 

iJ'{I (xl09 umol/s) 4.89 3.06 3.61 6.99 

~A}-'8¥-%%~ (x109 mg/s) 0.39 0.16 0.23 -



71<= '1]~01-& (l.0>:109 µmol s 1):i!f it~ (24.2xl09 µmol s')-"1 °J.!i!.c.f "l'<l: "I 
c.f. 

::J."14 ole1~ ¾'16<= "1i'r'r¾"d'"1 ~foloJl ll}ef 'itef'l!'r ~71 Uilli'-oJl 01~ 
'11-i'i-ofl .9J ~ :§f o:f ¾ '.! 'r¾ ".l'-"1 -if t!1 "l '<! 71 al x ¾ ~ 'll ot 7 I ~ of/ t!1 of >de-ii- ('ll rr 
0.297 Sv)o} '1l'i'"11-li- ('llrr 0.52 Sv)-"1 ofl'r'r¾"d' (volume transport)<l:-"1 ;>foloJI 
11},<; •l¾!a. :§]-o:j--l,-'l/ 'r¾"d'¾ E¾:§f (normalize)~ '!!:i!f:S Table 3-19oJI '-l-Eft.11 
'.ll c.f. 

'11 'i' "11-li- ( '11 'i'ofl 1 )oJl -"1 "11 ,tot/ .s!. ¾ 'll "1 :: :§1-'1-% '.! ¾ <l 6 l= t!1 of >de-ii- ('11 'i' 
--iri'r)oJI -"1~ ¾'lla.l'.!i!.t:.l-£ Sf 2~3•l .=tc.f. 01 °J-& t!l'l!-%.1/-"IIAi 'i'-!a.Al.2."il -"1 

~ 'r¾"d' (Chen et al., 1994):i!f 'Ir%~ :>,!2..s'.Ai, ¾.!/-~ :§fo:f¾'l!½¾ ~¾~ '11 
'i'"11-li-7f ',J-"11"1 A~:<1:§fo:f"l :i!f'l/a,Oil ~ojA7 -ir'a""I ¾.8-~ "l~¾ ~c.f:: :,!¾ 
"1°l~c.f. ::J."14 ½t:1 'll~~ :§1-o:f¾'l! -!F'16:'i 'lj7J~"11A1:: '1l'i'"111oJl t!I~ 
:<J 4i'"l ol Jl '11 >1l "l '11 'a ,'-7f .8-,'-'<l c.f. 
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A2' 

1998. 9 
SS (mg/m2/s) 

Line A' 

A3' A4' A5' 

10() 

-12:0l---~-~--------~-~--1 

A2' 

1998. 9 
Do(mg/m2/s) 

Line A' 

A3' A4' A5' 

-]21H-----~------~----~--

A2' 

1998. 9 
NH4' µmol/m2/s) 

Line A' 

A3' A4' A5' 

-12<H-----~------~----~---, 

Fig. 3-27. The along-strait material fluxes per unit area (Hux-density) of (a) SS, (b) DO, (c) NH4 • 

(d) N03·, (e) PO/·, (D Si(OH),in the Cheju Strait calculated by multiplying mean 
current speed by concentration in September 1998. 
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A2' A3' A4' A5' 

(d) 
1998,9 

NO/µ mol/m2/s) 
Line A' 

-120!---~-~-~----~--~-~------l 

A2' 

(e) 

1998. 9 
P04'µmol/m2/s) 

Line A' 

A3' A4' A5' 

-12ol--------~-~-~-----l 

A2' A3' A4' A5' 

1998. 9 
Si(OH)4'µmol/m2/s) 

Line A' 

-12:0!--~----------------

Fig. 3-27. (Continued). 
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Cl 

Al' 

Al' 

(a) 
1998. 11 

SS (mg/m2/s) 
Line A' 

(b) 

1998. 11 
Do(mg/m2/s) 

A3' A5' AT 

A3' A5' A7' 

Line A' 
-13vl---~-~--~-~--~--~--j 

Al' A3' A5' AT 

-4 

-7 

(c) 

-10 1998. 11 
NH/µmol/m2/s) 

Line A' 
-13 

Fig. 3-28. The along-strait matenal fluxes per unit area (flux-density) of (a) SS, (b) DO, (c) NH/ 

(d) N03·, (e) PO/·, (Q Si(OH).in the Cheju Strait calculated by multiplying mean current 
speed by concentration in November 1998. 
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Fig. 3-28. (Continued). 
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+cl '-1-i!l- ,l-OII '1}:aj- Al Oii '1l:-i- ¾-ll.2.£ \:I 2l 'I! ill :,j 'll:: til-li--'8--e- til 0J:aJ- *"I 
91 'a 'Al '1! <>II Oll'il-"11= Oil "l.2.£ 0J~ £.-'i'-91 ": 'J½ ]L','- 7f"i:;,. 'l!:: off+ ": 0 1 ~ 
Oii "l o I t:J-. ti! .i;.-'8-½ -!!- o I 1r 4 "i £ ~ 'T' .£ 'll 1= 'l!-\'! 'l1 -'I- 4 "I • i- "1-{! til 
.i;.* -2-£ & 0 f .£ ¥! t:J-1= <'! Oil.£ 'll t:J-. • .. I -!!l-'!1-~ Oii '1l:k! ½ '?!':;,. 'll:: ,J-OII '1}.g. 
t11.i;.-'8-o I ~ '!l:'it "1 oJ :U:;,. "l 71 <>II :: llt.g. -.H! ~o] •,H! "1 oJ 'll oJ 4"1 £ -'/-&! 91 
4'T' %½<>11 !I]-,<c 4'11- -!!-'!Isl -it'll, .::r2J:;i_ i/'{}"l.2.£ 4"1<>11 'l]lJ-.f:;i_ :U<>l •t 
W %91 'll-i'<>ll 91~ 4% -!!-'!Isl -fl-'l}o] "i~"l.2.£ o]-'f'oj;<]:;i_ '1!1= 3<o]t:j-. !E 

4"1<>11 'llll~ tll..;.-'s-91 'il+ 4'11-<>lll<Jsi *'ll:§]-1f ~•~'fl<>ll "1-i!l- ~'fr, 'llotl *,a 
91 3'c'\l<>ll 91~ "lel 7f;<] ~'ll -'/-~-!!-'i-"1- !IJl'T'{i-91 -it'll !E~ -llzt~ 'T'~<>li 'il: 
.;-f :;,_ 'll t:j-, !E ~ ..II-"i "i "l 91 7J+<>ll 91 ~ 'a"'T' * 'll 91 'll-i' .£ 7f'lr "I '!J "l .2.£ 
y-E],y-:: oJ1"10]7].£.;-ft:J-. !E ~'l!-.£ ,l-\:J::aj- >!]'/'.£ Afo]sj >ll'l'Oll1 t tll.i;.-l§-91 
": AJ:aj- ~"1) AjoJl.oj- ';J-%oJI¾ \'!'!!1>f1= 'l/&.2.£Ajsj ¾.8.AJ.£ 7f;<]:;i_ ,Ut:j-. o] 
oJl"l<>IIAi -!!-'!Isl "¾.g. ~'l}.£ '/'\'! Oll"l 'l!>ilsJ i-'!191 "¾¾ 0]oJl.;-f::ti] off+ 
¾ .8. ~ 'll & ¾ >!I 'ti-Oil ¾ 31-2-£ 7 I til "1 :;,. 'll t:J-. 

;<] ,'-:aj-~;<f'lj-sj <'! "11 ¾ 'I);<] \ltt:i i!J-.£ cJJ .i;.-'8--e- .j\,;<] 91 AJ "l ½ t:j-,;'-"I 7f ;<] :;,_ 
:U 1= oJI 0Jt!:'a .2.£Ai .::1 %'1} 'T'-ll O] 'lj<.g. ljc.£ 'l! oj llf .g. 3'cAf 7f o] ..,,.oj :,j ~t:j-. 
~.;-] til.i;.-'8-.2.£1= 'lfoJIAi '1l1l-~ •f.oJ- :,,oJ 4"]£-'/-&191 llt-e- -!!-'!Isl -fl-'l}o] 'l! 

:;,_ o]'lj- ¾ '!!l::§]-~-!!-o]y- 'lJ~'ll%.g. o]"i]3'c-1!-{i-sJ 'lloJ~.2.£ oJ%"1oJ "!3'c% 
o] "i]3'c-1!-si til '1! "I 91 ~ "1 ¾91 1>f Y-£ ;<] &,aJ:;,. ,U7].£ %ft:j-. 01 el~ 'll-oJ.g. "1 
o]Ah,coJI !I]-i!J-Ai <l'-Oll>cf'l] "i]ir 0 1'--!- ;<jAi%-!!-sl '1!"1<>11.£ ":l-OJ½ '1'711"1<>1 til>t-'8-
.g. 4'1/- -fl-i!IJ ~.g. Oll"J¾i!IJ o]'J-!!--li,o] ~;q],ajoj ,U:;i_ %A]oJI 'T'llf.g. ;,JAi 'Ai-~ 
91 Ai"i"l7f ,aJ:;i_ ,Ucf. 0 ]~ ¾ 'l! "11°JoJI ¥:>ffiff1= %-!!- ¾91 Of 90 %~ op;
:;,_ ,u:: :,jAj %-!!-_g, •J"f .::1 ~cj) 'T'oJI 'l!oJAj:: <>Jit %½ II]-!§s;<] *%f;<]'l} .::1 

¾91 t:J-0J~oJI 'l! oJ Ai 1= •f t:J-sj -:al '!I "l "1 '/'"1 °1 i!J-1= '?'lr .£ >II 7 I "1 :;,_ 'l! t:J-. 4'1/
.2.£-'/-&l -fl-'l},aJ:: o]ej~ -fl-7] ~-e- .!/-7] -!!-'!I'll- o]sjoJI.£ AJ-!!-~"l -fl-'ll "l-"J ¾ 
.8. ~ ~>l)7f 'ii 'T''ll t:J-. ": i<J -fl-7]-!!-'!! ii-91 -fl-'ll oJl 1= '/l \'! "l.2.£ 0 1 ~oJI ~>J "1 oJ 
:U :: -'11 tr o I '-1- '& 'lr o I % 91 ..11--'a' ¾ i!11 ° I l: 'J-!!-il-o I !<. ~ "1 oJ :U:;,. o I ii 91 'll -oJ.g. 
o]',toJ -!!-'!!£A11= "l.g. 0Jo]i!j-i,fcii!J-.£ <J'll>1Jo]o£ oJiisl AJ2jsj ~:aj-oJJ sj~ 
'l!>il -!!-'!Isl ¾'ll.g. 3711 'll-i' '1!½ 'T'.'r. :Ut:J-. 

cJJ•*Oll"lttil~si'il+~t'T'-ll-2-£4'1/-•'!!sJ%'ll¥'ll:4~i!l-~-!!-~ 
% 0 I %'J 1>f oj !'; "i <,l '1} "i "l 91 til 'ii Oil 3'c-li-'--!- '1l ¾ AJ ~AfoJI "1-i!J- !'; "i i,f'jj 7) oJl 
:: "1l 3'c-li-si 711 ~ "I l: 'll oJI !I]-,<c t:J-i!J'sl ¾ 11-!!-'!! 0 I % Oil "1 :: 1f "f \'! "i ~"l "1 'iJ-~ 
'\l.2.£ -'j!-7){!-sj ¼'T' %:§]-7f 0 i-','-oj;<]:: Oll"l 0 )7].£%ft:J-. '<]{} 'a>l]~%sJ '!!:aJ
'J'\l"11= 0J~:§]-~l:si ¼'T'.£ till Oil3'c-il-si ~l:%:§]-aJ-%.2.£ j'i;½ 31-2-£ 1ltil 
"1 :;,_ :u t:j-. 

1-'- 'll,'-oJJAi:: ,l-OII til•*si -!!-'!! i?t!:oJI '\'!:~ <J;<]:§1,~"l 'll,'-91 'l!tl:.2.£ AJ 

-321-



-i- it~ -i-~~A-t ::!:~ Biomarker9.J 7}-;(.l: s!-~ ;tll=IJ .A,f~9.) ~~~ ¾ ~31 't:llfr 
.J:~?±21- ;,J•J-{!c-"1 ¾* 'la) :t':l¾ 2j- "1"1 'I!;.. zAfisf:il oJ.; %AloJI \l-"1 til 
"<-*Oil Aj<,j~,'c 'l!'l! 'r.8. ;,jAj AJ-l!-ii-"1 AJ~~ .. ~ei 3oA,j¾ l!f~l:i! AJ-!!- ~~ 
~~£ -fl-%~ A,jl;'-ej -l",>j op/-¾ l!MJ~i,."i 0 J'!i--"1 ¥,>!171 Aji,.¾ J;'-¥,;<f~~£ 
Ajej 7H,-A.J£ ,ej-{1.-f',/tj-. 

2.1.1. ir'r l!'-al% •ff"l 'J.l z':l 
tr'r ;;'-al" 'l!'I!- eubacteria2j- 'll-~tr¾ til'\l-~£ .-f',!~"1 ,;a;.. Al%..-! •ff:>]!:: 

eubacteria-"1 'il+ ZoBell •ff:>] :S Af%.-f',/:il 'll-~tr-"1 :>a+:: Bennet •J:>]2j- M3-I 

llffAl :_ AJ-%~51.t:l-. Bacto-peptone, Bacto-yeast extract % t1ff;t] .AJ~~ T.£. 
Difeo ,fl¾¾ Af%~',/:il •ff:>] oJ1 A}%..-! Oil?!:: '-ii 'll-±oJJ Aj ~':JAJ ~ "1?¾ -;!r¾ 
•H¾ filter;.. oJ"l-~oJ :i!'il -!!-~¾ ;,fl;,J.-}:il Af%~~i:J-. 7],ej- •ff;,J':jli'-oJI ,;oj7} 
:: AJSJ'-£- Sigma >il¾¾ Af%~"1~"1 •H:>l-"1 z':lt 01eii2l- '{!-tj-. 

ZoBell medium 

Bacto-peptone 5 g 

Bacto-yeast extract 1 g 

FeP04 10mg 

Aged sea water 750 ml 
Distilled water 250 ml 

(Bacto agar) 20 g : :;r >!l •H "l-"1 'll 4-

M3-I medium 

Na;,HPO" 0.732 g 

KH2P04 0.466 g 
NaO 0.29 g 
Na-Propionate 0.2 g 
Mg50,.7H2O 0.1 g 
eaco, 0.02 g 
KNO, 0.01 g 

FeS0 ... 7H20 0.2 mg 
Zn50,.7H2O 0.18 mg 
Mn50,.4H,O 0.002 mg 

Cyclohexamide stock solution 10 ml 

Thiamine-HO solution 10 ml 
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Aged sea water 750 ml 

Distilled water 250 ml 

(Bacto agar 20 g, :il.>11 •l "i gJ 1~) 

Bennet ' s medium 
Glucose 2 g 

peptone 2 g 

Malto extract 1 g 

Yeast extract 1 g 

Aged sea water 750 ml 

Distilled water 250 ml 

(Bacto agar 20 g, :il.>11 •l "l gJ 1~) 
PH 7.2 

2.J .2. Aj li >l ,rj 'J< 'lJ ¾ 'lf'll 
-"1"1~ A).ll_::C 'll'ir'i'! 50 ml capacity conical tubeoJI 'jj-o} {l~{l;a_ ¾'l!-tf'.llt:1-. 

-"I "1 ~ A) .ll_ oJl Ai ::: "/' !a. 'l)-{1,l-gj li'-el ;; 'r•J -t}'.ll::: r~ A) li;: 'll 'rr "il'roJI ~ "rt.I 

oj bath type sonicator!a. 1 li'-Z! "!el~+ 60 "C water bathoJIAi 1 A]{! -'ii-'lr "I 
elt.J-"l 'l!'l! AJl'rr¾ >i);,J~f:il. 10 •H""I .ol-'i Aj;>.j 7f\'!Ai ;r;;},aj~;a_ 0.1 ml 1'1-i
zj- •l ;<) oJl li'-21'~ + .£ 'll:t.J-"l colonygj ~ >.J-i- 'R~-tf'.ll c]-. 

"11'1" >).ll_::C 70 % Ethanol!a. 'll'ir'i'! 1 liter ~oj Nalgene bottleoJI 'jj-o} {)~{) 

!a. ¾'l!-tfoj "!el-tf'.lliccr~ Eubacteriaicc 10 ml, SO mlgj "il'r-1- 0.22 um 

membrane filter!a. oj:,J-t.j-oj 0 ) filter: ZoBell plateoJl ¾ill 25 "Coj]Ai 3 'l! {! 'R 

~i;)-nj •l 0J,t.foj ~ ';j ¥! colony¾ tj->] Alia.¾ ZoBell plateoJI 3 ;;f streakingi;)-oj 

tr'r li'-elt.J-'.llt:1-. 'l)-{1,l-.g. 'l!'!J'lfgJ "11'1" (100 ml, 500 ml);; 0.22 um membrane 

filter!a. oj:,J-~ + i!! ~ ~fllgJ oj:,j-;<j:; -ft-el petridishoJI ';1<>1 60 "C"l ovenoJll<j 

1 A]{!-'i/-'l} Z,~>)'l-j 3';<f:; ~';jt;f;<] al":: rJl.l/-l,!-gJ 'l!'l! "il'ir¾ >i];,J~ + 0 1 :S 
M-31 ~.g. Benette •ff;<] .!/loJI ¾"1~:rr 7 'l!Z! •J 0J,t.foj ~>.j,aJ:: colony¾ l;'-elt.f 

'.ll tj-

2.1.3. it"T ~t1 ~ ~71..li!.'E 

zJ- '!J'JloJIAi >ff{!'<! A].ll_!a..l/-el 1!'-el'<! 'rr"/'~.g. :il.>l)•ff;<]oJIAi tr'r •H 0J'~ + 
30 % glycerol¾ W-l\-i.f::: 'll 'ir'i'! "ii 'T'oJI 'l'! 1'j-t.f oj -70 "CoJI Ai 'l)- 7] .!i! ~ t.J-'.ll c]-. 

C-18 Sep-pak cartridge ¾"r".l-'ll. 
~H'r-¥1 1 liter.91 ~'ri:: GF/F filter paper (pore size 0.45 um).£ ~3!}-ii}~ o].-t~ 
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-!!-11- .!E ti-~ particulated material¾ >II ;,j ~ + C-18 (ODS) Sep-pak cartridge 

(Packing volume 5 ml): ¾"1-~oj -R- 7J-\l-li'-¾ ¼~Al,] :il 0 ] ¾ 20 ml.sj ¾-!i-'T'-_;,_ 

;JJ3l.-,oj 'i!-li'-"1- ei,.-,,11 ¼~¥! "l"i"J-\l ¾71 -!!-'!!¾ >IJ;,J.-,:;i '-]-Ai 20 ml.sJ 

MeOH¾ Ae%%eoJ "I 'If -\l-li'-11- elution~'.ll, t:J-. 7J%e7II ¼~¥! -\l-li'-.sJ >Ii ;,j ¾ ~ 
~oj n-hexane.2.!,. ?7, %½~ 'll4-£ 1)~.2.'-]- oJ 'll4- %½"1<= 0Jo] o]oJ.-,oJ 

11'.l-"l'll -l,i--!qolJAic: A~"J'~'.l!t:J-. %½¥! -li'-.tJ~ Rotavaor!,. solvent:: >i];,J~ + 
Felch solution 5 ml;: 7eo-,oj A]il.!:: ~'l] + oj7]olJ ~"I \\ii= •J;<]'l)-A.j -!!-'!!% 

-i- filtrationo-,oj >il>l~'.l!t:f. ODS cartridgeolJ ¼~"1::: %;-<, ¾7]-!tolJl= amino 

acid, sugar., ~~ nucleic add %ol il,E..l.} o]~-e:- Folch solution£] 9'~~~ 
chloroformolJ %0il "1 :,J l'.,f.2.E-!,. 0 ] ;,J ~ 'l)--6j.2.!,. >II ;,J ~ ','- 1/ t:J-. Folch 

solutionolJ %Oil'<! :,J '1)- A.j-l,i-¾ t:J-AJ %~~ + 3c '.J¾ ',f 7J ~ %eoJ TLC -l,i--!q ¾ ','
•~ .-,'.ll, t:J-. TLC plate<= Merck AeolJ Ai 'i'-'<l ~ silica gel F254 plate:: A,%.-,'.l! t:J-. 

~7R -R,-nff : ¾,._JAllclcf: n-hexane: diethyl ether: formic acid (80:20:0.2) 

'l}:,J '!! : CH03 : MeOH : DW (65:35:5) 

'l!>il :,]'I)-: n-Hexane: Diethyl ether (1: 1) 

0 ]9}l'c \!!£!,. Pyrex >R'!!.sJ cap-tubeolJ ~7-1~ ¾ :,J•J'.l-li'-olJ 5 % Methanolic 

HO 0.4 ml:S 7e%e:il 80 °Co\JAi 1 A]{! 'I!-% AJ;,j complex lipid ')1-EIJ.;,. ;-r,>11.-,l= 

;<J'IJ--a :;;¾ "i'lf-a PJI~ o1J"='"1Js.!,. transmethylation¾ %'1!%e'.l!t:J-. 1/.J-%0] ¾ 
'!!¥! + oJ AJil.o\J 0.5 ml.sj ¾-ii-'T'-:: 7eo-,:;i t:J-A] 1 ml.sJ n-hexane.2.!,. 3 .§] ?½ 

~ + n-hexane ¾¾ !i'.-'f- ~~oj oJ:: silica column (packing volume: 1 ml)olJ ¼ 
ill fatty acid methyl ester A.J-li'--i- ¼~ A]'{) + ?7e!,. 3 ml.sJ n-hexane.2.!,. 

column¾ "1]31-a,oj ¼~"1"1 \lf~ hydrocarbon '.l-li'-¾ %'l!g-J %½A],lt:J-. 

Hydrocarbon '.l-li'--i- !If_;,_ !i'..2.:il column¾ t:J-AJ n-hexane:EtOAc (1:1, V /V).2.!,. 

¼ill fatty acid methyl ester -\l-li'-¾ -li'-i!l ~ + ztzt¾ speed-vac.2.!,. %~~oj GC 
_;,_ -li'--61 .. , '.l! t:J-. 

A].fi.9-] ~:at ~ {!~; 

','-~¥! Oil"! "1-ol-i-~ 'l!il-¥! 50 ml capacity conical tubeolJ ,J-o, 1a!11a!.;,. ¾ 
'l}--a,'.ll, t:J-. tl--ll-¥! 'ii-li'-¾ >I] ;,j .. , 71 ~ ~oj 'l! it¥! ¾-lt'T'- ;._ 3 *' afl -'ll 31 .. , :il zt 
"1131 'il-~Jo}t:f ~~-i;'-i!l7J (5,000 rpm X 10 min).se ~','-O-e'.ll,t:J-. oJ "1-'liolJAi 

dissolved ;<j'l)-A.j-l,i-:i!} Sfo-e>II '!!ti-¥! ojEJ- 'T'-%'.l 11-'!!~o] 'iJ-ii'-"1- ti-'>! >1171"1~ 

t:J-. o] ;s -70 oColJAi ~ill %.! {!3'c%eoJ {!3'cAJil.:S "1~t:J-. 

AJ,l..sj ?½: 

{!~ ¾~ 1 gram£] A]li¾ 50 ml ~o] ~~lt!{l¾c]7]% Pyrex -ft-c.l ~{l~e.l 

'\'!:olJ 'i/:il 10 ml.sj MeOH¾ 7e%eoJ Homogenizer (15,000 rpm).se 3 -l,'-{l "1"1~ 
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-:f o]* cj,A] ultrsonicator (KFC-400, Sonic and Materials, USA)iie 1 -!,!-'(! "Jeji;) 

2 cj,A] chloroform 20 ml¾ 7)-.;-J-<>j %'l! 3!1-'l!¾ 1/!~i;)~c}. o]¾ 3,000 rpmoJI 

Aj 3 {t'(! ~1) -l,-eji;)<>j ¾{!- {ta]~ -'f ...,.% 'llj¾ ~-.;-j-2 ~<>j,j,oJI cj,A] 

chloroform 20 mlsJ, MeOH 10 ml (Folch solution)~ 7)-.;-J-<>j %'l!~ ❖½ "t'l!-l!

l/!,l;j,1>)~cj,. ;!J¾'-'J.Q._,e Folch solution 20 mliie cj,A] ~'I! cj ❖½~ -:f ❖½ "1j 

-Ii- 5'.'f- ~i;)<>j 250 ml separatory funnel½ Af-S,i;f<>j ~~ "113!1- %'l!~ 'i'-"191 

0.15 M HOiie 1:§i 21 ❖½1>J-<>! e] ;s]'l)--':J-li'-¾ ,fl71il'f~c}. 'l!oJ~ -fl,7] %off ¾ 

oJ1 .!/-'r sodium sulfate* cji;f<>j 5::i?g' ~%¥! 9-li'-¾ "1171~ -:f o]ej .!/->ii¾ 'it0 f 

-l¥: pear flask oJl Whatman #1 filteriie <>!'4-.;-J-~cj,. 

A).fi.9.j ~~: 

Rotary evaporator¾ Af-S,i;f<>j :;J-'lJ' %-ll-iie %off* "1171~ -:f 'l!'ll ;<J~iie .!/-:>II 
:: cj,A] ~'l!-.;-j-<>j -'}½¥! ¾ ;<]•,J--':J-l,-.Qj 0J¾ :,!'l!i;f~cj,. o]:: cj,A] 1 ml.Qj 

chloroformoJI ~<>! 2 gram (dry weight).21 silica gel o] packing ¥! column (Bio-sil 

A, 200-400 mesh)oJI 7f-.;-J-<>j 20 mIS1 chlorofonn.Q.iie "JloJ41oJ %'a ',1 ,h? "I'll-¾ 

{te]i;f:;, 80 ml.21 acetone.Q..s'- "Jloj 'a'"l~ (glycolipid)-i- -!i'-el~ -:f o]:: cj,A] 20 

mIS1 methanoliie "Jloj 'l);s]~ ';l-li'-¾ {te]i;f~c}. "il'r ',l !al'-'l% ¾oJI;: 'a°"l~ 
-':J-l,-O] 7191 '-J-Ef'-J-;<] \lfOf '/!,8_~ 7,j4" o] 3lf'l! :'_ A~"t-.;-j-7]£ i;f~c}. -l,-ej-,! -l,

.;:j~ o]e] .!j!-;,j]:: ,;,ofif: pear flaskoJI ~;,j rotavaporiie :;}'lJ' %-!1-i;f<>j %off¾ ,fl 
711>fJI .!j!-;,j]¾ ~'l!i;)<>j ~-ft-¥! Zf ;<]'l)-gj OJ¾ ,'i;)~c}. 

"i 'r,:) -.1 Pil {l oJl ~ 1S\l .§.,:): 

Zf -l;'-~¾ 0.5 M KOH/MeOH 1 mI:: 7)~ -:f 80 "CoJl-"J 1 A]'(!'i}'t]- 1/!¾A];,j 

saponification (l:IJT:D".l-)~ ~~"5}.ll ~7Jofl 5 rnl9.j ¾*°r~ 7}ii}.TI. 

Hexane/dichloromethane (10:1) 5 mliie 3 :§1 ?½1>J-<>! aliphatic alkane3!f aliphatic 

alcohol% 0 1 3':~-l'! ¾';l ;s]'l)-';l-!i'-¾ 'l!'l/c}. o]:: rotary evaporator.£ 1 ~) 'o-~ 

~ -:f cj,A] Speed-Vac (Vision Co., Korea)iie 50 u1'7f"i 'o-~.-f~c}. o]:: Gas 

chromatograph£ -l;'-,!,J-.;-J-~ cJ,. 
';:r~ "11¾ 5 N HOiie pH:: 2 'l!.£.'i'- ',!-¼ -:f %'l! ,§-off 5 mliie 3 :§j ❖½-.;-f<>j 

;s]•,J-{1-o] 3':~-l'! acidic lipid;: 'l!'l/c}. 0 1:: 'o-~i;f<>j 0.3 mlgJ 5 % Methanolic 

HCl¾ 7fo-f<>j 70 oCoJ] Aj 1 A] <'.!%'t!- '/!¾Al ;,J Fatty acid methyl esteriie 

methylation A]~c}-. 1ll"¾ QlJoJI ¾ff""r 0.4 ml~ 7}?>}2 n-Hexane 1 ml.£ 3 ~ 

❖½~ -:f n-hexane ¾¾ speed-vac.Q.iie 50 ul '7f"i 'o-~,;f<>j GCiie -!,!-,!,J-.;-J-~cj,. 

2.2.3. Gas chromatography ~~ 

'l! "1 el; 
~~~ ~§. fatty acid~ hydrocarbon¾ r:ll-'?}2..£. ii}'x{c}. A].fi.~~l: 

transmethylation A]zl .f. 0]¾ silica columnoJJ loading~ ~ hexane..2...£. 

hydrocarbon¾ elution A] 7) .TI. c:}A] 50 % EtOAC in hexane solvent.£. elution A] 

;,J fatty acid methyl ester:: '11 oj speed-vac.Q.iie 'o-~o-f<>j Zf Zf GC.'i'- -!i'-61 o-f~ cJ,. 
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~~ ~~: 

Gas chromatograph~ Hewlett-packard HP589011 plus¾ A)-8--~..Q...J:i! detector~ 

FID¾ A)-8--oj-~t:j-. Split-splitless injector¾ Af%-o-f~~Pj injection.g. hexaneoJI 'a" 
'l] AJ.ll. 1 ul* 'r''ll-ol-~t:l-. Column temperature gradient¾ Af%-o]-~.:i!. (~~.g. 
table 4-1"11 'JIAI) Af%~ column.g. fatty acid methyl ester"1 'll+;a, 
omegawax-320 capillary column (Supelco, USA, 30 m X 0.32 inner diameter)¾ Af 

%-o-f~~Pj hydrocarbon,>1 'll+;a, EC-1 capillary column (Allech Co., USA, 30 m 

X 0.25 inner diameter)½ Af%-o]-~ t:J-. 

Table 4-1. Condition for Gas chromatography ana1ysis for fatty acid 

methyl ester and hydrocarbon. 

FAME HC 

A}-% column Omegawax-320 EC-I 
(0.32 cm X 30 m) (0.25 cm X 30 ml 

Injector temp (°C) 300 300 

Detector Temp (°C) 300 300 

Ti(°C) 150 180 

Oven temp Tl (°C) 260 300 

rate (0C/min) 6 6 

Column head pressure (psi) 9 20 
-

Fatty acid methyl ester.!21- hydrocarbon~ ~l..e:- standard sample~ retention 

time,>1 "I .u!SI- ECL (equivalent chain length).!:¾ :>ii ~-o-foj :~nl ""1-~ t:l-. GC ~-'I 
ofl"--1 standard.£ A}-8-¥1 Eicosapentaenoic acid (EPA)'Lt Docosahexaenoic acid 

(DHA) %"1 ;,J 'l]-~:ilj- hydrocarbon.g. Sigma >ii*¾ Af%-o]-~ t:J-. 

"1i'r 'l,) Jai"l-!1-oJIAj ~el¥! ;,J•J -\H'-"1 'll-\l"l'll -\l"l.'ll½ ~-oj-oj H-NMR 
spectrum¾ "l oJ •'l]-oj-~t:J-. oJ 'll-'ll ~~ ;a, ~el¥! ;<] 'l]- -\l-lf- ¾ fatty acid, 

aromatic :§f~-!1-, hydroxyl group,>1 e>II, steroid :§1-~~"1 e>l %¾ -'l]~ 'r 
~~Pj "; "l aliphatic compound,>1 e>l7} :;f'l]-'ij 'r ~t:l--

NMR ~'lj.g. Varian Unity-500½ 0]%-0-f~t:J-. Proton NMR.g. 500 MHzoJ]Aj 

~'lj..-f~~Pj chemical shift:: 
CDC!,¾ 0]%-o]-<>l ~'lj..-f~q. 

software: ol-S-&f-~tj,. 

internal standard 'il TMS (tetramethyl silane)'Lf 
5'.'§ NMR {!~_g. Varian AfojJAj i'i;l-~ Vnmr 
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Sediment Sea Water 
Sample Sample 

Subsampling Solid Phase 

(2-3 g wet Extraction 

Modified Lipid Elution with 
Folch Extraction Composition MeOH 
(CHCI3/Me0H/W Analysis 

! 
Drying and 

HC Analysis 1...r, ncentra.tion 
Concentration 

(GC) 
I 

I Transmethylation I Transmethylation I 

I Concentration r---' FAME H Concentration I 
Analysis 

TMS- Steroid TMS-
derivatization Analysis derivatization 

(Steroids) (Steroids) 

Figure 4-1. General Scheme for Lipid Analysis from sea water and sediment 
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2.3.1.1. {>½ ~ ~.lj 

A]il. 4'-;,J] 1 g 'a" 20 ml-"1 MeOH:: Af-§-i>foj 2 ~ -'i'½i>f:;,. %7] -§-uff¾-i- >I] 

;,Jil'f:;,. ';J-..?c- :a.'11 11-'lloJJ c.J-A] methylene chloride (MC: Kg 'a" 1 liter)¾ 7fil'}oj 2 

~ -'}½i>f'<!c.f. c.fA] ';j-o}'.ll~ A]il.:: 'l};,J] '!fO}Aj MC:MeOH (1:1) solution (Kg 

'a" 1 liter).2.-"' "I¾ -'}½i>f'<!c.f. -'}½'<:! ¾7] -§-off¾¾ £-'f- ~~ 'el rotavapor 

:: o]-§-il'foj %7] -§-uJ:: >1]7Ji,f:;,_ oj7]oJ] n-BuOH<!- ~-"1 ~~ ¾QJJ (1:1 (V/V), 
2 liter)½ 7};;-foj A] il. ¾-"1 salt:: n-BuOH<l- ~ Afo] -"1 partition½ ~i,foj >ii 7l ~ 
t:l-. ot7]Ai n-BuOH ¾¾ ~~}ot solvent~ rotavapor¾ o]%ii}Ol ~17-1%}-.I!. silica 

flash column chromatography£ 4 ~¾¾ ~~~l;!!tj-. Elution-& 100 % 

n-hexane-';'-i;J 5 % -"I EtOAc-"1 ~'<I'½ 70 % JJ};<] ¾7fA];,j 7}\'!Aj ?•J-&-f'<!:a. o] 

.foJ]~ 100 % EtOAc<!- acetone .:::tel:a. "i¾"l.2.-"' methanol (MeOH)-"' %½.-f'<! 
c.]-. zJ- .i!f'll :'. vacuum½ ~oJAj ?•~il'}'<!.2."i elution A],] c: solvent-"1 °J.?, zj

fraction \!!-"' 500 ml 'll.sc.:: Af¾i>f'<!c.f. 

2.3.1.2. TLC ~ ~ 

zJ- '1c ~ -"1 ¾ 7 I % 01 :: >I] ;,j ~ + TLC-"' ;a:J 'll- 'a '1:-"1 '1c '1 ½ 'r 3§ il'} '<I c.f. 'l! 1H 
-§-uj-"' c: n-hexane:diethyl ether (1:1) ¾QJJ½ Af-§-.-foj 'l\71 ~ + plate:: ~¾A] ;,j 

~~ "'l ~ (anisaldehyde-sulfuric acid: anisaldehyde 6 m1, ethanol 108 ml, sulfuric 

acid 6 ml, glacial acetic acid 1.2 ml-"1 ~~QJJ)¾ '1''1 + hot plateoJ]Aj 10 '1:Z! 
7f 'll .. ,oi i+ El-i+~ \'!:'ll -a- 19:'!t.-f '<! t:1-. o 1 'l! ,1 * "" 3'c ~ oJJ "i ~ ¾ 'a "'l 'll"' o 1 
%i,f :;,_ '1) ;a:J '!J-"1 '7a '9- ~ '11-"1 originoJ]Aj 0 ]%il'f;<] \',f.2.E..£ ¾A,j ;a:J ~ .ilf '1);<] 'lj _si 

t1l "i':aJ '11 ¾"a •1 :: -'}'ll ~ 'r 1l c.J-. 

2.3.1.3. '1:21 'll>il 

EPA-"1 ~¾ '1:21 'll>l]c: HPLC-"' ?•~i>f'<!c.f. Flash chromatography:: ?•~i>f 

ot NMR spectrum ~~ ~.Et polyunsaturated fatty acid gJ ~2J:o] ~-& ~~ ~ ¾ 
.£. 0 } 't?~~ + Maxi-clean silica cartridge (o.3 g "V:r-R-).£. filtrationii}ot ~A] ~~ 
~~.,-½ >i];,Ji>}:a. 30 % EtOAC inn-Hexane½ solvent.£ il'}oj 3 ml/min 'll.5'.-"1 

flow rate.£ HPLC ?•~il'f'<!c.f. Af¾'<:! HPLCc: Spectra-Physics P-1000 mono 
pupm (USA)~ ;g-~ii}.I!. detector~ Reflactive Index (Shodex RI-71, Japan) 

detector: -"}%ii}~ t:l-. A}%-t! column-& YMC-0DS semi-preparative column 

(1.0 X 30 cm)¾ Af¾il'f'<!:a. i..f.2.c: peak:: '1:'ili>foj 's-~.-f'<!c.f. 

2.4. Biomarker.£.Aigj steroid ~W,~gJ {E,~ 7]1 ,1-~ 
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Steroid :§1-~~oJJ tr¾"l ~!i!. 11-oJ '.ll !:: 3-0H group-& -!I-~ gJ polarity¾ '1c 0 ) .31 

ojoJJ !Ifi!} boiling point7f -'J'W--.J-E.!i'. :J. -'JEii-".!:: GC analysis?} ~7f';,-.-f;,jl-)- •l 

+ oJ'!lcf. 0 Ji!l~ free OH group-& "l'il-~ nonpolar group~-". protection-.)-<>! 

nonpolar -lt.'r.>11.s'. ~t!:A)t! + GC.s'. -l,'-.;jo] 7}';,-~c~ oji!J~ -Jl-.'r.>ll~t!:oJJ!:: 

trimethyl silyl ether .s'.gj ~ t!: % oj i!J ¾-!i-71 '.ll cf. Pyridine, hexamethyl 

disilazane, trimethylchlorosilane, Bis(trimethylsilyl)acetamide, t-buthyldimethylsilyl 

chloride, imidawle, N,N-dimethyl formamide!:: Aldrich (USA) ,1)-lhi Af-§-.-f'.l!cf. 

-TMS-derivatization 

"l' 10 mggJ hydroxyl :§!-~%¾ 0.5 mlgj pyridineoJJ ~'1! + 0.15 mlgj 

hexamethy1 disilazaneltt 0.05 ml.91 trimethykhlorosilane¾ 7}~cl-. 0 ] ~W-"§'"¾ 
vortex-". 303'{! ~oji,C cf 5 1,!c{! •J-;>]o-foj 'fr-§-¾ ¾.il.~cf. oj?]Aj o] 'l}-§- Slj 

gJ 'l!'I· (1 ul);: ~ 1l GCoJI injection.-foj -li'-'1 ~ 'r 'U cf. !E:: 'll:% + 
rotavapor .£. solvent: ~l 7-1-g-} .:i1 lll"¾U""¾ 5 m12J n-hexane.£..£. 4:,½~ -:f tj-A] 1 

ml~ -i-.£. washing~~ -:f ¥"'r sodium sulfate.£. ,?:ia':.A] ;tj '-H.£. ¾ hexaneofl ~~ 
;>f:f -li'-'1¾ ~.-foJ ~.-f 20 oC<>l .l!.e~cf-

- t-BDMS (t-buthyl dimethyl silyl)-derivatization 

1 mmole,SJ t-buthyl dimethyl silyl chlorides}- 2 mmole.21 imidazole¾ 10 ml.91 
N,N-dimethyl formamide<>II ~oj ~"° silyation reagent 0.5 ml¾ 10 mggj A].ll.ojJ 

?fo-f.31 60 oC<>l]Aj 30 11:n ;>jaj.-foj 'fr¾¾ ~'!j-.)-.31 ~Al ~¾~oJJ 'if7f -"I~ cf 
5 ml.91 hexane¾ 7}-.j-oj ~'1! + 1 ml.91 %-". 3 ~ ~,l..-foj 'll:% .!/-~-!I-¾ "li:>l 
~t:l-. -¥,.::j=- sodium sulfate.£. ~3::AJ~ Aff.£..¾ hexaneoJ] ~~ 'li}-8-} 20 oColl ~}-:f 

11:'1¾ ~.-foj .l!.e~cf- t-BDMS (t-buthyl dimethyl silyl)-derivatization,"_ 

TMS 'll-'11.l!.cf 'l!-'lHJ o] "l' 10,000•l ll .'r. '1,of prep TLCoJI .9J ~ -1;'-aj 7} 7}';,-.-fcf. 

-li'-al'<! 'il-2/'ii-& z,z-t 7]~ '1-"'1';;-oJI til~ ~Af;a :>lll~"i -70 "Cgj 3'°'1-& 'ii 
%.31.oJI .l!.eo-f'.l/cf. il-21' -li'-al ~~,"_ Table 4-2<>1I 'liAJ.-f'.l!cf. 

oj?]>i ~>II -li'-al il-2/' 'T' 300<>!¾ *<>l)Aj 7]~ -!<-"11';;-¾ y~ 31.91 ~'ll'-& •I 

.ii! ai '>tV:cf. 71 ~ -l!'-"11 ';;-"l-& til ,1.91 1l + 'll ll * .Sc. 0 1-'J .9J 71 ~ gJ ;,, ,1 .-1<>11 Ai 

%£-"le: ';>j¾ ;/c.31 'UoJ "'1'il- "11"1<>11 'i.!-"i~ %-"1 7]~.91 ',-.'r.7f :J.aj '1,:<) ~ 

%¾ A]A}~cl-- o] ~i!} ¾ ~o]~ ?,!~ !llOJ:Sj c.ij-eJ !jJX.ff"~ ~..8.. .,Z-AJ A,HE-'?J 
~~ (agar): ~~til-1=" .:a~~ agarase~ AJ~<5"}'E "IT-9-7} ~~ !ll~oJ]Al ~¾~.Q.. 
-"- -li'-al -"l 'll cf:: '!I O I cf. ~ il-21':: ti1 '!I "11 s.-!i-oJI 7) >J .-foj '1!-"I -.J-.31 "11~ -!i-.91 

-,1-3:. A,l-~-~ agarose ~ it''Bfltf" .Q...£. ~ ::i T3: ~ ~§}Aj ~ "F~~.Q...£.-:: 'Bll3:.ff"Bl 
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Table 4-2. Isolation of bacterial strains with substrate digestion activities. 

JI~ !Eai~::t: l'E2.l§I illlii' * 
8\!11~ Protease 35 

XI~ Upase 37 

9 Agarase 54 

'l)'l]-"J~.£. "11-'rofl %"11'1"1 'l);: :,j•.J-.QJ 0J.g. •84- "J"1 °]¾ ¾"'!t;t7] ~~oj 

§i? (?½)•He 'll-'il~.£. solid phase extraction (SPE)'ll-'il½ A)-%~'.ljc}. oj 'lj-

1tl~ ~¾~ hydrophobic interaction chromatography.£.A~ hydrophobic 1igand~ 
'QC: resinofl A)is¾ 7.)-,i) o)¾t;toJ hydrophobic ~~'lr-i- {l<Q"J~.£. ¼aJ"Aj~ ~ 
o)¾ "J,J-~ ~"J'.QJ %•1.£. '}½"11 1.Jl;: •,J-'lJo)q-. 1-!- 't\,'-"i]Ajic ODS (C18, 

Octadecyl silane) resin½ At-8-•l'.llc}. oj ~4-1= hydrophobicity7f 7'1Aj ¼aJ--2-

•14- 7.)-~>I] 'll"1'-t"]'i! oj"i) ¾'lf 1!1Ei1°]£.£. flow rate;; li]-.!e.>ll ;;tic<~ "1ill% 
oj 'l)c}. oj ~4- "J%~;: A)js-"J 0J.g. til"l' 200 ml 'jj£7t 03j,J-;;t'.lJ~t>J 1£¾-'r 

~ At%~ ~4-;: tj7j.Qj :,j'lj- 'a¾ 0 ] K¾ofl film 1!1Eil.£. layer:: 1!1-'8~£.£. ll1'! 
"J-2- 0J.QJ Oil?.£.£ ¾-'joj 7F~~'.ljc}. tj7j -.'-'"I½ ~;;toJAj;: "I~ 1 mg-"l 
:,j 'lf A) li a; '/!Jl_.£. ;;t;: t~ 1-!- 't\ ,'-Oil Aj At%~ ODS-SPE cartridge;: "f 3 mg '?t 

:,j.Qj lipid* ¼aJ-~ -'r 'll~E-.£. oj cartridge"il ~'lJ1") .¥.§!-'fl oJ;,,t:,J "11?¾ ¼ill 

"r~ 1!J'61¾ ~t>}~r:}. li¾"'T'gj 7if4-e so ml ~£~ 1'll"T~£ fatty acid methyl 

ester'-+ i!'ll- hydrocarbon-"! 0J"1- ac'a½ ¾"'!t;t;:t~ '/!_8_~ :,j•.J-½ ?½~ -'r 'll 
~~'-t ::J_ oj_oj.Qj Ajjs;: "J<>1£ "J' 200 ml-"J A]li¾ '/!_8_.£. ;;t'.lJct. %~ it-7)~ 

o] ~ !:. -"]E..~ 7if..fj-~ 8Jl"ToJl ~o}~~ nonpolar aminoacids, pigment % lipid o] 

91-"l it 7],!- a, SC. "1:'=. 'll S'.'?t"l;: ODS column Oil ¼3l-'1;: t~ MeOH.£. elution AJ 
'{) ~ solvent:: ,i]71%t:i1 o)¾ c}Aj Folch solutionofl %"i1AJ7);: •,J-'iJ~.£. lipid7t 

Ot \:! amlno acid%-"! % 7) ~~ -"l ;<lj 717t 7tif~ct. 
Solid phase extraction i,iJt oJ] 9.] ~ a\l"T 1 liter rJ- 'ir-R-~ ol 'V:E A] 1!f' Ac}~~ 

0J-& Table 4-3"1- '1-c}. 
'}½¥! :,j 'lJ- 'a-li'-½ TLC.£. -l;'-"'! ~ :;! ,ij-;: origin"i] Aj 0 J %,;t:,J \lf;: 

phospholipidQ} Rf : 0.7 -2-~,gj triacyl glyceroJo] "rAJ~<?J¾ li!.O:l"r.:i1. 'V_.Q..oj 01 
phospholipid~ TLC ~~ ~31}~ tfl-¥-~~ phospholipid7} cholineo]t-} ethanol 

amlne, serine %-"l head groupo) ;<1171¥! 1!1Eil.£. '-tEt'-tC: 'jJSC. ";o)~ tJ) oj;: oj 
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ej~ phospholipid§- 0 ] *Oil :i!f'jjoJI 'l)t:j-c: ~¾ A]At<>t:il 'l)t:J-. 

~½'<! zj- o<]'l)- ".l*¾ transmethylation "i"i fatty acid methyl ester.2)- 3'c".loJi 

'l)ojAji'c ~'1!:aJ~.s'. '!lo]~ o<l'lJ"~ 'JI hydrocarbongj 3'c".l¾ .!a.'.<lt:l-. ";<>I o<l'lJ" 

~ ~AJ~ 7cl-9- tetradecanoic acid (14:0), palmitic acid (06:0)s} stearic acid 

(C18:0) CJ.i!j:il •H]:"1 oleic acid (C18:1)7t ~¾¾ 0 1-';'-c: ~'ii"l'l! o<]•J~ 3'c".=1"1 
"; ~¾ J;!.o]:;,_ 'l)~oj o]i= 'l,Ajgj NMR ~:i!]-.2)- 'Ir -.1:>]»t:il 'l)t:J-. 'l/'1! :aJ '1! 
0\] 0J A]_agJ 7tl+ palmitic acid.2)- stearic acid"l •J-§-o] 1.5 : 1 '!15'..s!. '-1-E}'--Hc-<il 

~ A]_agj 7tl+£ til-'1-*"1 A].llcOl]Aj 0 1 'II~: "J!ojy-o<] \lt'llt:J-. .J\-'\l" _sS_ 0J"1 

7,l4-i= o].2)-i'c ',ri!j o] •J-§-o] 0.8 : 1 'Jl£"1 7,l~¾ J;!.o]:;,_ 'l)~oj o]oJI t:i-1!-"1 
oleic acid(18:1)"1 ~,r 0 1 stearic acidgj 0.5 '!15'.oJI 'il:<>He 7,l.-J¾ J;!.'l]t:j-. 0\1°J A] 

_agJ 7tl+ oj7]oJI 0\] 0JAJ-!!- ";%"1 eicosanoic acid (C20:0) :>ll'l!:i!f docosanoic acid 

(=:O) :>il'l!"1 o<l'lJ"~ i!rOI '\l"'it".l' .¥.~"1<>1 ~'\{ A~-!!->11"1 il-'ll:i!f -W->11 O\]OJ1J~ 

gJ -ll:%0] cf+ :fl-'!}~¾ J;!.oj¾t:J-. 'll.!/- sitegj 7tl+ iso-pentadecanoic acid 

(i-15:0)"1 yJ-aJ<ol 01 Ef"i 91 oJI •I Oil 'li:711 y-E},J:icct~ ~ "i ,y-~.g, ~'\l" %'11 ti1 'l!-ir 
gJ "; o] ~~.s'. 'l{ilj;,j '.Ut:J-c: At~¾ %:il.W 'l!<>tt:J-. 

Table 4-3. Amount of extractable 1ipid from sea water collected 

at Apr. 1998 

~~ I 3 5 7 9 II 
hne 

A K¾ 2.9 5.7 4.4 4.2 3.9 ~ 
K¾ 3.5 3.8 3.4 3.9 3.5 3.8 

B ** 3.7 4.5 3.7 3.1 3.8 4.6 

Lipid "1¾ 3.1 2.9 3.2 3.6 5.5 5.7 
from 

Sea l[-\} 2.6 3.4 2.4 2.1 2.9 ~ 
Water 

C ** ~ (mg/I) 
3.8 2.5 2.3 3.1 2.8 

"1 ¾ 2.8 2.0 4.2 3.2 4.5 ~ 
D K¾ 5.3 3.1 3.0 3.5 3.8 3.5 

E K¾ 4.9 5.2 10.2 3.9 4.9 9.2 

Hydrocarbon"1 ;,14-5'. o].2)- -fl-At~ ;,1.-J¾ J;!.oj '~>110!1 "1~ o]%5'.7f "1;,': li" 
~ Al-~1 hydrocarbonl!}- ~-¥- .:ilcll hydnx:arbono] "r¾¾ 0 ]f2 V,.2..4 A-1 

"1191"1- A-5 "1191"1 Oll'\'*-"1oJIAjc: 0 1.2)-c: 'i!"i!1 hydrocarbon"1 3'cA.jo] ~l"l'l! 

oil spillOil "1~ .2.'ll"1 'il"Ell:S J;!.o]:;,_ '.Ut:J-. ~ 'll'l!"l~.s!. 'l'r~"lc: 11-.e, o<]•J 
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~ :§:f~~~,zj- ~"ii retention time 8 *-'1-1'1 22 *<>II ~"I 'l!'l! :(}-"J-i- '1'2 'l!'it 
*~-21 11'11¾ ;;.01;,; :,J•J-~ :§:i-~1'"½-21 ~-fl-¾ .!;!_oJ::i:~ oJ:: 11!:±? 26 'l!£.21 
hydrocarbon.21 ~"J'o] 7f'l} ,.;.£, i''ll% -f\--ii--21 .2.'ll"il .21~ ~~_;,_ At,lc-,!t:j-. 

Oil?:: zj-zj- 10 m 3,oJ.91 Oil?¾ •l'!l~foj *'1~'.ll~"l 8-line,zf C-line.£, Zf 
'l! 1J '1!_;,_ 'Ir¾, ¾¾, ::r i!12 "I ¾-21 Oil?:: •H '!l ~"l 'l! 'lJ: 11!::§:f?± 'JI "l 'lf{!- x 
'\J ½ * '1 ~ '.ll t:j-. 

A-line.21 Oil?.21 hydrocarbon x'J..?c sediment.21 "ii+-"!-:: t:!-±-21 ,.,01:: .!l'.ll 
t:J-. 4"{! sedimentojAj 5'.,e 'lJ'JlojAj 'i'!W-<! -f\-1i-.21 .2.'IJ -qj-j/-o] -'/-*"J~_;._'l} 
1'!:w"]::i:~ A-5 -"I- A-9 'lflJojAj U]jit"J il]-,?, Af~.21 hydrocarbon.21 ';i'!i 0 ] y-Ef 
);tt:j- (Fig. 4-2). ::Ii'l1'1l squalane ,U\1!.21 hydrocarbon.£, 5'.,e 'l!1!<>11Ai -'/'~~:,fl 
y-Efy- Z! Afif hydrocarbon.21 "ii+ til-'l-* 01 *Oil-<! ~~_;,_ _!loj:,]2 il]-.£, Af~ 
.21 'll+e Aj_;,_-£- -f\-'lJ~_;._ ?'l!'<!t:J-. 'll-~I A-1, A-3 'l!1loJIAi -'l'~o-f:,fl _!lo]e 
pristaneo] y- phytane.21 peake ~"ii -f\-'ll '<! I'!±? 20 ol 'll:-21 il]-.£, Af\a' 
hydrocarbon°1 til-'1-* *Oll"12 ';J-,"_ ~~_;,_ Af.!l.'<!t:J-. ::Iajy- 01 QJAI ';l-"1'~£ 
~•J'fl?~ -j/-tiJ;;J7f 7,J-±o-f:: 7il-.J½ .!;!_0]2 V~oJ A-11 'lJ'jjojAj:: {l-Af~ 11!:± 
?¾ si-:: hydrocarbonoj •1.-f"l 'f'E."1"1"1 ate *Oll~.21 °J-j/-½ ;;_0]2 Vt:!-. 
o]aj~ Oil?.21 11!::§:f?± *'1-.?c Oil?"il ~~'<! hydrocarbono] ~7Jo-foj !<J"l'fl 7} 
'i,-AJ 31} ~"ii •l ji!"J ',I:,"_ •l ¾¾ si-:: il]-.£, hydrocarbon~o] !<] aj '<! '\rEI\ oj,<J t:j
A] Oil? 4c~£ -f\-'ll'fl 7}"5-':J½ ~"ii Jf;t]:i! V~'-1- ~;tf.9l 7}'i,-AJo] .!lt:j- s'i:Jll 
'<l 'l! "12 V t:j-. 

B-line.21 Oil?:: zj- 'l!1l"i1Ai 3,0]\!j__;,_ •l?~"l *'1.-f'.llt:!-. zj- 'l!1!<>11Ai .!£¾ 
?-"!- %:(} 3,0] oil? ::ri!j:u "i¾?:: '!j.-foj *'1i>f'.lJ::i:~ 'l!1l B-1.91 ;ii+:: .!£ 
¾'T9l- ¾¾-'r" (10 m -it 0l)oJlA-i £.9- internal standard.£ A}%~ tricosane (C23:0) 

¾ 7]¾..Q...£ short chain hydrocarbon groupl!} long chain hydrocarbon groups] 

'll -.Jo l '!l "I ;;f 711 '-1-El- '-1-:u Vt:!-. 'lJ: \'l oJI "i ¾,;, (20m 3.! 0 l ) .21 "ii + 0 l aJ ~ ;ii •JO l 
ll-\'l "J'Ol];t]:: ~½ -i-? Vt:!-. 0]~,"_ 'll'll B-1.91 sediment<>IIAi hydrocarbon.21 
.2.'11°1 JJ-21 '-1-Ef'-1-"l at:: ~"1- 'l!"l~:u Vt:!-. 

'l!'ll B-3.91 "ii+:: .H:¾oJIAi:: hydrocarbon.21 °Jo] 7,J-±~:i! V~'-1- 20 m 3,0] 
.21 ¾¾"ilAi 'll-.Jo] 7f'l} ,;71] y-Efy-:u 'll~"l "i¾? (40 m)oj]Ai£ '-1-Ef'-l-:i! V 
~oj o]aj~ ;il'li,"_ %'l!'ll1l.21 sediment A].!l."i1Ai£ y-Efy-:i! Vt:!-. 'll'll B-5.91 
~'T~ li¾'ToJl.ki£ B-19.J 7a-9-sl- .fl--A}~ hydrocarbons] ~"2- 'W'~¾ .!i!.Oj]l '.x}_..Q.. 

Lt¾¾? (30 m)ojAj:: 0JaJ~ 'l!'li01 3711 7,l-±~t:J-. ::Iajy- 'l¾?"ilAi:: t:j
A] hydrocarbons] ~ ~ 0 1 3.,l] 1-}E}l-}~ '.U,..Q..~ ~ ~l short chain hydrocarbon£] 

'lJ'lioJ 'f'E.aj;t]:i! Vt:!-. %'l!'ll1l.21 sedimentoJ]Ai:: 0]"1~ hydrocarbon.21 'll'li 
oJ JJ.91 \ll~e! 'lJ~_;,_ o]-','-oj o]aJ~ 11!::§:f?±.21 -fl-'ll (~7J)o] ~•§¾'<! ~~£ 
Af.!l.-<!t:J-. 'll'll B-7.91 'll+x. o]oj. -f\-Afi>fy- .H:¾<>IIAi 3,0]7f c70l]:,Jc,;,~ 

hydrocarbon.21 'll-.Jo] 7,l-±o-}:i! Vt:!-. :rely- 10 m 3,0] "ll?.21 'll+ 13.5 * ;::' 
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"1 -"l squalane >ii \l!-"l branched hydrocarbonol ~~ -\s-.5'.."- \j-o} 'U~ '-+ uj Ej- Z! 
A};, hydrocarbon~ :,J -"l ± \l! "1 oJ 11-"'1 -"l ~ •~ ¾ .I! <>I? Jl 'l/~uj "1 ¾ "114'-"l 
7<!+.SC. olsJ- -j\-A}~ '!1111:: .1!."i¾t:J-. 'il: squalane peak 01.2JoJl.5'. 14.3 l1- i:'"1-"l 
2 Jij -"l peak71 -V->11 t+El-1+1=-til "1 'll ~"I~£ ~~ -\,-.5'.;: .I! 01 Jl 'UC: 01 ~ ~ 1fr 
±4' 28:tj- 29 oJl "1J 's""i <c-1'11 01-!i--"J ~ '!! oJ1 rij "1J Ai <c ~ '1} ,aj ;<1 \',t'lJ:cj-. 

'll'll B-9-"l 'll+~ ,iol'l!."- e :>lol;: .1!.ol;<l \',t,ct:J-. ?£ short chain 
hydrocarbon-"! 'll.-J01 ?."- t+E!-t+Jl 'l/~uj long chain hydrocarbon~ squalane 
peakol.2JoJ1,c :,j-") '£1½"1"1 \',to} 'l}'lJ:§1-'<! 0J~% .l!uj¾t:J-. !E 'll'll B-11-"1 'l! 
+.sc. 'lJ'lJ B-99J- -l\-Alo-lt+ ¾¾ (10 m)'!/OloJlAi .l!cj- ~~ short chain 
hydrocarbon (SCHC)-"l 'll"J'01 t+EJ-1+,1 'l/%¾ .1!."i?Jl 'l/t:J-. olaJ~ B-lineoj 
Ai-"] hydrocarbon-"! 1"c.¥.c:: "'14'oJ1Ai-"1 '!!"1-71 %~ 'll'lJoJlAi sedimentoJl-"11=- 'l!
'i:!"i"l \',tc:: 7<!+71 ~'IJ:"!'1}til 0131~ olaJ~ hydrocarbon-"] ..-¾ol 'J-!:l-'lJ-"J'ol 
o}'c! %Ai l:lJ-~J:~¾ AJA}'<S"}X. v_q, ~, ~Al.£1r'-E-iQJ %9Jl'} oJoJl .::j=-~-a-}-:: \:!tr 
~{! o 1 o I y El- %-"l ;,_ ..- ,,_ ::: "ii -ll--"1 'll "J' o 1 .I! cJ- 'l! 111 "f 'll ¾ .I! "l ? ,,_ 'U cJ-. 

C-lineoJlAi-"l Al.ilc5c zj- 'll'lJoJlAi '!1°1\!!."- >Marlo-loj l,!-.;jo-1'.</c::t~ C-1 'll'll-"l 
"i¾9' (30 m)oJlAi "JAi 14.3 1",-") branched HC-") "';<Jl71 37\I t+EJ-t+Jl 'l/~uj 
olaJ~ 'll.-Jt ,loloil u:fE]- 11:§1-"ic:: '!IEIJ.s'. t+EJ-1+,1 'l/t:J-. 11!\'!oll sedimentoJl 
AiC:: long chain HC-") 'll"J'01 t+EJ-t+,1 'l/t:J-. C-3 'lJ'lJoJ1Ai5c short chain HC-"l 
'll"J't 5'.l,- ,lolo!IAi ~"' i>IJl 'l/t:J-. .:J.i!]Jl 14.3 1",-") branched HC~ ¾¾ Al 
.ilc (30 m)oJIAi 7l'l} 37\I t+EJ-1+,1 'l/~uj sedimentoJlAi::: long chain HC-"l ~"I 
01 .1!'1}t:J-. 'll'll C-1-"l "1¾4'"1- C-3-"l ¾¾4'-"l ,lol71 %~~ 30 m'lJ¾ Jlaj 
.-f\'! 01 "'1"1 i:'"'loJlAi 01 branched HC-"l ..-;; 01 >il4c"IJ1 'Ug¾ AIAlo-12 'l/t:J-. 
'li 'lJ C-5oJ1Ai.5'. SCHC-"l 'll.-Jol ?.s'. t+E]-t+Jl 'l/~uj .l!.¾9', ¾¾9' (30 m), "i 

¾4' (80 m)oJlAi £-'i'- squalane >11'<!-"l branched HC-"l peak71 '£1½"12 'UoJ ~ 
-"l '!!~¾ ~'1lc{lo-}2 'l/~uj sediment-"! '!!"1-£ C-5 'll'lJoJlAic:: retention time 
15-18 1",oj]Ai *"1Ai 1+.2.C:: 2i!J'!I HC group01 '£1½,aJJl 'l/t:J-. C-7 'lJ'lJoJlAic:: 
.l!. ¾4'; >11 .2j .-f 2 C: %! ~ 'li 'll-!i-oJl Ai .I! 01 C: SCHC-") 'll "J'~ t+EJ-t+;tl l',l-2 'l/ 
~'-+ "1¾4''1} 115 m-"l "il4'oJ]Ai c:: Oil-"! branched HC-"l 7J-~ peak"!- ~>ii LCHC 
-"l 'll .-J¾ '11- 4' 'U t:J-. o) aj ~ 'l! .-J~ '1} 'lJ ~ 'll 'll C-5-"l sediment A) .ilc-"] 
hy drocarbon 1"c '1 '!! "1- "1- "I .ii!~ aff Ill" t -fl-A I'll ¾ .I! o I C: t~ 0 I ::: 'll 'll C -7 oj) Ai 'll 
'll C-5.s'. ~{l-"l 01%01 'U'.l!'<l 3!~.s'. '}'l!W 4' 'l/t:J-. 'll'll C-9-"l 1+1=- ,lol 
oJI u:fE]- hydrocarbon-"! ~'ll'0] ¾7}o-f~ 7,l•J¾ .1! 01::: t~ short chain hydrocarbon 
l'} long chain hydrocarbon J.2-jX.. branched hydrocarlxm .£.f7} Ai¾"r (115 m) 
oJlAi 7l"J- ~~ ;;.I:% .l!oj o)jj- %'lJ{o-~-"l -"l"fo) ~'s"71TI ;,Jl4,"i2 'l/%% .l!oj 
?.!l 'Uc}. D-line~ zt ~loJJA1 10 m ~o]gJ ~T: ¾{l.2....£. ~~¾ 'r~~i5"} 

'.<IC: 1'11 "I A) ~"1 "ii i='ll ~ D-1 'll 'll oJI Ai ~~ -l\-'ll~"- .I! 0) C: hydrocarbon-"! ~ 
.!Jo] n~-9- E~t:l-- ~ retention time 4 - 10 ~7J}A] 4..2.-E short chain HC.2} tJ
"11 121"coJ1Ai 181", Af 01-"l long chain HC groupol ~"11 '£i½"ic::1'1] D-3 'll'lloJlAi 
C: long chain HC-") 'll.-J01 'll:>f AIEJ-°'1 'li'll D-5"1- .:J. o}'1J D-7, D-9, D-11 'lJ'll 
~ oflA1-:: squalane :4] ~gj branched HC1t!-o] ~~.2...£. \I'.:i!. ~,Qj .5!.{§- long chain 
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HC-"l 'll.-.)'o] Afaj-:><]'1 'l)cj-. o]cl~ 11li't 'l/:Aj-"J D-line-"l sediment ~-"H!"i
~ %'il-"J'-"l long chain HC-"l 'l!'l!'o] ~•li>f::C Af1j:ilj- ~fo]¾ !i'.0]'1. 'l/.!e.nj D-1 
'l! 'll ¾ A] -')-.!e.ia. 'r'li 71 aj- .sj '3' 7f oJI II]-aj- ~ ~ 0] 0] '\'-oJ :><] SJ. 'l) C: ")! .!e.ia. A Ht 'fl 
'r 'l/cJ-. !r.~ long chain HC7f "114' ¾oJIAj 4':§1- (hydration)51oJ ~~51~ "1-'l! 
o] ,:J-',l-71'(! o]~oJI o]J\'-oJol\¾ 7f-','-'-.j.5'. SJ.ill~ 'r 'l/cJ-. 

11!-'s'!oJI -1\'-~~ 0fi'Jl<!i''1! E-lineoJIAj~ ~ 'l!'lloJJ-"1 short chain hydrocarbon.sJ 
'll'li'"i- VJ-'11 14.3 ~oJl-"1 _l;l_o]~ branched HC.sj 'IJ½0i :;,'l"!i>r>ll y-E}y-'1 'l)t:j-. 
%{" E-line.sJ 14-~ zt 'l!'llZ!.sJ ,laj-5'. SJ.ill~ '/!.f!.7f 'l/.!e.Y- '\I'll E-1, E-2, E-3, 
::i e1 '1 E-57Jf :><l .5'. ',' t:j-,tc.sj long chain HC.sj 'll .-J':r_ y-E} y- 01 cl ~ .J::§]-4',tc.sj 

¾'ll o] ~"11 oflx. "i4i'"l.!e.ia. 'll oJ y-'1 'l/ t:j-'1 oj 7-j ~ t:J-. 0] cl~ 1 * zt 'l! 'll oJI 
Aj.sj sediment AJ_a.sj ~.;joJIAj5'. %'lli>f:,JI y-E}y-'1. 'l)::Ct~ ";1'J E-5.sJ 14- .J:,tc 
'r 30 o],:J-.sj heavy oil.sJ ¾'llo] -\'!%51'1 'l/t:!-. 01 "'10l~ <>il'd.sJ ~.;joJJ-"15'. 

¾-it .2.'sl.!e.ia. .sJ1!51::C long chain hydrocarbon.sJ 'lJ-O.)'oJ -\'!%51'll11! "' 'lloJ -1\'
~~% ¾-ll.!e.ia. ~i;J-o]y- 7]E} %-lt.sJ ¾%0] llfOf ')l-AJ ~%¾i'JI %'.l.sJ ¾'lJo] 
7 f-',' ~ "1J Qj .!e._ia. A f .a ¥! t:j-. 

"'14'oJI %~51<>1 'l/::C :><]•J ¾ft ¾ :><]'lJ-~% .'1:~i;]-'1 'll~ ¾-it~ triacyl 
glycerol %9.J glyceride ¾it.2l- phospholipid 7} 9'¾¾ oJJr-4= ~..Q...£. O:j7=lAJJ1 V, 
t:j-. 0 I :a ~ .5'."' AJ % >ii oJI Aj Ail .'1: "f .sJ 'i' .fl. T A,j A,j ~ 0 I 7l y- "1 'lf A,j :><] 'll" .sJ '!1111 
_ia. AJ %oJI !f V)- ¥! 3l_!e._i,_Aj O I cl~ :§]-VJ-% ia.-1\'-""1 :><] •.i-~ _sj ~ .;j t AJ % ¾i'JI *'ll 
_sj ¾% 'jl! ~!f~ :;,'1)~ 'r 'l)C: c<f_a_i,_ o]-S-'<!t:J-. !r_~ 0]% c<]'lf A,j~_sj :§j

Vf*~ %oJI tJI~ %"1ix.7f ',!-0f 'r¾oJIAj ~~~ %"1J!i'.t:j-~ c<f>il ~:,f~-7JJaj- °ii 
7-j'l)c: OJ''lJ-% _l;I_O]SJ. 'l)Sl !'f_ cj-l,- ¾-!i-.sJ 'r%'.J A~>iJ -f\-i'JI -!,-',j',t (DNA '-t 
RNA % nucleic acid, cell wa119.] 9'A,l-~-<?..! sugar ¾"ff", 1t_rt!lj{loJ4 o}o]X.~ %)3Zt 
::: .t "1 •,h? ~ :;, ~ !i'. t:J- ::: -:a! '.l "l '11 "'14' .sJ O I %oJI "1-l" % '.1-"l O I %% !i'. oJ ½ 'r 
'll t:j-'1 oj 7-1 ~ t:j-. 

A-line "'14'oJl-"1.sJ c<J•J~ 3''.l~ hydrocarbon.sJ ~.;jojJAj y-E},);5co] -&-AJ * 
i'JI '~>ii %'.l.sJ ¾'ll¾ !i'.oj';'~t~ .5'.,e- 'l! 'lloJJAj dodecanoic acid7f 'll½51'1 'll 
..Q..uf A-1, A-3, A-5 1J~oJ1Ai~ odd chain fatty acid<?.! tridecanoic acid.2} 

pentadecanoic acid%O] 'll½51'1 'llt:!-. oJ.2} %AJoJI eicosanoic acid >ll'i:!'4 EPA 
.sJ 'll½t "'1°.l' A~%.sJ ~%.sJ :.!'4'1!<il %tll"l.!e.ia. ',!>II y-E}y-'1. 'l/'1 -&-% ¾i'JI 
*'ll ¾'ll.sJ ~a,j;acf;,. ,0:1'J 01%51::: tetracosanoic acid (24:0)5'. '1.ies>ll 'll½51'1 
'l/.!e.nj ";1'J A-11 '\l'lJoJJAj 7.J-i;f:,JJ y-E}y-'1 'l)cj- (Fig. 4-3). Hydrocarbon.sJ 1 
4-::: i'-'ll ~%-"l :.!'4 t.1-.2.~ -lt~H! 'l"!,tc 'l"l7J % aerosoloJ "r~¾ "1-al- o]%i>r 
O:j 7J""9-A] allT.£. %~~ T '.U.2.4 .A]lc!J{!-9.j 7a4-~ ii}~ ~ ~ff"gJ ¾% ~11} % 
'll 51 ::: ;a:! 0 I 'i' ¥I 1 £ £ AJ zt ¥I t:j-. 

B-lineoJJAj.sj "114'::C zt 'l!'lloJJAj <10J',!ia. >H'r ~.;ji;]-'.ljc:ri] B-1 'l!'ll.sJ 14-
.H.¾4-2t ¾¾"'r(10 m)oJ]A-j uijq... ~ o]<S}7-l} tj-<tf9.j tetradecanoic acid2t 
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iso-pentadecanoic acid (i-15:0)7t 'll½"i<ct~ 0i0J-& t:J-,e OIi°'! "'i.li."1-c: 'itcl 
major fatty acid'i! palmitic acid.!i!.t:l- Q.} 1.3 llJ flf~ 1"'J:¾ .!i!.'i!t:}. 0 1~ 3ll'r 
¾ -'llir"1- -l,%oJ uff+ -11:'ll-tl-¾ J;!.Oj'f'-:il 'llet~ 01 OjJQJoJ ~.'r. -'i~gJ ~;;<J<>II 
'1] 'II '<! OIi °'I 'll ¾ :;, aj ~ 'l!.8.7t '.lj.Q. t>I {l '11 £ OIi '? ¾"1- -'II ij-gJ 41-% '\l .'r.: '-1-Ei-
41 e ;;<]l!.'1] extracellular digesting enzymegJ 41-'J¾ 3'c-'t~ '¥/.8.7f 'llt:l-:iI -'f.li.'<! 
t:J-. oJ'!t "l 'll-~"1- t!-"J'--& ¼-4 20 m 3l oJ 'll "ii .'r. 3l 01 "ii ufi!I- ~ :>J ~711 ~l: ... fe 
❖-'II¾ J;!.oJ:;r 'llt:J-e 'll.'r. ~ 7]W, 'lr ..-fq, .I!.¾ ... ,'i'- 'lM!"il-'i ~'))- -fl-'11 °1,a 
~gJ t:J-"J'- -fl-'lJgJ 7il+ oJeJ~ '))-~¾ •§ztWc 'T'- 'llet~ 'l/.'r.7f I;!:-& 'a''T'-"1- oj7] 
.l'.ti"'<! •J~~oJ 20 m '\l.'r."1- 3t0Jofl.'r. ~'!!~ ~~¾ oJ-'i";;<] *.;-f:;, ¾¾ oJ-'i"71l 
"1 \'! 0 l "1- '1--& 1-eJ'-¾ .I!. 'll '? 'll cJ-. 

'\l'll B-3"1- 7/l+e ~oJ~ ',j'OJ¾ J;!.oJ:;r 'l);;<] \ll'.Q.'-f '\l'll B-Sc: "I¾ OIi'? (50 
m)e uff~ ,t-& palmitic acidgJ ti-"!¾ J;!.'l]cj-. 0]3!-& o] Oil°'l"il -471 bloomo] 
'll 'll %-i- ~'\l o-f 711 OIi ¾t:J-. 0 l •I.e. "ii -'i c: !t oleic acidgJ tl-"J'-.'r. •H + ,t>II '-I-Ei-'-1-
:;, 'l):;r odd chain fatty acid.'r. :iIE-711 'll½"i:il 'lloJ !'l"l1l- i::"l"il-'i o]>J1l-"1-
~%o] -11:'lf~ Oil QJ.Q..ss oJ 7-1 ~ t:J-. B-7 '1l 'll gJ ;.J .li..'r. "I ¾(50 m)<>il"'i linolenic 
acid (18:3)"1- tr"J'-o] •ff~ ,t-&til o] ;;<] 'll'~-& ill/- ~'))- "J ~gJ 'f', .8. ;;<] 'll'~il '/1!
oty i!J- "i~'J planktongJ 'll~>il"il cj-"J'- tl-¾"ioJ 'l)c: 3).Q..S:.;.i "11l-'J plankton 
gJ bloom+ ~'!!'<! 1!1'117f ot'd7f ❖'ll'<!t:J-. '!I'll B-9"1- 'll+c: 3,! 0]'ll.s!. e *f 
0] :: J;!. 0] :;I 'l) ;;<] \ll'O t ;;<J 'jj-~ gJ 3'c lg O I 'l!-'ll '<! 1!j off ¾ J;!. 0] J1 'l) .Q. t>j 3, 0] 7 f 3, oJ 
~"ii ufi!I- 'c!:s?:§:f ... fc: 7/l-eJ'- % '!!1!1"1'11 OIi'? ¾ "I'll'~ 3'c'J"1- ~1¾ ~ .1!."l'i"
:;, 'l)t:J-. '\l'll B-11"1- ~o]~ 'll.'r. "I¾ (50 m)<>ll-'i '-1-Ei-'-l-c:t~ heptadecanoic acid 
gJ tr"J'-01 stearic acid"!- •ix~ '?¾¾ J;!.oJ:;r 'l)oj ~'))- -'liir"1- -fl-'ll-4 41"%0] 
❖'ll '<! q, 

C-line °'l"'i zt 1i'll"il"'i 3,! 0]'ll.s!. OIi'?;; ii'c,;j..-f~t:J-. 1i'll C-12. l!.¾Oi'T'-"il 
-'i •H+ '!!1!1"1'11 "11'?"1- "I'll'~ 3'c'J 1!1'11¾ J;!.oj'f',:;r 'l).Q.'-f 20 m 3,! 01<>il"'ic: 
tetracosanoic acid7} ~½£] ~ % 4-"'cl- ~~ %~.91 .;.~¾ -12.~"r'-~ '.U,.Q.tij 12.8 

ii': i:;;>JgJ eicosadienoic acid (20:2)7f '-I-EJ-'-f:;r 'l)t:J-. ~ ;;<]•,J-~-& OjJ'lJ'- •a% ~-fl
gJ "l"J~.Q..s!. ill/- lll!-!i-'-1- %~•J plankton .::1iej:;r Olli!'c-ii- %<>11-'i 'f',.ss 'lf't!"ic: 
3).Q..ss 'l)-aj:,j 'l)t:J-. 30 m 3,! 0JgJ "i¾ "i'll'~"ile linolenic acid (18:3)"1- w"J'- 01 
•H ~ ,...g, til 01 ><I •,J-~ 2. B-7 11 'll 91 "i¾ OIi '?"ii -'i .'r. 'If{!¥! 3!.Q..ss-<i "I ~•J 
planktongJ bloom + ~'!!'<! 1!1'11;; ~'\l..-f>II ~cj-. C-3 11'11<>11-<i.'r. eicosanoic 
acid"!- eicosenoic acid (20:1)7f '-I-E1-'-l-:i1 'l)c:t~ l!.¾o]'-f 50 m 3,oJgJ "l¾.1!.t:J-c: 
30 m 3,o]gJ ¾?!¾"il'T'-<>il-'i 0]%"1- tr"J'-oJ ,t,II 'IJ½"i'llt:J-. oJsJ- tl->11 l!.¾'T'-"il 
-'i i-15:0.llj, i-17:0 %01 'IJ½"i'llt:J-. !t tetradecanoic acidc: 3 3,0] .5'.'i'-<>il"'i '-I-E1-
'-l-:i1 'l)t:J-. 'll'll C-5 °'l"'I l!.¾'T'-"il-'ic: •H~ *t!-"l'll 0J'))-¾ .l!.oj i-15:0, a-15:0, 
i-17:0 %-91 branched fatty acid4 18:1, 18:2, 18;3, 20:1, 20:2 %9l unsaturated fatty 
acid7f 7] ~"l '11 pal mi tic acid"!- stearic acid"!- tl->11 '-1-El-'-l-:iI 'll t:J-. oJ 7] <>ii ,t,2-
';,-.'r.gJ DHA (22:6, retention time 17.5 ii'c)OJ W"11 'll½"i:il 'llt:J-. DHAc: EPA"1-
~,"9]j 'it¥- o]kfl 3::*.9} ~Jl. ,Z.AJ .::t]~{r.Q.£. {!,~Oj} 11H4' Qf~}.!:!..£ o]~o} ~!11£1 
~ ~-&-1!1'11"'- '{l½"ie 3!-& ~ •lcll.<>il"i 4'-½'<! -,q•,t '.lii':01 •J'%>il.ssl/-&J %½ 
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B ;<l 'l!of ,aj;,l \lt-e.- ~{!~ %Eil'll¾ 'l!:"11?.:il 'l/t:J-. %¾"ll'r(30 m)Ol- "I¾ "11 
?(85 m)oll-"ie DHA.21 °J-e.- :;)-J,:.-f.:il 'll-"-'-l- 'ils!. long chain fatty acid7) 'l-1½"1 
;:t~ 24:0, 28:0, 30:0, %Ol '-l-EJ-'-l-.:il 'l/t:J-. 'l!'ll C-7ollAi5'. ~ :,loJollA-f olaJ~ 
long chain fatty acid7) 'l-!½"let~ 24:0, 26:0, 28:0, 30:0, %ol '-l-El-Y-.:il 'll-"-"l 01 
li--21 ~"J'-e_- ,iOloll t:j-i!j- :;j-c:t,8f;: 7/1* J;!.Ol.:iJ. 'l/t:J-. !t ~7f;,l 01 '!J'lJ-21 ~'lJ 
-e.- stearic acid.21 ~aJ<ol palmitic acidOl- 71-21 "1*81711+ -2.-..1i!J t:i i<71l '-l-El-'-l-e 
'lJ'<!til ole 01 'll'll-21 %~'1! D line:i!} E-lineollA-f '11-~-"l-"-s!. '!lc~"le ~%-"-s!. 
.:I 'il.-Jol olc>l.:il 'l/C: "ll-"-s!. oj;,J{lt:j-. "1% "11?(115 m)ollAi linolenic acid.21 
,,;-e_- -'8-5'..21 'l-J ½-e.- B-7 'll 'lJ 011.J- C-1 '!J '!J oil A-j 5'. '!Jc~ ,aJ e ~ % .<'-s!. Oj Al -'j ~-'J 
plankton.21 {J 7J-.21 'li!:i!f s!. "11-'1 B t:J-. 'll 'll C-9;: 'll 'll C-7oJlAi '-l-El->l:'i! stearic 
acid.21 palmitic acidoll til"l~ i<-e.- ~"J'ol ;,fl<!;,aj.:il 'lloJ D 'j) E-line.21 '1!~ 0 1 \1-
~-"-s!. {)",Jl-'tl','~ ~~,ajoj 7)e 0J%¾ J;!.Ol.:iJ. 'l/t:J-. 01.; ~'-'II 24:0, 26:0, 28:0, 
30:0, %-21 long chain fatty acid.21 'l-1½5'. ;,fl<!; '-l-El-'d:t:l-. D-line "l'lr~ x-'J-21 ~ 
'1]-.aj '1! 7a .. J.g. 4.1/--21 'll 'll li-oll Ai e "11 'r-21 ~ 1l! "1 '1! 1l! Ell oil *% -21 ,,,~ 'il ~o l 
~tr'<! 'l! Elis!. y-Ej-y-'1 'll t:J-. ~ pal mi tic acidOj- DHA7f ? s!. 'l-1 ½ ,aJ Jl oj 71 oil 
i-15:0, a-15:0, i-17:0 %.21 branched fatty acid7f VJ-'-'11 y-Ej-y-Jl 'l/t:J-. .::i\'!t~ 'll'll 
C-7,-9ollAi '-l-EJ-'d: stearic acid.21 palmitic acidoll til"l~ >'i:-@- ~"J'ol D-line.21 ;,! 
'll 'll oJl A-] '11-¾-"J.<'-s!. .I!. '1) t:J-. D-7 'll 'll oil Ai;: 22:0, 24:0, 26:0, 28:0 %.21 long chain 
fatty acid7) 'l-1 ½ "1 '1 'll t:j-. 

E-line.21 c<l 'l)-~ xAJ-@- ~ 'll-"i-"-s!. D-line:i!f ¾AM!- 'l! Ell¾ .I!. oJ J1 'll-"-Y- *% 
-it'iJ ~~~_ei 'il.-JoJ ½t:i ¾7),;;l 0J%¾ .l!.'1)t:J-. Palmitic acidOj- DHA7) ?s!. 
'l-1½"1'1 oj7JoJI i-15:0, a-15:0, i-17:0 %-21 branched fatty acid7) ~'-'II '-l-El-Y-'1 'll 
-:::c-fl !;"!"] E-5 ~1joj]A~~ DHA7} cff--'f- ~,& Wi:!J:¾ Ji!.o].TI. 11,c}. !E stearic acid 

-21 palmitic acidoll til"I~ it-@- V)-"J' 0 J D-line.21 7/1~:>J~ ;,! 'll'llollAi '11-¾-"l-"-s!. 
.I!. oJ.:iJ. 'll-"-"l E-5 'll 'll oJJ-"i;: oleic acid.21 Vr"<l' 5'. >'i; :'. i\l:¾ .I!. '1! t:J-. !t 24:0, 
26:0, 28:0 %-21 long chain fatty acide E-loll-"i 7)"J- i,'1 ofi!Jls!. oJ%~'r~ :;j-c:t, 
itf;: 7a.-J¾ J;!.oJ;:tiJ olaJ~ 'll:'. D-lineoJlAi'i'. '!l,~,aJoj E-1 'l!'ll i'-:>17) ol½ 
long chain fatty acid.21 -it'll 7/ls!.s!. ❖'l!"l"l oJ 'jj'jjoJ .1/-~~oJJ '<!'ll~ 'Jc'll-i
]liljitf'c! .-J-'fr.21 {!"}oJy- ,j-%7J-oJJAi.21 ¾'lJoJ ?B -'t!'<! %.21%)1.j-7) of\i7f A~Zj
B t:J-. 

"11"1"1-"l.s'-oll;: i'-:U:¾ oJ-'i'-e 'ii-%~ oJ.21oJI ojaj %-ii--21 t:j- 0J~ ¾7J%~oJ 
"if¾"loJ 'l/t:J-. oj~:'_ -it'll.A~~ ~:'_ .I/-¾ A~~',i-5'1 Af',! .Aj {J7J-,;;! 'fr"ll¾ qj 

-'I "11-"i *%oll-"i * 7] %~-21 'l! Ells!. ¾'il B .... ~ % .:I 21 ]1 "i Ai 1c! oJJ -'i-'I ... , :: "1 
Aj.AJjl- ~ oJA~li-¾'11-21 %~:,j-oJt:J-. "li'rollAi.21 7a~Ol- ofn7fc<J,!. "].aj.s'- -"I.a 
oJJAj ;,J'l)-AJ-li'-¾ 'l"½ -li'-.;jitf~t:J-. "].aj% AJ.a5'1 'l/~C: \'!qj 4'-}ij'g- ❖½ 7)-,,. 
~ A]llJ- A]t:1J-,,.,Hf--2J 0Jo] sJl"rJi!.t:}-::: :t~ &fo} Z:!3: ¾i'J= <a} 1 gram..Q..£ ~6:jo] 

7f-,,.-..f t:J-. ❖½ "1 :: "l 'lf 'il-li'-"1 °J-e.- "11 "l oil aJ-i!l- :>f o I :: .I!. o I J1 'll-"- '-l- 10 
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mg/gram dry weighto]')J-o]tf. I± A)Jsej 'll-lf- "1\>l¼ ~~ "1)apq. <!¾ ¾"<f 

~11¾ ~~ ~~ ~XA] short chain hydrocarbonl!} Q:fA] short chain -A-t!.l A]'!}-{!, 

~ c:J.e1:3l 'l!'i'- phospholipid •J{f-~ 0 ] *11"1 'lJ;,j7f '.U:3l 0 ]sj- 'llc-ec ~')J- 0 ] 11>1] 

£ ~'ll "1 ~ ti. n:J-21-Ai 'll-lf-91 e>l 7} :<) 'll" ,i.½oJJ "l-"<I .. J'¾ "f':<) \lf .2.E!..ss wet 

sample-&- -"I'll ,i.½%]-:3l 't!£.ss -'ll"l:.J- %'!! {!¾;; *"foj <!¾ ¾"<l'-lt- ~'l]1'fi= 

SJ-'jj ¾ Af%1'f~ cf. 

Table 4-6. Amount of extractable lipid from sediment collected at Apr. 1998 

Line -~ depth 
1 3 5 1 9 11 

A 0 cm 3.8 6.0 6.6 6.1 6.7 ~ 
0 cm 6.7 5.9 11.2 6.4 4.0 5.2 

lipid B 10 cm 7.8 ~ ~ ~ ~ ~ 
(mg/g, 

20 cm 8.0 ~ ~ ~ ~ '"-..._ 
dry 

weight) C 0 cm 5.3 4.6 5.8 7.8 ~- ~ 
~--~ 

D 0 cm 8.0 l0.9 7.3 7.5 7.9 6.8 

E 0 cm 6.2 5.9 I 8.5 7.1 JO.I 27.4 I 
-·--l.-

4-1l~.2..ss A-line sedimentot]Aicc .'ic'§- A]JsoJ]Ai ::;:,.2,i] -1\-')J- *'11 

hydrocarbonej .2.'ll 'l):f7f 'l/'"11'] i'!'!!"1:3l '.Utf (Fig. 4-4). B± 'r 28 71¾ 7]~ 

.2..ss 'll 'rr-lf-.>'. 'ii 111 :: Ji. 0 l cc A 1-:.: 'ii "':§f? ±7 I 7<l ½ "1 ::;:,. '.U cc ti] 0 l cc ic-'11 ½<>l 
9)-:'. 0!] 0,l' *-11-.2.'1!"1 !;'lJ¾"1 1'fy-o]tf. -le- A)Js~oj)Ai£ B± 'r 18¾ ¾{i.2. 

.£ "8l~ ~~ A}'ff t!-§.l-4=,±Sj ~"'J:34 tr± -'r 28 7~; 7]T~.£. ~ ,n A}~ \':l-§.l
?±91 "<!~o] 'l/'"11'] '-1-El-tltf. 0 ] Oll"l (A-line)o] ~'fr£ot]Ai 'l/21 'jjoj'l] ±~ 

{!£ ic-;\jej :,j£;s n:fej- 1/'jj!ij~g¾ :;}'l]1'f'1\ o)',j-ej 7<}½:'_ ¾-a:- 1'-.!ilot]Ai * 

~!ijCC 0,)';,f7J-.ej "<!•J'',l 7f'oAJ¾ Hj>J]~ ',' ilJ.tf. 1'- 'cJ7'-oj]Aj 1/'lJ'i'! 'lJ'lJ-ec 

A-lineo] 7f'l)- Ai~o)::;:,. o]J;.tf Ai~oJJAiej sampling:'. o]_;;.oj;,J;,J \lt'll;.2.E!..ss I± 
'll ?! 7 l cc <>l ;,J 4-'-1- A-1-'i'- El A-9'7f :<) 91 11 'll 'll oJl ~ "1 ::;:,. !es >11 B :§f? ± -91 ~ 11 ° l 
'.U¾:'. ~'fr£oJlAiej *~.2..ss .\!7]CC oj,jq::;:,. AfJs'i'!tf. retention time 13.5 {f

ic-"1ot1Ai '-1-.2.i= peaki= squalane >ii 'll"1 branched hydrocarbon.2..ss ~'ll"l cc ti] 
0 l ::; :'. "i ~ '1} 111 oJ] Ai £ 'll 'fr A I ;;: 'ii ,le :§f? ± ( n-al kane) oJl "] "'1 {f- "'1 "1 cc 'll £7 I S, 
i;}E..£. o] ~~ 

'll ~ 'r '.U ti. 
~~-3je{! \':1-§l-"r±Sl l'IJ-i-.£-¥-1::i sl~~Sj 5]~ ~ -!I:-~ ~£: 4=" 

0 ] "]-£-ec 'll 'll A-59J- 'll 'll A-70!] Ai 7f'l} \.t>il y-E} '-t :3l oj 7] Ai 
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'l!<>1:<]!:: 'lflJojA7 ,;o}c<]E.£ o] i::'-:>J7} o]~ .!.§1-'r± .2.'l!l"l 9' 'l,'ij'~oj 7}'lf 

i::'-11 -., :rr V :: 3! .2.£ 'I! 'll '1! cJ-. 
B-line"l sedimentol]A7!:: A-line:i!]- il"t .!.§1-'r± .2.'l!l"l ~.ajo] '!{7,:\5'j:il 'll.2. 

i..]- :i :ii.£!:: A-lineoj •]%]-oj oj-9- e}-.fq. B-3 'lJ'lJ ?:>jojA7 Ji-t A},:; i'!.§i-'r 

±,>j ':l'Jo] i'!:'!/c-o! 1/1'- A-lineoJIA7 .1!5!/'<J '() Afif i'!.§i-'r±"l ':l-.Jt B-11% >!].2] 
.. , :i1 !:: 7-1 "1 .I! o I c<] ?,I-!:: tj-. 'li 'lJ B-11 "l "<l-'1-.£ \'r ± 'r 30 ic'- :>J "I 0 R -9- '() A f.:;: 

'c!-:§l-'T":±~0 1 -¥-~~.2..£. t.Hf£1tij 13.5 iE" -2-~9.l squalane Al'€1sl branched 
hydrocarbon"! 'll-.J.£ a]a]%]-tj-. I± B-1 'll'll"l "<l-9-'ll: 0 1 °iel~ .!'1-'r±:>ll'l!"l 

% '!! o I i'!: '!!c -"I <>1 o I i::'- :>J :: .! '1-'r ± .2. 'l!I O I "1- 7-1 oil V ~ .2. i..]- 7-1 "1 -li'- "ii 7} % ll. -"I 
:il 'l!-c ,:l.2.£ A}Jl.'i'!tj-. B-1 'lJ'lJt {).£ A7,!\',>j ,:.j,;o] 'l!1J.5'J<>1'l!-c "i!"J.2. 

£ *'1l- -fl-ell .2.'ll"l 7f1,-•J 0 1 '1l-til"l.2.£ ,;-e, 'l:'.2.£ •~zt~ 'r VcJ-. 

%.£ 0 fcil<!l'"l C-lineo!l"lx 'li'll C-1'4 C-5"1 7,l.!/- tj-±"1 long chain 
hydrocarbono] ~½-"l~cJ-. ';-.I 'll'll C-5"1 7,l-9- retention time 15 -18 {1- Afo] 

"1 alkyl benzene"! '1-~%£ 4''ll"1-c 'll\':!"1 %'!!,; 0 1 i..]-E}i..]-:il VcJ-. 'll'll C-3 

.<al 7a4-~ 'c!-:f:. 'T" 30 oJ;;;}-9.] hydrocarbon-£:- ~.9.] ~8]l7}- ~li¥:!. * 30 'c!-:f:. 0 1-'cf 
"1 •1-9- TI Af,:; .!.§1-'r±'tlo] a]e}-.f>il ~½-"l:il VcJ-. 0 ]el~ Af1)-£, A-lineoil 

A7 ~½'1! hydrocarbon"! ~'1)0] ~'1!.£<!\' "il<!Jo] o},J% A]A};;f:rr 'l!.2.oj o] "ii 
"J.2.£ %{)3}:il 'Uc: ,:l.2.£ A}Jl.5'j:il o] "i!"J,>j 7,j-'f- %-It -'§-,>j .2.'l!i,>j ~.aj-£, 

9.1,.2.4 ~~2] ~!Jl~oJ ~o}-~ 9.1,g¾ ~ 'r 'V,cl-. 
D-line sedimentOl].A~E.j hydrocarbon¾.¥.. ~Al AJ-~~ 4'AJ- -fl-'i:l ~:§l.'T":±21 ~ 

-.J%1-o!l "1%¾ A],'}-.}:il V!::t~ o]eJ~ "<l"Jt 1!'1!"1.2.£ *"i"il '111!~ oJl<!jojA7 

,c:il \.j-,!\'.2.£ :,le','~ '(,±3}C: ?-'li¾ .l!oj *'1,.2.£-'\'-E-J 5}1!o]i..j- 'i/-'l!,oJIA7 _2_'£1 
0 I •I aJ--"I <>1 "1 :<l TI: '!l '11 ;, .I! 0 I :rr V q. :i el i..]- 'll 'll D-1 .I! q:: 'll 'll D-3.21- 'll 

'jj D-SojA7 °iel~ hydrocarbon -lt'll"l 1:q:7} "'* 'll"'i"i i..]-E}i..]-!::tJI 'i"I 'li'll 
D-79.] 7<:f4-~ 13.5 ~ -2-~sl squalane ;zt]~.9.] branched hydrocarbon£] ~-e-J:o] ~ 

"'i~t~ •IOII ojE} A}.:.'!l .!'1-'r±"l w'<i'o] >;to} ~'Ir~ -li'-OII ~%% 4''ll~ 'r 

VcJ-. o]-c A-line:i!]- •I.ii!~% al "il"l'l! ~t "11-ll-"1 'll.-Joil i::'-7-1~ "il'r -£ex"! 
"fo].£ 'll-.J¾ a];;]:rr Ve: ,:l.2.£ A}Jl.'i'!tj-. o]eJ~ "<l"Jt 'li.£"1 "fo]c: 'll.2. 

i..]- E-line"i]A7.£ %'l/~ 'lf'1,.2.£ i..]-E}l-]-:il 'l!!::t~ E-5 'lJ'jjgJ 7,l.!/-7} tj-± ';o]-.f 

~ 'cl-:± .::j=- 30 -2-~ 9-] 'cl-~"'r :± ~ ¾ {) .2. .£. ~ Dll -'} Z} A}-~ 1c!-~"'r :± 9.] ~ .¥..7 }- ~ 

it~.¥.. ~"fl!~ & 0]C" A]j.£.-£- 0J".f¾ .!i!.1\c}. 'c!-:±"r 30 -2-~9.J lr!~"T":±;; ¾"il 
.2.£ ;;}!:: ,:!-£, ~%7} of\:) 'll>ll'i'! heavy oil"! 1'11£ {l"}o]i..]- 'lJ"il t/-1±"1 '1l 
.IL£. -9'.£. A}-%£1 ~ %ff' ),J¾o]tj-. 

~ .A~ £] ~ %£l 'W'-fl- A] 1:IJ-~ a:_AJ9.j ~~ oJP•i ~ A-1ineoJJ ).i hydrocar1xm.QJ ~ "tl= 
"ii >j .I! oj {! 3! .l!f %Af-.}>IJ *-'o' %'ll % 1 "1 'll •Jo] i'!: ~5'j !:: t~ A-1 'll 'll "1 7,l-9-

tetradecanoic acid(14:0).2t palmitic acid(16:0) :J.21 :il stearic acid(IB:0)"l •I ½oJI A1 !:: 

'll '1!"1 .2.5'. "ii 0J% '11 sediment Oil Ai .I! o I !:: 7<l 0J (I :10:6 )% .I! o I :il 'l!.2. i..]-
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heptadecanoic acid(17:0)91 ,J½.g. *'"" %i!II "ilir91 e>l¾ -"]AfoJ ?2 ~.2.oj 01 

.oJ- ~"11 eicosanoic acid(20:0).2J- EPA (20:5)91 e>l'° "8°J A»~91 ~% Ol-"l ~'!le 
ti-½ .!l<>l?2 ~cf (Fig. 4-5). 'i! 17.4 {1-<>11"191 tetracosanoic acid (24:0)91 e>l 

~ ~"g %~ 'i-~~ ,e::tH ~ ~.lr~l '6}31 '.Uc}-. %.TI.£ tetracosanoic acid (24:0) 

;:: *% -61 ~ %i!II wax A.j{;'-91 ? _g_ ,'--',l A.j{;'- o<] '!1-~.2.!a. 'l!il\ "1 ~ t:]-. '; .-1 

A-5 ~ A-7 'l! ~ <>II Aj 91 tetracosanoic acid (24:0)91 tj-"J' ,J ½.g. o] "112' o] *'"" % 

i!II %'.,91 .2.',11\<>il 7H} i:c1i"11 ~tj-;:: hydrocarbon ;,!:ilj- {1-"'9:ilj- ~ 'l!;;]-8}2 ~ 

t:]-. !E A-5 'l!~91 1~;:: dodecanoic acid (12:0)71 tetradecanoic acid (14:0).!lt:]

t:]-",f.2.!a. ,l½-"]C:c~ o] QjAI *'"" -1\-i!JI "ilif91 ?~%£ 'Jtilj;,j ~.2.oj ?£ ~~ 

llll 'r '-1- % 7f-lr 'll C:::91 .!/-~~<>II t:]-"J' tl-%-"I oJ ~ t:]-. 
B-lineoJIAj;:: ?!a. "8°J A»~91 i-%<>11 a:f{c o<]•J~ ¾AJ½ _!!0]2 ~.2.1..J- B-1 

'l!~91 1~ retention time 14 {1- i:c:>191 arachidonic acid (20:4).oJ- EPA91 tj-"J' ,J 

½.g. o] "'1"1<>11Ai <,j,l-A.j plankton91 bloomo] ~~¾¾ -"]Afi\"f2 ~t:]-. o].Qf %-"I 

<>II 23 {1- i:c:>191 triacontanic acid (30:0)91 ,J½.g. "1-"I *'"" -61~ %i!Jl!a.Aj o] "11 

"I .g. "'1 °JAJ %91 ""t l!-%:i!J- ~"11 *-"J .2.!a. -'1-<1 91 ~,.. 91 * 'll "I -"I ~ '!lc-81 >II O I 
-'i'-<>l~½ -\i!'l!~i\"f2 ~t:]-. 'l!>;l:"l.2.!a. B-line.g. "11°J -61%-".J planktono]i..J

bacteria %91 "11'li' AJ,!-91 i-%0] ~Ail~ 7f¾<~ *'"" -ll-'ll ~'.,91 ":j"jo] 

gradient.9} 1MEll¾ ;.!'2 4-El-t...J-.li '.ll~ ?;!!?...£. A}-li.~t:l-. 

C-line<>IIAi.£ B-line91 'l!>;l:.aj'<) '!!Eil.oJ- *Af~<i] C-1 'l/~<>i]Ai91 EPA '>) 

tetracosanoic acid, .:i 21 .:il triacontanic acid (30:0).91 ~ ½ ~ %il '6}7ll Lf-E}\:!tj-. tc:" 

C-line91 1 ~ 0 f ,l! ~ 'll ~ '<l C-51..J- C-7 'll ~ <>II Aj .5'. t:]-C:::91 *'"" %{191 %'ll o] 91 

11"1;:: '!!Ell¾ .!l'<)t:]-. ~' triacontanic acid (30:0)7f o] 'i'- 'll~oJIAi -ir.-1 ,l½-"I 

2 ~.2.oj C-791 1~;:: dodecanoic acid "!Al c,J.g. 0Jo]o<l'l!c .ljaijjo] ,l½'<!t:]-. 01 

"ii "I t >ii ? .r. "\-%~ "ii "I .2. ,._ "1 ;'f-x .oJ- '<l 11 "11 ~ oJ "I-~ .2. "--'I- E1 91 * % 91 'll .. J 

:i!J- >ii? .'r.;; "1 "1.2.::: •ll-ll-91 'll "J01 -lrei\"f'° "i 2l .2.!a. 'll 71'<! t:]-. ,fl? .r. •l!a. 

%~'<! C-9:i!J- C-11 'l! ~ t •f sj-o I 'l}>;]:'<) i'l ,i] !a. {1-"'9 <>II ',I.R ~ sediment -"I la. ;; 

>l'il"8fo<l *"81-<>l 01i1- .!le.]- ~"1-81 ~'<)~ 'r \l!~t:]-. .::laji..J- "'1'r91 'll .. J½ 2~ 

"11 "" '/1.9-7} ~ t:]-. 
D-line.91 ~ 1)-£:- tetradecanoic acid (14:0)Q} palmitic acid (16:0), stearic acid 

(18:0), eicosanoic acid Al'f!Sl major fatty add 0 ]~s] tll~~l -It{}~ branched~ 
.e:- unsaturated fatty acids] ~.£.£ ~1?:]-i- "r '.llt:l-. D-1 ~~s] 1.!t- o]cj~ 

;:l .-Joi nff ~ 11 "8foj dodecanoic acid.!/-Ei triacontanic acid (30:0)~fo<] AJ %"ii Oil Aj 

e>H 71-\,-~ "191 5'.~ o<]•J~ 'l!.!/-71 i..J-E}i..J-2 ~t:]-. ';i<I bacteria %i!ll!a. oj:,jo<] 

;:: branched fatty acid.oJ- odd chain fatty acid91 tj-"J' ,J ½ t o] "'1 "191 7f"J -fc 
'; 'll o It:]-. o I .21 <>ii .'r. 0J<>ll "f O I ;:: ~.2. '-1- D-191 ;:j ~ palmitoleic acid (16:1 )% 

monounsaturated fatty acid Q:jAJ "r"lL ,,,3-l!!:-..2..£ L-}E}L}.ll V.~t-1] o]~~ 1'6J.g_ 
lg°~.Q..£. ~<>i~"T"~ )f±i>}TI 9.J...2..1--} D-7 l~oJ]A~ tetracosanoic acid£j c}i'J= -1] 

½t hydrocarbon {1-"'9 '!1:afoJIAi %'ll 'll1!<>11Ai 0 1 {;'-Oil'<! squalane91 ,l½:i!J- W"il 

%-lt .2.',191 ~~:ilj- o]ej o]AJ%<>11 91~ {1-oj '!j:af -'f-31'<! o<]'!I-~ ~o] of\::!7} 91 

{1£1.ll ,Utj, ~<5] ~ line,': palmitic acid~ stearic acid9.} 1:l]¾o] '1l~~~ 10:6 
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'll.!r.7f ofl-je} 7191 10:3 t"17Jf>=l ,;!-of;,:]:;, 9./<>1 °]"1~ o]'Ji- 'W-%91 -'i!-'\l'o] 9./ 
:: Oil "l -'<-.s!. -'J:zJ-¥! cJ-. ~ stearic acid:: 7f~ oJ%.!r.7f ,;;.g. >=l "J-~91 $1'-l-!iVs 
o]•J~<>ll 911'foj %:§J-£i'l! ~ >=]'1)-~'l] palmitic acid.s!. ~t!:51£.s!. 01"1~ •l-&-91 
\'! :§1-7 f & ail ¥! 3\-'<-.s!. -'J :zJ- ¥! cJ-. 

o]el~ 'lj.-J.g. E-line -'i!-'l'-<>ll-'i.!r. y.E}l-j-,c<il E-1 'lll:ilJ- E-2 'lll.g. D-line:ilj- 01 
~ -fl-Af ~ >=l '1)-~ l,1-~ * J;!_ oj ~ j1 9,/ cJ-. O] 'ii Qj _g, 'I'-~ "'~ 'ii "l-'<-.s!.-'i "l-"'
"l 'll 11 ~ 91 71 e.l 7f 7f7Jf¾ '\'J: Jil .s!. 'i'- 'll 11 ~ 91 'l' 'l! ~ I'! :§1-:: i.+ El- i.+>=l \lt:ll:-'<-Pl 
dodecanoic acids} tridecanoic acid (13:0), iso-pentadecanoic acid (i-15:0) % 4-~ 
-fl-i!II oJ -'J ~ 91 'il .-Jo l ~ ;,j 1'f >ll 1-j-E}l-j-:;, 9,/ tj-. er e1 1-j- eicosanoic acid 1-j- ~ 1'] 

EPA91 'll'!i0l 'Al4i' ',l-of 9./<>1 "11°.l'-'~~91 =!lc•lH:l: '!le%¾ -fl-'}~ 'r 9./cJ-. E-6 'll 
1191 'liq-:: >=l"J-~91 &-'.l<>il-'ic: 01.s!.cJ- "\-~ 'll1191 :,i~.!lcJ- ~:;J-"¥1-~ "l<>1>=J:;r 
9./-'<-Y. iso-heptadecanoic acid-"l- 'lft bacteria91 'll'!i0l 'l''l!1'f:,JJ Jlo]:;r 9./cJ-. 

1;!- -"l.il.<>ll-'i<c "il'i°¾91 l'!::§1-<r±-"l- >=l'll"~ 3c-'.l 'J1 "ii-"J'½ &-'f"l~-'<-Pl 'l'--!l
-i-~9.l A]l:IJ--tl ~~J¾ -?.£. ~~ii}~tj-. A]"!f~~~ t}-2J'-& A-1 ~~.2] .K¾'T°£l 
2.1 mg/1'1'-El C-1 111191 .ll.¾'r<>il-'i 11.7 mg/I 7Jf>=l 1-j-E}y.:;r 9,/.Q.Pj GF/F~ 01 
%~ suspended material91 >=l"J-%>.l "i]-¾c: A-3 'lll91 4.1 mg/l"il-'i C-1 .ll.¾'r 
91 9.4 mg/191 {,'-~;: .s!. 0]:;r 9./cJ- (Table 4-9). 

Oll'i°¾ -S-ie >=l'lf -'.l{,'-91 l'!::§1-<r±&-'.l~ •l.ii'."l 'ih?1'f>il y.E}y.:;, 9.lcJ- (Fig. 
4-6). 'jo{l\!! ;;.fo] "l-'I 'i'-E."1>=1>11 l-j-E}y.;,:J \lf:il 9.l.Q.Pj ~.s!. octadecane(C18):ilJ
heneicosane (C21)0] 7}~ ~711 4E}42 ~.:il 'c}-;:t:"r 25 7ff.2j 'cl-§.1-4-;:t:: ¾{I_Q_ 

.s!. 1'!:±'i° 317Jf>=l91 l'!::§J-'i°±7f ',;!-.g. 'o-.!r..s!. 'tl½51:il 9./cJ-. .'i'.E -"J.il."il-'i I'!:± 
'r 32.2} 34<>1] Oil 'it 51 <c peak7f 1-j-E} 1-j-:;r 9./ cJ-. er e11-j- 33 \'!:±~ I'! :§j-'jo ±:: =tj ½ 
51 ><] \lt0f even numbered hydrocarbono] ~<il ~ :,I '!i-l> .!l oj ~cJ-. 

6114-9.l %,e .:i:]l=IJ-{!,i?:- '!:; 01~ A}1l~ ~{!£]A] ~.:il -?.£. palmitic acids,.} 

stearic acid?}-?¾¾ o]"T"~ ~"'J~~ £.if,¾ 5!.0]2 V.t:.l- (Fig. 4-7). J.c:]i.-f- ~ 
9-l .£.€- A].fi.oflAi retention time 16.5 if" AJX...2] tetracosanoic acidSl W2J=o] cff~ 

s't>II 1-j-E}y.:;r 9,/.Q.Pj A-4 .ll.¾'r-"l- :<i¾'r (110 m), A-5 .!1.¾'r, ere.I:;, C-4 .!!.¾ 
4-oflAi~ 1-17:0.2] -V-2J= 0] palmitic acidS} l:I];_:~ 4-¾.2...£ 1-}E}l..-}.:i!. 1.l.Oi o] A]7] 

oil 1;!- 'ii "l<>ll-'i -'llir91 :W-%0] %-'.l"ii-¾ AJAf1'f:il 9./cJ-. 0]9l<>i].!r. petadecanoic 
acid%£l odd chain A]l=IJ-~sj 7a½£. ol2:i~ ~'311~ ~~~'5}2 <Ut:l-. 

-¥-¾~~sj A]l=IJ-{! 3::,1,3~ nffijL 1i:!tr-t}7ll Lt'EtY.2 ~tj-. -Y.£. palmitic acid£} 

stearic acid7} -Y%% o]Jy-2 ,U..Q..~ ol7]oJ] eicosanoic acid7} ~TI' ~711 Lt'Etl-t'!:: 

"Ell;;: 0 ]f2 v_q (Fig. 4-8). .:::!:2j=.<;!j myristic acid, heptadecanoic acid, oleic 

acid7f "i]-'JII 1-j-E}l-j-:i1 9.l:: t1l 7f~ e 's ?l-& eicosapentaenoic acid (20:5) peak7f 
7]91 .'i'.E -'J.il."i]-'i •H~ s"t71I 1-j-E}l-j-:;r 9./C: 'iV.J-o]cJ-. o] >=]"J-~~ Oll 0J -'~% 
~¾sl Al~{!_Q_.£.A~ -Y.£ '8\1;:£:{t-l-t microalgae %.'2l A{!.£~ -Y_,,J~..Q...£. ~~~ ~ 
tj-. ~ A].fi.7} "Y.£. .H..¾4-£t 20 m ~o]£j ¾¾4-~ ¾{J.2...£. ~~o] o]~~~_Q_ 
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E..£. of 71.Ai particulated materialSI ~.A,H~-.g.. 0 1 ~ ~ ~ phytoplanktono] 4 o] ~ ¾ 
~ o] .£. 8"}-E zooplankton°]E.~ o] particulated materialgj 'r A] "!f~o] EPA~ .g.. 

'a-'11~ 'r 'llt:J-. =r;,Jy- EPA.21- 'll::C polyunsaturated fatty acid:: nJ+ '1J>il *"11 
"1:: ~.S'..sc ~aj;,j 'll"l -,,. "1l"l9J particulated material:: "I.ii!"/ -(-){l~ -'t>ll'll 
¾ 'll° 'r 'l/t:J-. =r;,Jy- EPA.21- ~"11 "i1°J•.j :>j'l)-~gj '1'.8.'.j*'l] 
docosahexaenoic acid (DHA, 22:6):C :>121 ~½"1:>J ?j]l 'llt:l-. 'll'll A-291 50 m 
,to]9j "li'r"il•i:: Of{} t:j-~ 0J-'1)-oj y-E}y-::~1 eicosanoic acid o]-"1"il eicosenoic 

acid-St eicosadienoic acid%o] ~½~31 ~tj-. :I.ei\..t dissolved fatty acidSt:: 1@°~ 

retention time 16.5 ~ ~£.SI tetracosanoic acid:: ~SI l-}E}l.-}-A] \>l.ll ~t:.}. 

Table 4-9. Amount of extractable lipid from sea water and particulated 

materials collected at Sep. 1998 

Sampling I Amount of lipid 

' depth extracted (n1R/O 
site Suspended solid sea water 

A-1 Om 2.0 4.3 

Om 2.3 4.6 

A-2 10 m 4.5 6.0 

50 m 4.3 4.5 

A-3 Om 3.9 4.1 

Om 5.1 7.8 

20 m 4.2 8.9 

A-4 50 m 3.6 4.6 

75 m 2.6 6.8 

110 m 5.4 7.7 ' 
A-5 Om 6.8 8.3 -~ 
C-1 Om 11.7 9.4 

C-2 Om 6.0 6.4 

C-3 Om 2.4 
-~ C-4 Om 3.6 7.0 . 

'J~~oJl .Ai~'5t:: AiAi A]~ ¾ 3 ¾ft~ ~~ilof :i "T.8.. AJ'b'"~ A,H!·¾ ~ 
-'10-,'.l!t:J-. tll-'1l- •~~ <:l'll:: '1'.sc \t"il'llc =l! "l"l"il "1'1 .1'.'1l"/.s>..sc ff-.l'.o-,;,. 
3!.s>..sc•1 =i >l>il'r7f lll-0 , =i %% 'ilff- 0 1 ~'ll"l'l:l¾ 7<!+ ~,11 oJ%7r't-•aoJ ,; 
:: 3)¾ ,ijo-,'.l!tj-. ]laj tj-'1)-oJ]:: "'1%.£.sc ojnj \lfO] Ar%1'r]L 'l):: tll'!! "113c 
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-!l-.x. _.,_ ~ 51 9;l ~ oJ ❖ '1Yll ¾ -'f- .:i1 1'! ~ 'i! til '))- % ~ -"-"I le- ,q 'll- ¾-!!-¾"ii "I •I .ii!~ 

::J. "-/el~ ~ %%.x.7f ',,;;-£, :,l~.s'. '1!'ll51.:i1 'lle linolenic acid (18:3), 
arachidonic acid (20:4), eicosapentaenoic acid (20:5), =i.. &.] JI docosahexaenoic acid 

(22:6) ~Sl Jl£-i-~~ A]ty-{!~ Aj{! °'1-¥-011 ¥~..Q.lij ~.g-1 arachidonic acid 

(20:4)gj A§~ A§%¾ :;J-;!j-o-f~::<11 til'!l Oil3c-n-:: %-ll~.s'. 3 ¾-!l-gj Oll 0J "1'-i "I 
lo-oJl'-i o] "i'lJ-~gJ ~%7f '!lc7.1519:lr:J-. 

3.5.1. ~til (Ecklonia cava)gj :,]'!)-~ 3'";/ 

~til :: ~'l} 5'. ,J-"11 '1!-¾ %{) ~.s'. nff 4- \a! el -li'- .o'. -o-f .:i1 'll~ oJ 11 >II til ill' ~.s'. •1 
~~ 'r 'll.:iL OJ-<,jo] ❖{l'i! •f 'lle ;:l>ll";/5'. 7}"].:iL 'l!:: ¾-!l-O]r:j-. :,!-3'"1% 
D]Qj:ilfgj r:j-\j_A§ Oil3c_s!_ ½7]1= ~7]% £.OJ~_s!_ ~O] 1~2 mO]_:iL 7]-';'-e 1\'el £. 

oJ,& o]~tij, ¾7] ifoJl ~~3r!¾ 7}~ ."!:j=-~J1 ~1Sl ¾0J~o] ~t:.l-. o] ¾0J~Sl 
~o]:: l m 'lJ.x.o]oj 0J~"il 4"'))-gj "}-£,'l,lo] -l;'-;<]'i!r:J-. *>II:: *oJI t.j-EJ-t.j-:;r ~ 
'doJI:: ½7]gj :,) o] 5-10 cm, :,] ;; 5 mm, %0,:1-'lJgJ :,j o] 20-30 cm, t.J-•l 4 cm 

'!i 5'..s'. 51 :il, 2\!. ,jgJ 7f¾"il %0.:1-'ll "il 1!l "a 'i! ;<f\J-r"il "i ¾ 0.:l-'ll-£c ± 1;!51.:iL ½7] 
'tl~.s'. 'l! r:j-7f 'i'-'ll gj ;<}el "ii Al %0.:1-'ll O] 'Ir ii oj {) r:J-. 3c 'll-¾ ,'-A;l-o-f:: ¾ Jl ~ ¾ 
* .s'. Ai 'll -la\- . ± i!f % gJ "I O I 7 f 'i! r:j-. 'lf '() ~ 0 I t.j- .R..2..S . 'Ile-Ii' >II 3c gJ '? .a. ~ ii. 
o]oj "I% 7f-',--o-fr:J-. Oll'l!- 2~10 mgj 'll-lltiloJI ;<fAJ~ct-

>1~'1! A].il.~ Folch %"1~.s'. ~½~ + ~½'i! "i".:1-"i/-li'-¾ TLC.s'. -l;'-"'!-o-f~ct-
'l!71 %nl:: n-hexane:ilf diethyl ether (1:1) ~W- %01;: Af%-o-f~e~l o] 7<l4-

triacyl glycerol (TAG), diacyl glycerol (DAG)% ¾".J :,] ~ (neutral lipid)-£, %n1 ;a 
n:fi!f zj-zj-gj "a<o!til.s'- 0]%-0-f;<]'I! A~>!l"lgj "i''a-li'-'1! phospholipide originoJI ';J->11 
'i!ct. 'll>ll .c<]"J -':l-li'-¾ silica columnoJI ¼"1--af:il polarityoJI n:fi!f 100% hexane-';'
El oJ]',jof-'fl!SJlo].§. (EtOAc) ~%1'-i: 5 % <'I ¾7fA],ij 7}oj %½A]'{) flash 
chromatography ~14 ~e>i~ ~~¾ *~cl}O:j TLC;: .:,=,s»~ ~i!J-: .!i!.1a_ 10 % 

EtOAc in hexane7J}Al'E ?£ triacyl g]ycero}o] "r¾¾ oJ"T".:i!. 'U.ll. 15 %-¥-El 45 
% 7J};<]e ¾el "i".:1-~:ilf diacyl glycerol%o] t.j-Ej-t.j-:;, 'll~"l phospholipidgj ~%' 
o] 'll~f ¾7f~le '51~"- t+EJ-t.J-:;r 'l!ct. 'll>ll "i".:1-~gj 3'".l¾ .s!.\'l palmitic acid 
(16:0)7} 26.5 %.s'. "1'¾¾ 0]-','-.:iL 'll~t.J- 0]"} ~"11 stearic acid"} oleic acid7} zj-zj-
11.2 %s} 9.6 %~ ~'8'}2 '.V.2 arachidonic acid (20:4)£.}- eicosapentaenoic acid 

(EPA, 20:5)7f zj-zj- 10.4 %"} 2.5 % ;; ',1-o-f.:iL 'l!ct (Table 4-15). 

3.5.2 . .£Al 'i!.1171 (Glacilaria verrucosa)~ .:::tj 1:1,J'{!- ~,,_a 
t-3'-<,J ~ 1,2A] '1171 :ilf gJ Oil3c.s'.•i 7.:1-el i!f :il.5'. *el 4-oj 4-el t.J-i!f, 'l! ~' "I~"' 

El-01 ~ % -'II ,iJ 2f "i oJI 'la! el -li'- _.,_ ~ct- "J! 'i.!/-El "I% 'E:: ~~ "1l3c"il 4-* 7f'-I 
el (Gelidium)"t 41 oJ ';! el 01 %51 oJ ~ct. %¾-£c "}-£, 'llc-\l-ic'oJI •i \lfO] .'i'. "'1 t.j-:i1 

~,;.'))-oJoJ ~~-o-1>11 4-'))-~"- {1-1Ja-f:;r 7}"1:: l/:l•H-o-1:: ,;o1f lltct. >11.cs]e "i¾ 
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Table -4.10. Com0osltion of hydrocarbon in sea water (Se0. 1998) 

El"'811 8114- HC (u• /1) dissolved 
' 

I 

HC ' A1 A2-O , A2-2O A2-50 ,.. , A-4-O M-2O M-&O A4-7& A,,4-11O A5 C1 ' C2 · ca C4 
NI I 0.0 11.5, 0.0 0.0 0.01 14.5 0.0 0.0 23.3 0.0 0.0 21.5 0.0 15.1 0.0 
17 I 99.5 96.7' 83.4 54.9 106.8· 143.0 77.8 73.1 155.0 128.8, 121 .5 141 ,7 48.5 152.7 123.2 

Prl•t 18.2 16.4 0.0 23.5 16. 71 16.1 16.6 0.0 29,1, 0.01 0.0 31.5 19.3 18.0 14.3 

18 ' 25.1 31.2 16.4 16.0 22.0 31.8 23.8 22.3" 42.7 42.5 86.0 42.4 17.6 44.4, 32.3 

10 0.0 25.7 22.7 32.6 28.5 39.5 25.4 22.2 39.6 66.0 0.0 29.8 30.7 39.3, 25.2 

20 39.2 44.0 25.6 22.3 39.8 36.1 30.5 27.6 54.4 42.5 45.5 51.0 38.5 67.3 43.0 

21 94.0 74.5 50.5 40.9 97.1 158.6 74.1 72.0 145.6 104.7 77.2 137.7 41.3 160.8 137.6 

22 61.8 66.1 82.8 87.7 56.5 115.4 109.0 115.7 97.8 81.1 80.5 83.4 62.2 76.4 80.2 
23 42.1 39.1 62.0 69.0 55.0 75.0 83.0 72.0 63.0 71.0 80.0 55.0 47.0 55.0 48.0 

24 32.2 30.6 55.8 59.9 54.6 51.6 74.0 64.7 41.1 63.2 80.1 33.1 35.2 47.4 25.4 
25 0.0 0.0, 0.0• 0.0 36.8 15.0, 20.4 0.0 20.4 0.0 0.0 0.0 0.0 20.2 8.3 
SQ 12.7 12.5 0.0 63.6 46.0 22.3" 35.7 0,01 17.8 0.0 0.0 0.0 17.2 17.3 6.9 

i 28 0.0 30.5 53.5 79.8 44.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
27 0.0 40.5 0.0 100.2 65.5 0.0 0.0 69.5 0.0 0.0 o.o, 0.0 0.0 0.0 0.0 
28 0.0 33.6 0.0 46.1 0.0 0.0 0.0 35.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

I 20 25.3' 59.8 65.7' 71.1, 49.7 102.1 83.2 70.5 19.1 · 147.5 186.8 79.3 51.0 76.5 23.1 
30 0.0 43.9 0.0i 77.5 0.0 0.0 0.0 57.9 0.0· 0.0 0.0 0.0 0.0 0.0 0.0 
31 49.9 77.1 47,11 72.4 237.6 94.5 295.5· 470.1 61 .5 861.6 646.9 100.91 59.3 95.7 42.1 

32 0.0 90.1 0.01 141.2 0.0 0.0 0.0 0.0' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
33 0.0 268.7 0.0 367.3 0.01 0.0 0.0 0,01 0.0 0.0 0.0 78.5 0.0 0.0 0.0 

499.9 1092.5 565.4 1426.1 957.4 915.4 948.9 1172.81 810.7 1608.8 1404.5 885.9 467.7 886.2 609.8 



Table 4.11. Composittonof fatty acid from sea water (Sep. 1998) 

'a311 !ij 9 9809 FA ( un/ll dissolved I 

FA A1 A2-0 A2-20 A2 50 I A3 A4-0 A4 20 A4-50 M-75 A4-110 AO C1 C2 C3 C4 
14:0 6.2 0.0 12.7 O Qi 0.0 10.5 12.2 7.1 5.2 6.4 6.4 0.0 9.8 0.0 7.9 
1-15:0 0.0 31.2 0.0 0.0' 11 .1 0.0 0.0, 0.0, 0.0 0.0 0.0 12.7 0.0 13.8 0.0 
15:0 91.5: 107.21 6.0 0.0 o.o 0.0 1 0.0 0.0 0.0 0.0 0.0 74.8 o.o 0.0 0.0 
1-16:0 0.0, 0.01 107.7 76 6 83.9 122.8; 91.2 1 74.4' 75.2 82.3 79.3 29.3 95.5 75.8 90.9 

16:0 33.0 36.61 34.4 20.2 14.9 101.4 52.7 32.7' 48.4 73.8 64.4 0.01 42. 1 79 5 50.5 

I 17:0 16.4 28.0 14.9 19.0 0.0 9.9 17.9 12.3 11. 7 8.8 13.9 23.6 14.6 136.3 10.8 

11:0 11.9 25.4 11.9 0.0 17.4 6.1, 9.3 10.2 7.8 6.8 17.0 26.8 21,8 61.0 0.0 
•-18:0 5.2 0.0 6.3 35.5 11.0 4.2 5.8 5.6 4.0 8.2 0.0 120.0 0.0 83.7 19.9 

18:0 150.5 111 . 7, 109.6 106.3 139.8 144.0 104.5 100.7 131.9' 136.3 125.1 0.0 124.0 157.9 141.2 

18:1 5.6 0.01 7.1 0.0 10. 7 3.9 5.7 5.2" 0.0 0.0 6.9 0.0 6.0 0.0 0.0 
19:0 100.01 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0· 100.0' 100.0 100.0· 100.0 100.0 100.0 

I 

~ 
I 

18:3 30.2' 52.9 20.8, 12.4 27.3 23.9 19.5 20.4 25.4 28.3 28.2· 40.4 29.3 30.7 29.8 

20:0 12.7 36.2 21.31 11.9 22.7 11 .1 21.7 23.5 17.6 13.3 12.0 24.7 20.0 18.8 21.9 

20:1 8.5 o.o, 6.11 0.01 10.1 8.8 5.2 5.0 10.3 8.4 11.0 8.2 6.8 7.5 14.0 

21 :o 0.0 0.0 0.01 9.3, 0.0 3.9 7.0 6.5 0.0 6.5 8.1 0.0 6.1 0.0 3.5 
20:4 0.0 0.0 4.7' o.o! 0.0 0.0 0.0 7.0 4.9 0.0 6.2 10.4 6.0 0.0 2.3 
20:5 6.6 31.2 4.7 9.7 1 8.5 0.0 5.0 5.8 3.9 5.2, 8.2 10. 7 7.6 14.0 0.0 
22:0 3.2 0.0 5.2 0.0 9.3 0.0 0.0 0.0 0.0 1 4.3 4.6 0.0 0.0, 0.0 2.4 
23:0 4.2 0.0 0.0 0.0 7.3 6.4 0.0 0.0 0.0 0.0 0.0 13.1 0.0 0.0 3.5 
2-1-:0 25.0 47.5 41.5 41.1 22.5 26.0 28.9 35.9 16.7 39.11 44.8 34.9 33.6 32.4 26.2 

2-1-:1 19.8 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.0 o.o, 5.3 8.8 0.0 0.0 0.0 
25:0 0.0 20.3 0.0, 10.0 0.0 0.0 0.0 0.0 4.0 0.0 2-4.2 7.3 0.0 0.0 0.0 
26:0 0.0 46.2 0.0 10.7 0.0 0.0 5.0 14.9 4.6 0.0 0.0 6.8 0.0 0.0 0.0 
27:0 0.0 18.6 0.0 0.0 0.0 0.0 8.1 0.0 0.0 0.0 0.0 0.0' 0.0 0.0 0.0 
2e:o o.o: 0.0 140.1 0.0 32.51 28.2---:- 0.0 0.0 0.0 0.0' 0.0 11.8 0.0 0.0 0.0 
NI 36.8 41.6 60.0 0.0 0.0 o.o: 20.8 23.5 31.6 43.8 38.2 1 35.4 22.5 29.8 37.4 

567.4 734.8, 714.9 462.7 529.1 · 611.2 520.4 490.7 503.4 571.6 604.0 599 71 545.6 841.2 .<i62.2 



Tabla 4.12. Compoaltlon of fatty acid of auapended materials (Sap. 1998) 

's"~a!l'r SS 9809 FA (ua/1) oarhculated 
FA A1 A2-0 A2-20 A2-60 AS A4-0 A4-20 A4-60 A4-76 A4-110 A& C1 C2 cs C4 

14:Q 0.0 0.0' 3.7 11.8 0.0 3.3 0.0 0.0 2.4 0.0 0.0 0.0 0.0 2.8 5.7 
1-1&:o 2.5 0.0 0.0 2.7 0.0 3.7 0.0, 0.0 2.0 3.5 1.9 0.0 0.0 0.0 2.0 
16:0 0.0 0.0: 0.0 2.4 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 
I-16:0 3.5 0.0 4.6 0.0 0.0' 3.8 0.0 5.6 6.3 5. 7 0.0! 0.0 4.0 3.0 0.0 
16:0 34.8 42.1 , 40.7 95.1 51.6 51.4 47.5 38.7 40.3 41.1 46.9 45.4 37.9 41. 7 73.4 
17:0 6.1 4_5: 9.6 31.0 9.2 6.5 7.2 14.9 4.9 4.5 7.8 0.0 5.9 9.6 21 .1 
NI 0.0 0.0' 0.0 5.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.0 9.9 
18:0 11.7 11.4 15.6 49.5 14.6· 26.2 11.8 12.4 20.5 19.4 13.8 20.8 11.4' 12.2 46.5 
18:1 20.4 22.5 23.9: 113.3 22.2' 30.0 23.3 21.01 23.8 22.7 25.0 29.6 22.8 22.71 52.2 
18:2 . 1.6 6.3 3.6 4.9 0.0 0.0 2.5 2.5 2.3 2.5 3.6 0.0 1.0 1.2 0.0 

I 1e:o 1.6 0.5 2.1 · 1.0 2.0 0.0 1.2. 1.2 2.5 2.1 3.2 1.5 6.5 5.6 8.5 

~ 18:3 ' 4.8 17.0 2.6 0.0 4.9 0.0 4.0. 2.7 13.1 3.3 7.9 3.0 15.0 22.0 25.9 
20:0 0.0 0.0' 15.6 2.6 0.0 7.3 0.0 0.0 0.0, 0.0 0.0 0.0 0.0 0.0 0.0 
20:1 0.0 0.0 o.o· 15.8 0.0 9.51 0.0' 0.0 0.0· 0.0 0.0 0.0 0.0 0.0 0.0 
NI 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 3.7 
20:4 0.0 0.0 7.8, 9.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.9 
NI 0.0 0.0 0.0· 13.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.0 
20:5 32.1 34.5 33.7, 25.1 53.7 40.6 41.2 39.4 40.7 40.2 42.4 40.3 39.9 51.7 47.1 
22:0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 4.4 
24:0 0.0 0.0 1 0.0 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o· 0.0 0.0 12.0 
24:1 0.0 0.0 0.0 3.61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
25:Q 0.0 0.0 0.0 2.61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.4 

M 119.2 138.8 163.5 395.2i 158.1 182.3 138. 7 138.4· 161. 7 145.1 152.4 140.6 144.4 172.4 370. 7 



I 

"" :::: 
I 

\:tA1197 HC un/1 dissolved 
HC A t A-3 A-5 
14 9.2 10.8 25.9 

15-br 10.1 51.6 9.8 
NI 3.1 1.3 3.2 
15 10.1 4.7 10.4 
10 6.0 2.5 8.0 

16.1 4.7 2.8 6.6 
17-br 5.1 3.9 6.6 

17 3. 2.0 5.2 
18 17.6 6.2 16.6 

"rlsta 3.5 3.1 5.3 
19 100.0 100.0 100.0 

19.1 3.5 2.5 5.3 
20 5.5 3.2 8.1 

20.1 3.1 2.0 6.3 
20 br: 2.91 1.0 4.7 

NI 2.4 1.9 5.3 
21 4.4 3.0, 8.1 
22 2.6 1.6 4.9 

22.1 1.4 0.0 2.9 
23 2.8 1.0 6.5 
24 1.1 1.5 5.2 
25 2.2 0.0 5.1 
Sa 2.8 2.2 1.8 
,. i 0.0· 1.8 0.0· 
27 2.9 0.0 5.5 .. 0.0 0.0 a.a ,. 1.5 2.2 7.1 
30 1.5 1.6 4.4 
31 1.4 1.6 3.2 
32 1.3 0.0 2.< 
33 1.2 0.0 6.1 .. 0.0 8.3 1.6 ., 217.23 224.1 29"" 

Table 4.13. Composition of hydrocarbon from sea water at Sep. 1997 

I 
A 7 A 0 A-1' • 1 B-3 • 5 • 1 • • 18-& •-• B 11 C 2 c-• c-• -7 

28.6 6.8 24.4 16.5 17.5 7.3 33.4 25.61 33.8 7.6 16.3 21.3 14.8 96 22.3 
8.1 6.1 8.9 6.5 8.2 3.2 17.1 11.6· 47.4 12.0 8.1 10.3 17.7 11.3 10.1 
2.8 0.0 0.0 2.0; 2.5 0.9 5.0 3.9 3.5 3.1 2.5 2.2 0.0 2.9 2.8 
9.2 6.2 9.5 6.91 8.2 3.3 20.2 12.4 7.4 10.7 9.0 6.8 6.6 11.4 10.7 
4.7 .., 7.9 3.91 6.5 2.9 17.3 6.7 4.3 5.7 6.9 3.5 4.8 8.2 1 6.0 

10.5 3.7 5.7 6.7 4 5 2.3 11.5 7.4 11.7 4.8 5.2 4.5 3.4 6.9 9.7 

5.1 4.3 0.0 5.3 0.0: 0.6 6.4 5.6 5.9 4.0 5.3 2.9 3.8 7.4 7.6 
3.9 2.4 5.3 3.2 4.1 1.3 8.4 5.1 4.2 3.8 3.9 2.8 2.7 5.2 4.4 

20.7 6.5 16.7 16.3 18.4 4.1 36.2 20.8 20.0 13.1 14.0 7.1 13.2 280 22.4 

3.2 2.3 4.3 2.8 4.6 13.1' 8.8 5.7 3.1 6.3 4.3 3.7 3.1 5.9 6.8 
100.0 100.0 100.0 100.0 100.0 100.0· 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 0 100.0 

3.4 2.4 .., 3.2 4.0 1.3 8.5 4.9 4.1 3.5 4.2 2.3 3.3 5.7 3.8 
4.6 3.6 6.9 5.4 7.3 2.1 14.3 7.7 4.3 4.9 7.0 3.6 5.0 10 1 6.1 

10.6 3.3 5.0 7.5 4.2' 1.7 10.1 6.4 10.1 3.4 4.5 4.1 3.1 7.1 8.9 
0.9i 4. 3.9 1.6 3.9 7.3 0.0 1.7 0.0 2.9 4.0 0.8 0.0 6.0 0.0 
8.9 0.0 4.6 7.3 4.6 4.0 9.1 5.3 7.9 2.8 4.5 1.3 3.4 7.5 7.9 
6.0 3.1 8.0 4.9 7.5• 1.6 13.0 7.4 4.5 4.1 6.3 3.6 4.9 7.7 5.5 
3.2 0.0 3.6 2.7 3.7 0.8 9.2 4.8 2.9 2.8 3.4 2.2 2.6 5.1 4.1 
2.1 0.0 0.0 1.8 0.0 0.5 4.3• 2.4 0.0 1.5 0.0 1.4 1.3 2.8 0.0 
6.6 6.1 0.0 8~' 2.4 4.2 11.1 5.4 5.6 3.0, 3.4 3.2 3.1 6.0 5.7 
1.8 0.0 0.0 3.0 0.0 0.9' 3.3 1.7 3.3 0.0 3.0 0.9 0.0 4.9 3.7 
3.8 7.3 0.0 11. 0.0 5.6 9.0 4.0 3.5 3.4 4.1 2.4 3.6 8.4 5.2 
1.8 2. 7.3 4.5 4.8 1.0 5.7 0.1 3.9 3.4 4.3 2.2 3.5 6.7 5.6 
1.6 0.0 0.0 0. 5.5 0.0 3.0 1 .9 0.0 0.0 0.0 1.0 0.0 0.0 0.0 
0.0 9. 0.0 0.0 0.0 0.0 3.3 1.8 0.0 0.0 0.0 0.9 0.0 0.0 0.0 
3.7 0.0 0.0 10.4 0.0 6.1 11.8 4.8 3.5 2.8 •.3 0.7 3.1 5.6 4.1 
4.1 8 4.6 10.1 4.0 6.2 3.7 0.0 2.4 3.1 4.3 1.5' 2.3 2.9 5.6 
0.0 0.0 8.4 2:, 6.5 0.0 0.0 3.7 0.0 0.0 0.0 0.6 2.3 4.1 2.9 
1.8 Of 0.0 1.7 3.9 0.7 4.3 2., 0.0 1.3 2.5 2.0 2.3 2.8 0.0 
1.6 9.5 0.0 9.2 0.0 6.0 57 2.1 0.0 1.2 0.0 1.4 1.5 2.6 0.0 
1.5· 0.0 3.0 2.5 0.0 1.1 7.3 1. 0.0 1.7 0.0 11.5 0.0 6.6 2.4 
0.0 8.7 7.3 7.5 2.5 5.2 3.4 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 

264." 211. 249.4 07 239.2 195.4 4"4 7 -'74, 297.4 21H. 2 .4 213.B 215.2 7 074 



Table 4.1'4. Composition of fatty acid from aea water at Sep. 1997 

.,, f lyn,I 

FA • 1 . ' . ' • 7 ••• . ,, B-1 •-• •-• • 7 •-• . ,, C 2 c-, c-• C 7 -1 sc-2 
13:0 09 0.0 0 6 10 0.0 0.9 0.0 23 o., 15 1.2 03 00 00 0.0 16 00 00 
I 14:0 1 4, 0.0 0.8 0.5 0.0 0.8 0 0 1.7 05 10 08 09 12 09 0.0 0.0 22 1.8 
14:0 39, 54 37 3.3 42 45, 70 5.2 3.5' 5.5 ,.5 4.1 9.3 4.6 7.0 49 84 70 
14:1 00 ool 0.3 02 0.0 0 0 0.0 0.0 0.0• 0.0 o.o 0.0 0 0 0.0 0.0 0.0 0.0 00 
•-15:0 0.0 0.0 0.4 00 00 0 0 1.5 12 0.0 1.3 00 00 0.0 1 .1 1.5 7.6 3.9 41 
1-15:0 0.0 0.0• 0.9 o., 0.0 1.0 00 1.0 0.5 0.8 o.o 00 0.0 0.0 0.0 9.5 ,., 3.5 
15:0 0.6 ,., 0.6 0.7 0.0 1.2 21 1.3· 0.7 1.3 0.4 0.6 1.9 0.6 2.0 0.0 ., 2., 
15:1 0.0 00 02 o., 0.0 0 0 0 0 00 0.3 00 o.o 0 0 0.0 0.0 0.0 0.0 00 0.0 
• -1e:n1 0.8 0.0 o., 0.2 0 0 0.0 0 0 0.0 03 0.0 0.6 07 0.0 0.0 0.0 0.0 0.0' 0.0 
1-1e:o 14 0.0 0.9 08 00 0.9 19 1.1 0.6 o.o, 1.0 06 0.0 0.0 2.0 2.1 0 0 1.5 
1e:o 51 2 54.9 ... "1 57.1 49.7 82.1 58.3 50.0 6H 57.6 48.8 69.1 62.8 607 72 9 38 6 31.3 
1e:1 1.0 0.0 09 05 0.0 0.0 00 0.0 0.7 00 o.o 0.0 0.0 0 0 0.0 0.0 5.3 11.9 

• 17: 0.6 ,.1 0.3 0.4 0 0 0.0 25 2.' °' 1.1 12 0.3 2.6 0.0 0.0 0.0 2.6 2.5 
I 17:0 1 1 1.2 1.0 0.6 00 06 15 1.4 03 1.3 16 0.7 1.2 1.0 1.6 1.5 1.6 1.5 
17:0 19 1.5 15 " 21 15 22 1.6 1.7 2.0 16 1.5 2.0 1.6 22 2.3 1.6 1.2 

I • 1e:o 1 1 1.1 06 10 0.0 09 0.0· 0.6 0.8 10 09 0.9· 1.3 1.0 0.0 0.0 19 0.0 

\z I 18:0 12 1.6 °' °' 0.0 0 0 0.0 0.7 0.0 08 1.0 0 0 1.3 00 0.0 00 0.0 0.0 
18:0 90.9 77.9 70 1 86.9 119.1 70 7, 126.6 88.8 93.5 100 5 134.5 77.8 85.2 100.6 114.1 133.0 13.8 12.8 

I 18:1 g 2., 9.9 15 1.8 1 1.6 59 6.2 4 .• 3.7 16 1.7 1.2 186 6.1 5.6 16 7.6 5.2 
18:1-7 1.0 0.0 1.3 0.6 2.1 0 0' 0.0 0.8 1.6 00 1.0 1., 0.0 0.0 0.0 26 6.9 7.1 
18:2 1 .• 2.9 0.6 1.1 1 0.0 2.1 3.6 2.0 1.2 06 37 0.7 65 3.0 3.4 0.0 2.8 1.8 
19:0 0.0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 o.o 0.0 0 0 0.0 0.0 0.0 0.0 0.0 
1 :3 0.0 00 0.0 0.8, 00 11 1.7 1.2 0.0 17 11 0.0 00 13 ,., 26 0.0 0.0 
2 :n 50 27 2.2 2.8 33 33 ,.o 2.5 25 2.8 35 2.3 36 29 ,.o 3.3 21 ,., 
" 2.0 00 ,.. 30 2.5 1.7 2.8 1.8 21 2.1 o.o 0.0 0. ; 2.3 2.3 27 0.0 1.2 

2 :-4 ,.. 17 0.8 0.8 0 0 0.0 19 1.0, 0.7 1.2 8.9 0' 2.0 1.3 2.0 0.0 0.0 0.0 
2 :5 5 6 0.0 1.6 3 .• 21 1.5 2.2 1.3 1.7 1.7 8.1 1.6 1 0.9 0.0 2.6 27.4 22.3 
21 :o 05 0 0 03 0.3 19 0.0 0.0 1 7 °' 0.0 3.5 03 0. 0.0 0.0 0.0 0.0 0.0 
22:0 0 0 00 03 0.9 0.0 1.2 0.0 1 1 0.0 09 o.o 0.0 0. 0.0 0.0 0.0 17 1.9 
22:1 17 1.2 07 07 0.0 0.6, 0.0 0 0 1., 00 1 6 0.5 0.0 1.7 2.7 3.• 25 ,.1 

22:11 15 0.0 0.8 07 3.5 0.0 0.0 0.0 o., 0.0 o.o 0.0 0. 0.0 0.0 0.0 0.0 0.0 
24:0 0.0 1.2 0.0 08 0.0 0.8 3.0' 0.9 0.9 1.4 3.3 0.9' 0.0 1.6, 1.6 2.1 0.0 0.0 
25:0 0.9 0.0 0.0 1., 0.0 1.1 0 0 5.6 0.0 0.0 o.o o.o· 0.0 0.0 0.0 0.0 1.6 1.1 

22. 26 ,.o 92 16 2.1 13 ... 7.1 3.8 o., 19 12 6.2 3.3 26 1.9 ,.o 35 24 
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-',--"l ~,J >ii .!l t:J-£ -¥-¾>ii ~ 0 I c, .=t t:J-. :,i 'ic ~ 'll:<>11 ii!-,,_ .-f n1 -!!1-.-J III £71 ~% 

~ 1.Jl'll:<>11 IJto] ;<f.!t:J-. -¥-*'J"'o] 7f-\5',rfE..s'. ?~ %½ o]%~ '1!i' 0J-6j.ej 71 

'a' 'a o] j<t:J-. 

A] .ii.-"l ?½ 'l,l 'll >ii::: :,I-Eil-"l 'il4-.21- %'l! .-fnj ;<] •J-11--"l ~A.j.£, arachidonic 

acid7f 42.7 %5'. 7f't ;,;,i] '-+El-1+2 VoJ 1!-'ll% arachidonic acid-"l -Y,l.ii.-"l 7}-\,' 

"a o] "1 t:J-. oj El- ;<] •J-1)-.2.5'. c: pal mi tic acid7f 30 %, oleic acid7f 8 % 'li £5'. EPA 

1+ DHA-"l ~M\-c: o]o];;fS!lt:J- (Table 4-15). !r. ";ol~ ~.£, off4- ;!~ "l"J-11-'1! 

stearic acid-"l tJ-i!J'o] 2.6 %5'.Aj offf- ',t;,JI y-Ej-42 Vt:J-. 

3.5.3. ~~ ¾ (Antithamnion nipponicum)~ A] 'lt~ 3::.A.,3 

~ 7,1 ¾ <>1 "I * ~ * -"-"1 •1 'i!¾l.f •I 'i!¾Ilf<>ll 41.-1 oJ •I .ii'. "l -=11111 "".2. 1+ "a 
't 4/£71 • f,s.:il -2.'ll %<>II 7J-~ ~'a¾ 71"12 VoJ ?~ •ff 0J¾ ,..~ -Y,l.ii. ~ 

~!i!.-"l 7H'!f 7\-\,'>.jo] Vt:J-. A]Ji.-"l ?½ '>\ 'll>il::C :,I-Eil-"l '!l4-.2J- %'l!;;fnj "I'll' 
11--"l ~"a.£c arachidonic acid7f 42.1 %5'. 7\'t ;,;,ii '-+El-1+.:il V<>l 11-'ll¾ 

arachidonic acid-"l -Y,l.ii.-"l 7}-\,'A.jo] Vt:J-. 'lll/1-"l.2.!i!. G. verrucosa.21- %Al~ "I'll' 
{! X."'-3¾ ~O].:i!. il_.Q..llf O:]E} ;(l~{!-.Q...£.~ palmitic acid7} 27 %, stearic acid7} 

2.3 %, oleic acid7f 3.1 % 'li£5'. EPA (5.6 %)'--t DHA(2.8 %)-"l tl-*c: tj-5: "19:! 
t:J- (Table 4-15). 

Table 4-15. Fatty acid composition of Antithamnion nipnicum and Glacilaria 
verucosa 

Antitfvmnion Glacilaria Eck/onia 
Fatty acid 

ninnicwn verucosa cava 

14:0 2.5 4.3 7.3 

15:0 1.2 0.5 0.2 

16:0 27.0 29.8 26.5 

16:1 (n-7) 1.9 2.3 3.5 

18:0 2.4 2.6 11.2 

18:1 (n-9) 3.7 8.3 9.6 

J8:2 (n-6) 2.0 1.9 3.0 

18:3 (n-3) 1.0 0.3 2.2 -------- --- --- -·-· 
20:0 1.0 nd 4.2 - ~-- ··-·- -·--- --·- ----·- .... 
20:1 ln-9! 2.4 3.4 1.9 

---
20:2 (n-6) nd 1.6 nd 

20:4 (n-6) 42.1 42.7 10.4 ---
20:5 (n-3) 5.6 0.3 2.8 -- -- -··· - ---- --

22:6 (n-3) 2.8 nd nd 

unidentified FA 4.4 2.2 17.2 

total 
_J_ 

100 100.2 100 
-- - - - - - ---- -
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Figure 4-2. continued (site B-1 at 3 depth). 
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Figure 4-2. continued (site B-3 at 3 depth). 
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Figure 4-2. continued (site B-5 at 3 depth). 
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Figure 4-2. continued (site B-7 at 3 depth). 
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Figure 4-2. continued (site B-9 at 3 depth). 
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Figure 4-2. continued (site B-11 at 3 depth) 
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Figure 4-2. continued (site C-1 at 3 depth). 
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Figure 4-2. continued (site C-3 at 3 depth). 
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Figure 4-2. continued (site C-5 at 3 depth). 
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Figure 4-2. continued (site C-7 at 3 depth). 
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Figure 4-2. continued (site C-9 at 3 depth). 
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Figure 4-2. continued (site D-line). 
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Figure 4-2. continued (site E-line). 
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Figure 4-3. GC chromatogram of fatty acid extracted from sea water collected 

at Apr. 1998 
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Figure 4-3. continued (site B-1 at 3 depth). 
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-373-

I___ 



.v 

1,600 

1.200 

0,1100 

0,400 

O, 000 

. 

. 

.,. 0.00 3.00 

.v 

•V 

2.000 

l .!100 

1.000 

0,!iOO 

0.000 

1 

-
0.00 3.00 

1,HO 

1.200 

0.800 

o.~oo 

0.000 

'2 
\ 

o.oo 3,00 

FSEB-70' .CWD 

2 3 

1 ' ' 9 
1011 

' . ' . 
' 5.00 9.00 12.00 l!i.00 18.00 21.00 24.00 27.0Q 30.00 33.00 

FSWB-710.CWD 

6 

13 ,, • • 20 ,. ii·:~ urF 15 17 lf!19 I 
' "' 

' 6.00 9.00 12.00 1!1.00 u.oo 21.00 24.00 27.00 30.00 33.00 

FSWB-750.CWD 

I I 

4 • 
9 

3 •••• '16 17 l8 

' 

' ' ,.oo 9.oo 12.00 15.oo 10.00 21.00 24.oo 21.00 30.oo 33.oo 

Figure 4-3. continued (site B-7 at 3 depth). 
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Figure 4-3. continued (site B-9 at 3 depth). 
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Figure 4-3. continued (site C-5 at 3 depth). 
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Figure 4-4. GC chromatogram of hydrocarbon extracted from sediment 

collected at Apr. 1998 (A-line) 
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Figure 4-4. continued (site B-1 at 3 depth). 
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;,cf '1!-t:t. o]sj-'!{o] 7]'l;-"1 '1!-,L~P,f;: .8."}'1!- .:foJI, 1998\'! 5~"11 ~"11'<!- 'll'roJIAj 
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.. J-'ll:7Jfc<l 10\'!{! (1986-1995)<>11 ,;!>j -.IA]-.-f~t:t- !l'.'1!- 11!-'-.J"i- 'ifAf<\-{!½ o:fi!} ~ 

.8. '1!- c<] 'jj <>II Aj "r \l!"-1', "i ~1"-citOf (:,Io], 0.5-4m);: ;aJ !; -.-foj ¾Ai sj- ¾ :S -"1 c<] '!! "11 
-'-1"11 °]-%--o-f~"t- 0 1"11 tl'1!- '1!-'r'll"i-!:: Min (1994)"1- Yoo (1997)oJIAj 11, "r 'l/t:}. 

Oil 'T 'a O] ;!i tj £ ½t'll¾ uff, ¼ £-'li 3o7] "1.aJ %-l'c '<l-"11 ¾0J-¥-<>ll 'l! C: ~<>II 
100m o]-'l)--"1 4'"11 .£ 'If~ q (Fig. 5-2). o] "i .aj 'ii !:: ~ >il .aj .2.£ "11 7] .5'. OJ .2.£, ~ 
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1'!, 0) :oJ "I >ii .9J %}'<!-.l/-¾¾oJl-"i 'l:!-8c, '1'c7fl '{l ~ .9J i;!J::%~~,t: '1l ti! ~'ll oJI .9J %}\'! 
40,000-50,000 yr BP.ss (Yoo, 1997) if .ss"fl o] 'l! 2j :oJ "I ~'ll ¾ 'lf 'r 'll c]-. ::I rj i+ 
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(Yoo, 1997). ll)~{';..'i!o}oJl-"i ~ 1/>!l.oJ :o):aj~.g. .l'.aJ)sf 'll.9l ~~~.ss-"i c]-~~ 
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{"; >II ~ c]-. 
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(Fig. 5-2). "; "111'!.llf ?.ss"i"I~, "111!.l'.i!ll¾ ::Ii!j:i!. 'i!!EJ-%0] i;!A,j:rrf :<f.aoJl-"i '-t 
E}'c!:c}(Min, 1994; Yoo, 1997). "11\'!"i"'l¾t ¾0,J-{f ~l'!.l/-oJI ~•fl2J 120-150m 'r 
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-" I~ ii .ss 'lJ: 'ir 5'] oJ '-t Ej-y. 7 I £ ~ t:\-. 
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o] .iil~l!fl', ¾ii£ oJ .... oJ;<j ,Uc}. 

7} QJ- 0J.g. oj 'r 1/J-S:sf %{! £.ss ~ rJ '#coj 'll l= \t'il .9J 'l! '!l "I 'll 'l!c.£..ss-"i, 'a"~.£. 
.ss :: <>1 rJ '1'c 'r .ss ~ ~ "ii 'a" 'ii sf 'i'.l :lJ. -'1 oJ 'l,l.£. "i 4 %~ .£..ss :: ¼-8c 'r .ss ;; 'l- "11 
'IJ- 0J'l!c"1- 'l'l:!J.-'1oJ 'ilt:l- (Fig. 5-3). 7}0--l 0J.£.,s ¼rl½<>l .2.'c <"- 7Jt \ll.£.nf, ")
.g. ~H! 01 '}! 7fl ¾'ll'<l 'l!'.£..ss tIJ-21--"i *%.£..ss.l/-E-1 *'ll-'1!:: "1"l¾2J't 0 1°1~1 
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Korea, 1973). 'iJ-l!l'gj .'fc','£o\l-"1gj a!ltil-f!-4,a.g, lm/seco\l o]ei:J- (National 
Hydrographic Office of Korea, 1973). 0 1:~o\l-"1ie "1i:J-ifr "1-1Sl -"l'°l>il7} ,!:,All} 

::::<11, 0 J~Sl '\lir'lJ£,e 7.5~£-"1 -?\l!Sl 'i!!e.'l/ '!l!aa.o\l •l"il .'fc,J~ '1! 0 li:J-. 'l! 
t.il Sl .'fc.:::r 'l! -'/I-? \I! <>11 :::: .'fc *~ -61 o\l gJ ~ 5'. 4-!e.(Moat)~ 0 l ~ ~l t.+E!-\:!i:J
(Chough, 1983). 

'1!"Jllf;sf.a%o\l-"1 .!i!_o],e %"1-71"1.!/- (Acoustic basement),e 'iJ-l!l'.Q.£ 7}'<!-"1 ~ 
01 ~ i:J-. 0 1 7] "1.1/-~ o\l 'o,oj 'l!:::: ¼ -"."11-"l '°l ¾ t .:::1 'f-"17} 'r mo\l-"1 3Qmo] % .Q. 
£ 'lJ: ¾0,l-.!/-7} 7}'lr '¥-~i:J-- ";~l %0.J-J/-Sl '¥-'?!¾ -"l'°l¾.g, 7}~: ~%%}7] al 
li'co\l -fl- l-H!-;<}_a %o\l "i ~ "i-Sl ~ 'il:0 1 -l-"J'~f 711 y-E}\:!i:J- (Chough, 1983). 0 1 ii 
7}.,._:::: -"l"l%t.ilSl -l,-7]%o] -lE-"85101 '!f"J%},e CH., CO, !£:::: H,5£ .!i!.oj~tj-. 
'l!t.il Sl 5'. + !e. c-:>i Oil "I 'l! .g, "1 ~e 5! 0 } -"I "I ¾Sl 11!± %~ ~ ± '1! til <\''!l o\l Sl .-f 
'1!, a,] %4'-¾ 6m7f ~ 0]:::: <11 ~ 4,500 yr BP7} ±.8.'1 ~ %0] ~-o,J '.lJ tj- (Chough, 
1983). 

'l!t.ilsJ '\lir'lJ£,e l4l!l'2-£ '!!'r~ oJ"1],A;sJ,e~], o]:::: J/-%¾'!/Sl ;1-'lJoJ 'iJ-l!l' 
gJ .'fc'\'£: "W"O-}oj O]-'f-<>l'll¾ SjP]~tj-. .:::r~y- '¥--'=-~~ 'il"1'1!!\J'°l1(Bed 
form) 0 ] y- -8-"1 "l '11 !\] "I-,'-.'fc7f .!i!. o l ;sJ \lf ie 31 .g, -,'--"J ¾'!/ oJ "s-~l P] "1] .. } :i1 oJ o\l 
!Ifej- "ii "1 Oil -"1-61 %},e % 7] >il o\l sJ 'ii 0 ] 'i'-.'fc~o] ,if:i!J '17] al li'c.Q.£ oj 7j ~ i:J-. 
ll]~{;-5!0 }%0!1 y-E}y-,e 5'.i!II !E:::: 'i!!e.Sl 0 1"11¾~ <l:tl"l.Q.!i'. '!f"J%J-,e lli-¾o\l 
Sl'il o]s}'!lc~ .'fc,l'l/J<l"l%o] i'-il-'101 1"J¥! 31.Q.£ .!i!.oj~tj-. 

4.1. ¾Y.. 

'it'ilsJ 11. ¾J<l :aj %gj -1'-~S!- 'lJ £ "; AJ % ~~l 7] ~ .-foj -'i'-'r .. l llf .g, !\J caj % •ff~ 
7} '.l'il'.lJ.Q.t>j 0 Jo\ltil~ ":i!J-:::: oj~ *o\l-"1 {!} 'r 'lli:J- (Chang et al., 1978; 
Chough, 1983; Kim et al., 1986, 1987, 1988). !£~ oJ:;, ;<}.a¾ ~AJ%}oj 'iJ-OIISl 
li¼!\J'°l% -1'-~£7} Chough et al. (1991)0!1 Sl"il >il-"l'1~i:J- (Fig. 5-4). 

-'i];,J'l/J<J"l% (Silty clay, clayey silt)t '\'{l 60mo]t.iJSl '1!'11-o\l-"1 '-1-E!-\:!i:J- (Fig. 
5-4). "; ~l 'f%7J-'lJ'r %l!l'.Q.£;: '\'{l 110moJt.iJo\l-"1 '1!'11-% !Ifej- ~.§.%.Q.£ y
E}y-,e 31 oJ "; 'll O l i:J-(Fig. 5-4). .:::1 ~ '-1- :il¾ 'I}£"} :,j >il £ i=- :>i Oil "I ,e 5'. i!II ~",l'o l 
%'a"~] ¾ 7}%f oj 5'. i!ll 'l! '!I 0 1 Y- '!I '!I 5'. i!ll 7f 4-"11 %]-i:J-. 'l!-'1! ~ 01 'I! 'r~ 0 ] 'i- '!I 
'l!J<l "I %.g, 'l!:i!I- 5'.i!II Sl ~~% (Sandy mud, muddy sand)£ •f-1'1 :i1 "'ic.g, ~"1 
'ii 'll '1 ~ 5',oJ ;<f'!J::i!I- .'fc7fl ~ 'II 0 1 ¾4'-~ :i!J-:,J Sl 5'.i!II J<J "l % _;;a_ ti1>11'101 ~ i:J- (Fig. 
5-4). 21-21-Sl "i'll'°l'<l J<l'°l>ilo\l-"1 'l!t "1~e5!0 }Sl -?%-"J.a:::: (Fig. 5-1) oJ~Sl 
li¾-"l'°l¾-!i'-~"1- ~ 'l!~J.-f:;i 'lli:J- '!I'll -?%-"].a:::: ~>IJ"l.Q.£ "J¾ji['fr"l-%% 
1! l!J-711 '1!,'l}:.Q. t>\' 'll J/-,e "1 i:J-\!! .'fc7fl ~ 'II¾ ~%%1-:il i:J-'ll "1-%¾ '1!c 7]£ %}~ tj-. 
o]ii '!l'l/-"l'°l%~ •}i:J-l!l'.Q.£ '!!'r~ P]"1]%fy-c} 'lJ£7} "!-o};,J:::: 7.J~¾ .!i!.'i]tj
(Fig. 5-5). 5'.i!lls} '!IS! ~~'II -"l'°l¾o\l-"1 ~-;~ -?%-"].a:::: 0-102"1°}, Fig. 5-6) 

-4JJ-



~¥-.st '!l:'i'~ .'i'.ellvtaJ01 ir4i'"l ;g-±"!]-e 'll~ .!l.'l!cJ-. o]e -1-.st-'llO!l-ll-i- "1't 
a,j.Q..s[ Jl.oj'\'€ c,li!J-:ir 1l" 'r 'l/cJ-. :ilJ-;,j.'i'.i!Jl¾ojAj 'l:!_g. '\'~A]il.€ .s]"J¾o] 
ifc ;ij "Oj-:i1 "\'r"\'r.-f 7] Iii l,-oj <,) ;,fl 'f-:ilJ- !iJ :<] *.-f '.1J. cj-. lifi!J-Aj 11-_g. '\'~ A] il_ € lf. ¾ 
.sl "l ~"1- :;lc.g. o<f'!):, .'i'. ell '?l 'l! :1 a1 :i1 .'i'. ell .sJ ~ VJ-¾o] 'r-'i "l 2..sl \I! vto I \ll ¾-i
.!I. "I '\' :i1 'll cj-. 

'l'l!"i"l¾.sJ Vl"'r-i-~ l'l'l!¾ !Ifi!J- 'l}.'r.oj .sJ"il \l!~cj- (Fig. 5-7; Table 5-1). 
:1 aj if ,ij ~{';-.5'! ofoj Aj Vl"'r-i-:ilJ- 'lJ .'r_ € 'r.sJ "J .Q..s[ ;,j .sj \I!:§:]-7t \ll cj-. 'l! J/!"J .Q. 
.st Vl-'i'-&-.g. •f cJ-~ 2-.sl 7) 'l! "l ¾ 7)-..f:: ,~ 0 I :: 'll .'r.7) -'ll ;ii OIi "i e 'll 1!1'"1- 'llc 'l! 
;<]o-f:il 'l/cJ-. o]aj~ 'll'!l'o-fojAj.'r., :i!¾l/!.'r.'lc.sJ 1!.!e.'l!"i"l~ (K-series ci!Of)_g. 
11-'i'-i-01 55-65%.st ~'a""l ',l:E.if ¾{l'l! .sJ 'll.!a.+AJl.sJ '!!! 'l!"1 "l¾.g. 150%0] ~ .sJ 
':,;.g. Vl"'r¾¾ $1-ecj- (Fig. 5-7). 'l!'l! .'i'. ell 7) +AJI ~ "1 "l¾_g. til >ii "12-.sl 50% o] 
"Oj-.sj Vl"'r-i--i- JI. '1) cj-. 1If 2j-Aj ~¥-.s[ 7) 'lJAj 'lJ .'r.7) -'l] ;ij OIi :<] C: '\'~ A] li C: \l!:§:]-
7) cJ+ ~ ~'r-i-½ .!l.'1]cj-. '\'j'l]:.sj '\!{!"]"l¾_g. %~2..sl 7)'lJAj 'i!{f'lJ:ilJ- ¾ 
%7l¾vti!J'o] AjAi"l ¾7fo-fe 'll'!l'-i- .!l.'1]cj- (Fig. 5-5). -i-{l'lf<>il"l o]-§- ~i!J'o] 
~til7f "loJ, 11!{!'/l.g. 20-25%, ¾-fl-7]~~".f.g. 7-12%7f '<!cJ- (fable 5-1). 'r11 
70m 0 1 o-foj Aj :fj "; ~ .'i'. ell 'l! "1 "l ¾.g. 30% 01 ~ .sJ "r"l ':,;.g. 11!{!'/l VI" aJ-i- 7):<] if 
'l!til.st ti17l 1% cJ'l]-.sJ "l'"i >;t.g. ¾-fl-7l~vti!J'-i- 7f:<]:,r 'l.lcJ-. 'll'l!"1"l¾.sJ 'l! 
11¾"1.g. l!.¾OIIAj.'r. 3-5kPa.sl ~',/-1'] ':;;E.oj, "1"1¾ o-f¥-.sl '>t'r_,,. AjAj1'] ¾7f 
"Oj-oj "f 3m <,)o]ojAj 12-15kPa ~½ 7f{lcj- (Fig. 5-6). ~\'!¾"i~'lloj .sJO!i 'l:!_g. 
'l! \1'11 ;g-.'r. (Sensitivity)€ Skempton and Northey', (1952) scheme"il 1If .§. 'i'! 1-3 
~2..st, '5l:7l if ¾n 'll .'r..sJ ~ 'i! '11 ;g- .'r. ¾ $1-e 'll Ja..st 'i'--l,-¥! cJ-. 0 , "11 llJ :r ~:>II~ 
(Atterberg limits).g. 'i!{l'/l"l- ¾-fl-71¾~-ll'"l- 0 )~7fo<].sl %~2..sl '>t'r~ ¾7fo-f 
oj ,l:~:ilJ- "1jAJo] ¾{f~.Q._sl '!J:'r~ '%7t1f½ 'lfilJ¾cj-. 

"1 ~{';-.5'! of.sj '\'~ A] il.7t .!I. oj '\''.lH': o I 1!.!e. vt'!l'o] •f cj-~ 2..sl '!l:'r~ ;g-± "f:: 
51.g. o]~o] '1! •fcj-ojAj 7M!~ 5!0] ofyi!J- 'a""il '1l'l!'\'\l!.sJ .Jt~ojAj -fl-'ll"l'll 
¾¾ .sjc]~cj-. 'll-'1· 'll.!a.'1/-~l'l'i'-Oil .sjo-f\'l (Aoki et al., 1974; Park et al., 1976; 
Park and Han, 1985) 'l! i!l-0].§.+-'li.sJ 1.-] 'l!"1 "l ~.g. :1 7]~ ½ %"1 ifO!I ojJ<j 9!-of 
°F ~cj-:i1 '\'')/-o-f o<] 'lr, <lJ-l,-o] ':,;.g. 1',A] cf \:!-li' 7f ~til "l 2..sl '-HJ-:i1 '/l-l,- o I >;t.g. 
l'l'l!'i'.<J-.sJ 'r_g.'l!1J¾ lt:i! l'l'l!E..sl ~'lJ.-falel-:i! .!l.7]€ oj;ijcj- (Huh, 1982; 
Zheng and Klemas, 1982). "l'i'.<J- -i-{l Afo]ojAj 'l:!~ l!.¾"1"l~<>il til~ D]:i!'J 
¾"<"l (Ostracoda) l'l'i'-<>il .sjo-f'l! (Kim et al., 1987) l'l'l!ojAjc:: Bicornucythere 
bisanensis.sl till!."lc:: l'l'l!¾o] 4,AJ]o-fif .21"11.sJ £ell'l!"1"l-i-<>ilAic:: Bradleya nuda 
.<)- Brad/eya japonica.sl till!."le \:!-ii-~ ¾:S 01 +AJI~½ l!l""i, :<] "l<>il !If~ 'i':ilJ.sJ 
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-,'-~o] ,;,~i-ft:J-1=- 3!¾ .!lol9'~t:!-. Park et al. (1987)<>11 gJ.-f\'!, oj9.2j- -';L~,'}0] 
<>11"1 ¼-l! -¥--ll--!i-'l!tJ-'ll'oJ 9J"il.!lt:!- '1J'l]-o] t:1 >;;:;, "11"1¾.2..sl ~'r~ .'l'.~ '1/-.'r. 
1, .a;;c 1,-.i-<>1 o 1 ic- -!1-'o' .2.-"'-¥-El 11 "I *o 1 'lri:l-512 "11 "1 <>11 Ai :: ,n -¥--ll-11 'l! 'i!-!1 'ii 
"ii..J-2 ~t:J-1=- 3\¾ 9Jn]~tj-:;r "1161-ilf'l)tj-. 

"1~~-';!Af~oJl gjo-f\'! (Kim et al., 1987), 'l]-ofA]7]<>1l "]-%7J-oJIA1 -ll-'ll'<! 1/
%-!i-'l!o] 'll'l.!--i- tI]ej- *J.-!~.2..sl 0]%'1::C ;>,!¾ 'll 'r ~t:1-. o]aj~ Af1J-e- 'i/11]
"1"1 "11 ".:l'-!i-el ,loAf (Chu, 1975)<>11 9J "1JA1 .'r. l!{a,j :,] 2 ~ t:1-. tI]e}J.-! -i-~'llc s,J t.J 'l! 
:,;j<!j-!i--e- "]-%7J-oJIAj 7]~-.J-'lJ.¾ ;>,1.2..ial Af.il.,;!t:J-. 1/]-\'! 2¾1/]-£ Aj~oJIA1ic tj
~ 7]~o] '3J-%-il}ic ;>,1.2..ial .!;!_<>j'!)t:J-. ~ ',-7~-l/ 't]'t,'~-',jAf~_g, ~~9J Aj';J-"11 
'1]-:i!f ';l-"11'1.!-<>11 off.q- 'l!- 'llc'it'<! -'i'-¾%'l! ... J.-II]7} e,iJ-.J-1=- 3!¾ .!l"l9'icl:~, oJ1=
A1"11'1l'l.!-oJIA1 -';L-ll-'<! -!i-'l!¾ 'lll/-7f ';l-"11'1!.2..sl7J};<] 0]%-¥1¾ 9Jn]~tj- (Wells and 
Huh, 1984; Yoo, 1986; Wells, 1988). 2¾11]-.'r.sj- ;,1>1].'r.Afo]gj '!t'l!"1"1%-€c 1J'!l 
7JoJIJ.-! 7]~~ 3\.2..sl .!l<>j'!)tj-. Park and Yoo (1988) .'l'.~ >I] 47] +1]9J 'li~f¾ 
Aj~<!j't] '1J-r:: ~"1] o]½9J 7}'l]- 7)-\,-A.jo] e 7]~-/l- 1J'!)7J-.2__i;l .!;!_:;I ~t:J-. 

';J-"119J t.j7;,!_!<]<!j-l,_g, 'jj_se.aj t)-"<fO] <1\M 50%¼ ';J.2.oj, oJoJ]nj-ej- 1J-9¾0] 

~.-J >;;:;, (200%oJl -!\-'ll-) \'!~'ll:i!f ¾1J-!i-9J .!le0l 'l,'',l--aJ 'le "1<>1 ~t:1-. Oi1"1\'! 
oJIAjgJ '!!'it%i!Jo] oj'co'jj.'r. ';;.g, 3!:'. 'i/¾9J 7fA.j9J :i!f'll'll (Apparant 
overconsolidation) 'o'Eil :: 1+ Ef 41 ::C ;',1.2..sl, "1 "1-i-o l ',!-.g, 'r¾t!:'ll i-f gJ t.J 'l!"1 "l 
%oJIA1 ig-oJ .!l.:i!."12 ~tj- (Almagor, 1%7). 9'-'o'A].il.oJJAj .!;!_5:0] tl-'r-ll-o] 9ca] 

"l.2..sl l'!:§f1f 7l9J lll1=- 31.g, ~'ll'~ .!/-'i°-&-, 11~ -'J~jj!.J:aJ-% ::rei2 "1"l%"l 
>I] 9J ',!-.g, .-f¾ o] <I-~aj .2..sl '31-% ~ iii :i!f 5l .!l <>I '!l t:1-. ¾~ 'llc•f t:!-9J '-l '.!"1 :aJ-!i
o l % <1\ "1.2..sl yt.g, \'! ~ 'll :i!f % 1 l -Ii- tr 'lf ¾ sl- :: ;>,1.g,, % "119J 11 ¾ 'i° 1 I 'll '1! .2..sl 
%~ (Upwelling)tl-<>11 tI]e} •J %9J 7]&-'! ~-'.j 0] 371] ¾7}iif 7] "'11,-.2..sl Af .il.'<! t:J-. 
o] aj ~ ,;;.g, -1,-7] % tJ-'ll'.g, ¾~'llc 9'-j/-A] .il. a; o l 7}'9- ,;;.g, J::-'.j :i!f Slj A.j ¾ ;<] t.J 711 
'<! ~'t].2..i;l aJ-%-.J-1=- 3!.2..sl .!;!.<>j~t:J-. 

]998\, 'ifAf:S ~"1] ¾ 277jgj 'lf6S'!Of (7,lO], 3()cm4i9J)¾ ';J-"119J <>jaj;<]QjoJI 
Aj >ff'liiif'lJ.tj- (Fig. 5-8). A7.i;l9J •Jjj1'1J-r: ~"11 J.j';J-"1!9J ';J-~:i!f ;,j]9'.'r. A1~"1i 
Qj oJ1 J.-! .£ A] .il. ¾ •1 'Ii ... , 'l! t:1-. 7] e9J :;,j 6~ S'l of AJ .il. oJ1 •l Oil 'lj-6.s! ofe jj! .Jc¾ 
'!! "I 11};<] ai-.g, Oil "1 ¾ 31 %1/-A] .il.¾ 'll¾ 'r ~ 7] "'11'-<>ll ~ >J -"I :aj '31-%¾ 'r \1 oJl 
Aj 'r 11 \1 'it~-"' 'll-r ... l::C '~ 7f'l]- aj ~iift:J-. t:l-%oJI o] ii 9J ,n 'II :,J QJ¾ J.j 'il-"11 
~~t.Jq\, >ll9'.'r. J.11/-, ';J-Bll'll'1!, ::I2.j.:i!. ';J-BII ¾ 0J.l/-.sl '--l-'r<>1A1 -"l"l ~ A.j¾ 7];.a 

l!f .TI;<} ~t:1-. 

~~t.Jq\1.)joJIAj >J<!1'<! 1'j-6S'l0}1=- Bl, 82, 87, B9o]tj- (Fig. 5--9). o] :,]Qj-"J ~ 

'lj,g. {/§.sj- ~££ -,'--'.j'<! o]AJJ¾'!i-o] 'l[ 'lf'i!:51<>1 ~:; 310] "; 'ljo]tj- (Fig. 
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5-10) . .2.i!IIW,",j'.g, Blitof91 1+ 20%71 \12-1..f til'i'-.... 91 .'i!OfoflAi:: 10%o]'l!c0 1 
:S, :>J91 'lf-e- 0J91 ~.§..2} '!J.££ 5'joj ,Ut:f. ttfi!}A7 ,;ji/''lJ£:: 8~ o]-8}£ s-"] 
oJ,iJ-&}t:f {Fig. 5-10). ::Ia-j'-f ~~1..Jt:1191 7f'l}-0<fi!joflA7 •ff~,;! 89'i!of:: .2.aJi~".f 
0] 20%;a \j,i- 'l/':'l! ofyi!} %'li"i <.j ... ji[\'!,i- '/!-Of 0]"1J¾~o] J;!_Oj;<] \l!"<c-t:f 
(Fig. 5-10). 0 1:: .2."lill >il'r£ "1'1-91 l!j-65'! 0 foflAi ¼ 'r ,u:: -"l'"l"i'Jofl t:7 
71',l-t:I-. 

Lee(1986)91 \'!,'-ofl 91%1\'!, o]c-1~ 01"1J¾iic-e- 71-i-'l!ofl 7J~ :i!f'lrofl 91"11 Ai"il 
\'!'1! 'J!"i-~'--lt:1191 .ll.¾-"l:oJ ... 0 1 ;,Jl.l/-,jl-5'):s, >IJ~'iJ--&}oj "r£ ~_§_'lJ;<f (4-6~)it£ 
,'--'lj ,;j ¾O] ~ AJ 5'j:: 11}\'! oj ¾'!! ofl:: '!J_!a.AJ .... o] -iJ'til :oj2-£ ¾7f-&}oj '!J.se.+"1J 
¾o] o],;<oj~ ~:ii]-£ .l!.1'. ,Ut:f. o] o]e:i!f 7]~91 Wells (1988) 0 ]e¾ ttfet:f\'!, 
71 ¾'!! <>11 °] .2}'1, 0 ] ,J ¥--ll-¥! '1--ll-... ~~.g, 'lJ'l-71 'J"il '1!2-£ o] %5'):: 312-£ Oil 
~tj- 'r 'ilt:f. ~~'--lt:1191 7]~<>11 til"IIAi<c- of"'] 'jj~s;Joj ,U0<] *~ ~'jjoj;<]'l!c, 
1Jt.g, "1! 0J"i~'"r"f~-e, 4-2-11..fi!l- 7]~, ~"I -,}7J7]~¾ {l~..-f:,, 'ilt:1- (Chough, 
1983; Lee and Chough, 1989). a!! ic'ofl "11 °J\'! ,'-± Oil 0J ;<] ~ '1-91 -"I :oJ "l 'Or ',J o] a!! 
{! 4-~ ~'O:}-aj ~l:l] (EM current metres, OBS, altimeter, T-5. sensors, LISST-100)~ 

Af%%foj \'!4,:ojo]JL 'l!¾'l!c~ 0<f.il.!: 'l!oJ ..,_"1%o]t:f. oj7]Ai 'l!-ec %:U:~JJJ.ofl 
91-8}\'!, oj;;'l/ofl:: "i-~'--lt:11~£ sr'r'l-% ... ~ 0 1%t :>l91 il!E-1..f 71-i-'!!ofl:: oJ 
ff"'!! <>11 •I "11 'r •ff i',-& '1--ll-~~ -'a'£:: il-"i -8}:,, o] ~ ,e. -'l' sl o I 'it'll' 2-£ o] % ~ 
t:f<c- 31¾ ¼ '," 'U~t:f. o]c-1~ \'!,'-~:ilf<c- ts "11°J\'!,'-±,aj 'jjij'J;!.:S,A7£ '!{.JI. 

'ti ofl'll o]t:f, 

o] ;<]QjoflAi >ff~,;! l!j-6.'i! 0 f<c- Al, A3, AS, A7, A9, B11°]t:f (Fig. 5-9). o] "i 
"l t "11 'r \'! 0 I ;;t 'll:¾ "1i -"I aj ¥! :i!f :>l .2. 111 ¾ 0 I ~ A,l '-1 ~ -"I aj ... "1- ~ ~ 5'j oj 71 :: "1-
'll ofl -.i:: ;J,o]t:f. ttfi!}Aj .'i!Of!>j:oj ... .g, .l'.'11~".J'o] 50-70%£ Sf'(! +"11~ 7)-£-t~ 
'll.!a.~".J'o] Sf 30%£ 'll.!a.~.2.i!ll£ ..,_-ii-'1lt:I- (Fig. 5-11; Table 5-1). !>j;,J,'-x:: 
"l-6.'i! 0 1 'l! >ii ofl 'II "I >,l ... .ut \'!"'1'%¾ 1l %f ~I 'l!-0 1 ... 2-1 "l ,'-x <=- .I!. o I "i \11"2- oj 

•.l..-"1 "%~"1°1 n~ '-fE}'-f:,, .'i! 0 f A9"1 14- x7l~~ii,o] ~"11"11 'Ut:1- (Fig. 

5-11). 0 ] ;<]Qj,aj ,;Jir'lJ£:: 5-6~91 'ii~:; ~::t:f. 
o] "i "l t 4-2-11..fi!l-"1 7J~ t ... e %-S:-"1 ~%f.2j, 0J;,f7J 2-£ ¥-El 'll 2-1 '1i! oj ;tj 

'U<=- ;J,o]t:f (Fig. 5-8). +2-l'-1-i!l- 7JoflAi 7]~~ '1--ll-¾~t "i-~Ytil'7fO<]:: ':l'il' 
¾ o];\JAl~ ::::i JJ}-'{1-~.Q...£. 0]~1J}A] ~'8j-j- "rAJ~ *~}4=- -3!.Q...£. .!i!.o:j:tltj-. °J 
O<f7J,e. o] ;<]QjoflA7 -iJ'til"J2-£ 7f'l} 7f7Jfo] ~;>]-8}7] o1il/:ofl 7f'o'~ 7]~2-£ Ji!. 

7] 7f ~ 4-1..f "i -j} 77)"1 'l'l ,'-'1! 'II JlJ, £:: 0J ;<f 7Jofl A7 %½ 5') :: '1--lH•·~ -& til 'I-.... 'l'l 
'l!ofl :>]4-"!Ai 'iti!ii'-2-£ %0<]1..f"i1£ 0 J%, -"1"15'):: 312-£ '>fill"l 'ilt:1- (McKee et 

al., 1983; Milliman et al., 1985). ::Ia-j'-f oj;,-~ ¾?71<>11 °J;,f7JoflAi '-I--& 'if'r7f 
~l"r5:. Ai~ 'C~JJ}.Al l)-2-'i} 3! 0 JiQ-~ Oil~ (Sternberg et al., 1985) 0 ] 9.1,~ ~.Q...£. 

J;!_of o] 0<]"1<>11 °J;,f7J7]~"1 -'i'--ll-%~ 0 1 '!,'if'fl 7f'o'>J¾ 'l!-oJ •ff>il~ 'r:: il!t:f. 
::Ia-i'-1- 0 1.1!.t:f:: '1\,jgJ ~;;f .'f.:: "il'l!"l ~8'f7]~ 'i!!E1-<>11Ai 'l-%%~ 0 1 '!,'j'r,;;lt:f 
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e 1jo) 7)1!- 1!=;"10) '.lit:!- (Lee and Chough, 1991). ~ '!l-811 %0J-J/-oj 'oc"l'.U:: 
:>l tll ~ ",l-.-f 1)-'1! '-1 ~ -•Pl %-"I •I .s!. ? '1! .1/-oJl O l "l "l O l .$1 "l .-f 1) "11-li':oJl ~ >I -"I 
",l-8')7]-'I! -1'--il-*~o) ~'ll 3!.2..s!. ~ T '.lit:!-. ,E ~'1l.2..s!.::C 1855\1 °J{!oJ] ",l-llf 
7f ~%\l!:SC O]\f.2_,s!. ~!ti¾ "1j AJ'lJ'i'! 7.}'lJ,'--"I 'i!IEJ-:S ,'-A,j8'f:: '-1~-"l"i*O] 

~•le 7J-~ x-ll-ol -"1811 ~-'I, >11-'l-¾"1"1 >!\?Sc Ai.l/-"1- \J'Ai.1/-!i!. 01%"1::cil ::i 

;:J.s!.oj o) ;<)Ojo) .$1"]8')7] nj-l,,oj o)~ >l-1'-¾'i'! *~o) ~'ll ~*o) '£~ ,c¾ 
3! o]tj- (Nittrouer et al., 1984; Butenko et al., 1985; DeMaster et al., 1985). T 7} 

:<) 1-'I- .5'.-';' ",l-<1)7)-'l!o]e}:: 3!o)uj, '<!'4 o) ?eo\ -§.t:1-\'! o) :<)OJ-"I -"l"i%t 

",l-o-f 7)-'I! -"I "I *-"I !; 'll '11 6 "'I Ej-0) sS!- CaO;; t:1-"<l' ~-i,-i;f :il '.U ¾ 3! 0) t:1-. 

\l-"11 'cl 'llc-"I >!},_ .s1 of a; .g. .3. ;,j\ 37f :<) ;<) "I .2..s!. t.J-'!! "r '.U t:1- (Fig. 5-9). "; JJ.-!, 
\l!:SC Ai~ (Cl, 0), 1J{]7J- i',:>j (Dl, D3, D5), ::iel:il er%7J- 'lJ,'- (El, E2). :il-!, 
\l! Sc Ai ~ -"I .s1 ° f ,,C .g. .'i'. ell ~ ",f O l 50 % 7il :SC "I uj 11 s "1- 7il la.~ ",f O l zj-zj- 25 % 7il Sc 

.s!.Ai "a'ir'lJ:SCe 5.5-6.0~ 0],::j- (Fig. 5-12; Table 5-1). ci!Of~>l)oj ~;>j %el"! ,'
x7f (ljJJ. x7l',J~ 0] ~•1"11 '.U:: 110) ";'l)o)t:j- (Fig. 5-12). 1J{]7J i=>l-"1 .s1of 
~.g. \J'o\1'1!'l!-"i {!~"1'11 t.1~"i"i%-"i !;'l)¾ !;!.'1],::j- (Fig. 5-13; Table 5-1). 11 
.!,.sj- 7ilJa.7f 2f2f 50%7il:SC.s!.Ai .'i'.elle :>J-"i (llt:j-. o)oJ]II)-e} "a'ir'lJ:SCe 9~ 0)%0) 
JJ. c,iOf {)>j)oj) ~;>j <J%.ii!.sJ:¾ {ll!f;,j\ '1,0f %el"! ,aj,oj,'-.xe !i!_O):<) \lf::t:j

(fig. 5-13). er%7J-'lJ 'i'--"I El "'0 I::: 11 ssJ- 7il Ja.7f ~ ;>j Ai 80% o) % .2..ss '!!l ~ -"I "I 
* 0 l :<) '<! 11 s -'l->11 "1- 7il la. -'l->11-"I ¾ a; 0 l .ii!..:o:. llf::: *el "i ,'-.x;; !i!. '11 t:j- (Fig. 5-14; 
Table 5-1 ). "a it'll Sc::: 6-8 ~ -"I 'il .$1 ;: ;t::: t:1-. ::i cl Lt \r~.2..s!. 'jl km 'i! "1 {! 
:<) 7il-"I E2 c'i[of::: 7il la.-"! 0Jo) 70% o) 'i)-.2..s!. .3.>I] ¾7fllf JJ. ("a 'it'll Sc:: 9 ~ o) %), 
% el ::: oj -'I- ~o I:<) 2 :>l -"I tll .1/-~ <J %oj -"I "11 .ii!. s! "i "1 '.U t:1-(Fig. 5-14 ). 

JJ.-!,\l!:SC Ai~ t 'lf Ai 7]~llfllBf o) 1l {! 7J-o) Lt ei-%7J-.2..s!..1/-EI "I 1l -'\-% 7H! 
-"i "i"i*¾ 'llce *o) oft.12 ?-i¾~oj Ai"11'1!'llcojAJ >l.l/-%1'! "iaJ%o) 0)%"1"1 
sj- ~ O] :: * .2. !i!. !;!_ 2 '.l) t:j-. II]-e} Ai 2-!, \l! 5c %~ !i!. t:j- y ~ ,aj ,oj % -"i -11-ia- 0] ,oj 
¾ 110Juj o)oJ]II)-e} .5'.ell~",l'o) s"<t 11.2..s!. Af_K'i'!t:j-. \'!\'! 1J{!7J-3!} er%7J- 'lJ 
,'-oJ)Ai::C .1/--i,-*~-"i 'IJ-ja-0) .f!-'!}.-fc_s!. y~,aj,oj%o) %tJ!,oj.2_,s!. -'j''lJ;,j] ~'1),::j-:;:,_ 

<"-t:1-. !; <1J er%7J- •f .s!. 'll 'i'-ol Ai e El .s1 o ,o1 Ai !i!. * o 1 "1-tll ~ oJ-"I 'I-¾%~ 11-
".2..s!. '1) l!} oj ,aj "l ¾ 0] ,c 2 II]-e} Ai AJ %-"I l!-% o] .$1 <lr "i "1 * el aj -"i ,oj T x 7} 

~ !i!. ~ "i "1 '.l) g ¾ 'if T '.l) t:j-. oj 7] Ai % el -"I '!f 'if t ¾"r 7] sj- >t"r 7] "f. :: oj 
-ij-3!f 7'i %-"I 'I-%% ~ % 'll "il'-"1 '/! :§:]- ;; ;<) A] ~ t:j-2 W "r '.U Cf. 

\l-"11-"I 7}1!- ,it *oj)Ai •H-'111'! "/A-"10}::: •J.ii!."l %.1/-l!}oj cs, C7, D7, D9, 
DlO, Dll, E3, E4, ES, E6°]q (Fig. 5-9). 0) :<)OJ-"! -"1"1%.g. :.<f.r <£:: x7j'lJ~ 
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¾ %-'l-~711 '!l-i,-iOf .:il 'l).2.oj '!! '!l-"<t.OC 30% 0] i0f0J cJ-. 'l! >ii "].2._s!_ 3.5-4.0 ~ 'lj.£.9] 
Af~"1"]~_s!_Aj "il-11-"il .9]~ "1"1'r¾~ .!i!_oJo<j \lt~cJ- (Fig. 5-15; Table 5-1). 

oj o<j"'],O, i;_s!_"i] &7] oJl'i"\'!o] l;t:l!¾ t<I] "1"1¥! %~oj t:Jl-'1--li'- :::rt:jJ;,_ xit 
5'joj '<!7] t<ll~"il, "}!:c~of'-lJ"il~ :::l'a"AJ ~:ll:11! >111'1-½.91 ~>171 :::rt:jJ;,_ 111-%"1 
oj 'l).:il !t~ 'iJ"Aj.9] "il'l!7foJI \ili!J'll'<! o<f'!J:½£ >'c"W-"ioJ 'l)cJ-. oJa-J~ x½-ec 
2t'l} ¼_s!_"1J"iJ1JA]7]oJI "iJ'r\'!0] ')}t:jJ"].2._s!_ ja-4,-t;J ')J-*~g¾ .9Joj~cj-. ¼_s!_"1J 
"iJ1JoJI t:JI~ .!i!.cj- ;<f,<Jj~ '-lJ%,0, 'lfAj.9] '>\] 2 'jj i;_s!_"1J"i]1J "]"]~%'oJIAi ii 'r 
'll cj-. 

'tl"il, of~'l! 'll'r'<l 71>1].£.2} 7fej.£ Afoj.9] 7f"9'r£"i]Ai 1998\1 5-i/ lO'l!"il 
.2. 'l! 7 AJ-'/-"'1 .2.+ 7 AJ 7Jf o<j 12AJ '1:%'1! 1 A] '1, '1, :,j .2._s!_ 'll -:1-£1:~¾ {;l AJ i;f ~ cj
(Fig. 5-16). 'r.OC, 'll-.';,i]7f 'll-"1-¥! i,-4;-,tJ (Valeport, Model MKIII 108).2} oj-.£,tJ 
(OBS: D&A, Model OBS-3);: 0]%0-foj "ii-Ii-, 'T'.OC, 'll-.' :::ri!l.:il -'/-i,-~~'lc.£;: ~ 
'jj i;f~ cJ-. off AJ '1,of cj- "ii 'r \'! i="l "iJAi Oil c<j of 's"i="l7Jf;<j ~ '1"%¾ ¾"ii ;,J .9] % 
n:ai.2.;,_ 5,ij 'T'-ll"i]Ai 01½¾ -£1:~iOf~cJ-. -£!~¾ {!AJiOlc: %'1! K%, %%, ;<j 
%oJJ Aj ~ 'lt~oj-.£,t] oJI .9J ~ -'j!--fl-~~ 'le£ -£1:~;>j :: .!i!. 'lJ o-f .:il 'lJ .£ !a 'J \l!J!f:. :ilj-")

iOf 7] ~i;foj 'r%-'llE::: oJ¾iOfoj 1-2"1"'1 'jj.£.9] "il'i":: ,n,:i.-f~cl-- !t~ -£!~% 
'l!.91 ¾ "1 \l!:l!f¾ :il]-")-iOf 7] ~ "ii r:j o<J ',! ~{l 7] (Raytheon, Model DE719D-MK2) ;,_ 

off :l!]- 'r-ll \l! :l!]- ;: 7 l >i- iOf ~ cJ-. •ff 'r ¥! 'J -I!- t '11 i;J ;,J ¾ -',-"ii {! >II ii'.£ ;: T ..-f .:il 
oJ~¾ oJ¾iOfoj OBS ~'jj;>J;: {!>\J'lc:SC._s!_ \l!~iOl~cJ-. !t~ 'r¾'I! ¾-!i-4;--"I- -'I
%~~* £1i ,.,.1oi ~ 'i"¾-"1- AJ noi1 t:J1 "ii "1-.<¾ 111-.2.-"---i -'i'-%~~.91 1r'i"½'ll 
",t (Flux):;" ,'iOf~ cl-. 

7.1 !lit 

K%.9J Oll-ll-c: .2.~ 7AJ 'l,¾ +'llc-'1-oJI 9cm/sec."- of",' oJSJ'o-1711 'l!'ll'r¾ Oji;f 
:il. 'l)cj- (Fig. 5-17; Table 5-2). :::ra-]y- %%-"I- c<J%oJIAic: K%.!i!.cJ-~ -/j-4;-oJ 7J-i0f 
oj 20cm/sec"il o]_s:i!. 'l!cJ-. 8AJOjJ 'jj¾:;" o<jy- 9AJoJI "r¾7f AJ~"i\'!"'1 Oil-Ii-~ 
K%oJIAi 20cm/sec."- 7J-oJlc<J\'!Ai 'l! •l'>f.2._s!_ ~J~cj- (Fig. 5-17; Table 5-2). oJ + 
"ii ~PJ-.91 "r¾-/l-4;-,0, JOAJOjJAi l]AJ AfoJoJI 37cm/sec o]AJ-.2.."- %7fi0f~cj-7f :;J
C::Oo-f7] AJ~~cJ-. 0] t<IJ %%.91 a<FJ-%4;-t 26cm/sec 0]:i!. "ilc<J\'!"i]Ai Sf lm~'1] 
A~¾.9l -fl-4."i:. 15cm/secoJl o]~t:l-- ..2..~ V•\ ·1L'.f;oJ] if~¾ uJI~ %:Z.A]9.} o}-%7f
o<]."- K%"1JAi 7cm/secoJ.-f.s :;J-C::O~cj- (Fig. 5-17; Table 5-2). ~ oJoj cj-AJ 'l,x 
71 °Joj~ off K%oJJAi.9J ;>J7J-fl-4;-.0C .2.+ 2AJoJIAi 3AJ Afo]oJI 35cm/secoJI ,l-~cJ-. 
:::ra-]y- 0] off %%:af "1%oJJAic: 7cm/sec oJ,;f_s 01'1' Qfi0f711 ~'ll"i'llcJ-. .2.t;jil] 
%%-"I- c<J¾.91 ;,J7J--fl-4;-,0, o] AJ'1, oJ+oJI 3.71] %7fi0foj 30cm/seco]')J-.2.."- ;,jo<J 
c: 7]~%¾ .!i!.'i)cj- (Fig. 5-17; Table 5-2). K%.9J -/l-4,-5'. .2.+ 5,J77fo<] c: 'l}C::OiOf 
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t:}71 ::J. o].:folJ -,J-4r..-] %71-o-l:il 'llt:f. o].2]-:,j-o] .2.-'f 5--'l o].:folJ -l\-4;'0] %71~ 
!:: o]-l\-lc,, o] "171 %¾ .:f'l!-1'-olJ 'il,l-;;Ji..]- 'ii¾ !f.~ 'I! '?}i!,'.2-.ss :<]4raj .2-.ss 
-i-'1!-"'i %¾-l'i-~ r:i~ %71--'1~71 al¾.2-.ss .l!.oj{!t:f. 0ic!~ 12--'l{} '!!-{1-\'l:~ 1! 
:il} ';: Fig. 5-19olJ .El "};;J oj 'll t:f. 

7.2 'r.g. 

~ -1'!,~7]'(}¾ ¼'ii ?.g..21 -"'il¾:§1-71 'l''l!..-ft:f (Fig. 5-18; Table 5-2). ll¾.21 
?.g..g. 16.5"ColJ-"'i 17.0"C.2-.ss %¾.2]- "r¾.21 \'!:§1-71 71.21 llit:f. ¾% o]..-}olJAi.5'. 
-"'ITiolJ a:fe '!!t:fe 1'!:§1-:: .l!. 01:<] 1',.!"'e:t:f. o],e <>l¾l!olJ 'll'?l?71 <II~~ t:f¾ 
"f¾-"']olJ 21"11.ss i..]-71!:: ~-',1-o] Ol"\7Jl:X],e .l!_o];,] \>i'c: ~¾ 'lf 'r 'llt:f. ~>\laj 
.2-.ss 'r.g..g. 'y'-{10] ~oJ~'r~ AiAi~l ~±:-o-loj "l¾olJAi 14.0°C71 '<lr:f (Fig. 
5-18). 11 "c 5-'/l 7,l olJ !:: {!Oil. of{! 'I! ? I'! 'ii 2j o I o] o] ?.g.-"'j % o I o ]-',' oj ;<j -'i ?:i!J 
71 '?l'!!;;JoJ 'll¾¾ 'll" 'r ,ur:t. 

'll ~ .5'. 'r.g.:il} of~ 7f :<l £. A] TiolJ a:}e I'! :§1-7f 71.21 lli O I ?% '!! .£ '?l'!I B ii:¾ 
.l!.0]:il 'llr:f (Fig. 5-18; Table 5-2). ll%olJ-'i !:: 31.0-31.5 PSU.ss "1%.21 33.SPSU"il 
•I'll '5t7] allf-"il 'l!"c ~oJ~'r~ 'll~01 -"'iAi..-] %7f-o-f!:: 7,J~¾ .l!.'1]t:f. ::J.cj 

i..]- 33.5PSU .l!.t:} ~.g. 'll ~¾ ~;,, "l ¾<r.21 -'i'-'Ji171 "rx-'l olJ ~±:-o-lt:f 7f %x-"'l Oil 
%7f-o-l,e 'l!.2-.ss .l!.01 (Fig. 5-18), %¾-"'] .21'11.21 ¾ r:1 'll~0] ~.g. <r:ilJ71 'l!.2-.ss 
{! ~ ..-f :il "< ¾-'I olJ :: ~-'<i"<r.21 :§1 -'-1 .2-_;,_ 'll .\'-0 I >;tof{! 'll '?l<r 71 21 'iii!,' .2-;.. •l"l 
i..]-71!:: ~.2-.ss Af.ll_'<Jr:f. 

-1'--ll--!1-~ i,'.5'.ie "l¾olJ-"'i 5mo]ilJ"il-"'i 25mg/Jo]-',l-.2-.ss "f¾91 11¾-"'] (13-'l i:= 
'l)-, Fig. 5-18):: >l]2l..-l:i1!:: o] *01 ~,:J- 7f'lJ- ~.g. 'o'.sc.:: .l!.'?]t:f. ~11'<1 "itil 
iJ;.g. 38mg/l.ss-"'i "f x.21- %¾ £. -'i'-olJ -"'i •I ;:: ..-1:x] 'I! (Table 5-2), 1111 ti:~ .:f '1!-1'-'?l 
%x-"lolJ til>\laj.2-.ss "l¾"il'i91 -'/;'.5'.71 34mg/1.ss "r¾-"'].21 30mg/lolJ •I'll "}'(} 
"1 ~t:f (Fig. 5-18). 014:,J-.g. "i¾"l"l¾ >1121~ 'll <r¾"il-"'i.21 -1'--ll--!I-~ 'o'.SC.\'! 
:§I-!: oJtti~ "/''l!~ 7.l~-i- .l!. 0]:x] \l!":il 'llt:f (Fig. 5-18). "1' ~-I'- -"'l<ltil"il 
18mg/l.l!.t:f ~.g. iJ;o] %%olJ i..]-E]-i..]-7]!:: ..-fi..]- 'l!>\l"l.2-.ss 14-18mg/191 ii;¾ 71{! 
t:f (Fig. 5-18; Table 5-2). 0ic!~ ~,:J-.g. '11"191 y{l!ajaj-!,-o] 10-20cm/sec91 "i¾ 
¾-ii-olJ 91 'ii >M-1'-%'<1 t:f !:: 'I!¾ 91 °1 ~r:f- ::J. cJ i..]- JI %:il} ¾¾"ii Ai ie 'lJ '?]olJ Ai !f. 

lc, 21'1lolJ-"'i ~'lj..-] -1'--ll-%~0] o]'i-'<lt:f!:: ~%¾ 'fi- 'y'-C: \l)t:f. a:}a}Ai o] :<]Oj 
<>11 -"'i :: 7JolJ .21 ~ -I'-%%~ 91 ..- ¾ ttl 71 e ,n ..-171 '-l- '1!til .ss 21 'ii .ss-1'-EJ :il * .sc. 'i" 11 
%~;;J:: ~-',!-¾ ajoJ.sc. ¾'l/"ilAi!:: ""'r llit:f!:: 'I!¾ 'lf 'r ',lt:}. 
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\l-"11 "1 y {/ -"I "l -!1- ,o_ "1 "11 _l;l_ cJ- ::: 4-i!J y-a]- '1l 'l! 9'. ::: *AJ .2..£. 'I-El 7 I ~ ~ 31 .2. 
.£. _l;l_ oj ~ cJ-. 2¾'l! .'r. %'!\'oJI Aj ::: 11 ~ 7.J-:ilf ei-%7.J-o I "I 11 "l '1! i''ir :>1 o I oj, 2 ¾ 
'l}.'r. Aj'J\'oj]Ai::: Ai"il'l!oJIAj >ll/-%-"loJ o]%-"loJ .g. 1/--fl-%{/o] 2r i''ir~.2..£. Af 
_a'<) cJ-. aj-aj-Aj \l-"1191- Aj "11 "J :,j ;,j]l/-'1) ;,J]'°r .'r.91- J\-~Afo] oJI 1,; ,1 tjJ ~ ~~y tjJ 

"1 'l!l/-li'-o] _,.,oj ',l:::<i] o] *"1 y{/-"]"J-!1-.°. 71½1!"1 ;,Jll/-%--"l"l'l!-'J½ ;<]A] 
~1,; ¾ i!j "J 'lJc,!"½ !; ~ "J .2..£. _l;l_ o] ,1. ',l cJ-. :,j 'l}<lj .2..£. ',J-'1i '1J 'l! "J Aj 'J\'oJI Aj % 
'l\'.2..£. :,Jc9~ %7]-!l-:ilf l'!~'ll~i!Jo] AjAj~ ¾7f~cJ-. .:rely- 9{l 70mo]a-f"1 
\l-"8 ¾ 0J¥-oJI ::: :i1f ,i '119 \'! 0 I ') ~½ '1 1/lc '1! ~ '!I {/ -"I "l-!1- 0 I "ii "1 oJI .::r tjJ .£. I½ 
.sjoj ',le!-. o] :ilf>1"1 -"l"l-!1-:ilf '1!'1!"1 '1!'~ '!! Afo]oJJ::: ¼.£.Ail oJl{l"!-%oJI "1'11 
o] ~ o] Aj .£. ~~-"I oJ .'i'.eJI {/ '!! 9'. 1c; ~ {/ .'i'. ell 7f -"1 "l-"l oJ 'll cJ-. 
~ "ii, of~ 'l! 'll 'i"oJI Aj "1 12A] Zr 'll 1! i'l: ~ oJ] "1 a-f \'!, 5~ :,j oJ] o] jc "1 '119::: 9 

_g.o] 14-17"C, ',lli'-.g. 31.0-31.SPSU.£.Aj 9;!],>J AJ¾:§1-:: _l;l_oj -'if'g"ii] 'l!'lJ-"JoJ ',l 
%-2- ~ "'r 9..lc}. ~'ff'-9.j ~7J-%~~~ 35-37cm/sec.£. *J-~9} 14-S:..9.l ,z.~ol jj-9.j 
\ll.2.y- ~'ll:"l.2..s!. ~ 9¾oJI ~"1 *JctA]oJ] -Jl-4fo] cj~ 7J~ :,j-OJ¾ _l;l_oj o] ;<] 
2j oJI Aj ::: 1)-~ it 7 f 4-"ll ~ "] tjJ ~ ~ it T ct ;; ;!- ::: cJ-. Oil "I SI Y {/ -"] "l -!1- ,o_ tjJ 1/
li'-Si ~ -&j 2r 7] %'l!oJI ;,JI¥-% -"I oJ ;<j ¾Si "r .'r.7f -'Jtj] "l .2..£. 0 l 4- ;,;,11 -Jl-;<] .sj ;<] 'l! 
.::r -'11"1 9¾oJIAi::: ¥-%-!!-{lo] 'f'l!~ li'-~:,J"J½ _l;l_o];<] \',1-7] oj~oJ] 'l! 'l!l/t.2. 
.£. lr '11 "I "-"-::: ¥--fl-% {1" ¾.g. '{} "i -"I "i al"::: cJ-. .::r cl y- "ii -!i-"1- ¥-%-!1-{l 'o' .'r. 
~ 7}.AJj]_ ,t-'tl1f¾ 'Al{!-~¾ n1 ~ :t:~Ff:.7]%-'t!OU 0.13kg/m7} "\rTcS"};;,,JJ 'fr~~ 
.£. -fl-'ll-"l'.ll%o] 1/l"~LllcJ-. ~ o]o] o] A]7]oJ] ~"ii, of~'l!.g. '!lo] 1/lco],1. ',lcj-2 
~ 'r '.Ut:1-. 

\l-"il '1!'1!"1 -"l"l"l-%.g. ;,JJ1l"l'1! l'!:§1-:: ;r,t¾ 3101 ~11;;171 'l~oJJ, -!1-e '1!;,JJ 
Si I± ~~fall"! 'll-l!i'l:~ ;<f.a'l!.2..£. oJ1ti~ l1-'ll"l'1! 'lie½ 41"1 9::: \llcJ-. 01 
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Table 5-1. Summary of location and tf'xtural characteristics nf box cores from the South Sea and its vicinity 
Sample Location ( in deg:reel Depth Core L Com12os1t1on Sed Textural Parameters• 

No. Long Lat. 1ml (crn) Gravel Sand S1I1 Clay Type Mz o, Sk Ko 
Al 124 999 34 168 91 0 0 58 6 1 1.35 30 05 cs 5 67 3 78 0 71 I 85 

20 0 57 29 10.07 32 64 cs 5 84 3 88 0 62 I 68 
38 0 55.21 9.63 35 16 cs 6 03 3.92 0 5 1.53 

A3 125 004 34 011 85 0 0 88.12 2.23 9.65 cs 3.13 2 79 2 52 7 88 
32 0 81 63 3 27 15 I cs 3 7 3 3 I 79 4 56 

AS 125 001 33.849 94 0 0 71 29 6 21 22 5 cs 4.46 3 81 1.16 2.65 
30 0 64.4 7 18 28 42 cs 5 32 3 87 0 85 I 98 

Al )25 000 33 666 90 0 D 43 98 12.17 43 86 sC 6 83 3.98 D 14 I 34 
30 0 60 22 13.69 26.09 rnS 5. 14 3. 18 0 73 2 

A9 125 000 33 500 74 0 0 65 83 7 14 27 03 cs 5.02 3 92 0 91 2 08 
28 0 64 17 5.12 30 71 cs 5.29 4 06 0 76 I 79 

I Bl 125 880 34.514 21 0 0 6 83 45 91 47 26 M 8.23 2 97 0 08 1 53 ... 20 0 4 58 45 55 49 87 M 8.48 2 91 0 03 I 48 ' 'O 
42 0 2 19 47 46 50 35 M 8.59 2 8 0.05 1.47 I 

82 125 884 34 417 31 0 0 17 7 34 7 47.6 sM 7 89 3 48 - 0.2 1 72 
20 1 91 35 17 20.95 41 96 (g)sM 6 75 4 13 - 0 13 1 7 
29 0 2 78 42.05 55 17 M 8 86 2 81 - 0.13 1 5 
32 0 34 53 32.24 33 23 sM 6 29 3 85 0 14 1.73 

87 125 883 34 000 83 0 0 0 47 1 52.9 M 8 62 2 6 0 08 I 55 
7 0 86 81.37 8 21 9.56 (g)mS 3 12 2 9 1 97 6 03 

25 0 1 71 38.79 59.49 M 9 06 2 64 - 0 19 1.58 
89 125 882 33. 750 78 0 0 19 8 24 67 55 53 sC 83 3 32 - 0 3 1 67 

35 0 35 37 22 01 42 62 sM 7 18 3 54 0 16 I 47 
B11 125 883 33 500 95 0 0 40 97 17 39 41 64 sC 6 78 3 79 0 18 I 42 

32 0 54 8 11 99 33 2 cs 5.86 3 81 06 I 67 
Cl 127 000 34 167 32 0 0 51 42 20 53 28 04 rnS 5.94 3.41 0 78 2.02 

32 0 54 31 19 18 26 5 rnS 5.78 3 36 0 85 2.16 
C3 126 999 34 000 60 0 3 17 73 85 5 77 17 22 {g)mS 3 62 3 68 1.22 3 37 

30 3.6 48 05 12 45 35 9 (g)sM 5.45 4 52 0 25 I 54 



Table 5-1. Continued 

Sample Location ( in degree) Depth Core L. Comeos1t1on Sed. Textural Parameters• 
No Long Lat 1ml (cm) Gravel Sand Silt Clay Type Mz 0 Sk K 

C5 127 000 33.833 87 0 13 25 55 37 7.06 24 32 gmS 3.86 4.49 0 67 2 14 
15 15 7 49.36 9.09 25 85 gmS 3.84 4.77 0 44 2.01 
26 9.41 23.76 51 51 15.32 M 4.61 3 6 0.16 2 87 

Cl 127 000 33.667 117 0 0 87 81.67 54 12.06 (glmS 3.42 3.04 1.84 5.43 
27 2 99 75.59 5.6 15 83 (glmS 3.63 3.43 1.4 3 85 

D1 128 000 34 584 27 0 0 0 82 39.12 60.05 M 9.18 2.52 - 0 16 t 57 
30 0 0.18 37.32 62.49 M 9.2 2.47 -0 2 t 6t 

D3 127 999 34.417 43 0 0 0 31.18 68.82 C 9.59 2 29 - 0.28 1 64 
30 0 0 30.59 69.41 C 9 59 2.27 - 0.29 1.67 
42 0 0 27.73 72.27 C 98 2 25 0.42 1.72 

D5 128 000 34.250 69 0 0 0 24 03 75.97 C 9.94 2 15 - 0 53 1.94 
32 0 4.42 25 85 69 73 C 9.49 2.51 - 0 58 2.24 

I 
D7 128 002 34.000 86 0 0 21 28 14.24 64 48 sC 8.87 3 29 - 0 54 .. 1 69 

~ 20 1 68 St 2 19.04 28.08 (g)mS 5.83 3 92 0 31 1 78 I 
D9 127 999 33 750 t04 0 0 56.28 11.47 32 25 cs 5 95 3.74 0.69 t 74 

16 0 62 81 7.16 30 03 cs 5 56 3.86 0.8 1.87 
D10 128 000 33 626 t t 7 0 0 81 37 18.63 0 zS 3 01 077 0.5 18 

10 0 74 64 3 73 21.62 cs 4.33 3 85 1.2 2.83 
DI! 127.999 33 500 114 0 0 80 51 19 49 0 zS 2.46 1 2 0.01 2.2 

15 0 77 22 22 78 0 zS 2.62 1 t 7 - 0.09 2.24 
E1 129.000 35 000 44 0 0 0 64 83 99 15.37 z 7.39 1 67 2.04 6.03 

20 0 11 24 28 86 59.91 sC 8.71 3 16 - 0.46 1.9 
35 0 25.41 54. 75 19.84 sZ 5 97 2 78 1.11 3.19 

E2 129.000 34 917 73 0 0 1 63 22 61 75 76 C 9 89 2 35 - 0.74 2 37 
20 0 2 34 26 75 70.91 C 96 2 46 - 0.56 2. 15 
43 0 9 98 20 84 69.19 C 9 38 2.8 0 7 2.26 

E3 129 001 34 835 86 0 4 72 65 07 63 23 9 (g)mS 4.11 4 19 0.92 2.33 
22 22 08 50 22 69 20 81 gmS 3. 15 4 64 0.71 2.38 

E4 129 000 34 750 97 0 3 38 70 81 5 92 19.88 (g)mS 3 79 3 93 1.08 2 91 



Table 5-1. Continued 

Sample Lllca.tioo ( \n degree) Oepll"\ Core L Com12:0s1t1on Sed Te!<.tural Parameters~ 
No long. Lal. 1ml (cm} Gravel Sand S\!l Clay Type M2 a s, K 

25 4.49- 65 84 1. 11 22.56 (~)ms 3.85 4 17 0 94 2 52 
ES 129 000 3:4.667 102 0 4 7' 69 7 ! 4.69 20 66 (g)mS 3 56 4 12 1.13 2 82 

25 32.45 47 98 5 03 1A-.53 msG 1 98 4 29 1 24 3 42 
EB 129 000 3,4 5-84 109 0 0 73 €7 58 20.53 cs 3.81 3.93 I 25 2 89 

22 4 23 71 03 5 89 18 86 lg)rnS 3 4~----~-98 _]_J_li 3.13 
• Mt: Mear. C1 SO(lmg: Sic Skewness: K0 KurlOSIS 

I 
t 
~ 

I 



Table 5-2. Summary of 12- hour hydrodynamic measurments at the entrance of Jmhae- Masan 

Bay during 7 am - 7 pm, May 10 1998 
Time depth Curren! Temp Salinity Suspended sediments Wind 

(nh mm) 1ml speed(m/secl d1r.(oeg l (Oeg) lo/ool Cone (mg/I) soeed(m/sec) d1r {Oeg ) 

7 00 0 93 0 09 310 21 17 35 30 04 17 58 0 7 360 

7 00 5 98 0 02 20 36 16 52 31 88 14 94 

7 00 10 84 0 23 352 72 15 23 33 34 16 26 

7 00 16 17 0 20 347 94 14 30 33 82 24 20 

7 00 21 05 0 18 333 00 14 06 33 90 26 85 

8·00 1.22 0.08 128.39 17.18 31 06 20.23 08 180 

8 00 6.01 0 07 35 41 16 37 31 98 18 91 

3:oo 11 03 0 14 24 21 15 15 33 38 17 58 

8 00 16 18 0 08 17 43 14.50 33 75 9 64 

8·00 21 26 0 03 4 84 14 11 33.90 38 76 

9 00 0 87 0 20 147 81 16 97 31 03 13 61 0 5 202 5 

9 00 5 76 0 19 111 60 16 36 31 99 14 94 

9 00 IQ 86 0 17 116 78 15 46 32 98 16 26 

9 00 16 25 0 16 114 69 14 94 33 40 22 88 

9 00 21 34 0.05 96 95 14.15 33.88 25 52 

10 00 1 08 0.37 150.10 17.03 31 07 17 58 67.5 

10 00 5 59 0 22 136 87 16 92 31 38 17 58 

10 00 10 85 0 26 151 64 15 63 32. 73 22 88 

10 00 15 97 0 24 134 38 15 05 33 28 12 29 

10 00 21 02 0 15 131 86 14 15 33 88 25 52 

11 00 1 50 0 29 131 12 16.92 31 50 16 26 1 3 675 

\ 1 00 573 0 24 149 81 16 44 31 98 20 23 

11 00 10 83 0 25 142 55 15 88 32 48 22 88 

11 00 16.09 0.24 131 53 15 15 33 17 25.52 

11 00 20 95 0 14 120 09 14 13 33.88 36 11 

12 00 1 07 0 25 139 85 16 62 31 81 16 26 2 3 22 5 

12 00 5 73 0 21 113 29 16 56 31 90 16 26 

12.00 10 91 0 22 144 44 15 24 33 07 13 61 

12 00 15 99 0 16 127 67 14 96 33 36 20 23 

12 00 21 24 0 07 I 05 41 14 25 33 86 30.82 

13 00 0 64 0 07 144 42 16 47 31 93 13 61 0 7 90 

13-00 5.77 0 08 337 95 16 35 32 06 18 91 

13 00 10 96 0 17 137 99 15 12 33 13 13 61 

13-00 15 88 0 12 87.95 14 82 33 39 24 20 

13 00 21 25 0 10 51 93 14 45 33 77 14 94 

14 00 1 17 0 35 336 34 16 66 31 83 20 23 25 22 5 

14 00 5 79 0 25 341 70 16 33 32 09 9 64 

14 00 10 84 0 07 184 55 15 63 32 70 9 64 

14 00 16 01 0.05 48 72 14 89 33 33 20 23 
14 00 21 11 0 07 35 35 14 68 33 55 33 46 
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Table 5-2. Continued 

Time depth Current Temp Salinity Suspended sediments Wmd 

(Mmm) 1ml speed(m,'sec) dir.(deg ) (deg ) (o/oo) Cone (mg/I1 speed(m/secl dlr (def/:) 

15 00 l 09 0 23 299 61 16 57 31 94 14 94 l 3 22 5 

15"00 5 63 0.31 319 68 16 43 32 04 20 23 

15 00 10 94 0 23 334 42 16 18 32 25 22 88 

15 00 16 00 0 08 48 46 15 64 32 71 9 64 

15 00 19 75 0 04 5 98 15 04 33 20 9 64 

16 00 0 90 0 16 2B8 84 16 86 31 72 18 91 3 22 5 

16 00 5 70 0 19 323.49 16 1 B 32.25 18 91 

16 00 10 86 0.14 331 71 15 44 32 88 22 88 

16 00 15 93 0 32 310.92 14 55 33 68 24 20 

16 00 20 92 0 31 315 42 14 37 33 79 38 76 

17 00 0 98 0 14 314 78 16 63 31 89 16 26 l 8 360 

17 00 573 0 l B 330 82 16 04 32 37 16 26 

17 00 IO 76 0 24 336 86 15 44 32 90 18 91 

17 00 15 90 0 30 317 21 14 96 33 29 9 64 

17 00 20 97 0 21 327 95 13 88 33 92 33 46 

18 00 144 0 31 329 69 16 64 30 37 22.88 2 2 22 5 

18 00 5 68 0 07 177 02 16 44 32 03 10 97 

18 00 10 99 0 13 327 87 15 22 33 07 12 29 

18 00 16 10 0 33 332 04 14 01 33 85 9 64 

1 s 00 20 99 0 20 332 00 13 68 33 94 37 43 

19 00 l 32 0.38 322 40 16 53 30 B5 12 29 2 5 360 

19 00 5 78 0 09 336 06 16 23 32 04 1 B 91 

19 00 10 B3 0 13 320 29 15 66 32 71 13 61 

19 00 15 94 0 28 324 49 14 92 33 33 16 26 

19 00 21 12 0 21 352 14 13 91 33 90 14 94 
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Map showing bathymetry (contours in meters) and core sample locations 

(dots) in South Sea. GB, Gamagyang Bay; KB, Kwangyang Bay. After 

Chough et al. (1991). 

~ 



20 30 40 SOKm 

,,... 

Pohang 

Legend 

lliiil RM0 ~ TSR 

-BSC IS::J ICF 

"'"' 

, .... 

f/.q TSO 34"N 

~LOW 

Fig. 5-2. Areal distribution pattern of a variety of transgressive deposits and 

recent mud in the eastern South Sea. RMD = recent mud deposits; 

TSR = transgressive sand ridge; TSO = transgressive deposits; BSC 

;:. beacn-shorcface complex: ICF = incised channel fill: LSD = lowstand 

deposits. Modified after Yoo ( El97). 
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>ll"i'.'r. 4'1/!0il"l~ ?11 200 rn °J..-IE1 '11;;-* Oil"l(Byun and Chang, 1988)2-!,. 
§J-811~¾1.§-'r, ¾~tH~~1!'-'r, 0JA)-7cf §1~-'r, '"!llca~T, tll 0J-\:rff"-'r, ~?\:rff"-'r, 
~CS"';J-Oil~'l!"r % t:J- 0J~ ?"171 li'-.¥:~2 ~t:J-(Kondo, 1985; Byun and Chang, 
1988; KOROi, 1997). o]sj- 'lf~ Oil?El ";-'/l-'1)- ¾%0ll 0JAJ-i-o] Aj-6j~ "r ~::: .!j 

"l El Oil 0JlPil 0 ] '!! AJ !al oJ 'if,<], 2 %oJ, 'l! 7§ o], -t)-;>] %"I 'lf ~ -'IJ-'ll "l _Q__;,_ ¾ .ll. 
~ ?{!- "l~o] ¾-'\'-<>12 o]oJl Dl-e <>l'lli:%.'r. ¾-'\'-~ oJl"lo]t:J-. '!l''l!- oli..J2J- >ii 
"i'.'r. 4'1/!0ll"l<>llic 500 "1¾91 t:J- 0J~ "l-li-71 Aj-6j~:rr ~ictWChyung, 1977; Kim 
and Lee, 1994; Yoo et al., 1995), ;>];;<loJ91 7a4- -'j'-!,.A].2. Oil-!l-oJIAi -l,!-;;<]-,j t1lol'd 
*"r(Byun and Chang, 1988; Hsueh et al., 1996)Sl ¾{) "TQ:f.l?} ?1t!'BflQ:f01l fil":: 
¾-Ii-El 'd-!i-'.l ¾"I ~-fl-AJ ,wo] li'-.¥:<>lic ;a:!E-!l'. .!i!.2,aj~t:J-(Yoo, 1991). >i]'j'.'r. 
~'1!oJIAi.'r. OjA] 'd-!l-'i=El '!l~E-!i'. \t-!l-AJ"f ~-fl-AJ "l-li-El :<];;<loJ71 ½'l!~t:J
(KORDI, 1989). <e- ~,"oJ]AjC: ;;<]~7JI;;<] >li?.'r. ?1/!oJIOj"f ~'1!¾ t11-'l)-E-;,. ¾Al 
-<l 1,-~¾ 'lle.1~2, >1]?.'r. ~'1!E1 >!I'll\!! ;>];,loJ l;!-.¥: 0J-'IJ-"i- ¾ ¾'.lEl "i'll¾ 
¾Al<>l~t:J-. 

>il?.'r. ~'1!¾ '11-'IJ-E-;,. -ct'll-<l 87HE1 'll~ (Fig. 6-1)¾ '11-)}E-!l'. 1998\1 5-'ll, 8 
-'II .:I e.l 2 11-i/ <>ii 't-2 Li].§. ("«~ 300 urn, 0J-'r"i 7a 60 cmo] 2);: o]-§-%]-oj 1.5 -
2.0 knot9j 4r:s;__;,_ .l!.¾oJIA1 A]£; •H'll%f~t:J-. Bongo net¾ ¾"I~ ~El 0J-l,- ~ 
'l!-S-17] ~-S-1"1 Lj].§. ~,'<>II ¾"a'>II (General Oceanics, Inc.)¾ -'\'-3/"<>l~t:J-. •H'll-<l 
A] E. C: 'I! 'll-<>11 ,, ¾A,l _¥: 2 'lf \':! ( .!j ¾* .'r. 7% )E-!i'. 2 'lJ ..-1 ~ tj-. 2 'lJ '<[ A] E. C: {el ~ 

,:,/-". -£-71 Oll.!/-"i'!PP,l (Carl Zeiss Stemi 2000-C)¾ oJ-§--o-1"1 oJ\':l"i- "i"l"l;: ~2} 
'.!! ~ -li'--'l<>l~t:J-. ;>];;,loJEl ¾ %'ll t Chyung (1977), Okiyrna (1988) %¾ ~2<>1 
~t:J-. ;>];;,loJ Al{) '!/c'!l.g- <e- ¾AloJIA1 •I'll'<! A]£ 'II'- 0 11..]2} >l]?.'r. ¾1,-?\'! ~ 
'1!<>11 Aj 1997\1 711 ~ 1998\1 5-'jj <>II •1 'lJ '<! ;>];;<loJ AJ E. (DJ 'l, .l!.;;<I E.) %¾ o]-§-%]-~ 
t:J-. Al{!-f!'!l.g- i'jo]:,joJI -'\'-3/"'<! 9"].!,lofl2J-(Carl Zeiss Prog Res 3008):S 0 ]%-S-1 
~t:J-. .:re.12 >il?.'r. ?l'!Oil"l 'll ~'1!oJJA1 ¾Al'<! ;>];;<loJoJI -l'!:~ 1,-~¾ ¾AI-S-1"1 
,>];;<loJEj >1'lJA]7]9j- ~"1J ,W ~;;.¾ 3fA,j-S-l~t:J-. 

<e- ¾AloJJA1 •I'll'<! ;>];,loJic ¾ 33,wo]t>j ¾Al A]7]\!! ½"i'! ¾ ¾'.l"r '!lie ½ 
'l!"J'.g- Table 6-1:i!]- 'l!t:J-. oJi'!~ \l!"l (Eugraulis japonicus) ~ ¾ 'l!- %1!,aj~E-t>j 
'!!>II ½"i'!"J'El 36.1%:S >l;;,J;;l~t:J-. "i"loJEl 7a4- 4-~¾.g- c<le.1%(Chromis 
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notatus)E.ii'. ~>ii ½'1!%'-"l 28.5%~ "f;<fiif'l\]1, cJ-%~ ~•~o](Sebastiscus 
mannoratus) 10.6%, 7f "1-1111 .£i!}5<l(E1111eapterygius etheostomus) 8.8%, +~".! 
(Helicolenus hilgendorfi) 8.5%, '!15<l(Engraulis japonicus) 7.4%, Benthosema pterotum 
6.8% s,;2-£ 01~ 6 ¾O] ~>ii ½f/!"J.sj 70.6%~ "f;t]i,f'l\cJ-. 

~Af A]7]'l! 5<]:afoj.sJ ½'I! ¾?!:: Table 6-1:i!t :Qo] 5-i/oJJ 9¾, 8-'l!:i!t 11-'iloJJ 
2<2< 16¾1'] ½'I! -.f'l!cJ-. 'li 11 'l! "i"f<>l-"l ½ 'I! ¾ ?!:: Fig. 6-291- :Qo] 5-'il oJJ !:: 
0-4¾0]~]1, 8-'l!.g. 2-12¾ cii!J]l 11-w ~ 1-12¾2.;;,. 'll'll:n "i:af<>l-"l ½'i'!¾ 
?oJI \ll',O, "' 0 I¾ .!i!. 'l! cJ-. !; ii] >ii 'i' .'i'. %.l/-l'l '1!-oJJ -'11 "l ~ 'll 11 3oJI Ai "i :afoJ-"l ½ 
'I! ¾?c: 5-'il-"l 1-¥- 1 ¾ol~"i'l!- 8-'1!'4 11-Yi!oi1e zi-zi- 12¾2.;;,. ~Af 7l:n%'1!-
7fog. q- 0J~ ¾-li--"l "]:afoj7f ½'1!-.f'l!cJ-. 

oJ \'!-"l '!I ir ½ 'I! aJ.g. 5-'I! o] 3,907 indiv./1000m3
, 8-Y,I o] 8,888 indiv.jl,000m3 Cl 

"1 ]1 11-'i! o] 3,103 indiv./1,000m3 E.ii'. 8-'I! 01 ¾Af 7] 1'} %'1!- 7f'if lll''ll:t:J- (Table 
7.1). oJ\'!-"l 'll'll'l! ½'I!%'~ Fig. 6-3:i!} :,1-cj-. 5-'l!-"l ½'I!%' 'll-'11!:: 590-13,439 
indiv./1,()00m3'.ljE.u] >ll'i' .'i'. \t.l/-l'l '1!- ('ll 'll 5)'4 \l-Ai.l/-l'l '1!- ('ll 11 6)0!1 Aj ½'I!%' 
o I \ll''ll:cJ-. 8-'I! -"l ½'I!%' 'll-'11 :: 705 - 27,480 indiv./1,000m';;,. >ii 'i' .sc. \t'I- l'l '<!<>ii 
-'1l '<I~ 'll 11 491- 5oJI Ai ½'I! i!Jo] \ll''ll:cJ-. 11-'l!-"l ½'I!%' 'll-'11 !:: 836 - 12,344 
indiv.jl,OOOm3'.ljE. "1 >II 'i' .'i'. !4.l/-l'l '1!-oJJ -'1l 5<] ~ 'll 'll 2oJI Ai ½ 'I! i!Jo I 7fog. \ll''ll:cJ-. 

5<]:afoJ-"l '!lir ½'1!%'.g. 5'11°1 29 indiv./l,000m3
, 8-%10] 340 indiv./1,000m3 Cl 

"1 .:i!. 11 -'I! 01 186 indiv./l,000m3 ii'. 8-%1 oJJ 7fog. lll''ll:cJ- (Table 6-1). "i :afoj .sJ 'll 'll \!! 
½'i'I.%'~ Fig. 6-3'4 :,1-cj-. 5-'l!-"l ½'I!%' 'll-'11!:: 0-84 indiv./1,000m3ii'. 'll'll 7:i!} 1 
oJJAi ½'l!"J'o] •IR"l lll''ll:cJ-. 8-'l!-"l ½'I!%' '1l-'1le 31-813 indiv./l,000m3'.ljt:j-. 
>ll'i'.'i'.-"l %'1- ll1 %\t.l/- '1l'1!-oJJ -'1J:>I~ 'il'll 3:ilJ- 4oJJ ½'l!i!Jol \ll''ll:.:i!., >il'i'.£ -!ai
.l/- l'l'l!-"il -'11"1~ 'll'll l"ilAi.£ •l.iit"l ½'l!"J' 0 ] \ll''ll:cJ-. 11-'il-"l ½'I!%' 'll-'11!:: 
4-712 indiv./l,IJ00m3ii'. >ll'i'.£-"l \r'l-l'l'l!-<>11 -'1J5<I~ 'll'll 591- %'1-l'l'l!-oJJ -'11"1~ 
'iJ 'lJ 3oJI Ai ½ f/! "ef O] \ll''lJ:t:J-. 

'i' .8. -¥-'ll ¾-"l -.f i..f '11 '!l 5<J (Engraulis japonnicus)-"l oj \'! '4 :>J :afoj .sJ -l,- .£ 1 "J,O, 
Fig. 6-4.oj- :Qt:J-. oj \'! -"l 14- 5-'il :i!t 8-'I! -"l 'll 'll 'l! ½'I!%' 'll-'11 !:: 2< 2< 22 - 12,981 
indiv./l,000m39j- 64-19,368 indiv./1,000m3'l\cJ-. 'll'll\!! -l,-.'1: 1.-J~ 5-%1:i!} 8-'jlo] 
•I ~-.f 711 i..f El-\!:;<] '1!, ½ 'I! "ef O] 7fog. 11: ~ 'll 'll ~ 5-'I! oJ >II'? .'i'. Ai \t'I- l'l 'l!-<>il -'1l 
"I ~ 'll 11 6° I ~.:i!., 8-'I! .g. >11 'i' .sc. \l-'1-l'l 'l!-oJJ -'11 "i ~ 'll 11 5'l! t:J-. "I ;,foJ -"l 1-¥- 'll 
'll'l! ½'l!'il'~ 5-'l!oJI 'll'll 591- 6oJIAi 421- 1 indiv.jl,000m39j- 16 indiv./l,000m3 

'l!.:i!., 8 'iloJJ!:: 271 'll'll ('ll'll 291- 8)% >11-"l~ 67H 'll'llO!IAi ½'l!iif'l\E."1 ½'!l 
'if 'll-'11 !:: 9-115 indiv./l,000m3'l! t:J-. c-<l:afoJ-"l -l<-.'1: 1 OJ,O, oJ \'!-"l 1-¥-91- •J ~ 
iif 'l!E. oj ½ 'I! ,f O I 7f o<J lll' .g. ')J 1J .g. oj \'!-"l 14-91- :,!-0 I 5-%1 ~ 'll 11 6, 8-'il ~ 'll 
'll 5 'l! t:J-. 

8~ SI 4-~ ¾ ::'. ~li!.l % (Chromis notatus), ~~~l (Aspasmichthys ciconiae), 7}~lill 

.'i'. ef;>J (£111,eapterygius etlieostomus)ii'. 0J:; -"l 'll 'll '1! -l,- .'1: !:: Fig. 6-591- 'l!-c/. ;<fi!} 
% ~ >II 'i' .'i'.-"l !4.1/-l'l 'l!- ('ll 'll 1 ), %.1/-l'l 'l!- ('ll 'll 3), Cl i!l .:i!. \l-%.1/-l'l 'l!- ( 'll 11 4) 
%% !l~~ 57j 'll'lloJIAi 15-471 indiv. /1,000m3 ½'i'l.%f'l!t:J-. "J-~"l!:: Ai.1/-l'l 
'l} ('lJ1J 7), laf.1/-\'J'l} ('lJ1J 1:i!t 8) Cli!}.:i!. %'1-\'J'l} ('\l1J 3).9j 47j '\l1foJJAi 11-
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55 indiv./1,000m3 ½~ ~'ll t:J-. 7}"1-1'11 .'r.e]-:>] c- >119' .'r. ,r-';'-'1! '1191 'll 'll St >ii 91 ~ 
77H 'll 'll <>11--'l 8 ~ 133 ½~ ~'ll.2.nj >119" .'r.91 %-'i'-91- %,r-';'- \'l '11 ('ll 'll 3:ilj- 4):i!J- Aj 
-';'-'1! 'lJ:('lJ 'lJ 7)<>11 Aj ½ ~ ",jco] \g-~tj-. 

11 ti 91 4-'ll ¼,g. ~•Jo] (Sebastiscus marmoratus), -!,{l-".l(Helicolenus hilgendorji) 
:J."1'1 Benthosema pterotum 3¼.2..s!. 'll'll'l! 1i'-3':c- Fig. 6-6, Fig. 6-7:ilj- 'll-cJ-. ~•J 
o]c- 57H 'll 'll <>II Aj 6-321 indiv./l,000m3 ½~-a}'l!.2.nj ;<1]9" .'r. %-'i'-'1! '11<>11 -'/l :>] ~ 
'll'll 3<>11-'i ½~"J'ol 7}'l)- w~t:J-- t-{l-".!,g. 'll'll 3:i!J- S<>ll-'i Zj-2} 5 
indiv./l,000m3

, 381 indiv./l,000m3 ½~&}'l!t:J-. Benthosema pterotum, Champsodon 
snyderi, 11 l:l] ~ ~l 31} (Myctophidae spp.) ::I~ .TI Bregmaceros arabicus~ ~.g. 'd-*.,.J 
¼~,g. 9' .s!. >ii 9' £91 %-'i'-'ll '11<>11 -'ll *I~ 'll 'll 3-'i'-EJ >ii? .'r. ,t -'i'- :i "1 '1 ,iJ 9" £91 
Aj-';'-'1!'l}.e) 'jj'IJ 7 A}o]oj] jt~&f'l!t:J- (Fig. 6-7). 

,q 'il'7Jt"i >119" .'r. \'l '11:i!J- 9'1'! "11 "1 "ll-'i l!t~ {I :>];cf<>] c- 13eif 75:ilj- 230oj ¼ .2. 
.s!. ¼ 'll *I ;cf<>] ½~A] 7] c- Table 6-59} :,,tj-. o] ¼ eif ~% .!a. cJ1 .s!. ~ 3'c-'}"11 "1 :i!J
\5'1i'-'i'l:'il-'i! "i ?\'!"11"1 (1997\1:i!J- 1998\1)<>11 •l~-<l -'Ill. %% oJ%~"1 it'll~ *I 
;cf<>] (Fig. 6-8~26)c- .q;~:,l (Aspasmichthys ciconiae), %*lcJ-ell-it (Auxis sp.), 

Bentlwsema pterotum, '1~~7}A}o] (Bothus myriaster), Champsodon snyderi, !fr,1,,~7] 

(Corypaena hippurus), -'i'-'ll-'8-'r 'll (Gnathagnus elongatus), ¼'11-'\! (Helichoeres 
hilgendorj), Laemonema nana, ~"r3lt {Mullidae), Ophichthidae, f¾lill£r.l-~l 
(Petroscirtes breviceps), 7}1'J-1'11 .'r.e]-:>] (Enneapterygius etheostomus), :i~ .'i!'I! *l 
(Rudarius ercodes), 7H'!.-"I- (Sebastes phachycephalus), *"B ol(Sebastiscus marmoratus), 
'l!Ssl (Stephanolepis cirrhifer), ~<>l-i,-(Takifi,gu sp.) :ie1'1 'l£%i!'llJl.'r.el-*l 
(Omobranchus elegans) % .£.¥-- 19¾oJtj-. 

4, 31. ~ 

~ \'l ,'- "11 "1 <>11-'i <>l \!! 3lj- *I ;acf<>] 91 ½ ~ "'1°1 7f'lf Ht,g. A] 7] C' oj %1/ 01 '11'1, '-I 
;acfo-]91 ½~ ¼'T'c- "1%:i!J- 7}%1/"ll 7f'l)- W~c-<11 °Ja]~ 's!:i!J-c- ;<1]9".'r. ?1'!"11 
"1% 3'cA}~ Yoo (1991)91 's!:i!J-91- "15'~ ".)!.2..s!. !;!.'<]cJ-. \l!*l, :<f"1%, *"Jo] :iel 

'1 Champsodon snyderi %,g. Yoo! (1991)91 3'cAfoj]Aj ~'ll¼.2..s!. ½~~ ¼-it.s!. ~ 
'll'roi1,1£ "1-'l ~'ll-aJ-:llcJ-. :iai'1 '-l:<1<>191 ½~ ¼ 'T'71 wt s~:i!J- 11~91 1 
4- '1!'11'8 <>l-\'t'<! 'l£%i!'llJl.'r.eJ-'-l(Omobranchus elegans), 'illlil£el-*l (Pictiblennius 
yatabei), o] "1'-l(Hypodytes rubripinnis), °ci'¼'t:i!J- (Scorpaenidae)91 t-:,J-'\! 
(Helicolenus hilgemwrfi), .q;¼"r (Sebastes owstoni), ~•Bo] (Sebastiscus marmoratus) % 

3lj- 1±-\'tA~o]:>jy- q,J 0J:§:J¾-'a ¾-il-'<l %'-lcJ-ell-\'t (Auxis sp.), '1!Aff7](Coryphaena 
hippurns) Champsodon snyderi, Bregmaceros arabicus % 0 1 ½~-&J.~tj-. !;~l \tit~¾ 
o]y- ~ 0J:§:j-fl-';j ¼:;,g. ~ 3'cA} 'll'-'1! oft.Je]- KOROi (1989)91 ~Afoj]Aj£ "1-'l ½ 
'1l -of '.l/ Cf. ,ff 'i'-£91 'i'- I'! Off l!j ofl 1i'-.'l. 5'-c- cJ1 °11±-lt'T' (Kondo, 1985) !1j ¾ 1l T "1 o] t.J 
?\l!i>\1"10!]Aic- 01"1~ ¼:;91 ½'!l>J':i!J- ½'!l'/!£7f ,tCfJl !;!.J1£j'.ll,q (Yoo, 
1991). u:fel-"i .!- '1!'r"11"1"i 0]a1~ \:!-\'t'so]y- '1¾'8 ¼:;91 ½'!l,g. cJlnfl±-i't'T' 
91 ~ ~J .2..'a. ,g zJ--,! t:J-. 
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.::Ii!j]l 81ffgj ~A} 'lj'!J 'a' ;>J;<f"1gj ½~¾"r7f llf~ 'Jc~ "il"?.'r. %-'f-'1!'l!ofl 
~;>]~ 'll'!l Jo]~tj-. 5-i/-i- "ilSI~ 8-i/:i!f 11-i!oJl ½~¾?7} 7}'l} llf~l=-<•l oJCJc 

~ '1!'l!'J ¾-li-'i! 'l!-%"1:i!f (Gobiidae), "1"11.£2};>] (P. yatabei), 7}"!-"i].£2};>] (E. 
etheostomus), ;<}el% (C. notatus), -!-~'.ii (H. hilgendorfi), ~•§o] (5. mannoratus) % 
~'1! o}l..j2} 1±-!i--'SO];,jl..j- 1JOJ~il-AJ ¾-!i-"1 %;>Jtj-'1J-!j- (Auxis sp.), '!}~;>] (A. 

cironiae), 'frAI 7] (C. hippurus), B. pterotum, -'.l!•J';;;>J:i!f (Mycthopidae) .::Ii!j:il B. 

arabicus %OJ ½~~}5:lt:J-. o]cj~ ¾ ~AJgj ~'l!E..s!. .!i!_o} >l]'i'.'r.gj %-¥-'1!'1!<>11 ~ 
;>]~ 'll'!l 3~ 1±-l!-?gj 11!/'0 1 7f'l} e ')!E..s!. \'1-l±~t:J-. 
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Table 6-1. Mean abundances of fish eggs and larvae sampled in the coastal area 
of Cheju Island in May, August, and November, 1998. 

(indiv./1000m3
) 

Species W Months May Agust Novembec Total 
Eggs 
Enurau/is Japonicus ~ j:I 2,696 3,037 5,733 
Unidentified spp. 1,211 5,851 3,103 10,165 
Total 3,907 8,888 3,103 15,898 
Larvae 
Chromis notatus A~2.I ~ 158 158 
Sebastiscus marmoratus 'f§~Of 59 59 
Enneapterygius etheostomus 7~Q.J-t:111£2~XI 47 2 49 
Helicolenus hilqendorfi ~ f:I"~ 48 48 
Enqraulis japonicus ~ j:/ 2 39 41 
Benthosema pterotum 38 38 
Gobiidae spp. ty'E"Oi.:i!f 10 8 3 21 
Asl)asmichthys ciconiae ~~j;:j 14 14 
Omobranchus e/egans 7~Q.J-t:111£2~J::I 11 11 
Tripterygion baptrum ~ '1-1:111 £2.f:.t) 8 8 
Pictiblennius yatabei ~ 1:111 £2.ftl 1 6 7 
Champsodon snyderi 6 6 
Auxis sp. §:XlcfcJl-ff- 3 3 
Si/Iago sp. 3 3 
Callionymidae spp. 1 2 
Coryphaena hippurus '2JAH71 2 2 
Cynoglossus joyneri NA1 CH 2 2 
Enneapterygius sp. 2 2 
Myctophidae -j_!l:::l[ ~J;:l.:i!f 2 2 
Rudarius ercodes ::I~~ ~I XI 2 2 
Bothus myriaster ~~~7f;q• 1 1 1 
Bregmaceros arabicus 1 1 
Gnathagnus elongatus -¥~~-?~ 1 1 
Hyl)odytes rubripinnis • [~:ii 1 1 
Laemonema nana 1 
Omobranchus sp. 1 1 
Ophichthidae sp. 1 
Pagrus major 1 
Petroecirtes breviceps ¥~1:111 £2.f:XI 1 1 
Pseudolabrus japonicus !}~2.ff71 1 1 
Sebastes o/ongus ~:e::J 5sl' 1 1 
Takifugu SD. 1 1 
Unidentified spp. 4 41 20 65 
Total 29 340 186 555 
No. of species 9 16 16 33 
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Table 6-2. Abundance of fish eggs and larvae sampled in the coastal area of Cheju Island in May 26-27, 1998. 
(ind iv ./1 000m3) 

Species \ Stations 1 2 3 4 5 6 7 8 Total 
Eggs 
Engraulis japonicus 3,313 248 246 22 4,126 12,981 239 396 21,571 
Unidentified spp. 1 ,01 7 629 592 568 2,290 458 2,071 2,063 9,688 
Total 4,330 877 838 590 6,416 13,439 2,310 2,459 31,259 
Larvae 
Gobiidae 12 0 0 0 0 0 66 0 78 
Tr/pteryglon baptrum ~ Wt:!JI 1.2f:.i.l 48 11 0 0 0 0 0 7 66 
Engrau/1s japonicus ~ :.i.l 0 0 0 0 1 16 0 0 17 
Omobranchus sp. 6 0 0 0 0 0 0 0 6 
Pagrus major 0 6 0 0 0 0 0 0 6 

I Takitugu sp. 0 0 4 0 1 0 0 0 5 .. 
sl Picl!blennius yatabei ~l:lll~2f:.i.l 0 0 0 0 2 0 0 0 2 
I Callionymidae spp. 0 0 0 0 1 0 0 0 1 

Unidentified spp. 0 0 0 0 0 16 18 0 34 
Total 66 17 4 0 5 32 84 7 215 
No. of species 3 2 1 0 4 2 2 1 



Table 6-3. Abundance of fish eggs and larvae sampled in the coastal area of Cheju Island in August 18-19, rn9B. 

(indiv .11 ooom3) 
Species \ Stations 1 2 3 4 

---
5 6 7 8 Total 

Eggs 
Engraulis japonicus ~ ;.i;I 64 772 468 3,094 19,368 393 70 64 24,293 
Unidentified spp. 641 2,180 4,037 22,743 8,112 3,985 1,018 4,091 46,807 
Total 705 2,952 4,505 25,837 27,480 4,378 1,088 4,155 71,100 
Larvae 
Chromis notatus A/-2/ ~ 348 15 379 471 0 51 0 0 1,264 
Enneapterygius etheostomus 7 ~Q.J-1:111 27 8 62 89 0 17 133 43 379 
Engrau/is Japonicus ~ ;.i;I 9 0 55 13 115 103 13 0 308 
Aspasmichthys ciconiae ~2.f;.i;I 55 0 34 0 0 0 13 11 113 
Omobranchus elegans "il~~tlH !i.Cf 18 0 0 25 0 34 0 11 88 I 
Gobitdae spp. 18 0 48 0 0 0 0 0 66 .. 

~ 
Pictiblennius yatabei ~ 1:1111.CfAI 0 0 48 0 0 0 0 0 48 - Auxis sp. § j;I q2.11 "ft" 0 0 21 0 0 0 0 0 21 
Si/Iago sp. 0 0 21 0 0 0 0 0 21 
Enneapterygius so. 0 0 0 0 0 0 19 0 19 
Cynoglossus Joyneri YA-J Cl! 0 0 0 0 0 1 7 0 0 17 
Coryphaena hippurus l2.JAH71 0 0 14 0 0 0 0 0 14 
Rudarius ercodes ..:J.~E?IXI 0 0 14 0 0 0 0 0 14 
Hypodytes rubripinnis • I <24 ;;;1 9 0 0 0 0 0 0 0 9 
Callionymidae spp_ 0 0 7 0 0 0 0 0 7 
Unidentified spp. 9 8 110 127 64 0 6 0 324 
Total 493 31 813 725 179 222 184 65 2,712 
No. of species 8 3 12 5 2 5 5 3 



Table 6-4. Abundance of fish eggs and larvae sampled in the coastal area of Cheju Island in November 18-19, 1998 

(ind iv ./1 ooom3> 

~cies \ Stations 1 2 -3 4 5 6 7 8 Total 
Eggs 
Unidentified spp. 2,335 12,344 836 965 2,486 2,283 1,882 1,693 24,824 
Larvae 
Sebastiscus marmoratus a'@ 01 6 0 321 0 0 91 14 37 469 
He/icolenus hi!gendorfi ~ ~~ 0 0 5 0 381 0 0 0 386 
Benthosema pterotum 0 0 33 9 246 6 7 0 301 
Champsodon snyderi 0 0 14 0 12 18 0 0 44 

I Gobiidae spp. '&'"%Oil!~ 0 0 5 0 12 6 0 0 23 .. Myctophidae spp. ~l:1I ~ ;i;ll!f 0 0 5 0 12 0 0 0 17 
i:::l Enneapterygius etheostomus J f r;!{t:!1I 0 0 0 14 0 0 0 0 14 
I Bothus myriaster ~~~J~A~□ I 6 0 5 0 0 0 0 0 11 

Pseudolabrus japonicus ~~ell 71 0 0 5 0 0 6 0 0 11 
Bregmaceros arabicus 0 0 0 0 0 0 7 0 7 
Gnathagnus e/ongatus ¥~.g...,:i~ 0 0 0 0 0 6 0 0 6 
Laemonema nana 0 0 5 0 0 0 0 0 5 
Ophichthidae spp. 0 0 5 0 0 0 0 0 5 
Sebastes o/ongus ~~ ~~ 0 0 5 0 0 0 0 0 5 
Petroecirtes breviceps ~~t:!ll£2f;i;I 0 4 0 0 0 0 0 0 4 
Unidentified spp. 19 0 19 0 49 24 50 0 161 
Total 31 4 427 23 712 157 78 37 1,469 
No. of species 3 1 12 2 6 7 4 1 
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List of fish species found in around sea of Cheju Island Table G-5 
11, Go et al., 1991; 2: KORDI, 1989; 3: Yoo, 1991; 4: This study; "' : only larval fish) 

... 
Species (Korean name) / Months Jan. Feb. Mar. Apr. May 

--·· . 

Order Anguilliformes '\11 ;,:Jt>-l .';-

Family 1. Muraenidae "5"7-\.il} 
Muraenidae sp. - 3 

Gymnothorax nigromarginatus - 3 

Uroptergius sp. -
Family 2. Ophichthidae l:l}-tj-llJl.i!J, 

Qphichthidae spp. - 3 

Myrophinae sp. -
Family 3. Muraenesocidae ~ ;,:Joj 34 

Muraenesox sp. -
Family 4. Congridae ~%~o-J4 

Ariosoma spp. - 3 
Conger japonicus Bleeker ~%;,:JoJ ·• 3 . 

Conger japonicus : Baekll982, 1984). 

Conger myriaster (BrevoortJ % ;,:J<>l - 3 
Astruconger myriaster: Uchida and Yabe(l939l, Baek(l982l. 

Gnathophis nystromi nystromi Uordan et Snyder] ·- ··-- 3 
- -· 

.. 

June July Aug. Sep. Oct. Nov. Dec. 

1 

2, 3 3, 4 

3 

3 

3 . 

3 

3 
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T,ible G-S. Contmucd{l: Go et af., 1991. 2: KORDI, 1989; 3: Yoo, 1991; 4: This study). 

Species (Korean namel i t\fonths 
-----

Family 5 Nettastomatidae 
Saurenchelys stylurus (Le<ll 

Order Cluµeiforme:::. 78 oJ -& 

Family 6. Engraulidae ~ ;,:J .i!i" 
Engraulis japonicus Tenuninck et Schlegel ~ 5<] 

Engraulis Japonicus · Lchida and Yabe(l939), Baek(!982l 

Family 7. Clupeidae ~ oJ ;:q. 
Etrumeus teres (Dekay l ~ % ~ 

Etrumeus micropus : Uchida and Yabe(l939), Baek(l982l 
Spratelloides gracilis lTemminck et Schlegel) A)!½~ 

Spratelloides japonica : Uchida and Yabe(1939) 
Sardinops melanosticta (Temminck et Schlegel) 11 oj ~ 

Sardinia rnelanostictus · Uchida and Yabe(l939), Bc1ek(J9; 

Order Osmerifom1e--; l::l~ tj •t) oJ ~ 

Fctmih· 8. Argentinidae ,,,)! ~ .i!i 
Glossadon semifasciatus I Kishinouyei 

FamiJ~- 9. Bathy!;1gu:s 

'Bathylagus ochotensis Schmidt 

-

-

-
-
-

32). 

-

-
-

Jan. Feb. 

~-

' 

3 

3 

~--

3 

~-

~ 

-
I-- -- - -

~--
-

~ I~ 

' -" 

-
Mac. Apr. ! May I June 

----

- -

3 3 4 

3 3 

3 I, 3 I 

- --+----~-

' 
' ----

- -
- -

-

3 :J 
~- - ' --

-
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--- ' --~--

' --- --
--

·- --
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- -
' ' 
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' - -
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-~ -

I ----t 
- I- - - -

I --l---
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' - -

- - --

' - -- ~ 
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T,1bk li-J. Cclntimwd( ]: Go et al .. 1~-rn; :2: KOHOL 1989; '.i: Yuu, l~J; . .r This ;,tudyl 

SJ.X'L"ih (Kure,m name) \lontl 

Order Salmoniforme,; '?l 0-J ,& 

Family 10. Salmonidae 'a 0-J 4 
Salmonidac sµ. 

Cyclothone alba Rrauer 

Gonostoma e/ongatum Gunther 

:Gonostoma gracile Gllnther 

'Maurolicus muelleri (Gmelinl 

Vinciguerria nimbaria (Jordan et William:;) 

' 

Order Aulupiformes % u1l ~] ,& 

Family I 1. Aulo)Xldidae %uJ15':.] 4 

Aulopus japonicus (Gunther) OJ uJl ~l 

Aulvpus japonicus Baek(l982J. 

Hime japunicn'-" Chyung( rn771 

F11m1\:,· 1?. Synodontidac u]~o] >'~ 

~)modus variegatus (Licel)E'del ~%~ 

.'!'rnoduc:; uaril!gaw.~ ivlon{ 1 %:2 l. Bc1ck( l 9~21 

Synodus fuscus T:1rn1k,1 

·synodus macrnps Tcmak" 

1,; J Clll Feb. I i\far. ---,--- - -- --

f- -- ---

- -

" --7--- -. ' 
--- 3 

-, 3 --. 3 3 - 3 ---

-

-· -
-

- -

-- - - - - -

-- 3 
~ -

- i---------

-• 

- ------ --

Aµr. : I\ (ay June I July 

i 
I 

-~----

-

-
3 

~- --- -

-- - --

- -

-- - -

-

-- - -- - - .. --

- --- -- .. - ---

;Trachinocephalus myops (For;,terJ ~o]-'8- 0 ] 

Fruchinocep!U1!11~· mvops l"chida and Yabel I 

1Saurida elongala I J'emmmck ct Schlegdl ':}t:H 
1 Swrrida cfunpa/u Baek{ El8..Z1. 

-
rn-J1, Bach(E-l82l. 

%0] -
-

~-

---

--- --

-

l --- ' -
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Table G-::i. Cuntinued(l: Go et al., IOOJ: :2: KOHDI, 1989; :'.I: Yoo, 1991. .. f This study\ 

Species (Kore::in name) Month:-___ 

Saurida wanieso Shindo et yamadc1 
Saurida gracilis (Quay et Gaimardl 

Fmnily 13. Parnleepididae 

Paraleepididae sp. 

Lestidiops luekeni (Ege) 

Lestidium prolixum Harry 

jLestrolepis intermedia (Poeyl 

iStemonosudis sp. 

Order Myctophiformes 

Familv 14. Myctophidae ';!! H] ~ A] 4 
Benthosema pterotum (Alcock) 

Ceratoscopelus warmingi (Liltken l 

Diaphus pacificus 
Diaphus theta Eigenm,rnn et Eigenrn,inn 

Diaphus spp 

_Diogenichthys atlanticus (T,mingl 

Hygophum reinhardtii (l.,i.ltkenl 

l.Ampanyctus spp. 

Myctophum asperum Richard-.;on 
Notoscopelus japonicus t T,mab 1 

.Protomyctoph.um thompsoni (Chapm<1nl 
I 
Centrobranchus c!nerocephalus Fowler 

Myctophidae spp. 

Jan 

- ----

-----

---- a- --. 
' 

~ 
-
-• 
-• ' -. 
~ - r --

-

- ---~ -

-- ---

Feb. J\lar. : Apr. 1 t\l;ty 
-

I 
-

- -- -~ 

-

-· - --

3 -- ·-· 

~- -

- ... 

·-· 

- -
3 

.. 
3 

3 3 -
-

3 
3 

-

3 3 -- --_j__ - - -

3 :l 
,1.._ __ • --- L___ ---

-

3 
- --l-

-- -- I - -- ' 
i : 

---· -·- - .. -
June July Aug. Sep. Oct. Nov. Dec. 
-- ·- . -

----
3 

- ···-~ 
2 

---
. -~ -- ·---

3 

-

2, 3 -- - . --
3 3 ~- -- - --

3 --

2, 3 3, 4 

3 

' 3 
3 

- --

3 - - -- . --- --

3 
- - - . - --

3 ' - - -

3 
' 

- - - . ------
~- ----3 

-

~-

4 
' -

-- ~-- -~- ~-- - ~-

: 
C - -
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Table 6-J Contimwd(J: Gu et al, 1991: 2: KOlUJI. l!JB~: :1 You. WJJ; ~: !'his stud~-l 

:::ipcc ie» (Kure,m mirnel i\lunth-s 

Order Ophid 

Family 15. C 

Enchelwphis sagam 

Pyramoden ventral; 

Family 16. 0 

1-l oplobrotula arma. 

Hoplobrotula anna; 

Neobythites sivicol1 
Watasea sivicola : 

Neobvthites sivico, 

Sirembo imberbis 

Order Gadifo 

F,1mil~ II. ,\ 

Laemonemu nana T 

Family 18. I\· 

Macrouridae SJJ. 

Family l!;:l. B 

i Bregmacerotidae sp 
IBregmaceros atlan. 
' L ___ _ 

--- ------

fom1es ~ J,;) ~ 

rrapidae 

fanus (Tcmakal 

s Smith et Radcliffe 

)hididae oJP1] 7] :ilJ-

1 lTemminck el Schlegell *~D1l 7] 

' Uchida and Yabe( 1939), Baek( 1982). 

i (Jordan et Snyder) :J..¥"ll1]7j 

Jchida and Yabe(l939l. 

' Baek(l982). 

femminck et Schlegel) 

mes qi-=?--& 

()\idae T '?1 cH --i-t 4 

1ki 

acrouridae ~ E-114 

·egmc1cerotidae 'J 1H q;i .i!j-

cus Goode et Bean 

---

Jan. Feb. I\ L:.ir. Ap1 

~--~-

- --

~ 3 
---- -- ---- -- - -

--- --~ 
-- ~-

- -- ----

-

' 
' -. 3 

- - ~ 

-

- --- - - .. - --- 3 
---~ 

-- -- ~- - - --

·r---- -- -··· ------ ., 
J 

- - ----

--
' :'\·lay June Jul~ '.--\ug. Sep. Oct. Nov. D<"-' 

- -- - - ---- - -

--
-- . - - - -- - -

--
3 3 

- - . -· --- - -- . - ~-
3 . ·- - . -

- ~ --- - ---- - . ·-·- -

3 
- ----

------- - -- ~- --
3 3 

2, 3 3 

3 3. a 
-- f----- ---·· - --

--- -- -

-~ -- I-----

- - ---
3 

-- -- -

3 3, .,I 
-- -- -- -

' ' -
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Tablt' 6-5. Contimte<HJ· Go er al, 1991: 2: E.OHDl, 19k9; 3: Yoo, I~!. .,I: This study! 

Specie-; (Korectn nrnnel 
-----

Bregmaceros japonicus Tanaka 

Bregmaceros nectabanus Whitley 

:\lonths 

Bregmaceros neonectabanus Masuda, Ozawa et Tabeta 

Bregmaceros -;µ. 

Order Lophiifom1es 0 t -'r1 ~. 

F,m1ily 20. Antennariidae t! ~ o] srj, 

Antennariidae sp. 

Antennarius sp. t! ll;!J O l -W-

01 der Beloniformes %At~ -& 

Family 21. Belonidae "B-~*14 

Tylosurus acus melanotus (Bleekerl ~J~ :>;j 

T\'lo.-11r11, me/anotus Bael..\19821. 

Funul~ 22 Scombresocidae 75" 7.] i;} 

Cololabis saira (I3rcrnortl %;i:] 

Cnlo/ubi, ,aim Ldudc1 ,111d Yabel \\l;~~ll. 8c.1ek( Ulf;'~i 

Family 23. Exocoetidae 'a:!- *l ~ 

Cypselurus sp 

7
_J~n I Feb : t\far i Apr, I May ; June j July I :~1g I Sep. I O~~· I Nov. I_°.~ 

~ ~I I 3 I I 1-t-=r!3t I I i I I - 3 

----

t----t---t------t--t----t---t------t--t----t---+. - -+---
- 2 -

-

3 

--t-, -- -- -+·---t----t----t---i ---t----t---+---t----+--+ 

r- --+- --·-+--- +---+------t- --- t-··--t----+---t------t--t----------i 

2 -+---+---+--+--+--+---~-
- -

. +- -+- -+ --+- --

i---- -- t---+-- -+---+--+ ----j-----j-----J---+--+--+---t 

-f-- -

f--- - --+-----+-·-· -+--- '. 
-+-- +---+-- -+-_j_ 2 

_ _J __ -+- t-- -+---
~-

---~-i--t- --~--
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T;1Lle G-.-1 Cur1tinuL'(l\l: l;u er al.. l~l':-)J; '..:: KOTTnI Hl&l, :-i- Yoo, m:l!, -f Thi-.; studn 
-----

Specih (Kore<m mimel 

01der Berycifmmes ~~§& 

F,m1ily 24. Berycidae 'i:?;i- ti· i!J
Reryx splendens L(rn e 

Order Zeifom1es 1g" j]_ 7] & 

Family 25. Zeidae ~ ~ 7) .tj 

Zeus Jaber Linnaem 'g° .i!. 7] 

Zeus japonicus Uchida and Yabe(19: 

Order Gasterosteiformes -e7t "'] 

Family 26. S~·ngmithidae ~ I'. 7 

Parasyngnathus argyrostictas \K<.1up 

Syngnathus schlegeli K<.1up 

! Urocampus nanus Gtmther 

F;imil~· ?.7 \h1crorhampJos1dc1c 

Macrorhnmphosus sc<iltipax ( l.i11nc1et1" 

\lonths 
-- ----

19), Baek0982). 

i'./]& 

-'I 

:.ll 4 "F 7-J .i'r 

--- -

--
J;m Feb. I :\for I .\pr. r-.1c1y June Juh 

--- ---, I-----:- -- 1--

----j r--r- ~-

1-- -- -

. I f I 
--

- 3 

~ 

' 

- . ---- - ___ _._ 

C 

I 
- -

--- - - ---~-

I 
-- ---- - -

- - -

' -- - ----~ ,, 
0 ' _, J 

--- - T 
I 

-- ~ 

------ I 
I ' ' __ l_ ___ ' 

,\ug. Sep Oct · Nov Dec ' 

- --

-----

3 

' c------

- - .. - - ---------
- ----- - - ~-

---------- -

- - - - ~--

,, 
' _, 

- - -,---
I I 

-------

--c--

~~t I 
' 

+-- I 
---

I 

~-

L 
---

' ' ' I 
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Tc1bk 6-.J. Continued([: c.;o er al .. 19.=IJ; 2: KOROi 1989, :.r Yoo, 1991, -l Thi-, ~tudyl. 

Spccih (Kore;m namel l\fonth-; 

Order Scorpaeniformes ~t1Jo]-& 

' Jan.JFeb +~~1~ I :\µ1. I May I June pu~\F~ [ Sep 
-

Oct. Nov. I Dec. 

+--+---+--+--+---·>----+---+-- -+-

\---+---+---+---l--+--.-1--+--+--+---+ ·--+ ·-
Family 28. Scorpaenidae 0J~'45rl- -+ 1 1 1 1 1 --+ I I I 

3 - ' Scorpaenidae spp. ---,. · --I I '' 3 - I ,~,· I 3 

Helicolenus hilgendorfi (Stemdachner et Uoderlein) ~-~-"2 _,. ___ 3 1 . 
4 

Helicolenus hilgendo,fi : Baek(1982), Kim and Lee(l993). I I I 1 1 I 

!Sebastes hubbsi (Matsubaral 4-~~'4 ·• - ' 1 
I • 

1 Sebastes lutbbsi Baek(l982l, Kim and Lee(l993J. 

Sebastes inermis Cuvier ~ '4 
Sebastudes inennis : Uchida and Yabetl939l. 

Sebastes inennis Baek0982l, Kim and Lee(1993). 

Sebastes longispinis (Matsubara) t! !if. c-1 ~'4 
Sebastes fungi.c:pinis : Kim and Lee( 1994bl 

Sebastes oblongus Giinther §J-1 ~'4 
Sebastes obfongus Baek(l984). 

Sebastes pachycephalus Temminck et Schlegel 7B ~ 'q 

Sebac:tes pacln·c·ephalus Kim and Lee(\99--lbl 

iSebastes vulpes :-iteindachner 7--~A]~"'l 

Sebastes t•ufr,c:.~ Bueh{ 19821 

ISebastes owstoni (Jordan et Thomµsonl §J ·:t-'4 
1Sebastes -;pµ 

;Sebastiscus marmuratus (Cu\'ie11 15'-t1Joj 
::-'ebu.--:1i~rn, u.:innoratnc; Lchi,b ;ind Y,tber En11 Rid-;( l~k{~1. 

:sebastiscus sp 

' l __ 
Kim and Lee0993l. 

-· -- ,----,.---,...--
- I I 3 I 3 I 1 I I I I --t---t--t----

- ·--l-- _3--+-->---+---+---+--+---+--
. 

1 4 
-+--+---+--I- -t----+--+----l--+-----1 

- f- 1 
-- -+--+--+-- +---+--+-----t----t-- . - +---+---+-----, 

·-I-·-+--+--- -

:1 

-t----j- . - --+ - -

- L- -l 1 I 1 3j I J= L . I 2 I L l-~B 

-

I 
--- 1 

I 

., ., 3 I. :-i 3 4 . . --I- - l- - - -I-'"-. 

----t---t---t-- -· 0--+--+-

··--

,-3 -+--I---+---+ -+--1---+- + -·--+--

---t---t--·t- - --- - l--·--t----j- -

-- +----··-
-· __ _]__~--

-_L_t j~· ~ 
L._ ·- .l ·-· -~---
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T,1Lle G-J Continucdl 1: Go et at.. Wm; 2: KOROL lfl/'l~l; 3: Yon, 1991; .J: This stud~ 1. 

Species (Korean m11ne\ l\lonths 

Hypodytes( =Apistus) rubripinnis (Temminck et Schlegell 0 ] Qi 

r Hypodytes rubripinnis : Baek(l982l. 

',Minous monodactylus (Bloch el Schneider\ 

Family 29. Aµlm1ctinidae ¼oJ ~ ;7;] ,tj, 

Erisphex pottii (Steindachner) ~P]~~l 

Erisphex pottii Uchida and Yabe0939l. 

Family 30. Triglidae "8 ell 4 
Lepidotrigla sµ. 

Family 31. P!atycepha[idae 0JE!l4 
Platycephalidae sp 

Family 32. Hoplichthyidae 

Hoplichthys sp 

Famil:• :33. He:-..agrammidae ~l '..r. c'.11 w] .i'~ 

Hexagrammos agrammus nemminch l'I Schlegell '.r. c'.11 °1 

Agrammus agrammw:; Uchida and Yabe(l939l, Baek(l982J. 

[ H exagrammos sp. 

I LJ"'"·1···1i 

I 
1·(11111 '.· ,)--, L(i[(J(ils' .,-;·r. 11 l 

Cottidae sp. 

'Cottus sp. 

-

I 

, 

--

Jan. Feb. L\l~1r. 
- - - ---

~--- ---

- . -

-- -

- -
3 

3 3 

···-- - -

t-

3 

- -

----

-- -

-
I , I 

- --
- --- --

--

I 
-

- -~ ----,-·---
Apr. ]\fay June July Aug. 

- -

- ·-· - --

3, 4 

- - -
3 

--- - - -- ·- r 

3 

--

3 

2 

3 . --- ·-

-- - -
-

' --
- - -

-

-

2 --
3 

-

·- --'---- -

Sep Oct. Nov. Dec. 
- -

-

' 
3 

·----
---

3 

3 

·- --
---

-- - - -

" 0 

I -
- - -

- ----

' - -
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L11Jle 1i-·-) C1mtmued(l: Gn t'l al.. l\f!\; •)· KORDI. 198~. 3: Y(!o, l~ll. -I'. This studyl. 
-- ----

' 

Species 1Krn·c;-m nnmel \fonrh.s 

Furcina osirnae Ju1dan et Starks 1?-c::j ~ tjj 
Furcina osirnae Kim und Lee( 1994bJ 

Pseudoblennius sp. % ~ 0J-¥,-Oi "fi" 

Family 35 L1pc1richw ~ 7-]iJl 

Liparis tanakai (Gilbert et Burkel %:<.] 

Cyclogaster tanakae Uchida and Yabe0939) 

Lipuris tanakai Mori( 1952), Baek( 1982). 

Liparis tessellatus \Gilbert et Burkel 

Order Percifmme;; *oj ~ 

F cmuly 36 . .\loronidae 15" 0 1 ~ 
Lateolabrax japonicus (Cuvier) ~oj 

Lateo!abrax japonirw:; Baek( 1982). 

Synagrops japonicus ( Sreindachner et DOderlein l 

Synagrops philippinensis I Gi.inthe1 I 

F,imil;, 37 .. \nupu1m1t1dae 1;1I c,l * ,n ~- 7-J .i;f 

jDoederleinia berycoides IHilgendmil ~~tjJ 

Doc>der!eima ben-cuidec_ Uchida and Yabe( 19391, Rc1ek1 1~8: 

F.i1111h :il"i :SVI 1",111d<1C llfi:'I ;_·! 

,Serranidae ;;p. 

Chelidoµerca hirundinac.:ea ( \'alenc1enncsl z} A)§-

Che/1du1,e1 m hirurultinuccu LIL•hicb c111d Yc1bc(J\l:-;q1. 

l3aekl l'.Jl-l. l982J. 

lj,m Feli tvii.lr. Apr. 

- 3 
" - -

- 3 ---- --
• 
~-

. 3 3 

~-- 3 

- -

- 3 

- 3 
. 

' - -

~ 

-~--" ' ~ . f- : ----
' , I 

-,--r--- --

~- - - -- - -
• I I -

-L_ 
- --+--- --

I 
- -

i\lay I Junp July 
-

-

--
-

- -, 

-
- -

- -

- -
-

---

--

I 
- ' -I 

' 

L-:1 -- --

--L I 
' ' ' 

-
I 

-

- - - _L_ 

I ' -

' _L 
-------- l --

-
Aug I Seµ. Oct. ) Nov. Dec i 

---

-- -·--

--- ~ -

' ' -- - --

-- -- ---

---

- -- - .. 
I -

-
---

' -·- --

2 
- - ----

3 3 
- -

_L 

' 
- -

3 
-- - -

+ 

--1-~ I - - - -

3 I --- --~--

3 
-- -

2. :1 
- ~ --- L--- --

' 
- - --- l --

- --
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T:dJIL- 1i-J. l(JJ1l1m1ed(l" l~(J er at .. 14)1, I\OHJ)I 198\J. ::;· )(H•. 19,IJ. --1· Thi:-- ,;tudyl 
- - -- -· 

:-ipecie-, (l\ure,m n,1meJ \lonths Jan Feb \lar. .--\pr. \ Iii~ ; June Juh 
---------- --- -------

Plectranthias japonicus (:::itcindc1chner) 

Plectranthias sp. 

Sacura margaritacea (Hilgendorf) ~ % 
! Sarnru rnurguriwcea Baek( I q~,;:~ 1 
1Epineµhelus akaora (Temminck el :::ichlege]I ~t:1~~ 

Epinephelus akaara : Cchida and Yabe0939l. 

Epinephelinae sp. 

Fmml~ 3~1. Calhmthiidae .'..ccg- it!)_A~c'-j nj

Callanthiidae sp. 

Callanthias japonicus Franz .X '1-1" ~ At c'-1 

Percanthias japvnicus : Baek( 19821. 

Famil;: --10 .-1..pogonidae '%-i!~.,ij
Apogonidae sp 

Apogon notatus (Houttuyn) {l 78 '?:l. ll] t:1] ~ 

. lpnyon no/u//h KORDI( 19~lJ\ 

Apogon lineal us l"ernmmck Pt ~chlegel ~ 28" 1) cJ f; 

:l1io.£;vn !i11eatu, Kirn c1nd Lcc\199-tbl 

Apogon semilineatus Temmmck et Schlegel ~ 2:... ~t % 
:11iowm ~emilineatus Cchid,1 ,md YabC'( I m~ll_ Baek(! 9R2 I 

Apogon coccineus HUppdl 

·11r101tnn "JJ:, 
Gymnapogon --;pp 

~ 

• 

~ 

-
-

f ~-- - -

----~- ------

~- 3 
- ~-

I 3 3 :- -

I 
1- - -,- - --

-

-

~ 

-

--· 
3 3 --

--

-

' -

i 
r- -··- ! 
~--, --- ~-

--- -1-- -- ~-~-

--- - --

' ---- ---

: 
-

I 
·--- - --'-

' ,----•- ' -

' t· -r- ' t-I 
!------ t- ,--
I -+ I -
)----- - ' f --- -

I ' ' ' - '--- - - ____J___ 

--~----

' 
! 
.. 

- - -

.. 

- -

-- -

-

~ -

-
- --- --

--

' 
---- -

·- - -

- -

-· 

~- --- -

- -
' 

---, 
, :\ug .. Sep OL·t Nt1\· 

• Dec~ -----,---

' -~ I -3 
- --1 

3 

j 3 

I--- - -

3 3 
. -

3 
- -

-

·- - -- -
3 --- -- - + 

3 

----

I 

2, 3 I I 
-- -

-
_, 

2, 3 
-- - - . - -

-- - - - - -
2, :, 

- - 1-----

--~--
i 

--- - I -:, I I 
-----j--- ;----
') 3 - -1----t-

1, 2, 3! ! 
I . - I --· --

-- ~ --

' 1-- I -----i-
[ _____ --_L __ 
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Table 6-J Continued! 1 · c_;o et al., Ell]; 2: KOHDI. E-l89; 3: Yoo, 19(11; -l: Thi--; :;Judyl. 

L 
I 

Spt'cies (Kmccm rn1me1 ;\Jonthc: 

Fami]~· 41. Sillaginidae .!2- t2J ~ ;,t 
•Silago -;p. 

Famih· -12. I\ hllacanthid,1e ~ ~ ?] 

Branchiostegus Japonicus (Hottuynl .2,--~ 

Branchiostegus japonicus Uchida and Yabe(l939). 

Branchiostegus japonicus japonicus : Baek( 1982). 

Family 43. Pomatomidae Ji1 E. i] 4 
Scombrops boops (Hottuynl :>11 g jc_J 

Scombrops boops : Uchida and Yabe(l939), Baek(l982 

Fmnily 44 Coryphaenidac lz!- "A 7] 4 
Coryphaena hippurus Linnaeus Ii'~ J..ij 7] 

Coryph:iena hippurus llchida and Yabe0939), Baek( 

Family -fa Cmangid<1e j 1~ o] l'! 
Caram: equula Tcmminck et Schlegel ~ ;'~ 1~ 0 ] 

Caram equala llchida and Yabe( E13!--ll, Baek( \!)8~). 

\Decapterus maruadsi (Ternmmck et Schlegel) 7ti'-l x\ 

' Decapten1s maruadsi Baek09821. 

Pseudocaranx dentex I Bloch et Schneidt-'rl 

Family 46. Sparidae £ ul ilj, 

Sparidae sp. 

:Dentex tumifrons 

Tcu11s rum(fnm .. \ 

( Temminck et ::-id1Jegcl I 

l;ch1d,1 and Yabe(193:--ll, 

~$ 
Baek\1~821 

-

-

-
'-

-
982). 

-, 

-
-

-
_, 

-
Jan. Feb. ;\.far 

~--
-

-

-

--

~-

- -
3 

- - -

3 

~- --

·; _l~--

-

-

I 
- ---~ --

,-l ·--

Ape I M~ • Ju~e 

i 

---
--

-- ··-· 
-

-

-

-

-

-

' -

3 -
- - -

~ I - --
-

- -

-- -- ---

-

r 
Oct.~-~"~ July Aug. 1 Sep. Dec. 

- - ' 

' 4 -- --· -

- --

- -- .. -

2, 3 3 

-
-

--

2 --

-

2, 3, 4 

- .... 
3 

- - -

-

-

' - --~-

-

3 -
3 

~ 
3 --

• I 
- -- --
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Table G-J. Contmuedll: (~u et al., 1991: :z: h.ORDl, l\l8\l: J: Yoo, l~JlJt; ..j: This st1.1dy1. 

Specie..; (Korean namel , J\lunths 
--- - -----

Pagrus major (Temminck et Schlegel) %-~ 
Pagrosomus major : Uchida and Yabe(1939l. 

Chrysophrys major Baek(1982l. 

Fanul> .f/. Lethrinidae ~-% 4 
Lethrinus nematacanthus Bleeker ~ ~ § 

Lethrinus nematarnnthus : Kim and Lee( 1994b l 

Family -t8. Genidae :,J] ?-l] J;.j ."i!}

Gerres oyena (Forssk.!t!J ;<Jl 'i!l] )(.j 

Family 49. Sciaenidae ~ 0-] ~ 

Argyrosomus argentatus (Houttuyn) .!;! T*l 

.1\libea argentatus Uchida and Yabe(l939J. 

Nibea sp. 

Pseudosciaena crocea (Richardson) ¥Al] 

Pseudosciaena crocea Baek( 1982). 

F,-m1il:- 30. Mullid<1e ~ 4= ~~ 
Upeneus bensasi (Temminck et Schlegel I 

Upeneus bensasi BaekU982, 1984) 

Fcunil> 31 Pempheridae 4-:!:J 7-) .c~ 

Pempheris japonica 0/iderlein 'J 1B -? ·:1 :,;) 

Pempheris mnicolensis Baek{l982l 

'-21-~-'
·'- 0 -, ' 

,-- ' ' -~1~1l1,,1~1~1~~J~l~l~lllil-1~ 
- -I ---

3 3 4 3 

--+- - --1- --+- - I 
I 3 :::::: 7 

I--+--+---+---+---+- - --+---+---+--+---+--

, 2 

f----

~ 3 

2, 3 

~ 3 3 

" 

2, 3 
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'-
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L11Jle 11-,J. Contmt112dl 1 · c.;o d u/, l~ll; '.t KORDI, 108!-J, 3- \'{lo, 1901; .J: This stu<h·). 

Species I Krne;in name) \fonth:,; 

r- --Fonuly S2- K,phos1dae -~½'11-"Jo],f 

I

Labracoglossa argentiventris Peters ~?t.~ 

Labracuglo:,~a argentiventris Uchida and Yabe(l939l, 

R.iek( 1!-l'i.J, 1982, 1983\. 

Cirella melanichthys (Richardson) ;'.J 2i:': cl~ oJ] % 
Cirella melanichthys : Baek(l982) Kim and LeeU994al. 

Cirella punctata Gniy ~Oil% 
Gire/la punctatu Cchida and Yabe( 193\ll, Baek( 1982). 

Family G3. Terap:midae ~l@Alc-14 
Terapon theraps Cuvier 

Family J.J. Cepolidae % ~ *l .tj 

Cepola schlegeli (B!eckerl ¾~ ~l 
Cepola schlegeli : Baek0982). 

:-\pr. 
--t-'------i-----r--+-· 

Jan Feb !\far. \la~• 1 June I July I Aug.~ep. Oct. NoY I DPL" 

-+--+--+-----1--j --j -- -+-----1--+-

- f-------+---+----+-------+-----C---------+-----l -- I I T 3 1- -1 

--'- - -+--f--+ -+--

- 3 
--

l---+--+----1---+---l---+--+----f--
-• e-- I 3 I I I, 3--1-

l---+--+----1---+--

- 3 

-+--+--+--+- -+--+--+-~---1- -· -
1---+--t- --+-+--1---f----+---l--L-_j_~ ---

-1---+--+ 3-+----1 

Acenthocepola limbata (Valenc1f'nnesl ---,, 

Acanthocepo[a krusensterni ( Temminck et Schlegel I {I¾¼-~ Ai 
3 

---f----+--
2 

Fwnih J.J Pornc-K"entrid;ie :>:} c:j -:,,;• i'.1-

Pomacentridae sp 

Chromis notatus {Tcmminck et Schlegel) A}c-J % 

I 

C./i1rJ1m~ nntu111~ ldll(h-J ,md \"01K'tl03!l1 8<1ek(J~lM2. l!-JK.l• 

Pomucenlrw; coele:,lis Jrnd,111 ,1 C.:1c1rk~ :1 "J-f; 

I 

P,J111acen11u~ (1ielestis Mon(l9S2l, Bc1ek(l982, 1985) 

Plectrog[yphidodon leucozonus leucozonus ( Blef'kerl 

' 

-----t- ---+-- ---+- ·-- ----+----

: r~~t I J B=-r I I I I 1~ll

3 I : f 1_ ~ I 1:=-
l ' I I 
I --1 I- - -~- -1- --r l ± ' --r- - - 11 · - · ---t-i i 

~=i ~•- --,--- --7 --1-- ·'---'-- - ill=l 
' ' ' 

' ' ' 
-- _L__ -~-- - • - - L ' · - t_::_l_ 
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I :1bk 1i- J l(lntmuf'dl l (,u d u.l .. l\1':ll: .,. KOROi 1\l.'-;q, ::: ) rn1 ID',Ji, ..j. Thi:-- :stmh I 

:-;pene-:; I Kure,111 11:11nl· I 

F;muly :JG. J ,aUrid,w * i.'.ll 7] .i'+ 
Labridae ,-,µµ. 

Cheilinus :sp. 

.\l(ln\h-:; 

l lalichueres puecilopterus I Ten1111ind-: et Schlegel 1 ¾ -:I ;,- ~ ·1] 

Ha/ichoerr.:.-...· 11ueci!oplE'n1~· l 1chida :.md Yabe11939!, 13c1ek( 198~). 

Halichoeres :sµ. ----,. 

Pseudolabrus japonicus (liouttuyn l %'§" 2ll 7] 

l'.-...e11doluhn1s Japonints Uchida ;md \'abe(l83\l1. 13ack(l~82) 

Xyrichthys spp. 

' 

I 

Fc1mily 57 Zoarcidae % 7}Al *l 4 
Zoarcidac -sp 

I

Zoarchias glaber T,1mih<i 1;J llll \:_ i!-1- 7-] 

Zrurchia.....- y-!aher Kim and KangU9Yl l 

IZoarchias veneficus Jordan et Snyder 

]•;111111> .JK :-it1clwe1dae ?l- 1~ 0 14 
Stichacidae ~P 

Opislhocenlrus lenuis £3£'<in et Beem 
' 

hi mil> .J9. Phohchd;1c ~ ~- til] ~ 2} ,,._] 4 

l'holis nebulnsa fTenm1ir11·k et ~chl<•f-':d 1 di]:-;-: i'} /.1 

I /''1.,;-, 111•1,11/:,-:u · 1\:1111 ;,ml l,L'vl l'l~l.11,, 

IEnedrias fangi W,md et Wang 

----------

~ 

~ 

I J;m Vf'b., 1\l~~. :__\!!~· i ,\l'.1~ _June, Jul~_:~1::_~- r 

' I 
' -- ~- f ·-

C ' I 
1 

I I - ---- -
I I I 

-- -1--. -+-
I -- r --i I ' I 

' - - ' I 
- -1 

' ' I 
I - - . - -

I 
-

~ - .. --

- ---

' ' 
-----

- -

- -

I 
' 

I I 
-

-

' ' 
1- ·i-----·--r-·-- -

I ~t-r - -r 

- -i 
~--

:1 

I 

I 
----• 

t-
I 

-

~---

--

+-
' 
' ' I 

--

' 

- -

' -- --· 

-- - --

' 
C --

' 

- -

I -

1 

_J 

'.::;, 3 

:; ' 
I 

3 

:i 
-

--

- -

---· --

' ' 
' I 

:-icp Oct Nm· Dec. 
---

- r-

~- -

3 

I +--+ 
I 

-

3, 4 
' ----" 
I 3 

-

-

-

3 
-

I -,-----

-

-

' ' -- - t -----:-- -

j + •-

t ] 
i-
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'L11Jle h-.l Continued\\: (i{l el ul. 1~1.Jl: '.2: 1,;:oRDI. Hl8H: 3: l <JO, 190!: -I: Thi-; -;tud~ l. 
---- - --- ---- -------

Spedes (K()rean nwnel i\lonths 
- -- -- - ------------

Family 60 Champsodontidw:• 

Champsodontidae sp. 

Champsodon snyderi Franz 

Family l'il. Pinguiµcdidac 0J-%-1 1]cl .i.'~ 

Parapercis pulchella (Temminck et Schlegel) "r-§-u]cj 

Parapercis snyderi Jordan et Starks -§-u] cl 

Parapercis '>P. 

F umily 62. Percophidae 

Spinapsaron sp. 

Familv 63. Ammodytidae ?Jtt-+cJ i!} 

Ammodytes personatus Girard 

Embolich/;hys mitsukurii (Jordan et Everrnannl 

F,1mily G-l. lr,1IH1Srnp1dac *T~ i!\-
:Gnathagnus elongatus • ·1·c·111minck et Schlegel 1 ;{-- ~~ .!J -r '11 

(;nathagnus e!nngalu~· Lbek( 1982). 

Uranoscopus -;p. 

Fc1nul:,. \1:J. ·1 ript<·r:,giidae '1 .r.. 2} ~l :4 
Hnneapterygius elheoslornus I Jrn d,in d Sn~·dei I '] '.'l llil ';_ '-'l 

Enneaf)teryRills etheoc:,rumus Cchida and Yabetl939l.G789(1 

lhpterygion bapturwn Jord;.m ct Snyder "JlaJuJ1.'.i:.C};:..] 

Enneaplerygius "P 

---- . -- -

, ,J;--m. ' Feb. 1 t\,lar. .\µr. ; ~~q Jun~-

-

- -- . - I-··-
• 3 
~ 3 

---~ -· -- - -

~ 
~ 
' 3 -

~ 3 

~ 1, 3 

~ --
-- - . - - --

-- ------ ---1----- --- - -- -- --

I -- ----t-- -

~-f------, 

L_-~- ---1 
,] 

- - -

ISall -r- e 

-+-1·-"--
~ ~ a - I 
_l__ -- _L_ ' , 

- - - - --
July Aug. Sep. Oct. Nov. Dec. 
- ---- ·--- - -

- - -

---

3 

2, 3 3, 4 
--- .. ··-- -·-

I - --- --- - ----

··-- --
3 

·-
3 

·- -··-~-

3 -·-

-

3 3 

1 
3 

I 1, 3, -i 

3 

- - --- I---- - - --- I 
4 4 

- - ------- -

. .. -- -· 

~" ' -- -~- - L -

_l_ ___ 
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Tc1!Jle ti-~1 C<intmuc·<l\J: lio er al. 19:-H . ._'.. l'\.OIWI. 1Sl8\l. 3: Yoo, l~l!:lJ. --!: This stu<lyl. 

SpcL·ie, (Krnean n,m1el .\lonth~ 

Famil~- 66. Labrisomid<1e 1:1] ~ llJ1 ~2}-7-] .i'} 

1Neoclinus bryope (Jordan et Snyder) t1]~l:IJ]£i:}7-.] 

.'\·euclinu-; brrnpe Kim and Kmgt Irnll 1 

Family 67. Blenniidae ~11J].£i:}7-.]~ 

Entomacrodus stellifer lighti {Herre) Ai%ll11.£47-.] 

lstiblennius stell(fer : Uchid<1 and Ya!Je(W39). 

Entumacrvdus stell{fer lighti Kim and Kang{ 1991 l. 

Omobranchus elegans (Steindachnerl ~% ~lll).£ i'.}7-.] 

Dasson elegans : Uchida and Yabe0939). 

Omobranchus elegans : Baek(1982J, Kim and Kang{ 199ll. 

Omobranchus Joxozonus (Jordan et Starks) 

Omobranchus sp. 

Petroscirtes breviceps 

Omobranchus trossufus 

(Valenciennesl ~~l:11]£4*1 
Baek(1982l. 

Pictiblennius yatabei (Jordan et Snyder I '1j lll] S::. 2} ;,;] 

Hfennius vataber Uchida <1nd Y <1be( E-H9l. 

Pholidapus dybowskii (Stemdachnerl 

Family 68 Gobiesocidae ~ 7-.) .ill
Gobiesocidae sp. 

Aspasmichthys cicrmiuc i.Jorcbn <'l F<J\\·ler) ;J'J! <I 

A.spasma ciconiae Mmi ( 1952 l 

Aspasma minima ( DOdcrlein l 

Discotrema crinophila Briggs 

Lepadichthys Jrenatus Waite 

··-- -----
J;m Fe~\l,ff. I Apr. I :"\h1y I J~me j .I~~- I Aug. I S_~J_~~t l Nov.lDec 

-···-+- ---j---j----j 

C- -t---t----t---J-----t- --+-- +-· j----J--+-...J.---1 

- C--

~- f- - -j----t---j-

- 2 
--j---t ·--+---t---f----+-->-· -----+-- - . 

c----t---r------,-·+---

I- all 

C------IC------1-----1-----1---+---+---+---+---+---+---+----I 

- -----j---j-----j---j-----j---j---+-·--+---t--+---+---, 
4 

•• I, 2 I 4 

-l I, 3, 4 

--+---+--+---+---!-- -- . -· 

-- ---+---, 

1---+---+---+---+----t ·- ·---1 

f----+--- j " --

(.__ -
4 

+--- -1- --t---j---j---j-- f---

·--

' _J I 
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Table 6-:S. Continuedtl: lio er al .. 1991. :t KORDI. Hl89: :3: Yoo, 19!11; .:.1· This study). 

Spenes (Kareem namcl . \fonths 

Family 69. Callionymidae ¥ 0JE~ic} 

I 

Callionymidae sp 
Conidens laticephalus lTanaka) 

Family 70. Gobiidae 02"%0-i 4 

Gobiidae spp. 
Astrebe lactise/la Jordan et Snyder 

Luciogobius guttatus Gill o1 t 0
,}~ 

Luciugoh[us guttarus : Uchida and Yah 
Choi and JeonO9, 

iLuciogobius grandis Arai 
,Luciogobius sp. 
;Heteroplpomus barbatus \ Tomiyamal 

;Valenciennea helsdingeni (Bleeker) 

I 
Family 71. i'vlicrodesmidae %~ u,t 

;Parioglossus c,p 

F,1m!I~· 1'.2 Sig,midc1c ~7~-'-] )(.j _;:,j. 

ISiganus Juscescens tHouttuynl ~;,tA);,; 

S1gum1~· /uscescen~ l'ch1da and Yabe( 

(1939), )0(19801, 

)I, 

~4 

!:1391, Baek( 198~1. 

- - - ---

·-
j,m. 

--

-
• 

~---

-' --

-- --- --
----
--

--

-
-----

-

---

Feb. ti lar . Apr. 

. ---···-
3 

--

3 3 I. 3 

-
I I --

-

3 

-

--- ----- -
- -
--

-

-

-- - -

-

- -- - I 
_L 

May June July Aug Seµ. Oct. No\· Dec 

' I 
I 

--
4 all I I 3 

I I 

-- -

4 I all I I 3, 4 
I 

I 

I -- ~· 

' 
3 

: I I ' I 
' 

i 
·t . --

3 ' 
-

' 
--- - - --- - -

-,--. ~-

' 2, 3 
; 

-

' ' I 
~- :----~-- - -

- --

I 
-- ----r· -

I --r-- - - -:-- -- ·- ---- -- - -

--~ --- --~-- -
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T,ible (i-.i l'untmucch I c;o d al .. 19-Jl. h.OHL>I. J~lM~l. :-:;- Y(lo, 1!1.--ll: --1: Tlws study 1 

:-:peCll"~ I h.urccm mime I \(on{h:,; 

Family 73 Sphyraemdae S!. 7-] .i:'. /] .i'~ 

Sphyraena japonica Cuvier 0H !,7- 7-] 

.'JJ]h_vruena juponica Baek( rn84l. 

jSphymena pinguis c;unther _'i( -"l .i'. 7] 

I .',J)hrraenu pingui~ : llr.:hid~ :.md Yc1be( 193!:ll. 

Sphyraena schlegeh : Baek( 1982). 

Family 7--1. Gemµylid<-1e Y 7-] ..?i:'. 7-] .i'~ 

Nealotus tripes Johnson 

Nesiarchus nasutus Johns,on 

Family 75. Trichiuridae ~ ;;t] :i!]

Trichiurus lepturus Lmnaeu:s j: ~1 

I

. Trichiur11s {efJtllTLJS : Baek(1982J 

Benthodesmus elognatus pacificus Parin et 

Fc.1m1l~- 7G. ::irnmbndae _tc %0 1 :,,t 
Scombridae sp. 

Auxis thnzard \Lll"t'pt'del ~- -:] i.:] i:-l1 

.--lu"ri.s thazard Bilek ( H)82 J 

Au.xis tapeinusoma Rleeker 

Ands --;p 

Scnmber Japonicus l !(,111111:·11 ,' '.::; 0 1 

Bekker 

Scumher ja{)unicu;:-; Lchidc1 ,md Yabe( l!l'.-l~ll, Baek 09821. 

~ 

Jcm. 
+--

Feb \h.,:_i ApL i ~I") )'me I Ju" .. \ug I Seµ I Oct. I Nm· I Dec f. +-• - ~-- I --+ - • - ---

- --1----J--i---
' 

I -- t I J___;. 
f----+---+--+---+----4---f----+-- --+- - . 

-r- -1- - +-~~ 
' -- -+ _'.__ - " 3 i I 

I I I 
' 

I 

--I 

-+-----t---+--+----+--+---

3 
+--+---+---+--+--+----1---'--

3 ---+--i--t--f--+--+-+- -- +--t-----j--+--
f---+--+---f----+--+-----t---t-----t-----t-----t---t----, 

f--- f- - - ---t----,-----t 

---- +---- 2. 3 , 
' -

3 

t-- --

f---+---+---+- -· +- 3 
----

f----+---f----+--- • -- -f----+---t-----t--+---

~ ---+- -- ->- - - ---+---- +---
- 3 

I 

' I 
f----+----t 

--: ::j_- -·t· :; ---1 - -
--

+--

. -f--

- --f--+--+---1--- 3 
,;,;-1-- I I r~i ---

I I Li ., --- -+-
-+-------

I. 3 : I I l-~1 I 

~---+- ---I- - - - --1--- - ----l------ -f---+---+ - I 

-

-- 1-·--

-p--- 1- .---L l --- I l-- ----l---- ----I- -- ---1------

L- - f --±__l_ I 
_____ _L_ ___ -- _ _L_____ - ~~-~-
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T,1ble G-J Cont1mivd(J· L;n f!/ ul. 19:lJ; ,,. KOH\Jl lfl8\l. '.i" Yoo, l(f)J; -I: Thi,; ,;;tud\·1 

------------

:>per·ie" (Kore,m namel ;-., lonths Jan Feb. , ;'\far , :\µr 

Fannh Ti. Cenh·o\ophidae ':l'.*.i' 
Psenopsis anomala (Temminck et Sch 

Psenopsi~ anomala Uchida and Yuh 

Family 78. Nomcidc1e I 0 11 7(.j tj. 

Psenes pellucidus Ltitken ¥ '6" % 

Psenes arafrensis Gtinther 

Order Pleuronectifom1es JtA} u\ 

Family 79. Bothidae 1;!l &1Q-7tA} 

Arnoglossus tenuis Gitnther 

Asterorlwmbus intermedius (Bleeker) 

Bothus myriaster (Temminck et Schle. 

Crossorhombus kobensis !Tcmakc1l 

Engyprosopon sp. 

Psettina tosana .--\nwokc1 

Tosarhombus sµ 

Fanni:,.. 80 Para\ichth:,..:1dc1e l-~ 7-.\ 

Paralichthyidac "Jl 

l'se11dorhombus µentor,thalmus Gutlw 

l-':::eudurhumbus pentopthabnlls Cchi 

I 
ege\l ,_)! % 
(19391. 

, 
; 

'I "I 

{ell 

~ 

;-) '-;: ,.] 

la and Yabe(l9391. 

---

' ' 
- -

' - . -

-
- -

--

-

-• 
--

-

-
-

I----. --- 3 
- - - -

- r-- -- -
·-• 

--- - -- ' ' 
-• 

~-
-

-• :l ·•- --

.. 

-~ - -

r- - - -

-- -

!\fay June Jul:,.. i .'\ug. 
1 

::iep. Oct. Nov. Dec. 
~ -

- --

- - i - ' - --·-- ~- - --• 

3 

- - - - - -

' ' I --- 3 

3 

----

-

-- -- ---- " " " -

- ... "--··· --- -- ------- -
3 - -- . ----
3 4 

3 -- -

3 3 
- ------

- - - --0-

3 
I 3 

" -· . - - ~ --

-- --- r- -- --

- --

2, 3 
- -- -- - - - -

' ,; 
-----;--- - - - ---

.. ··- ~ e -- + 
i -- . -
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- 1-- r 

. I 



I .. 
~ 

I 

·1 :tlJk 1i-.-1 Cuntinuedl I: (~u l!I ul .. l!nl: 2: KORDI, \!)i',\): 3. Yno. l!l!ll, -I This slud:,, 

:-:1 >(cL'it·~ I Eun-;;1n lldlllt' I \ lunth~ 

Fc1mil:,· 81 Pll'muncctid,1e ?t~}nJ .i!} 

Pleuronectidae sµ 

Eopsetta grigorjewi (Herzenstein) %7tAtu] 

Fo1J,.('l/l1 I.!ri.l.!or.ieu·i l vhicb :ind Yc1belE--lJ~11. [bl'k1 J~1,Q1 

X\'stria...:; J!rlf.!Of"./ew1 .\Icni\ 1~32). 

Verasper variegatus (Temminck et Schlegel! 1)1}A 111 

1:erasper variegatus Chyung( 1977), Baek( 1982) 

Limanda yokohamae \l;i.Jthc-rl ~· 7'.] 1] 4n\ 
Limanda yokolumae Kim <1nd Lee(l994bl 

;Microstomus achne (jordcm et Snyder) ~1tAt •] 

Microstomus achne Uchida and Yabe{ 19391. 

Pleuronichthys comutua (Temminck et Schlegel) ~ L}tc-] 

P!currmichthys comutua Baek( 19821. 

Tanakius kitaharae (Jordan et Snvderl ~ 7tA} 01 

Tanakius kitaharae Uchida and Yabe(1939J. 

Cleisthenes pinetorum herzensteini ( Schmidt l 
1 Embassichthys bathybius tGilbt'rt I 

· Kateius bicoloratus I BihilL'\\·sk) i 

iPoecilopsetla p/inthus !Jorden t't Stcirbl 

I 
F,1mil~· 81. '.:-inll:td,w 1.-,J ,.,i i:JI 4 

1Solt>idac "i 1 

l 

_J;m FL'b. \!<11 .\pr , \Icn· ! June I Jul: : Aug. I Sep. ; Oct I No\· I fJel· 
-----+---1- t t- - I -

' 
- - -I-- I -----t-- --+- - -

: I 3 I 3 
----- I---- 3 

c---t-- --t -

i 
C 

-t------l----+ --+------<--- 4- - --I--- _ _J 

3 

' I I :l 

~ 

3 

-- -+--- -!---+--+---+--+--+ 
3 

----l- - --

- --+- -

3 

r ; ; • 
' 
' --

,-f' 
• I 

-

-+-- - -!-

- --l----------1-----+----+-- . ---1-··· .• 

- . -I--- - . _, -

- -1 ,- - - --

1 -

-
3 --+--

- l 

3 

- J_ l 
I 1 

-l' I -- f l H-- . 1- -, - _J_ --+--+----+- - --+-- - - --
' 

- ' I - ' - • • 

1--

J_ TTi 
--- ' - - -- L __ ~L: I 
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l';1lilP G- -i Cuntinued11 l~o er al. l~lll: 't 1,;:uRDL 198~). ~-r \ t1<1, 10'-Jl: -I: This study 1. 

I ,----- Species lKorc,m nc1mcl :\lonth" 

Family tl3. Cynoglossidae %"-i r.Jl~-,+ 

Cynoglossus juyneri Gunther ~ "-i Lll 
Areliscus Jo\'ned : Baek(1982l. 

L)moglossus robustus 
C. \:nogfussus rubustus 

Cynog/ossus sp. 

c;imthe1 7B "-i [B 
Uchidc.1 c1nd Y cJbe( 19J9J 

Order Tetrncxlontifom1es ~ 0-j ¾ 

Family 84. Monacanthidae ~ *l 31t 
Aluterus monocerus (Linnaeus) 7~9-c'-1 

.4l11terus monocerus: Baek(l98--l) 

Rudarius ercodes Jordan et Fowler -=-t~s!.~q;;;J 

Rudarius ercodes Baek(1982l. 

IParamonacanthus japonicus (Tilesiusl ~ij 0J'i'l 7-] 

'stephanolepis cirhifer (TemmmcJ... et Sch!egp[J -:l 7-] 

.'1onamnthu~ cirrhi(cr l'chid:.1 cJnd Yabc( l~l::l~JI 

Srephanofepis cirh(ffer Bc1eJ...(l!-J82l 

Fami!:: 8:'i. Tetnmdontidae 1l-*4 

Takifugu niphobles (jonlw1 ci '."1m·d<c'1 : -": ~ 

:<plJUeroide, 11i1,l1ul)fe, lllllll.1 :1ml \;ilx•!)'.1:;~1, 

Fug11 mphobfes Chyungll!:)771, JoU980l 

Choi and JeonWlOOl Baek(]\1821. 

----- -------

Jan 

-- ~-

-
-

. 

-
-- -· 

, 

~ -

C-

C-

- - - --

-
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Fig. 6-1 Map showing the sampling stations. 
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Fig. 6-7. Variation of abundance of four warm water species at each 

station in the coastal area of Cheju Island in November, 1998. 

-502-



I 

~ 
I 

Fig. 6 8. Larvae of Aspasmichthys ciconiae (BL 2.4 mm, 50 X) from Cheju Island in August, I 998. 
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Fig. 6- IO. Larvae of Benthosema pterotum (BL 5.6 mm, 20 X) from Cheju Island in November, 1998. 
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Fig. 6 11. Larvae of Bothus myriaster (BL 15 mm, 8 X) from Cheju Island in November, 1998. 



~ 
I 

Fig. 6-12. Larvae of Champsodon snyderi (BL 5.2 mm, 20 X) from Cheju Island in November, 1998. 
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Fig. 6-13. Larvae of Corypaena hippurus (BL 4.6 mm, 25 X) from Cheju Island in August, 1998. 
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Fig. 6 14. Larvae of Gnathagnus elongatus (BL 5.9 mm, 16 X) from Cheju Island in September, 1997. 
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Fig. 6-15. Larvae of Helichoeres hilgendorf (BL 5.1 mm, 20 X) from Cheju Island in April, 1998. 
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Fig. 6-16. Larvae of Laemonema nana (BL 2.5 nun, 40 X) from Cheju Island in November, 1998. 
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Fig. 6-18. Larvae of Ophichthidae (BL 15.0 mm, 10 X) from Cheju Island in November, 1998. 
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Fig. 6-20. Larvae of Enneapterygius etheostomus (BL 5.0 mm, 25 X) from Cheju Island in November, 1998. 
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Fig. 6 22. Larvae of Sebastes phachycephalus (BL 5.2 mm, 20 X) from Cheju Island in March, 1997. 
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Fig. 6-23. Larvae of Sebastiscus marmoratus (BL 2.7 mm, 40 X) from Cheju Island in November, 1998. 
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Fig. 6 25. Larvae of Takif•g• "lJ. (BL z.g mm, 40 X) from Cheju Mmd in May, !9'lS. 
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Fig. 6-26. Larvae of Omobranchus elegans (BL 16.0 mm, 6.5X ) from Inchon in August, 1998. 
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{]-'lJ'!l-'.l >J{!- +.I!. •~%¾ 'l[;;'o-loJ 0) ~cf . 

.'f. ~ ~ '<! 'r"il Ai C: a>! .'<c.ss >ii'? Oil '!I '-11 Oii -!i-.91 '8-'1:"l '11 -1,- .¥. sf Oil','- 'T'-¾'tf¾ 
11 'll' aj .2..ss >II A I .-f 'll cf. :J. cl t.J- '\'!-~ 'fl "ii ** .¥.1', 'l! 'l! 'rr 'i'! ilk .2..ss "11-li--"1 ~' 'i! 
71'1:oJI 'la!~ A]TI:1'!%¾ j]_ilj~ ujJ "11-!i--"1 1'!%'.J¾ ¾-1,-.-I :oj-eJ-o-l7]oJlc: •l¼o-1 
cf. 0icl~ "11-!i-Si I'!%, !si<I "11'!1'-1! "11-li--"1 I'!%,:'. ~?f "il'T'-'ll l'!.§1-<J- l"l'\'!-'9 
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E..s'. ("ii, Garrett and Petrie, 1981; Chang and Kim, 1995) \l"Oil<>li'i 'S"'ll0il 0J¾Al 
~ oJ1 _ei Off -£-'ll ¾'l.! 'll 'i'- ¾ ~ i'!:~ '!)-% o] ¾;;loJ ,fl',' "'1-li-'-1- ti! ol 'c!c¾-"1 ','I_%¾ 'll 
•,,-aj.2..s'. .5'. Y El",/ W 'r 'll cJ-. o] ;: ~ Off Ai:: 1e- '1! 'i'-oJIAi 91- :llc.g. *'1:"l 'l.! Oil J;-
1,-:i'. ;s :o}~i<l7] ~~ ADCP i'!:ilr4 'll"ll.-)-oJ Oll'llo\l'i-"1 OffJ;-'Ai Al¾oJI -"1~ 'll-
7J"l'l.! Oll¾i'!:<r-i- ¾"'1 Oll'r\'! •lo]¾ "'1-!;-1'-:i'.'-1- Off? ?¾'lf4 '1!i'!:AJi']7] ~~ 
.!i!.'ll "I'll 01 .a 'i'-'<! cJ-. 'l}-71 "l 'l.! "'1 ¾1'!-~.g. !E ~ ~t!: .5'. "!! '@-"t¾ .;l¾i<l~ >'r.il.-"
tc¾ '9 E..s'. 0] cl ~ "'1-!i-'\'!-~-"1 '/!.8.'J o] '!11! ;;tcJ-. 

1e- '1! 'i'-"11 Ai 7fl 'l)-'<! ;,] ~:;; .g. oJ cl 'l.! '!l 1i'-°FoJI llf-2- >I"' "tit A-"t ;: 71 "1 -& 
'r 9J:: t~ ~ "1 %"11 \ll %"'1-"1 ti! li--"'1 °.J, % ',;! .ii!f!:"1-'ll '1! 'i'-"11 "l '!J "l .2..s'. '41:¾'o! 
?;)o]tj-. qo.i,~ %'ll~oJI ejoj '1!'<1:0ll"l.2..s'. %'ll"i:: llf.g. %'.!la; o] oja:j~ "1-'ll 
¾ :,J "i '1! '1lc"'1 "l oJl ~¾, ~ 7.)-.-)-oJ .21 Oii "l "11 <>l !=.'ll £ 'll "J¾ ¾ ?il 'l.! 71"11 ti! ~ 
'1! 'i'-:: tj-{e :<I "l "'1 '1! 'roil£ ::1. ti!-"- ¾¾'<! 'r 'll ¾ ?;lo] cJ-. 

',!I 7]'J tll 'l!-t!:7il -"1 'if-'j ~ 'l.! <>II ti!~ '1! 'i'-:: "l ¾ \ll J;L'll 0.J,:§:t 1'->ll 71 {I zj-~ cJ
e "'1 "l oflAi :§:t 01-%'.!! -"1 srt!: 'JI ::1. 'll "J¾ "11~"1-~t~ f-¾tl ?;l 01 cJ-. 

~ Aj-!i- ~ C::::91- % 7]-!i- 1,- 2i'. 'JI 'l! •I-'» ~i!j oJl ti!~ '1! T :,! 4:: \l-"'1-"1 t!:7,l {! 

\1 'JI t/al "J 'l] 'r~ :<I~ '\'!:al _ei 7] ~ "J 'lJ :ll} o:J-"J O<l .il..s'.Ai ,fl* '9 <>j ~ 'r 9J cJ-. 
~1'1 'lfAl-'J %~~c:::: (al-% %~>11):S 01¾~ 9.il] "'~ \ll 7]~ 'n-'ll-2- "1c 'S">!l 
"l 'l.! *-'11-"-'i oJ 1,-0fofl ti!~ 7H '!f-2- \l"OII Oll 0.J,.ul-'ll '1! 'i'-<>11 'll "l .3.>IJ 7] oJ 'I, ~ 
.2..s'. '\'!-'it'<! tj-. !E ~ 'il-Olloll 'i-"1 ,.-~ ?¾ -"l-'ll '1! 'i'-:: %%"°Oil \ll %0ll%oil 'i * 'll '9 :: .2. 'll * '.!! * 'll ','I_ :a, 71 'JOii t!:7el oil 0 1 :>] :: 'll "J'¾ >II Al "l .2..s'. "ii~ w 'r 
9J oj 'if Oil t!:7el i'!:al 'JI 7fl 'if 'll "1 11 "il o\l 'll "l '1\-01-"l 'l.! C 110<)-Js..s'.Ai c;-¾ '9 oj '.!! 
'r 'll t:l-. 

!E ~ -lf-:<l 'if .5'.-"l Oll 'l}•j :<I :§:t '1- '1! 'i'-:: :<] 'rt!:>:l \'! :a:t '1! 'roil =1.>11 7] oJ 'If 'r 'll 
tj-. ~"I \l-"'1~ %"'191- %%'S"Oll-"1 t!:7el\'!:§'.t¾ %0lloil 'l!'it.-f:: 7.lel-ofl 'll.2.oJ !E 

~ ti! li--"1 % 'r~-!i- o I %"'1-"- o] % 51 :: 'i' .8. 7e!-"- o I cJ-. uJ-aJ--"l %"'1-"1 t!:7el '1! 'i'-oJI 
'l!?"l 'l.! 'll.ll.¾ "11*.-f>II '<!cJ-. >ll'i'OIIJ;--"1 'ro:J-%'.!! ?¾"J'-e- %"'1-"1 \'lC::::, ~c::::, 
,to:J-%~-"1 ~7J-¾"16oil ,c 'll"J¾ D]'l}cJ-. ~1'1 \'lC:::: 2'llilf, 'lJ0<l>J \'lC::::, ~c:::: 
.ei 'r¾ \ll "'1"1-"l"l%o!IAi-"1 -lf-:i'.:S ¾t/"l.2..s'. Oll-'ii<}oj ?"I .5'."!!¾ T~;;-}:: 
7]1"'-2- Oll 0Jt!:7el~'lloll ¾¾OJ 71-\s'i<lcJ-. 

Oil 0Jt!: ;;! o:J-"l .2. .s'. '-I- ;;! "ii aj .2..s'. •H -9- % .8. ~ \r Oil ti! li-¾ Oii "l -"1 1998 '1! £ :S 
7]i,;.2..s'. ~ 0<] 'l)-~.il]- hydrocarbon-"1 ¾'J.ul- ~"J'-"1 ¾'l:S ¾~ data-"1 'i'-~:: -..i, 
+ %'11 'll'l!%"11Ai %'l!~ ¾'-I;, monitoring-"1 7H';l.2."' 9•~i<}1jt.j- ~ ujJ Oll 0,Jc 
f!:',iltll %7],.--"1 ','1_~,f ~f!:'\'!-;,JJ;: 0JOII%}:: ti] %%~ 0<].ll.s'. Al¾'<! 'r 'll.2.t>f 
'it"ilo\l'i 1/1'1!1'1 'l!"l'-1-2 'll:: tilit.5'. oil spill %"1 Al2'-J %~'<! {l-7]%~ 01 ',J
Oll"l"il ojL 'il£7Jl"i 'll-.J'¾ o]o<J:;i_ 'll::"i:S ~'t]%}:: references'.~¾~ 'r 'll 
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tj-. .9:. ~ ~~ ¥! 200 ~ ir'T'-9.J heterotrophic bacteria~ li:tlill ~ '3,! ;t;] ~ ,1,,3~9.J 
-lf-"ilc<t.sl.Aj-"i Q;j~o] %.8.A]'fl 'II'- otyeJ- o]a;o] -'~{!i<tc: 1t±>1J:,11:: o]-S,~ -'~il
i'~.aJ •J-'ll i,'--"I 711 'lj-ofl 7] oj ~ ;;:!.Q.!il. -'~ zt'<! cj-. "; !"I c<J ~ ¾"11t±Qipase)-"I 'll 
4- oj oj {!'lJ .aj 'i) lipid transfonnationoJ i..]- c<] 'l)-{!-"I >llzofl At%-"l2 V <>l 0 ] .. 

% 2"!7f ir'r-"I 'll4- 0!4- %%~ -'Jil- {!'lJ ±>!!a. "'*'fl 'r vet. 
Arachidonic acidic "1>11 t.11 'll? c<j •J-{!-"I i'<t!.-J-!il.A1 -',l'lJ-71 -"I 0 t%oJI 711 '11 ?"i 'i! ell 
~>11.oJ -'J{!:'. ~ "i.Q.!il. 'it'll' ccec<f-"I 1J1<-oJIA1 ?½i<t"l Af%i<t2 Vet. ::iel 

i..]- ~ 'll'roflAj :§l-'i!'<! •fSf 'lfOJ ,.;.g. arachidonic acid (¾ c<J'l)-{!-"I 30-40 %)¾ 

;;tc: Oilzff"¾ ~.li!il. oj-S,~ 'll4- -'M!il.¾ arachidonic acid-"! ~.li.'a. 1ll'll-'fl 'r V 
cj-2 oj 71 ~ cj-. 

;t]c<t<>J 'll'roflA1 "1<>1~ 'li!:i!J-ic .ii1~Af.li, -'R~ct0J-'.JoJI t!:~ 'll'r-"1 7]~At.li, 
,~ Ell ;,11 zA f-"I 1 I & 'll 'r c<f _,. ::i c1 2 "i c<f <>l -lf-11-ofl 0 I % ~ ? V .'r. ~ 'i! E-J ':l! '1l--"I 
Home Page csj-A.ji<foj c<f.li:: •II.£~ "111°]cj-. 
~ 'll 'r¾ ¾ '11 ~ !'i '<! \J- "11 ,11 'l)- >.J All 'i! >11 'r 811 :i!J- ti! ~ "111 ofl Aj .9J Oil ? "i -'ii 

c<f.liSf "1111--lf-£ Af.liic \J-"11-"I 3:>t~ \?t!:¾ >li~i<f:;J. ofl~i\"f7j -'/l~ "11°J\?t!:.£ 
'i!!-"I 7f'lJ- % .8. ~ 'll "i c<f .li oj oj :§l-.I!.'<! c<f .li 'JI \?t!: .5'- 'i!! 'li!:i!J- C: \J-"11-"I ?~.5'-'i!! 
0 ] i..]- -'~ Ell ;,ii .£ 'i!!-"I 'll "I ;<f .li.'a. "'%'<! 'r V cJ-. \J-"11-"I 'r .8. -1\-'ll'r'il >ii 'r'111 ¾ 
¾ "11 'll-"11 Sf %%"c"il !il. 'l'- E-J % 'll -"l ::: -';J ~ o I ct:: "11 'i°.9l 1 "J'.aJ 'i! ?%¾ :i!J-<>J-~ 
.Q.!il. "'1 ¾'ll z:d-"I l'l :§fofl -"I ~ \J-'11-"I '11 'II- l'l % 'll 'rofl '11-%-"12, \J-'11.oJ ,11 •J->.J 
;,ij ofl Aj -"I ~ !'; ~ ;<f .li-"! -!f--'j ¾ ¾ OJI \r OJI Sf 'i) 1j OJI Sf-"! Oil 'r Sf ~ ~ .iil t!: :i!J-'jl 'lJ 
'rofl l!-%'fl ;;:! oj cJ-. \J-"11-"I 'r .8. OJI ff"'il >ll'r"11 "ft"Sf ti! nt'd-!l--"I 1!JA.J 7] "1-¾ "I~ 
.aj.Q.!il. i/-'l!il"t1I -'/l~ 7]'/!>Hc!il. >il-l/'51"1, 'il'r z-'/lt!:~'lf¾ oJ%~ \J-"11 OJI? 
?%-"I _,;,_L-JE-J",/¾ -'/l~ c<f.li!il. 'il-%'fl ? Vet. 

~ 1, 2:>f\')£ 'lJT:: ¾i<foj '1J<>j~ 'l,!:i!j-.;_g. 1998\') ~'S°'1iOJ'lJ,"j:ofl.kj ti!~ 
'JI El-'ll ,"±7f ~oj ~ -'/l .3.~¾ 711 ;j i<foj ¾ 27'11-"I ;,;;1,--a- 'll-J!. il"]-~2, !E ~ ct¾ 
:i!J- 'll: 0 1 "ct.II 'JI "c>il ~~;,ilofl 0 Jo] '!,Jl.,aj<>J ,c;',-0!] ~1>1151~7-Ji..]- ½'ll-51<>1 ~ <>ii 
'jl oj ct. 
- ~~ '![K -

0 1997\'! 
- \J-81"11?\?t!:oJI t!:~ ?"111~ \'l,". '97 '1'All~"c"11°J~:§f 

Barotrpic circulation of the South Sea driven by tide, wind, and offshore 
forcing. The 1st International Symposium on Phytoplankton Blooms, 
1997 Jan 21-22, Seoul. 
""il'll-"il~AJ-'-1'1 (\J-81¾½¾ ofl~Al-'-1'1)" - '97 81°J?{!EXPO ½¾, Aj¾ 
"l-"1 .'r. % 7] 'lJ ~Al 'lJ-

- The larval fish community structure in the southern part of the east Korean 
sea, in summer. 1997. 5 th Inda-Pacific Fish Conference at Noumea - New 
Caledonia. 
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0 1998\'! 
- Shipboard results over the Yellow and East Oapan) Sea and East China Seas. 

IOC/WESTPAC-Sida/SAREC Workshop on atmospheric inputs of pollutants 

to the Marine Environment. Qingdao, China, June, 1998. 

- On the distribution and persistence of organophosphorus pesticides in coastal 

areas of Korea. Estuaries (Submitted) 

- >II 'i" £ 'i" l'l Oil 21.21 "i >I<>I r ~ oJl t!: ~ 'cl -i'--, hi'!!, ~-at Oil "J "I-:§1 "i • t t:1-
1998, May, 3(2): 71-79. 

Pf{f '/!<>I] J-i .Qj -'lf ~ -'i/ .;]j c::,_ % £>Jl-l,'-"'I oJl .Qj ~ J;'-'lJ OJ:§]- ~ •J "t'!I oJl t!l ~ 'cl -'j'
(~-atoJI OJ,j-:§] ;<] -'f-.:il) 
Down core distribution of silicon bearing phytoplankton species abundance 

during the past 70 years in Chinhae Bay, Korea. (~-at"i1°J"]-:§] -'f-2) 
- On the distribution and persistence of organophosphorus pesticides in coastal 

area of Korea. Estuaries (Submitted). 

Volume transport measurements in the southern sea of Korea. The third 

CREAMS International Symposium 

~-at ;l-"'1 'l!-21 % 7] 'l! >II -l,'- !E oJ1 t!:-ol-"1. ~-.:-Oil 0J"]-!il ¾ ;,fl "r'i>' 'j[ .l!.:§1 1998. 4. 
30. ¾;J-t!l 

- ~.;:- ,l-O!l 't)-<>i] ,<j .Qj 7J'r aJ' \'J %-'ii oJl t,~ 'tl-i'-, ~-atoJI OJ~:r,:j ~ ;,j] ~'\,' 'l!-J!.:§J 

>il'i" £ 'i" l'l Oil 21-21 :<]o<f<>I iic~ <>II t!:~ 'tl-i'-. ~-at;J-'11-21 'II 0J'ri':i!J- :i!J-'!l 'tl-i'
~ .=i~, ~-atoJIOJ'tl-'j'-±, 1998\'! 9~ 

;J-oj 'cl 'l!"l "'l-%7J ~f-i'-, ',-'l:], -'lf"J'l!oJI "i .21 "t'tl '!I 'it¾ 0 1 %~ 7]"'"J {!"I 
~'!I, ~.;:-;j-oj .Qj oj Ocl''r'ie"t :i!J-'!l 'tl-i'- ~ .=i ~, ~-atoll OJ 'cl -'j'-±, 1998\'! 9~ 

Recent sedimentary processes in the South Sea. ~~ig-~~ ~ 0J'r¾~ ~~ 
'tl-i'- ~ .=i1f, ~.;:-OIi OJ'tl-i'-±, 1998\'! 9~ 
The variability of precipitation at the southern coastal area of Korea. ~~ 

;j-oj .Qj oj 0d''r'ie"t :i!J-'!l 'tl-i'- ~ .=i 1f, ~-atoll OJ 'tl-i'-±, 1998\'! 9~ 
The nutrient stream in the Northeast Asian marginal seas: Cheju Current. 

~-at;J-Ofl.Qj Ofl 0J'r%'4 '411 'tl-i'- ~ .=i ~, ~-.:-Oil 0J'tl-i'-±, 1998\'! 9~ 
Chemical composition of marine aerosol particles in the Yellow Dust storm 

and low dust periods over the Cheju-Korea Straits, the northwest Pacific. 

~-at;j-oj .Qj Oil Ocl''r'ie"t :i!}'!i 'tl -'j'- ~ .=i1f, ~-atoJI 0J'tl -'j'-±, 1998\'! 9-i/ 

- 3c"'l 7J>il"i:i!J- 7H'l/":-lJ;,il~ ~~ ¾½'>loJI -21~ ;J-"11-21 2•f~ Oil'ri?~, ~.;:-;toll 
.Qj Ofl 0d''ri'"t "t'!I 'tl-i'- ~1.=i~, ~-at0fl 0J'tl-i'-±, 1998\'! 9-i/ 
On the variations and the balance of volume transports between straits in 

the South Sea of Korea, ~-at;l-Oll.21 oj 0J'r%"t :i!J-'ll'tl-i'- ~.=i1f, ~-at'i"J 
'tl-i'-±, 1998\'! 9-W 

- On the Cheju current, ~-at;l-Oll.21 Oll 0J'ri'"t :i!J-'!l'tl-i'-~1.=i~, ~.;:-Ofl 0J'tl-i'-± 
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o 1999\:! .!r-.1toffl ~~ &-.it 
~ '<!'i'-ic ~~"'~"1- A]ii•l'll \ll {l~{l 'll'll:§i-~li'c"!O] .8_,'-£1::C •l+ Zl 

-t'-'jj.Q._s'. O]-','-oj;<]:: A}'lJ.Q.~ >I] 2;S}\1.£ '<J,'-'1,:il]-J} 7}%~ 3~}\1.£oj]ic cj-~sj 

1,cl,'¾ CSJ-A.j ~'-lJ \l) ~sj;<j,!oj] -','-:il'i! oj]'jjo]cj-. 1,cl,' el-'<-.£c cJ-%:ilf :,!-cj-. 

- Transport of nitrate, phosphate, silicate in the Cheju-Korea Straits. 

- Primary productivity and its controlling factors in the Cheju-Korea Straits. 

- Distribution and transport of particulate C, N in the Cheju-Korea Straits. 

- Distribution of particulate biogenic and lithogenic-Si in the Cheju-Korea 

Straits. 
-

21°Fb-derived sediment accumulative and mixing in the Cheju-Korea Straits. 

- Accumulation and decomposition of sedimentary biogenic matter in the 

Cheju-Korea Straits. 

-
228Ra/ 226Ra ratios in the Cheju-Korea Straits. 

Chemical composition of aerosols in the marine boundary layer of in the 

Cheju-Korea Straits. 

Distribution and transport of dissolved fatty acids in the Cheju-Korea 

Straits. 
Accumulation and decomposition of hydrocarbons and fatty acids in the 

bottom sediment of Cheju-Korea Straits. 

- The variability of precipitation at the southern coasta1 area of Korea. 

- Recent sedimentary processes in the South Sea. 
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*;qii:g•, 7dAJ·, 0J.g.7a•, 7d-§-<2::l .. 

*: ~~15\J°J';:!.'.f;±: 15\J°JA]~'i:!.'.f-¥

** : -¥-.?Jr.lJ 8j10JA~~~~ 

1986'<1. 11~ >ii'/'£ '1'\'!'11"1"1 ¾ 447H 'llslo\1'1 ~l>foJ >f.i<Of 'l!>.!>f.i<7f 'r'll>l~cf. 

~l>foJ::C 437H 'llslo\1'1 ½'!!<f~,coj ½'!!,/ 'll~::C 3 ~ 25 1H>i1/1,000m' ("iii" 50 1H~I 

/l,OO'.)m3
)~ tj-. .!/-~ ¾.g. ~}!.J (Engraulis japonicus), Clvmpsodon snyderi, 0J-%o-J 4 

(Gobiidae), ~ J:JJ 0 1 (Sebastiscus mamorotus), Syrr:igrops philippinensis 0 l nj 0 1 ¾ ~ .g. ~ Al 

½'1! ,/Qj 56.6 % ~cf. 
;,:j;,;}oi i?-;,J.g ~*~~ ½fa<'if ;,;}ft~ A}¾~ "i/.ilj~,!,:J ~~ 27H9J ir-1/2...£ T~£151 

ct. ::>.];,;}o-j ~;(J I.& ~~~'i.! tilP}\:!-~T~oU -'?-Jj:]tt~E..nj -~.ff-ir-91 T9t ½~%1' % % 

tj-°J.-'go] ~1/ II (r.JIP}\:!-i'f'T~9.J ~¥-9f, ~~ 'i:!~T~, ~~r:ll~~~T~)ofl li]8Jl 0 ij1t

'ii' tj-. it~ I 9J 4--~ ¾ .g. 1i:Pl (Engraulis japonicus ), 0J%o-J ~ (Gobiidae), Synagrops 

philippinensis, Au/ops japonicus, Bregmaceros spp., Benthosema pterotum, UJJnpanctus 

spp. % rl!-¥-~ \:!--i'tT~o!] ½~tt:::: %-E...5'.. 0 1~9.J ½~.& r.ll 0 ~tl,fj-T9.J ~-'J 0 ] 7M} ,e
~E...£ Jt!-'r!i':!c}-. ;,:j;,;}o-j ¾ ~AJ.A}.£.9} ½~<'if .A}ft°;; oj-§-~ .:giq~,!,:j~i/f9.} tJ:_7J~¢. 

('T°,&, ~~, %'E{!-.:t:)~ o].§-"{!: ;,;J~.y}~ ~~H!:i!J-9.} 11.6 % ~£9.j ~.g. .z}o]§- !i.~c} 

uH'.}A-j ~ ~A}%11~oJ]A-j .Z];,;}o-j i-~% o]-§,5}eti %11°J~7J9.j ~AJ-&- O!]~~ T 1).% 3~E..S 

-¥h±- -tft:l-. 
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';J->j 'il~"l '1-'ii'-'.< oJ-'r., '!-'ll, '9-'ll''l!ol!AJ s}'il~'/1-~ o]-§-~ 7]&-ll1Ml ❖'ll 

Estimation of primary productivity using natural fluorescence in the 

southern coastal waters (Nakdong Estuary, Tongyoung, Kwangyang Bay) of 

Korea. 

°JAJig, ~1~1, {J;qj1' 
~°?tll-a}.il ~,7atfe:J-4, 1"-i½i:Jl"Q:J-ji! '8Jl 0J:uJ'4 

\l>i'il~9J 'i 0,H!7J~IAJ "C-NaHCO, ¾'?¾ 0 1%~ 'l!•l•J-lfaf ~'llaf 'll•gO}oJ, 
INF-300 (Biospherical, CA)-i- ,q-§-;sj-0:j "r¼9l A~~~ :.Y-(natural fluorescence).9.1 'T"-?:l ~ ~ 
¾ 4-~ti-s:tt:J. .. 7}~~~~£¥-~ AJ{!-"8¾ 4~~-Cti] -l[l.R.~ Ap(particulate absorption; 

~sfAJ ~<!~I 9)~ ¾'11-£) Al.i<c 25 mm GF/F ftlter~I >I<?;; "lat .f- spectro

photometer(Unicam 4-100)~ 0) %i!il-o:J 400 - 750 nmll~A] scan.sJ-51. 9-. Ap.9.l blank'.: o:J .i!I

~ 8119-oJl ~--i{'.] GF/F filter§- oJ%tl-~t'.f. 

t!JA~AJ %.$-JfL~~ 14C014 ~~%.!?-}~~~ 15N-KNQ3S4 15N-NHClSl -i"r¾ 01%~ 71:f: 

-"]{!, {_\Aj{!- 'M 7ffAJ{!gJ ~~,g. %7)oll ~il!l15}o:j ~~A)-t! llff<>j15j-o:jot 15f,7] n!l~o!I tiH 0J 
%7!~ .H.~A.~ % ~*~~ . .fl~0l ~-§.~71\ ~9-. 0lo\l t:1\~o:j 1}~-&J~ ~~-@: z\'t!::E 
i'.l'f~l•i ~Al:{!2-;,. '11-~.IJ~ ~'ll~ '? '.l/7I "illl-olJ %~.i.!"°;;- 0 1%~ •H 0J•J-'1J9) <11'1 
\,JJ-'li.£.~Ai \'i'~ ~T7t ~J!. '.Uc.\-. ~-"'.}~Ai9.\ ¥~~78,€:- *"cl-~'li acti\'e fiuorometer, 

pump and probe tiJ-1f1-i- 0] %1tl double-flash fluorometer, .:1 r.1..TI A}~ 1t &oJ) Al ~ 1t~ ~ 
~Jtt'.:: natural fluorometer % .l<\\7fA\ %~_Q_§. tj\~~ T '119-. zt ~&"~~ .o<J-{ii!j- ~]~\.A} 

oJ¾ 7}A]..TI '.ti__Q_a:j, ~7]AFE P}h]gj- t!J-~'t.) natural fluorescence% o)-§-tj-'.jcj-

~'<l~~ '-f%7J- 8"}-=?, ~'11 o]~.'f 2-iiJl, :.g- 0J1;'.!" ¥CoJ]Ai ~1't! 7)3:A]{!-"'Jl't A}~~.ig-:c.j

~ B711~-. jl*~ 14- ~_;ttoJl £1~ ~e.Q.s-. <;>ioto.J. )jl.i~~ 'iJA}"'J i-1°1 ~if:- .2J6Jl~'i'! 
-%·~I ~5:-'r'--2 iil1'4oJl-'-l ~1!'t! tif:c.J-gJ ):l].£7} ~7Hf5}S1r:f. ~~.!-~oJ)Ai9.J R"i- 'ilA'} ~ 
~oJl £1~ A}'a~~ ~AJQ.j {!ij~~l~ .121!6~7] ~~,.,i~ MERR~ {{,& D'.j-XJ\tl %1-i'J£l 
'T ¢J ~ .UHf 4-;,:J i3t ~ ?,:! o 1 l!l .R. -a}e.l 2t -¥t 'if~ cj-. 
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Recent Sedimentary Processes in the South Sea 

Lee Hee-Jun, Chu Yong-Shik 

Korea Ocean Resean::h & Development Institute 

The South Sea is a shallow, postglacial strait connecting the East Sea with the 

Yellow Sea and the northwestern Pacific. Since the onset of Holocene transgression, 

the So~th Sea has contained a variety of sedimentary components, i.e., relict sediments 

(pale<rbeach material and incised channel fill), transgressive sediments, and modern 

muds. The relict sediments are distJ.ibuted near a deepest channel in the central part of 

the sea, whereas the modern muds are restricted within the coastal region mostly less 

than 80 m deep. Between the two deposits, the transgressive sediments prevail over 

the shelf. 

The main tenigenous sources of the fine-grained sediments in the South Sea are 

known to be the Seomjin and Nakdong rivers. The terrigenous sediments delivered by 

the Seomjin River have deposited at the mouth and nearby coasts and offshore, fanning 

a large mud patch. On the other han'd, most of the muds from the Nakdong River have 

been u·ansported eastward and · northward along the coast, depositing a mud band 

extending up to Pohang. Seismic profiles indicate that this mud deposit is thickest (>30 

ml near the coast and thins out offshore. Dlll;ng the winter season, strong waves 

resuspend seabottom sediments in the Korean coastal reg~on of the Yellow Sea, and 

reenforced south-flowing coastal currents transport those resuspended materials into the 

western coast of the South Sea. Some researchers suggest an offshore origin from the 

South China Sea laden by the 'Kuroshio and Tsu~hima currents. 

Studies of a few bays (Gamagyang, Deugryang, and Jinhae) well show Holocene 

and re.:ent sedtmentary processes governing the coastal area. In Gamagyang Bay, the 

thickness of the Holocene sequence ranges from a few metJ:es to more than 30 m. 

Thick accumulation occurs in the central part· of the bay, involving gases (probably, 

CH4, C•c and H2S). According to the 14c age detem1ination using the shell fragments 

in cores from the bay, the sediments have accumulated at a rate of 134 cm/103 y. 

Extrapolated at a constant rate, it yields an age of about 4500 y B.P. for the 

accumulation of G-m-thick upper sediments above a sJistinct reflector. This suggests 

that httle 01· no derx:isition occun-ed in the present coastal a1ea until about 45CX) y B.P. 

when rising sea level approached here. 

Water content of the modern muds is high (80-200%); 1t varies along the coast 

largely depending on grain texture but tends to increase seaward With bm;aJ depth, 
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water content is generally co~tant, probably resulting from poor penneability, extensive 

bioturbation, and low overburden. Toe shear strength of the mud is relatively high at 

the surface (3-5 kPa), then gradually increasing with burial depth to over 10 kPa at 

2-3m. The substantial shear strength observed near the seafloor reflect the state of 

apparent overconsolidation, a common trend in normal muddy sediments in subaqueous 

environments of low accumulations. 

The future researches on the sedimentary aspects of the South Sea may strongly 

need hydrodynamically oriented field surveys with various sophisticated equipments. 

Only a loNg-term time series of accurate current and suspended sediment concentrations 

throughout the water column from a number of hydrographic stations allows for the 

realistic estimates of the suspension flux in the coastal region. Pressure data 

automatically taken at an extremely short interval (order of second) are requisite for 

analyzing composite waves. Informations on salinity and temperature are also needed 

for delineating variable water masses. All of these data set can be obtained 

simultaneously by deploying on the seafloor a tripcxl equiped with a suite of the latest 

sensors. 

The strategy of such measurements should incorporate considerations on 

seasonality, typhoon climate, tidal phase, and state of riverine discharge. The last item 

requires systematic probing of riverine sediment and water discharge at the mouth of at 

least Seomjin and Nakdong nvers. To evaluate the relative contribution of sediments 

from the Yellow Sea, some bays selected in the western pa1t of the South Sea should 

be monitored sedimentologically with special emphasis on suspension flux. In 

conclusion, we are now entering the research phase urgently requiring incorporation of 

hydrodynamic data to level up the sedimentological knowledge about the South Sea. 

The followm·g figure shows an example of time se1ies of hydrodynamic data obtained 

from the surface water of a station near the mouth of Jinhae Bay on 9 May 1993. 
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MAGNETIC SUSCEPTIBILITY AND RADIOACTIVE ISOTOPE 

GEOCHRONOLOGY OF CONTINENTAL SHELF SEDIMENTS 

AROUND THE CHEJU ISLAND, KOREA 

Jeung-Su Youn 

Department of Oceanography, Cheju National University 

Cheju-do 690-756. Korea 

ABSTRACT 

Measurements of magnetic susceptibility of continental shelf sediments around the 

Cheju Island revealed two areas of anomalously high values; surrounding the Cheju 

inshore area, suggesting the influx and reworking of detrital volcanic materials 

distributed in the Cheju Island, and toward the mouth of Chanjiang River, due to the 

many industriaJ works are established in the Changjiang estuary in recently. 

The use Pb-210 geochronologies to estimate sedimentation rate ranges from 0.20 to 

0.54cm/yr or 0.15-0.42 g/cm2/yr. This suggests a maximum accumulation rate in the 

study region given ignoring the mixing effect. The sedimentation rate in cores J-101 

and J-134 near the Changjiang River estuary show 0.45-0.54 cm/yr, and the flux of 

Pb-210 to this region is 1.48-2.31 dpm/cm2/yr, but two core J-138 and J-142 far from 

the Changjiang estuary show 0.20-0.22 cm/yr and 0.36-0.57dpm/cm2/yr respectively, 

which is much lower than above two samples. The sedimentation rate in cores J-59 and 

J-91 around the Cheju Island show 0.21-0.44 cm/yr and the Pb-210 flux of 0.84-l.44 

dpm/cn//yr. indicating that the terrigenous materials from the Island were supplied to 

this environment 

The sedimentation rate measured using two peak concentration of Cs-137 in a 

sediment profiles J-59, J- 138 and J- 142 ranges from 0.12 to 0.30 cm/yr. which agree 

we!! the Pb-210 calculated data 0.20-0.22cm/yr from that at same samples, but a 

comparison sedimentation rate m cores J-91, J-101 and J-134 measured by 

Cs-137(0.16-0.30 cm/yr) and calculated from Pb-210(0.44-0.54 cm/yr) show that in the 

same core profiles, the Cs-137 survey data underestimate the sedimentation rate 

measured br Pb-210 data. 

. 
I . INTRODUCTION 

The study area is the continental shelf located between 32" 00' - 34· 15' N in 

latitude, and between 126" 30' -128" 00' E longitude around the Cheju Island. The 
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Cheju Island is the donnant volcanic mowitain located at the southern part of the Korea 

Peninsula and is formed by Pleistocene to Holocene volcanic activity. 

Many works have attempt to described the sedimentary facies, sea-level changes 

history, clay mineralogy and geochemistry, sediment dispersal budget, radiochemical 

measurement of sedimentation rate and physical characteristics of water mass on the 

Yellow Sea and East China Sea(Niino and Emery, 1961; Nittrouer et al., 1984; DeMaster 

et al., 1985; Keller and Ye, 1985; Milliman et al., 1985; Sternberg et al., 1985; Park et al., 

1986). 

The present paper report the results of an investigation of surface and core sediments 

around th,e Cheju Island and adjacent shelf in terms of surfical sediments distribution, 

sediment accumulation rates and magnetic measurements in coastal pollution monitoring. 

11. MATERIALS AND METHODS 

A total of 181 surface sediments and 6 gravity core samples were collected from 

around the Cheju Island and textural parameters were determined usmg standard sieve 

and pipette methcxis. 

Magnetic susceptibility· _was determined of 181 grab samples. The samples usually 

weighed from 10 to 50g with splits and multiple measurements made on the lager 

samples to check the homogeneity cif the samples and the reproductivity of the 

Hartington M.S.2 magnetic susceptibility meter with M.S.2.B and sensor(Nagata. 1961 ). 

For the estimating the flux of Pb-210 into sediments and determine the sedimentation 

rates six core samples were obtained from the study area. Various methods are 

available for Pb-210 analysis. The one employed is similar to that described by 

Nittrouer et al.O970) and depends upon its secular equilibrium with Pb-210. The alpha 

particles emitted by Pb-208 and Pb-210 deposited on silver disc were pulse-height 

analyzed with a surface barrier detector. Using a gammer ray spectrometer with a 

Ge(Li) detector the activity of CS-137 was meansured in six sediment cores. 

Ill. RESULTS AND DISCUSSION 

Magnetic susceptibility measures magnetization temporarily induced in a rock by an 

artificially applied low amplitude magnetic field. The strength of the susceptibility signal 

depends on the concentration and grain size of magnetic minerals. 

A study Scoullous et al.O979) illustrated the potential value of magnetic 

measurements in coastal pollution monitoring where maj9r sources are discharging high 

particulate concentration which include ferromagnetic oxides. Maj:!netic susceptibility 1s a 

highly variable parameters and depends upon the mineral present. their concentration, 

grain size and shape of mode of dispersion. The magnetic constent was deterrmned by 

magnetic separation for a subset of 11 samples in the study area. 
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Although the scatter is tpo great to permit a reliable prediction to be made, which 

data trend of increasing susceptibility with increasing magnetite is clearly 

supported(correlation coefficient of 0.87) by sainples from this environment 

The dominant trend in the areal distribution of susceptibility of the surlace sediments 

is a decrease with increased waterdepth(Fig. 1). 
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H1gh susceptibilities were found in surrounding Cheju Island inshore area and toward 

the mouth of Changjiang River. More then 4X 10·6emu/g high contant of susceptibilities 

were found in surrounding Cheju Island inshore area, due to the influx and reworking of 

deteritial volcanic materials distributed in Cheju Island. Secondary, at the southwest part 

toward the mouth of Changjiang River, its means that the relatively high proportion of 

fine- grained sediments are being supplied by Chanjiang River and transported to this 

environment. and that is a good agreement the diluted Changjiang River freshwater 

flows northward near the Cheju Is!and(Zheng and Klema. 1982). Its was observed that 

low susceptibility values correspond to a high proport-ion of coarse sediments. whereas 

high susceptility values correspond to a high proportion of coarse sediments, wheres 

high susceptibility values correspond to silt and clar fractions. 

The chemical content of the six core profiles shows increase upward and decrease 

noITnally to the bottoms. It can be seen that there is a good correlation between the 
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maximum and minimum wi¢. the magnetic susceptibility and particle-size. 

In an att.empt to develop a useful marine core chronogy the activity of Pb-210 present 

in the sediments were measured. Umnologist and Oceanographers often use Pb-210 in 

conjunction with Cs-137 t.o constru~ chronologies of sediment cores(Krishnaswamy et 

al., 1971; Koide et al., 1973}. These two unstable isotopes have relatively short half-lives 

22.3 and 30.2 years respectively. which makes them ideal to estimate the sedimentation 

rate of deposited marine sediments over the past 100 years(Nittriner et al., 1S79). To 

detennine the sedimentation rate using this method, the excess Pb-210 in the sediments 

must be determined rather than the total amount. The amount of excess Pb-210 

represent in any particular sample is the difference in activities between the sample in 

question and that of the parent supported sample. The sediment accumulation rate were 

detennined from the slope of the least squares fit to the log excess Pb-210 activity 

versus total accumulation profile below the surface mixed layer. The Pb-210 supported 

act1v1ty determined m few section core samples usmg the Rn-222 emanation 

method(Lucas, 1975: Nittrouer et al., 1979). 

Pb-210 activities are plotted versus depth in a sediment cores as shows in Figures 2. 

The crosses represent the total Pb-210 activity and the close circles represent the 

excess Pb-210 activity whii;h with the same point after background is subtracted. The 

accumulation rate obtained using· the radioactive decay formular and the half-life of 

Pb-210 in the study area show ranges from 0.20 to 0.54 cm/yr or 0.15-0.42/cm2/yr. 

Thus, the sedimentation rate calculated from Pb-210 data may be an overestimated 

because we ignoring the mixing effect{DeMaster et al., 198.5). Figure 2 shows the 

Pb-210 activities with depth for a sediment core from the southwestern part in the area. 
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The sedimentation rates•.from the cores J-101 and J-134 northeastern offshore the 

Chanjiang River estuazy ranges from 0.45 to 0.54cm/yr, It may have been derived from 

the high input if suspended sediments in river runoff from the China side that receives 

the ancient sediments of the Huanghe River. During the wint.er months frequent storms 

and an intensified southward flowing coastal current may resuspend sediment transport 

the this material along the dispersal system (Mckee et al., 19&3; Stermberg et al., 198.5). 

The sediment cores J-138 and J-142 from the offshore mud deposit in the southwest 

Cheju Island , the estimated o{ sediment accumulation rates show 0.20-0.22 crrJyr. that 

is much lower than those of above two samples, its may be result from the weakend 

sediment tansported. 

The seclimentation rates form the cores J-59 and J-91 in northwestern coast near the 

Cheju Island show ranges from 0.21 to 0.44 cm/Y_r, indicating that tenigenous materials 

from the Cheju Island are supplied to this environment. The surficial Pb-210 activity 

values range from 1.79 to 4.15 dpm/g. The muddy sediment cores in northwest 

nearshore of Cheju Island have high surface Pb-210 activities compared to the entire 

cores in the area. which though to be the more ease to absorption Pb-210 associated 

rather than the coaserer sediments. Pb-210 flux ranges from 0.36 to 2.31 dpm/cm2/yr, 

and mass sedimentation rate values ranges from 0.15 to 0.42 g/cm2/yr. The high 

sedimentation rateW.42 g/cm2/yr) in the sediment core J-134 is related to the high 

Pb-210 influx with the terrigenous suspended materials from the delta off the northern 

Jiangsu coast. The low sediment accumulation rate values 0.15-0.17 g/cm2/yr measured 

in the southwest offshore of mud deJX)sit cores J-138 and J-142, that is good agreement 

the decrease in accumulation rate with increasing water depth may be the result of 

progressive seaward depletion of influx and reworking of detrial materials(Carpenter et 

al.. 198U. 

Cs-137 is a byproduct of atmospheric nuclear weapons testing. It is introduced into 

the environment only as a result of such testing or by accident invol\Jmg nuclear plants. 

In the year 1963 deposition of atmospheric fallot.tt resulting from weapons testing was at 

maximum(Taylor et al., 1988). A time Jag of only 6-12 months has been observed 

between the atmospheric fallout of Cs-137 and its deposition in sedimentslRitchie et al., 

1973). Therefore, a distimctive peak present in plots of Cs-137 activity as a function of 

sediment depth should mark deposition during the time period of 1963-1964. Limnologist 

have recognized the presence of this absolute time-line and have used it to construct 

chronologies of lake and marine sediments(Pennington et al., 1973, Ritchie et al. 1973). 

The activity of Cs-137 from the cores is shown as a function of depth in figures. 

The maximum Cs-137 activity peaks shows at depth of range from 5 to 6cm or 

6-7cm respectively, and its assuming that the represents depasition during 1963 or 1964 

(Ritchie et al., 1973). This peak concentration of Cs-137 in the sediment profile means 

that should be associate with peak rate of Cs-137 fallout from the atmosphere. The 

sedimentation rate measured two peak concentration of Cs-137 in the sediment profiles 

J-59, J-138 and J-142 ranges from 0.12 to 0.30 cm/yr, which agree well the Pb-210 
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calculated data 0.20-0.22 cm/yr from that at the same samples, and that is support the 

effects of bioturbation on radionuclide in these core are minor. In contrast, a comparison 

sedimentation rate cores J-91, J-101 and J-134 measured by Cs-137 ranges from 0.16 to 

0.30 cm/yr and calculated from the Pb-210 show 0.44-0.54 cm/yr at the same sediment 

core profiles, which shows the Cs-137 calculated data underestimate the sedimentation 

rate measured by the Pb-210 data, its preswnably the result of difference in the 

behavior Pb-210 and Cs-137 in natural water colwnn. 

IV. CONCLUSION 

High susceptibilities were found in surrounding the Cheju Island inshore area and 

toward the mouth of Changjiang River. More than 4X 10·6emu/g high content of 

susceptibilities were found in surrounding the Cheju Island inshore area, due to the 

influx and reworking of detrial volcanic materials distributed in the Cheju Island. 

Secondary, at the southwest part toward the mouth of Changjiang River, its means that 

the relatively high proportion of fine-grained sediments are being supplied by 

Changjiang River and transported to this environment. 

The sedimentation rates from the cores J-101 and J-134 northeastern off the 

Changhing River estuary ranges from 0.45 to 0.54 cm/yr (0.35-0.42 g/cm2/yr.). It may 

have been derived from the high input of suspended sediments in river runoff from the 

China side that receives the ancient sediments of Huanghe River. The sediment cores 

J-138 and J-142 from the offshore mud deposit, the estimated of sediment accumulation 

rates show 0.20-0.22 cm/yr(0.15-0.17 g/cm2/yr.) that in much lower than above two 

samples. its may be result from the weakened sediment transported. The sedimentation 

rate from the cores J-59 and J-91 in northwestern coast near the Cheju Island show 

ranges from 0.21 to 0.44 cm/yr(0.16-0.34 g/cm2/yr.), indicating that terrigenous materials 

from the Cheju Island are supplied to this environment. . 
The sedimentation rate measured two peak concentration of Cs-137 in the sediment 

profiles J-59, J-139 and J-142 ranges from 0.12 to 0.30 cm/yr, which agree well the 

Pb-210 calculated data 0.20-0.22 cm/yr from that at the same samples, but a comparison 

sedimentation rate cores J-91. J-101 and J-134 me.a.sured by Cs-137 ranges from 0.16 to 

0.30cm/yr and calculated by the Pb-210 show 0.44-0.54 cm/yr at same sediment core 

profiles, which shows the Cs-137 calculated data underestimated the sedimentation rate 

measured by Pb-210 data, its presumably the result of difference in the behavior of 

Pb-210 and Cs-137 in natural water column. 
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The Variability of Precipitation 
at the southern coastal area of Korea 

Dongchull Jeon 
(Physical Oceanography Division, KOROi, Ansan P.O.Box 29, e-mail: dcjeon@sari.kordi.re.kr) 

lJntroduction 

Precipitation 1s one of the most important parameters not only to 

investigate atmospheric circulation but also to understand the material flux 

across the sea surface boundary and oceanic circulation in the South Sea of 

Korea. Spatial and temporal variability of precipitation is in general very large 

and greatly subjective to the local orographic effect, relative to the other 

atmospheric parameters such as surface air pressure or temperature. More 

than half of annual total precipitation is intensified in summer, especially 

during the intensive rain periods Changma Besides Changma, tropical cyclone 

(or typhoon) may result in heavy rain within the influence region along its 

track. Spring and fall occupies about 20%, respectively, and winter 10% of 

annual total precipitation (Ho and Kang, 1988). 

Time series of monthly means of precipitation at the southern coastal 

stations of Korea (Pusan, Yosu, Mokpo, Cheju, and Sogipo) are analyzed to 

examine their annual, interanual, and longer time-scale variabilities in relation 

to the monsoon, historical El Nifio episodes, and (inter)decadal events. 

2. Annual Variation 

The average amount of annual mean precipitation in the southern coastal 

region is relatively more (1400-1700mm) than in the rest inland regions of 

Korea (HXXl-1400mm) except in some mountain area (> 1500mm near 

Daegualyong). Summer rainfall is very intensive, especially during the two 

Changma periods (one starts from late June to mid-july and another from 

mid-August to early September). Daily precipitation within a Changma period 

sometimes reaches up to 100mm at the southern coastal stations and over 

Cheju-do. Seasonally, it amounts over 700mm in summer, over 300mm in 

spring, about 300mm in fall, and 100mm or less in winter. The most 

precipitable regions in the south are near the downstream area of Sumjin 

River and over the eastern Cheju-do. Ho and Kang (1988) reported that the 
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peak stage of Changma is earlier in the south and gradually delayed to the 
north in Korea, but it varies within a month (July) and hence cannot be 
detected with monthly means used in this study. 

Typhoons and extra.tropical cyclones are also major causes of intensive 
precipitation primarily in summer. The average number of occurrences of 
typhoons during the last 45 years (1951-1995) was 27; mostly generated in 

5°N-20°N latitude and in 130°E-145"E longitude. Typhoons attacking Korean 

Peninsula during the last 92 years (1904-1995) were concentrated from July to 
September, and much Jess frequently in June and in October (Table !). 

Average (or normal) typhoon paths are straight northwards in June and 
gradually bent northeastwards and pass through the south coasts of Korea in 
October due to the weakening of the North Pacific high pressure system. 

Table I. Number of typhoons giving damages to Korea during 1904-1995 

month 1 2 3 4 5 6 7 8 9 10 11 ratio 
path 
normal 1 14 68 68 7 89% 
abnormal C 11% 

ili'>tai'·$j ½ '" 
., ''''\ ;> 100% '\;. ~~ , '. /, ;x,,, -~ ., '., ' ,,,,,,,, 

Between June and October during the last 10 years (1986~ 1995), 31 

typhoons and 235 extratropical cyclones passed over Korean Peninsula, among 
which 10 typhoons (1/3 of total), 19 extratropical cyclones (1/12 of total) 

caused perperty damage more than 20 billion wons. In other words, 

extratropical cyclones cause. disastrous damage by heavy rains and storm 
surges twice as much as typhoons do. 

3. Longer time-scale Fluctuation 

The most prominent climatic feature in Korea is the annual cycle which 

shows hot/humid summer and cold/dry winter due to Asian monsoon as 

mentioned above. But the temperature and humidity themselves could be 
different year by year. Likewise, precipitation has a clear annual cycle but 

also very different from year to year; there mighf be flooding in one year and 
drought another year. 

The time series of monthly precipitation anomaly in Pusan, which are 
subtracted by the total mean and convoluted by 24-month Hanning's filter, 

show the interannual variability with the quasi-period of 2 to 7 years between 
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1904 and 1995 based on the arbitrary flooding and drought limits ( +20Qmm). 

The period of flooding and drought is longer in Cheju, where interdecadal 
variability seems to be larger than interannual one (Fig.I). Titls matches with 
the distribution of power spectral density in Pusan and in Cheju (Fig.2). 

The cross-correlation coefficients of monthly precipitation between Cheju 
and Pusan, Cheju and Mokpo, Mokpo and Pusan are 0.50, 0.58, and 0.72, 

respectively, that is, the correlation between the south coasts and Cheju-do is 

relatively lower. Correlation is not calculated at the other stations (Yosu, 
Tongyong, Wando, Sogipo) due to the short length of data The linear 
increasing trend of precipitation is about the same in Pusan ( +7.4mm/!0yrs) 

and in Mokpo (+6.8mm/10yrs), which is approximately doubled in Cheju 
(+16mm/!0yrs) and even much steeper in Sogipo (+78mm/10yrs) and in Yosu 

( +39mm/10yrs); the last two places belong to the most precipitable regmn m 

Korea. 
The frequency and strength of typhoons or tropical storms is also 

greatly linked with the interannual variability of precipitation in Korea. 
There were only three years (1920, 1947, 1988) when typhoons did not 

attack Korea Peninsula among . 92 years (1904-1995). More than four 
typhoons attacked her in 1911, 1914, 1922, 1925, 1933, 1940, 1950, 1959, 1961, 
1976, 1981, 1985, 1991, 1994. Among these 14 years, El Nino occurred in 

1911, 1914, 1925, 1940, 1976, 1991 (43%). In 1925 and 1982, the 'very-strong 
El Nifio years' in this century, there were five- and four-time attacks by 

typhoons, respectively. But, there was no El Nino event in 1950 and in 1959 

while typhoons attacked her seven times (maximum occurrences) during 
these years (KMA, 1996). 

Statistically speaking, El Nino seems to contribute to reduce the 
occurrences of typhoons by way of contributing Korea Peninsula to a 'warm 

and dry' summer. Kang et al.(1995) analyzed the distribution of the first EOF 
mode for the interannual variation of typhoon genesis during summer; the 

frequency of typhoon genesis is higher in lower latitude ( ~ lO"N) during El 

Nino years and in higher latitude ( ~ 20"N) during La Nina years. But, the 
contribution of El Nifio to the precipitation in Korea seems to be unique case 
by case and is needed further study. 

4. Conclusion 

The annual cycle of precipitation in the southern coastal reg10n 1s all 
intensively precipitable in summer as well as in the other areas of Korea. The 

seasonal amount of precipitation is morn than half of the total annual amount 
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in summer and less than 10% of it in wint.er. The time series of monthly 
mean precipitation shows. the interannual variability with quasi-period of 2 to 
7 years and a longer time-scale (interdecadal) fluctuation, especially in Cheju. 

The linear increasing trend of precipitation is about +7mm/10yrs in Pusan and 

Mokpo, + 16mm/10yrs in Cheju, and much steeper in Yosu ( +40mm/10yrs) and 

in Sogipo ( +80mm/10yrs) where the total annual precipitation is the largest in 

Korea. 
Typhoons and (extra)tropical storms may also affect the annual and 

interannual variability of precipitation by way of pouring heavy rains primarily 

along their paths. The number of typhoons attacking Korea Peninsula seems 

to be reduced during El Nino years, but not so highly correlated with El 
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Fig.!. Time series of monthly-mean precipitation in Pusan (1904-1995), Cheju 
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(1961-1995) convoluted by 24-month Hanning's filter (curves), and 

long-term linear trend (solid lines} 

-572-



.. .. .. - .... ~ ,_ 
,, ,., 

•• 
... 

... ... 
'v \/'Irv ... ... .. . 

.. ... 
" • 0, .. .. .. • 0, .. .. .. • .. .. .. .. ·-- ··~ ·-... .. 

""'" ~ . ., 

::: f\1\t I\ ... 
\ ... 1 I 

.J• I ... \(\; I ... ... 

/111 ,, 
,I I I 

" 
... I 

V\; ... . I 
... .. . • ., .. .. •• • .. .. .. .. "~ ,_ 

Fig.2. Power spectral density of the precipitations in Pusan, Cheju, Mokpo, 

Yosu, and in Sogipo. The freauency unit is in [cycle/year]. 

References 

Korea Meteorological Administration 1991: Climatic Atlas of Korea. 

(in Korean) 160pp. 

Korea Meteorological Administration 1995: Changma White Book (in Korean). 

Tongjin Munhwa Co., 345pp. 

Korea Meteorological Administration 1996: Typhoon White Book (in Korean). 

Tongjin Munhwa Co., 26lpp. 

Ho, Chang-Hai and In-Sik Kang 1988: The Va'riability of Precipitation in 

Korea. (in Korean) j. Korean Met. Soc., 24(1}, 38-48. 

Kang, In-Sik, Yang-Mi Lee, and Soon-II An 1995: lnterannual variability of 

Typhoon activity over the western Pacific and El Nifio. (in Korean) J. 
Korean Met. Soc., 31(1), 15-26. 

-573-



ABSTRACT 

\:f'%7J- isl-*~~ %~t.ll.Q.J ,,.~tri5l-'r ~ ~ · t?-~ illl"r %.Q.J .ft~ 1J.l iil-T-~ ~=E.£ ~~ 

qf'rSJ ;\JJ-if AJ{! ~1t.£ ¥~ 0J~7t 7t4r~..il. '.llcf. T'il ~~of/ ute 71.&. ~?~~'ti 

't!T ~ ,,.]-i-~9-l ~%otl tll~ 't!T::: t1\.ii!:~ ~18~1 'rt&!<J5'JE.4 tq-*~(~'6')% ~S!}-"8-t 

c 'll"J'lHi- 'l-'1-~oJI ,H! 1!~"1'11 'i'!'i'c 0 1{!'1-919. 

~ r,.,,t::: 19941.1 6~-¥-EJ l.998't! at~t;,;I 4'do!I ~fel "'f-%- 7J #*-¥-o!I -W.ci:!~ ~E'-oJP-i 

"r" 1;01 {!:?4.Q...£ ~°J~* 'M BOD, Chi.a ~£ ~1J ~ ¥-isl-<'!% ~~.s}~ llJ-~.Y,({}~{!l 

o\l tq.~ %½~¾ {!-~15}-~cf. 

~°J~*.Q.j 't!£~ ~E ~5: ~~~ ~~ TNS! 7J~ 94, 95, 96, 97'.:! 0 ) z.t-zt 2.8, 4.5, 

3.7, 4.3 mg/15' 'll>f ¾7fof9JE-oj TP S'tf 0.169, 0.135, 0.203, 0.22lmg/l"i it% -"-"1 ~, 

Afl, 0,}',,'-i- -"-9lcf. BODsf Chl.ac 95\'!oJI zj-zj- \'!"arr 6.0mg/1'4 72.3ug/1£ JfAJ "~ 

.'i!, Sihca9.l '1f£~ 2.6mg/1~ 95\::!oJl 7t::>.J ',,!-.g. ~~if *.S::~ li!.~Cf-. 

~°J~"ff'SJ 't!£f ¾~.g.. 7J-4"-'9'oj] rq~ %~£1 it!~oJ] ~~% ~::: }!~~ 4E}xf:tj 

XA}-71 {!- %~9-l 4\1.zl 't! :lfJ TI" c::l 0J~ {t .lj'-i5]-2J ~ TN, TP, BOD ~ Silica7t ztzt 79,252. 

4,072, 9l.662 ~ 100,024t/yr ~9. ~Ad~ 1t§~ !i;ctt:;::! 94'd:i!J- 7J--¥-i!Jol ~'lllr:! 97~91 

~°cl'~* -¥-t}~.g. '4 31:IH 0 1,.J ::\t 0 1~ .!i!..O:j €- qj~§- s!-'1:1c.J-(94\1 : TN 36.18'2t/yr, TP 

2,185, BOD 61,065, silica 45,619 ; 97\'! ' 115,041, 7,583. 133,599, 193,312). 95\'! ilf 96\'! zf 

zt9.J ¾¥&~.g. 971.:!9.J ¼¥"8li's'ofl 50-60% 15:.;dc-t. 

~°<f<g* -¥-~i?J:'9./ ~o!C ~iio/1 r421 -P 7.fo)~ .!t~c/-. ?J-9--7~ {]~s.JC -¥-7/(6-8~! 

9.J .l\1-;sl-%1'.& ~7](9-S~)oj] 1:l]!Sjj ~~ ¥-~·<'J 0 ] 2:_3llH ½f& ~£_£ i..ftol;ft:f. -9--7]9.J 

TN, TP, BOD ~ Silica$!J ~ i ~ ¥-iil-~-§- .!i!. ~ 304.23, 17.36, 353.68 ~ 449.56 t/day o] 

.i!., ~7)9.J <t;l,&it J,l<'}iiJc.g. Zl-2'" J59.3, 6.0, 176.4. 112.B t/day ~I:/-. 

'U2...£. <5Hi-oJP,i9.J c::1°&~-ff ¥-15} 7JS:. ~ '4% 7J- ;>J'T<?.:li.l1oJ]Ai9.J 7.}7];>;_:j~ ~ AH- "5"/I 

7t "f%-7J- o}-?-~ o}cH9J 7\"r~ ~ ~~ -'jEJ!Jj]o!] oJcri~ ';3~fr up:].i! V-':=-A) 7J~~ ~ 

At7t oJ¥"6j~ot ~ -:,:!o]t:j-(oj]: ~.£ \!!~}. -3.jc:t_ ~,.~ %). 

-574-



~¾. %~{!~.£. ¾ii-~ 1997\'!. 91! *-'-i %¾-0:--ofl 

4-:,fl~ j!J-~ !';-',j 

oJ %11, ;<; 'I! &J, {I~ l! t ( ¥--fr<IJ 01-3it <11 'll'"l-01-"1-) 

'T{I 100 m 0]1-!l.fil ell-it* -?,JoJI ~~SJ-'C *¾~81JS>.J '.:}-~ 91~olJ:: 7J~ Ai~ t,-Jl*~ 

~.£.A].2..71- ,a- 2 .TI .:I .7;J"ff"7l- ~11--8},uf ~Ai¥- 7a'AJoJJAi::: ;,.,PJ.£.£¥-E-1 ~'A]oJJAi All \l:!~ 

£ r,t.g. OJ:.2-j 7J-%oJ ~"q5lj1 ~t:J-. %¾-;:--811£ *'\1¥! ~!ii r.Jl-¥-~.g. ¾V!-Jlf r.Jl~"811~~ 

.!g-i;\j %~.£. *<?J"8"\-:: ~"rS>.J 0Jl4 if~-3- oJ~ ~.Q_.£. .!i!_o]oJ i[!-JU11JAJ "8JlQ;j't! ~15jj.£. % 

~~:: oJ.g. AJqj~.2...£. oju]tc ~_Q_.£. ~£!'¥:!cf-. {1i;j]Q;joJ.n T-&o] ~o} 7-1-i'~ 1J81l'T 

7} ~-'g~.A] ?t'Jl fi".g_ ~S>.J ~oj ~of.2._jl 1..)-~.Q...£. '8Jlk! %~-;:-15jj 81J4"9.l ;tj]*AJ{I.g. l 

4!.AJ 2\'! TT££ {,~¥:!cJ-. oJ'-~fl %~-;:-isl! isllTS>.J !".;--tjoj A]~{!-~£.£. uij-Sf- %~~ \I! 

~~ .12.0J7J ttJl~oJJ %¾-;:-'611oQ:: ~ ¾"ff!i! ~~~<?J "Bl!T +r~o] ~7""8"\-::.-t]O!J r.Jl81l ot.oJ 
'l' ')!"' '!!lo% '-II apq ,e'}.:a. ~ 9-. 

"iil''Jf"i 'l''i'<! 'l!"l-1; ¾~OIi" %%,,_.'ii '119'.!!J >;'1J% ;;P,l'}:: Ail 7f"i %.ll."' 'ii 

'TcJoJ:::: ;,.J- 7J ~~'T(CDW), -'J-811 i§'T (YSCW), .::I2l.TI ~£.A].£ A]W- (Kuroshlo Branch 

Water?).£. A],&¥:!c\-. oJ~.g. 2f7J Ai~, Ai-&, .Tif:-.TI~.Q..£ ~~"5}~] T~'9:: '!:;AJ% A] 

i..:JJ! '.iL~Y nfll;:! !:;"go) ~%.sJ-oJ oj l<Jl 7};.i;] isll"rCJ0]7l- ~t'~~ T-&~ ~~~_Q_.£.~ 

i"/1Sf7J o,'1]q (::t'<I 1 'lJ-3'). 

01 ~ToJ]A-j~ 19971.:! s~~oj]A-j g~~oJI *Ai %¾~8\loJ)A-j T]B 'r-&, ~~- %~-'i 

5:: A} li 9-J ;~3"',Ht¢~ ~ ~ 8\J TJ!l oJ] cJl ~ 7}AJ~ 'tJ 8\IT ~ ,,_J 31} AJ % ~ ~ t}'Jj, ct. Jl ~iii-'?:! 

~A} A]7]9.j %~~i;Jl TJ!l-C ~olJ '?:!~~ 37H9.J t;:!,';J~9.j ~~oJI 9-J-ail 2j;}~ -&jAJs.j~ 4 

~{'1-Qj ~t'r~ ~~t!" 77}.AJ .sff'r~ B'ir~isl-519" (:Z.'fl 2). ~~T~ All 7}A] t;:!,,_J~o] 

2.-'f- ~~B ~19'2J-"ff"'2:J~ *{!£.~ ~]?9}-fl- ~~'T-'4 :,1£A].2.. A]"ff- (cJlo}';±"ff"'T)7} ~~ 

B i5Jl'r, AJ7J .o:J~'r.2t :lg-~ 1£.¼?9.J ~if'r, i~.TI qjo} \:!-"ff"'r9.J ~8J-'t!oJ] .;;:~ 'J~] 

'a'<l'r.£ T~"isl-514. 017JA-j All **9-l i;:1,1.,Ht %1l'r7} ~~~~ 478-i- ,,_;i~'oj-7] -$18\l 1· 

~~.A}~ 0J ~l"r' 'JA-J SllQfolJ 'E-~8~9".TI 5!...TI~ ~A]Jll ~J~9.j 21-.fi-9.J 1Hla% ;i;}-§-<5}'ntj 

i~Q.£. ~]A]~ TJl] ,,_~~ 7~laO!JA-J ~]?9.}"ff"C 'rill ~~9-J ~AJ.A},s!..A-J uH-9-- T.R15}~1 cj. 

f'"o-JJ:L~-4 ~7}A] .g.ll ~oj 7}0~ ~ ¥-~.g.. {J~11 3:A}oj] :'g-of%J':ct'tl %e.J8\JOJ~~}~oJJ 9j 

811 2.J."ff-21 eAH1t ~'?J~.Al~ ?l~r:f.. 

7}1:l~ ~IA]~ 4-7-11 ~~ 31}-~.g.. 2f 'T7'!1oJ]A-j 41!~ ~~~ '?JA9.J ~.¥- ~"'3% Ll]l:l]A] 

:rl .'{:J£-f4<j,r}. of7loJ] A}%~ '?JAHi.g.. ~!:r.-~!i..7] ~2 5::.2.%', '?H~·-oJoJ'?'I, ~£-°aoJ 

~. {;.!,!7) ~:}: 5::.2.%i'-~ 0J~, pH-~ 0,HL ~.!.!71 {!-5::-{:2.<;t-pH, ~ 0J'f!QJ N:P l:lJ£~] 

tJ!-¥-~QJ 13~ 7}~£. ~)AJ~ 7'l-~9.l 8\l'r -=t-~oJl Lll<5Jl 01 1P1'?.l 14~ ~% "i' 919:it:+. 

U'.j-i!.}A-j ~9} '?..\.A}~.z!9.j ..,cJ--t:!- 3Hll1-'4 811T9.J AJ),J~'?.! ~~oil Ll!t}o.j 1='9.Jii}.i'.A} ~cf.. 

-575-



24 

G'22 
il' 
&20 • a . " .· r•,-·· .... 
i!: 16 

14 

12 

10 

. . . . ·.• ................... , ..... . 
,' 

............... '·~ ......... • ....... ·'.' ..... :· 

::i ,i 1. I 997 '<! 

::i,i 2. 1997'<! 8-9-1/ '<;.1 %;?,;-'ii ?'ii 'J';J 5'.")5'c YSSW (-1/'il ll'ii"i'I, YSCW ('!/ 
&Jl i.&'r), SSCW ('a'~ '?:!'li'T"), CDW (.,.,PJ- .ap.~T), TWC (c.jJuJ- 'dffl 

-576-



A three-dimensional mixed Finite-Difference Galerkin function model 

for the oceanic circulation in the Yellow Sea and the East China Sea 

in the presence of M2 tide 

0 1:i:.>,<l • 'll'f-*· 'll >:14 1
• ±'4'11 1 

"I ½'11 ~:.!_ .. OJ'~;,}, '1!"'1""11 OJ'':!,'-± ':! ~iOJ-'1}~~':! ,'--\!~ 

A three-dimensional mixed type model which uses Finite-Difference approximation m 

the horizontal and function expansions in the vertical is developed for the simulation of 

oceanic flows in the Yellow Sea and the East China Sea. The model assumes hydrostatic 

balance and solves three-dimensional, non-linear free-surface, primitive equations for 

homogeneous fluids. The vertical eddy viscosity sets to be constant over the vertical plane. 

The most prominent feature of the model lies in the treatment of vertical structure of 

horizontal component of oceanic current; a set of linear functions is used over the vertical 

space domain ranging from the sea surface to the depth of 300m and a similarity function 

of exponential type is introduced to represent the sharp decrease in oceanic current below 

the characteristic depth. A radiation condition developed by Flather(l976) is employed along 

the open boundaries. Discussion is foCused on the importance of bottom friction in shelf 

regions with regard to determination of dynamic behaviour of the Yellow Sea warm 

current 

~.Jl¾~ 
Flather, R.A, 1976. A tidal model of the north-west European continental shelf Mem. Soc. 

R. Sci. Liege, ser 6, 10: 141-164. 
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Fig.2. Power spectral density -of the precipitations in Pusan, Cheju, Mokpo, 

Yosu, and in Sogipo. The frequency unit is in [cycle/year]. 

References 

Korea Meteorological Administration 1991: Climatic Atlas of Korea. 

(in Korean) 160pp. 

Korea Meteorological Administration 1995: Changma White Book (in Korean). 

Tongjin Munhwa Co., 345pp. 

Korea Meteorological Administration 1996: Typhoon White Book (in Korean). 

Tongjin Munhwa Co., 26lpp, 

Ho, Chang-Hai and In-Sik Kang 1988: The Vru;ability of Precipitation in 

Korea. (in Korean) j. Korean JifeL Soc., 240), 38-48. 

Kang, In-Sik, Yang-Mi Lee, and Soon-II An 1995: lnterannual variability of 

Typhoon activity over the western Pacific and El Nifio. (in Korean) j. 

Korean /11et. Soc., 310), 15-26. 

-593-



(al 

(b) 

(cl 

' ' . ·' .. 
' ' ·. :=,:.:: 

: ~ -~!1: :., : 

.. ' 

... ... ... '' . ' \ \ 
. ' I I 

. ' ' 4. ' • 

- -. ,--..,. 

... '' ' ' . ... ,,, .. . -- .. ., , .. 
-------·· ----. 

. , , .. ' - , 

. ' ' 

-• ... 

' . ' . . ., 
',,u;J'. 

·-- ... , ....... , 

. ' ' . .. ' 
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Fig. 2. Observed mean velocity at station Cl and C2 in Fig. I during July 20 

- August 23, 1986 and during September 27 - October 18, 1989 

respectively (marked as Obs) together with model results at the same 

locations driven by tide (marked as Tide), and by tide and 

inflow-outflow forcings (marked as Tide + Mean). 
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On the Variations and the Balance of Volume Transports 

between Straits in the South Sea of Korea 
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On the Cheju Current 

Kyung-II Chang•, Moon-Sik Suk•, Sao-Yong Nam•, Dongchull 

Jeon*, Do-Youn Kim*, Chung-Ki Kim** 

0 Physiail Oceanography Division, KORDI 

""Marine Meteorologirol Research Laboratory, Meteorological Research Institute 

1. Introduction 

Uda (1934) firstly proposed a general circulation pattern in the 

Yellow, East China, and East Seas analyzing the synoptic temperature 

and salinity data obtained in June, 1932. Since then the circulation on the 

Yellow Sea continental shelf has long been believed to consist of the 

northward-flowing Yellow Sea Warm Current (YSWC) along the western 

coast of Korea, the southward-flowing China Coastal Current along the 

Chinese coast, and cyclonic gyres m between them. The YSWC 

originating from the Kuroshio reaches the Pohai Sea according to Uda 

(1934) 

Based upon the hydrographic and dissolved oxygen data gathered 

in the southwestern sea off Korea in summer, Kim (1980, 1982) casts a 

doubt about the deep penetration of the YSWC into the Yellow Sea. 

Instead, Kim suggested that a branch o( the Kuroshio enters the Cheju 

Strait and flows eastward in the strait after turning around the western 

end of Cheju-Do. Kim's suggestion was further supported by other 

summertime hydrographic data (Lie. 1986: Park, 1986b). Drifter 

trajectories launched in the area west of Cheju-Do also questioned the 

existence of the YSWC in summer (Beardsley et al., 1992). 

Kim et al. (1991) reanalyzed the hydrographic data obtained around 

Cheju-Do in summer together with the hydrographic data simultaneously 

obtained in the Yangtze bank by the U.S.-China co-operative study. They 

showed that a low salinity water originating from the river plume over 

the Yangtze Bank extends northeastward toward Cheju-Do, separates 

warm and saline water of the oceamc origin around Cheju-Do from the 
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surface water of the Yellow Sea. Below the seasonal thermocline the 

oceanic water encounters the Yellow Sea Cold Water forming a thermal 

front. Kim et al.' s results are suggestive of little possibility of the 

existence of northward flowing YSWC at least in summer. A naturally 

ansmg question is that how the salt balance could be maintained in the 

Yellow Sea, where a vast amount of fresh water discharges into the area 

mainly in summer, if no advection of saline water takes place. Lee 0989) 

and Lee and furn (1989) argued that the eddy diffusion process may play 

an imp'ortant role for the salt balance m the Yellow Sea. 

Based upon hydrographic and current data, Chang et al (995) 

firstly proposed to call the warm and saline water the Cheju Warm 

Current (CWC), which originates from the Kuroshio and enters the Cheju 

Strait after turning around the western coast of Cheju-Do. Water masses 

in the Cheju Strait consist of not only the warm and saline water carried 

by the Cheju Warm Current but also relatively fresh waters of various 

origin from the Yellow Sea (Kim et al., 1991; Cho and furn, 1994) and 

from the Yangtze Bank in China (Kim et al., 199L Kim and Rho, 1994). 

Historical current data in the Cheju Strait indicate that all these water 

masses generally flow eastwards (for example, see Chang and Kim, 

1995). Suk et al. 0996) further confirmed the eastward flow across a 

whole section m the Cheju Strait using the data obtained through 

repeated ADCP measurements, called this whole eastward flow the Cheju 

Current (CC). 

This paper summanzies our knowledge about the Cheju Current 

usmg some avaliable data sets (Fig. 1). 

2. Hydrography 

2-1. Winter 

Shelf waters in the East China and Yellow Seas are destratified 

due to surface cooling and strong winds m winter. Horizontal 

thennohaline fronts, however, are formed in areas where the cold and 

fresh shelf waters meet the warm and saline waters of oceanic origin. 

-604-



The influence of the Kuroshio, therefore, can be easily traced from the 

SST (sea surface temperature) and/or salinity distribution. Mean 

temperature and salinity distributions at surface and 50 m depth based on 

hydrographic data taken during 1967-1987 by National Fisheries Research 

and Development Agency (NFRDA) east of 124 "E indicate the vertical 

homogeneity of water column and horizontal thermohaline fronts between 
34 "N and 35 "N (Fig. 2). Warm (T> 14.0 "e) and saline (S>34.2) water 

of Kuroshio origin is obvious around the Cheju-Do from this climatology. 

Lie (1985) also noted the presence of horizontal fronts west of eheju-Do 

and pointed out no northward flow east of 124 °E. As the area routinely 

covered by NFRDA is confined to the southeastern part of the Yellow 

Sea. it is hard to justify with this data only whether the YSWe 

penetrates into the Yellow Sea in winter or not. 

Zheng and Klemas (1982) reported winter SST pattern in the 

whole Yellow Sea derived from satellite images, which shows a wann 

tongue in the southwest of the Yellow Sea. Main axis of the wann 

tongue first points to the northeast toward Shangdong Peninsula and then 

turn north at around 35°, and it lies slightly to the west of the Yellow 

Sea trough where the water depth exceeds 70 m. Zheng and Klemas 

( 1982) observed the warm tongue for two consecutive years 1979 and 

1980, and mentioned that the life-time of the warm tongue is about 4.5 

months from the end of November to the beginning of April. Other 

studies based on hydrographic data obtained in a wide area of the Yellow 

Sea also showed the warm tongue in winter (e.g., Asaoka and Moriyasu, 

1966). Biological indication of the YSWC in winter is also suggested by 

Asaoka and Moriyasu (1966), who noted that an oceanic and warm 

species, Rhizosolenia stolterfthii, which is distributed ubiquitously in the 

Kuroshio and the Tsushima Current regions, was found in the south of 

Shangdong Peninsula (35•N, 121 •El. 

Hydrographic and satellite data taken in winter suggest that the 

warm and saline Kuroshio water west of Cheju-Do splits into two, and 

one tribute enters the Cheju Strait after turning around the western coast 

of eheju-Do as the ewe and the other enters the Yellow Sea as the 

YSWC. Warm waters carried by the ewe occupy nearly the whole 

-605-



Cheju Strait between Cheju-Do and a line connecting Chuja-Do and 

Chongsan-Do, and cold coastal waters appear near the southern coast of 

Korea with a thermal front in between them (Rho and Kim, 1983). 

2-2. Summer 

Water column becomes vertically stratified exhibiting 

predominantly a two-layer structure in summer. Fresh water plume from 

the Yangtze Bank (Changjiang River Diluted Water, CRDW) reaches 

around Cheju-Do (Kim et al., 199J; Kim and Rho, 1994), and surface 

salinity distribution around Cheju-Do becomes complicated due to the 

presence of coastal waters of different origin. Three water masses can be 
identified at surface in August (Fig. 2); high temperature and high 

salinity waters southeast of Cheju-Do, low salinity waters southwest of 

Cheju - Do, and low temperature and high salinity waters northwest of 

Cheju-Do. The low salinity water southwest of Cheju-Do is due to the 

influence of the CRDW, which is fresher and wanner than the Korean 

Coastal Waters. Below the seasonal thermocline, the horizontal distribution 

of water properties is similar to that in winter. Both the temperature and 

salinity increase from the southwest to the northeast, and a salinity front 

is obvious at 50 m depth between 33.5 "N and 34 °N though the salinity 

difference 1s much reduced compared with that in winter. Due to the 

spreading of the Yellow Sea Cold Water (YSCW) in summer (Nakao. 

1977; Youn, 1986), isotherms at 50 m depth west of Cheju-Do run 

north - south. 

The CC in the Cheju Strait in summer mainly consists of three 

water masses; the warm and saline Cheju Warm Current Water (CWCW) 

and the cold and less saline water below the seasonal thcrmocline, and 

the CRDW at surface (Fig. 3). The CRDW extends to the northeast after 

formed at the mouth of the Yangtze River, and appears around Cheju-Do 

in summer. There seems to be little indication of the deep penetration of 

the CWCW into the Yellow Sea in summer. Instead, a high salinity core 

west of Cheju-Do is carried into the Cheju Strait hugging the north 

coast of Cheju-Do. Kim 0980) was the first to clearly mention the 

existence of warm current turning around west of Cheju- Do and entering 
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the Cheju Strait based •bn carefully-designed hydrographic measurements 

around Cheju-Do in June, 1980. The existence of the turning current was 

also inferred from hydrographic data taken in August, 1981 (Kim, 1982), 

which was further supported by other summertime hydrographic surveys 

(Lie, 1986; Park, 1986). The cold water in the Cheju Strait and the South 

Sea below the seasonal thennocline in summer is thought to originate 

from the west of the Cheju Strait (Cho and Kim, 1994). Cho and Kim 

(1994) Pointed out that the South Sea bottom cold water is not a 

stagnant water mass formed in winter (Gong, 1971; Lim, 1976) but a 

moving one brought into the area from the west of the Cheju Strait. Kim 

et al., (1991) showed that a cold-water tongue extends southeastwards 

into the north of the Cheju Strait from the Yellow Sea, suggesting that 

an intrusion of a part of the YSCW into the Cheju Strait occurs. 

3. Low-frequency Currents 

Qualitative nature of currents around Cheju-Do had been described 

utilizing results of drift bottle experiments by Lee (1968), Lee and Bong 

(1969), Dong 0970), Lee 0974), and Kimb 0980), who reported northward 

currents west of Cheju-Do and eastward currents in the Cheju Strait 

every year. Daily mean currents observed in the Cheju Strait are 

generally northeastward across the strait (eg. Kim, 1979; Kim, 1987), the 

speed of which ranges 5 - 20 cm/s. Combining simultaneously obtained 

currents and hydrographic data, Chang et al. (1995) demonstrated more 

clearly the existence of turning current's around the western half of 

Cheju-Do. They focused on the warm and saline water mass entering the 

Cheju Strait from the west of Cheju-Do and firstly named it the Cheju 

Warm Current (CWC). They noted a downstream strengthening of the 

CWC, and attributed it to a reduction in the width of currents as it 

enters into the narrow strait from the west of Cheju-Do. Vector mean 

currents derived from a moored current measurement for 20 days in the 

Cheju Strait in spring 1983 are 12.5 cm/s at 61 ° (measured clockwise 

from north) and 9.5 cm/s at 51 ° for 30 m and 60 m depths respectively 

(Chang and Kim, 1995). Observed currents, however, show low-frequency 

fluctuations of several days which occur predominantly in the along-strait 
direction. 
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3-1. Tempera! variability 

Long-term current measurements in the Cheju Strait are scarce. 
Chang and Kim (1995) reparted low-frequency current fluctuations at 30 

m and 60 m depths in the Cheju Strait for the first time using current 

data obtained in the strait for 20 days from April 13 to May 2, 1983 

(Fig. 4). Low-frequency current fluctuations are remarkable, especially in 

the aIOng-strait direction, and six-hourly along-strait velocity at 30 m 

depth ranges from 0.34 cm/s to 19.70 cm/s. The along-strait current 

fluctuations are in phase at two depths and coherent each other indicating 

the fluctuations in the along-strait direction are largely barotropic in 

spnng. 

At present, there are no avaliable data of directly measured 

currents to investigate seasonal or longer scale variability of the Cheju 

Current. An alternative way is · to look at the sea level difference across 

the Cheju Strait, which can be served as a predictor of mean suriace 

currents through the Cheju Strait providing the flow in the Cheju Strait 

is in geostrophic balance. Chang and Kim (1995) found a significant 

correlation between the 7-day moving averaged currents at 30 m depth 

and sea level difference between Cheju-Do and Chuja-Do. Furthermore, 

observed current shears between 30 m and 60 m depths are shown to 

correspond to calculated g.eostrophic shears using hydrographic data. They 

utilized data at a permanent tide gauge station in Cheju and at a 

temporary station in Chuja-Do. Since October 1983, the National Ocean 

Research Institute has been operating a permanent tide gauge station in 

Chuja-Do. To monitor the flow and volume transport through the Cheju 

Strait precisely, the sea level difference between Cheju and Chuja must 

be converted to flow or transport, and obviously this requrres an 

elaborate calibration procedure using long-term current data. We analyzed 

monthly mean sea level data obtained from the tide gauge stations in 

Cheju and Chuja for 8 years between 1988 and 1995. Mean monthly sea 

level difference between Cheju and Chuja averaged over 8 years is shown 

m Fig. S. The difference is high between July and November and lowest 

in January, suggestive of stronger surface flow in the Cheju Strait during 
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summer and fall, and weaker flow in winter. The seasonal cycle of the 

cross-strait sea level difference in the Cheju Strait has the same 

tendency as that in the Korea Strait (Yi, 1966). Apart from the seasonal 

variation, an interannual and longer scale variabilities are also evident 

(Fig. 6). Daily mean volume transports through the Cheju Strait estimated 

from repeated ADCP measurements across the strait also show an 

increase in the transport in September compared with those in March and 

April (KORDI, 1997). 

3-2. Spatial structure 

Spatial structure of daily mean along-strait flow across the Cheju 

Strait was first examined by occupying an ADCP transect between 

Cheju-Do and Pogil-Do eight times for 25 hours in April, 1995 (Suk et 

al., 1996). Observed currents between Cheju-Do and Pogil-Do are 

eastward throughout the whole section except for a weak westward 

bottom flow in the deep trough (Fig. 7), which led them to name the 

eastward flow the Cheju Current. Double-core structure in the upper 50 

m depth can be seen near Cheju-Do and the northern slope of the trough 

(Fig. 7). The former is due to thermohaline fronts associated with the 

CWC, while the latter appears in the cold water region. The maximum 

speed is about 17 cm/s near Cheju-Do. Similar measurements were 

followed in March and September, 1997 (KORDI, 1997) along meridional 

transects in the Cheju Strait. Despite of a two-year long gap between 

two measurements, the distribution of Water properties and currents in 

March, 1997 is similar to that observed in April, 1995 (Fig. 8), suggesting 

that observed features may be quite robust in winter when the water 

column is vertically homogeneous. Strong eastward flows (> 10 cm/s) 

associated with a strong zonal gradient of density appear close to 

Cheju- Do. Both temperature and salinity decrease rapidly above a shallow 

and flat area north of the trough the same as in April, 1995. Weak 

southward flows, however, were observed north of the thennohaline front 

in March, 1997, while the cold and fresh waters north of the front flow 

eastward in April, 1997. Seasonal thermocline is formed between 20 m 

and 40 m depth in September (Fig. 9), which is about 10 to 20 meters 

deeper than that in August (eg. Kim et al., 1991). Salinity is decreased 
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over the whole section · compared with that in winter. A high salinity 

core, however, is also found below the thermocline in the southern half of 

the section due to the ewe. Along-strait flows are intensified compared 

with those in winter, and high speed cores stronger than 20 cm/s are 

found in the ewe region, north of the trough where isopycnals slope 

downward to the north, and near Pogil-Do. The flow is southeastward 

near Pogil-Do and the along-strait speed reaches up to 30 cm/s. 

3-3. Volume transports 

Volume transports through the eheju Strait was first estimated by 

Kim (1987) utilizing observed daily mean currents at five locations across 

the mouth of the eheju Strait in August, 1986, followed by estimates 

based upon repeated ADeP measurements (Suk et al., !995; KORDI. 

1997). Table 1 sumrnanzes the estimated transports using directly 

measured current data as well as geostrophic transports usmg 

tempearture and salinity data simultaneously obtained during the periods 

of current measurements. 

Table 1. Observed and calculated volume transports through the Cheju 
Strait. 

- --- ---~-----
Periods Observed transports Calculated trans[)Orts I 

I 
August. 1986° 0.384 ·sv 0.11 Sv I ' 

Observational methods 

cun-ent inetl'rs 

I - ··--
April, 1994°

0 

0.30 Sv 
--

I March, 1997" .. 0.37 Sv 0.15 Sv 

/September, 1997"
00 

0.66 Sv 0.64 Sv ! 
1-= ADCP-~_::_-

ADCP 
----

ADCP 

!• Kim (1987), H Suk et al. (1995), ••• KORDI (1997) 
-------~-- -

--

Daily mean observed transports based upon repeated ADCP 

measurements tend to increase in September almost twice as much as 

those in March and April. The tendency seems to be consistent with the 

seasonal variation of sea level difference between Cheju and Chuja in Fig. 

5, which shows a large sea level difference during summer and fall. 

Calculated transports are about the half of the observed transports in 

March and April, while they are about the same in September, which 
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suggests that the barotropic transport contributes significantly to the total 

transport in winter, while the total transport mainly consists of baroclinic 

component in summer. The observed transport, however, in August, 1986 

is only about half of that in September, 1997, which may indicate a 

short- or long-term variability. The calculated transport in August, 1986 

is less than a half of the observed one, which is also different from the 

result in September, 1997. 

4. Conclusion and discussion 

Hydrographic data indicate that the Cheju Warm Current, which 

supplies warm and saline water to the South Sea, exists all the year 

round. The Cheju Warm Current Water occupies a broad area ( -60 km) 

in the Cheju Strait from Cheju-Do to Chuja-Do or Pogil-Do in winter. It, 

however, appears in a relatively narrow region close to Cheju-Do below 

the seasonal thermocline in summer. The Cheju Current, which can be 

defined as a persistent eastward flow in the Cheju Strait, carries various 

types of water mass of different origins from the Yellow and East China 

Seas. The water mass carried by the Cheju Current can be called the 

Cheju Current Water, which is composed of the Cheju Wann Current 

\\later and relatively cold and fresh costal waters origmating mainly from 

the Yellow Sea in winter. The Chanjiang River Diluted Water originating 

from the Yangtze Bank becomes one of the upper-layer composition of 

the Cheju Current Water _in surruner. The maximum zonal speed of the 
Cheju Current is about 

summer. The current 

multiple-core structure 

15 cm/s in winter and larger than 20 cm.ls in 

section across the Cheju Strait exhibits 

associated with the zonal gradient of water 

density, and the dynamically calculated cµrrent structure corresponds well 

to the observed one especially in summer. The daily mean observed 

transport of the Cheju Current is about 0.3 Sv and doubled in fall, which 

is similar to the trend in the annual variation of the monthly mean sea 

level difference between Cheju- Do and Chuja-Do. The baroclinic transport 

calculated by dynamic method accounts only for less than a half of the 

observed transport in winter, while it has the nearly same value as the 

observed one in summer. Low-frequency current fluctuations with the 

period of several days were noted from the 20-day moored observation in 
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April. The low-frequency fluctuations are principally barotropic and 

occurs mainly in the along-strait direction. 

The driving mechanism of the Cheju Current could be the 

non-linear rectification of tidal currents, the along-strait pressure gradient 

force, and the local winds. Chang and Kim (1995) cautiously excluded the 

influence of the possible local-wind forcing by comparing the observed 

currents with the zonal winds measured at a meteorological station at 

Cheju-bo in spring. Chang et al. (1997) showed that the tidally-induced 

residual circualtion cannot account for the observed circulation of the 

South Sea. Hence, the Cheju Current is likely driven by the pressure 

difference between somewhere in the southeastern Yellow Sea and in the 

southwestern East Sea. It needs to be further explored which part of the 

pressure difference is responsible for the driving the Cheju Current, and 

what causes the pressure difference. 

lt appears that the· geostrophy holds for the Cheju Current as a 

first order approximation, although available data is not enough to prove 

it statistically. The results of Chang and Kim 0995) in spring and the 

consistency of calculated velocity and transport with those observed ones 

in summer (KORDI, 1977) partly support the cross-strait geostrophic 

balance of the Cheju Current. This implies that sea level data observed at 

the permanent tide stations in Cheju and Chuja-Do can be exploited to 

monitor the transport of t.he Cheju Current. To accomplish this, long-term 

current measurements are indispensable for the accurate calibration 

between the sea level difference and the flow field, which is one of main 

objectives of the South Sea Project of KOROL Once the calibration 

procedure is accomplished, the next step would be to model the whole 

South Sea circulation using the calibration results. Since the circulation of 

the South Sea is likely affected by the transport of the Cheju Current, an 

assimilation of the real-time sea level data into any numerical model as a 

boundary flux would greatly improve the predictability of the water and 

material transports in the South Sea. The similar procedure can be 

applied in the Korea Strait, an outflow boundary of the South Sea and an 

inflow boundary of the East Sea. The long-term current data can be also 

used for exploring the driving mechanism of the Cheju Current. 
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The nutrient stream m the Northeast Asia marginal seas 

: Cheju Current 

~~~-~~~-~-~~~-~
Gi Hoon Hong 

(Korea Ocean Research & Development Institute) 

1. The origin of water in the South Sea of Korea 

The northeast Asian marginal seas are characterized by a huge freshwater input 

from the large rivers from adjacent lands and direct precipitation over the sea surface in 

wet summer monsoon. The sole source of sea salt supplier in the region is the 

northward flowing a branch of Kuroshio Ctirrent Therefore the quantitative evaluation 

of the mixing of freshwater and saltwater is pre-requisite for understanding 

biogeochemical processes occw-ring in the region. The oxygen isotope ratios and radium 

isotope ratios of water has been proposed to delineate the sources of water and to 

estimate the proportion and the residence time of shelf water in the region, respectively. 

We have determined the stable oxygen isotope composition <18a/16O) and the activities of 

~a and 228Ra in the South Sea and the East China Sea in October 1993 and March 

1997. The oxygen isotope values (-0.I3~-0.77%o) in the East China Sea and South Sea 

of Korea suggests that sea waters in the area are a mixture of Kuroshio water 

( ~0.07%o) and river discharge such as the Huanghe and Changjiang (-8.8~ -7.1%a}. 

The activities of ~a and ~a were in the range of 0.06-0.19 dpm/1 and 0.08~0.35 

dpm/1 1·espectively. The activities of mRa were generally higher in the coastal waters 

adjacent to Korean Peninsula ant;l Chinese Continent (>0.3 dpm/l) than those in the shelf 

break of East China Sea and in the east.em part af the Korea Strait (<0.2 dpm/i). The 

distribution patterns of 2:llRa activities were similar to those of ~- There was an 

inverse relationship between the 228Ra/~a activity and salinity. The Zl8Ra/~a activity 

was about twice higher in the coastal waters adjacent to Korean and Chinese land 

0.61-2.12) than those in the shelf break of East China Sea. Assuming that the decay of 
2~a is negligible during mixing and transport, about 10 - 40% of the South Sea water 

of Korea was originated from the combined Yellow and the East China Seas. 

Despite the relatively small portion of the Shelf wate,·, the shelf watRs is enriched 

with suspended pa1ticulate matter and nutrients and other tetTestnal matciials, hence, 

plays a significant rnle In the biogeochemic,11 pnx:esses in the region. The averag<.-

conccntration of nitrate, phosphate, silicic acid and suspended paiticulale matter in the 

CheJu Cun-ent (CC) is at least a fact.or of two higher than that of the Tsushima Warm 

Current (TWCl. 
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2. The fluxes of chemical materials across the Cheju Strait 

Utilizing measurements of concentrations of suspended particulate matter (SS), 

dissolved oxygen (DO) and major inorganic nutrients, and concurrent measured water 

transport rate, the fluxes of chemical materials were estimated. On March 1997, SS, DO 

and dissolved inorganic nutrients concentrations were high in the cold northern region 

and low in the warm southern region and vertically homogeneous. On October 1997, 

these distributions were similar to those on March. However, nutrients concentrations 

increased with depth due to the development of stratification. 

The flux of SS, DO and nutrients were calculated by multiplying current speed by 

concentration of materials. The eastward water volume transports across the Cheju 

Strait are about O.~ Sv in March and 0.67 Sv in September respectively. For each 

cruise, the total along-strait material transports are as follows; March 1997, 0.32 x la9 
mg s-1(SS), 0.17Xl09 µmol s-l(Nl-1•·), l.29Xl09 µmol s-1(N()J-), 0.11Xl09 µmol s-1(PQ,.,3"), 

1.46 x 1a9 µ mo! s-1(Si(OHl•); September 1997, 0.42 x 109 mg s-1(SS), 0.28 x 109 µ mol 

s-1(NH.._'), 2.44X!Q9 µmol s-1(N()J-), 0.16Xl09 µmol s· 1cro/-), 3.54X109 µmo! 

s 1(Si(OH)--1). 

3. Currents as the transporting medium of chemical materials in the South Sea of Korea 

There are two major inflowing current, Cheju Current in the Cheju Strait and TWC 

along the Cheju-Kyushu line , and one outflowing current of TWC in the Korea Strait 

to the East Sea. The estimated total mateiial transports are as follows; In the Cheju 

Strait (Cheju Cun-ent); 0.4Xltf mg s- 1(5S), 2.6Xl09 µmol s·L (NOJ-), 0.16Xl09µmol 

s · 1
(PQ/· ), 4.9X 109 µ mo! s- 1 (Si(OH)•), In the Cheju-Kyushu Strait (Tsusima Current) ; 

0.9Xl09 mg s-1(SS), 8.0Xl09 µmol s-1, (NOJ.), 0.59Xla9µmol s·1(PO/·), 17.4Xl09 µmol 

s ·I (Si(OH)•), In the Korean Strait (Cheju Cun-ent) ; l.SX 109 mg s ·1(SS), 10.7 x tcf µ mo[ 

s·1 (N•.3·), l.0Xlc,9µmol s-J(PO/-), 24.2Xl09 µmo! s· 1 (Si<OH)•). The total fluxes of 

these mateiials by the Tsusima Current are about 3:... 4 ti.mes larger than those by the 

Cheju Current. These three currents are responsible to transport material in the region. 

Preliminary mass balance of materials (Table 1), nitrate is nearly in balance. phosphate 

and silicate are exported more than imported fluxes: These initial findings should be 

examined more carefully. In order to estimate the relative contribution of each current 

to the transport of chemical material, we normalized the total fluxes by the water 

volume transport in order to account for the difference of the water volume transport 

between the Tsushima Current (avg. 2.Sl Svl and the Cheju Current (avg. 0.52 Sv). 

The weighted fluxes of chemical materials by the Cheju CwTent are 2-3 times larger 

than those by the Tsushima Cun·enl This chemically rich Cheju Current will play a 

significant role in the biogeochemical processes in the South Sea where the huge 

land-based wastes are introduced and fisheries activities including aquaculture are ve1y 

intense. 
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Chemical composition of m~rine aerosol particles in the Yellow Dust Storm and low dust 

periods over the Cheju-Korea Straits, the northwest Pacific 

Korea Ocean Research and Development Institute, Ansan P.O.llox 29, Seoul 425-600, Korea 

Basic research on the fluxes of pollutants and other substances across the sea/air interface has been 

hindered by the paucity of data on lhe chemical composition of marine aerosol particles in situ. 1be data 

for background concentrations of chemical elements in aerosol particles from remote marine regions arc 

especially limited, and these data arc ne.cded to identify sources for trace elements in the atmosphere and 

to refine global mass balance models Now it is well known that atmospheric transport of mineral 

aerosols, and the components contained in, Fe and nitrate, Pb has shifted the distributions of these 

clements in the ocean away from steady state and significant enhancement of the biological productivity, 

and the chemistry of the aerosol can affect its light scattering of the atmosphere and cloud formation, 

hence affect the climate. 

The regional seas of the Northeast Asian Marginal seas arc one the dustiest area in the world 

(GESAMP, 1989) due to the prcscncc of constant westerlies and a large desert in Olina. Among the most 

outstanding geological events in the region arc lhe dust stonns, locally known as Yellow Dust Storms, 

that occur each spring. As shown through the images of the aerosols by NASA's 10MS instrument in 

March 28-April 13, I 998, the Chinese dust stonn reaches the eastern Pacific Ocean. Despite the growing 

interests of the geochemical importance of aerosols impact on the sea, many aspects of the dust flux arc as 

yet unstudied including lhe chemical composition of the Yellow Dust over the sea. We present here some 

results of our anaJyscs of aerosol particles from the marine boundary layer over the Cheju-Korca Straits 

during dust stonn and low dust periods for the first time. This study was a part of the long-tenn 

Atmospheric Input of asian Marginal Seas (AIMS) Program of the Korea Ocean Research and 

Development Institute, which was established to study the fluxes of natural and pollutants across the 

sea/air interface in the northeast Asian MarginaJ Seas. The specific objectives of this work arc to (I) to 

measure the concentrations of selected chemical elements and compounds in marine aerosol particles 

during high dust and low dust periods, (2) to identify the sources for these elements in the marine 

atmosphere, (3) to describe the temporal varibility in the trace clement composition of the aerosol 

particles, and (4) to estimate total deposition and fluxes of atmospheric dust and chemical elements to the 

regional sea. 

Sampling was carried out in November 1997, low dust period of April 1998, and high dust period 

of April 1998 in the Cheju-Korea Straits. Sampling of high dust events were confirmed later by TOMS 

images (Larko et al. 1998). All samples were collected on the ship windward and forward of the slack 

and only when the ship was underway between hydrographic stations. The sampling equipment used in 
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this study was a higb--volume bulk ~l sampler (flow rate-1.6 m3mm·•, Kimoto Inc., Tokyo, Japan) 

located on the upper deck of the resca:rth vessels S-8 m above the sea surface. An inlet discriminates 

against the very coarse particle larger than 100 µm. Wbatman 4l(R.) filters (20 x 25cm) were used as the 

sampling medium. 

Otemical analysis were perfonncd using a portion of each sample filter. The filter was cut using an 

acid clean ceramic scissors for the trace metals analysis. A filer aliquot was subject to acid digcstiott 

Analysis for major and trace elements were done using an ICP-AES (Perkin Elmer Optima 3300DV) and 

ICP-MS (VG Elemental PQil+), respectively. For cbloride, nitrate, sulfate and ammonia anaJysis, a 

portion of each sample filter were extracted with 50 mL of double deionized water. The analyses of all 

filters were done by routine ion chromatography (Dionex DX-100). Gammay-ray spectrometric analysis 

was performed on the ashed sample filters to obtain noPb and 13c activity. 

The following major findings arc drawn from this work. 

I. In the aerosols over the Cheju-Korca Straits. the elements can be classified according to the 

enrichment factors using the average earth crust and seawater. Na, Mg, K, and Ca are largely derived 

from the seawater, and the elements of AJ, , Tl, Cr, Mn. Fe. Co, Zr, La, Ce, and Nd are originated from 

earth crustal, and the elements of Ni, Cu, Zn, As. Mo, Cd, and Pb arc derived from industrial emissions 

and fossil fuel combustion arc significantly greater than those from natural sources. However, Ca and Sr 

arc largely derived from the Chinese Loess during the Yellow Dust storm period. 

2. In the YeUow Dust Stonn period, aerosols Al and metal concentrations are significantly higher 

tban those in the low dust period, therefore, a depositional flux due to the Yellow Dust Storm is 

significant (39%in 1998) despite the onlyl0 days of duration in the year of 1998. 1l1ere was a 

significant difference in major elemental composition of the marine aerosol particles between the Yellow 

Dust and the low dust periods. The enrichment of anthropogenic elements and compounds were rich in 

the aerosol ofthe low dust period than that of the Yellow Dust Storm. 
' 

3. The aerosol particles in the marine boundaiy layer during the low dust period is more aged than 

those in the Yellow Dust Storm period based on the S/Ca and AJ/21°1>b. 

4. The relationship of aerosol 1
1°1>b and 7Be concentration with nss sulfate, nitrate and other trace 

metal concentration suggested that these particles are emitted from the continent, pass through the higher 

altitude (free trophospherc), then descend to the marine boundaiy layer in the region, despite the close 

proximity to the Chinese continenl 

5. The annual dust fluxes can be partitioned as 41, 39, and 20% of wet, dust-stonn, and low-dust 

period. Due to the strong annual variability of the dust storm occurrence in the region, contribution of 

dust storm will undergo a corresponding annual variability. 

We are grateful to the captain and crew of RN Eardo and RIV ofOnnun. Titis work was supported 

by the Ministry of Marine Affairs and Fisheries and Ministry of Science and Technology. 
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The study on the dynamics and ecology of phytoplankton 

in the Tongyoung Bay - The importance of nano- and 

pico-phytoplankton 

}! '?:l .ii!. . .TI I'll # 

.!j!--'J tjJ ~ .iJ! ~ OJ :ill-~ 4 

1997\:! 7-li-\'- el 1998\:! 7-!I of ,J %'ll '-II 'lf 'ii "1 "11-'l 'I~½ 'll a.ic 9J ii' '!I% l'll sf •~ l'll % 

::f:A}'B\-~ cJ.. !:EA} 7] {I ¾ ¾ 114¾ 0] it~ £1 S1,.i!., 01 '€".g. Bacillariophyceae 93¾, 

Dinophyceae 18¾, Chrysophyceae 3¾ 0 1 'll t:f-. .::r S'l Prasinophyceae, Haptophyceae.2} 

Cyanobacteria.£. .!! 0]::: o]~~¾01 17¾01~9-. ¾::tAJ.g. 8-W~oQ ~~~ Cochlodinium ~ 

:z. all ~ ~l ~ 8} Jl::: ½ ~'ff-7} ~~ '8}-~.il Cruetoceros decipiens, Nitzschia seriaro, 

Skeletonema costatwn, Leptocylindros danicus, Eucampia zodiacus, Tln/assiosira rotu/a, 

Step/nnopyxis turris %0 1 4-~% 0 1$1.9-. Alexandrium tamarense, Cochlodinium 

polykrikoides, Gymnodinium sanguineum, Prorocentrwn miams, Dinophysis sp. % ~ :Z. 

-il '11 ¾ £ ,1.e;a ½ 'i'! •HI cf. 

'1c-'f 7JZ! ~ <>1%1!~1 cf0J.i- ¾'4 \i<'c ,n>ll<r9J ½~ 01 >!'11>1:llcf. 8rl'4 3-l'!~I 1H~I 

"r7} f/~.31 ~~::: 7.2xla2 - 2.3Xl07 cells·l 1~cf. ~~¾% 1:t}FJ-..'?.£ ~~~ $,-A}S:..~ 

~J~ 2.2} 3.g. A·B~- fr/+~ °J"J% 5!.o:J ?Sill, 5:A]"6~~9} ~~ 5!..~oJ ,,_d~ 7J{i 4:::: 291, 

3i!J- 'gi};lj1, ~H~tj. ~~ 78.:it,j 1~ 2, 3, 42} 5'..~ tj.~ 0J.1J~ }toj 'y-'?JLf. ~~~~ ¾~ 

,,_j.g. ~2 o~{!-'U", {!t;\J~, j1AJ, Jli- t;\jQ:fi!j- tt]~"ci"}~t:.J-. 

~~::::: a "1}.y=.g. 0.37-157.95 µg-r 1~£.oJ, oJ¾:MoJ! ~ii:£! 1H~l<r2J-:::: <g2-J 10~011 .ii 

Jl~ .!i~t:.J-. .3.7]~ ~~::!::: a ~<'a'.g. ±tiJ½<'s"3~£] 14- 0.Ql - 40.77 µg·l 1, 0]::!:::½<'ef 

.3.~.g. 0.06 - 8.08 /tg·l" 1
, .:f_o]~i]½t>.J.3.~..g. -11:88 µg I 1':llcj-. ¼~~2 ~<'g'oJ] r.H15J-oJ 

::!:::~½<'s".3.~~ 41.3 - 53.0 %, o]::t:'g"c/"3~-_g. 25.7 - 36.1%, £:O]AJ]~~.3.~_g. 21.4 -

28.5%91 ~$1~ _li"!_oj'?'?jr:.j-_ 
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oJ 11-i, i! :i.-c 

r 1! <1/ ff ;z ., o; ff,,,. 

ii-7J- .-Fr "l ~ '11 .;,. 'l! 'I! :ft .q nl -'l ~ il-'i'- <tl 4- ¾ -'I- % ~ ".I -aJ ½ 'l! 0 t .!l 71 ~ 

ij-uj -;c-AJ '-lj .. J->']- .2j'J-.2j £"J;<t.il.-li- {t"Jij-uj •1£"J '114-'fl, >Jit"l?'fl 'cJl ~ 

.R. * £ -21 £ :ft-ll-4- ii- £ 4 il-~ tj- . •1 £ "I 'ell 'l! it '114- 'fl ~ ij--,'- <tl 4 ¾ -'!-% 0 1 -l

'-ll .. J->']- .2j .-J-ofl Aj ',;l-ot'!l ::i!., '>j-ij tJl 'J--l -'J il" ,j ~ •1 £"J '1!? 'fl .2j ij-7J-½ J;!. uj 

'l!'l!it '114-'ll. 0 1 ~ 9 cm 'lj.'<. ',;l-ot'!l,:J-. 0 1;,J~ •1£"! '114-'l!.21 'I}±-". '-l!.-J-,q. 

.2j 'J- At O 1 .2J 'l! -ir '11 4- 'fl 'r•H 7t 'I! :ft 5'! 'll E. uj , 0 1 ~ 9'-". .-t-,'-<tl E.-".-';'- "1 .._. 4-% ½ 

".l' o I ,J ± .-t "I '!l •~ ~ 7,! E.-"- >II "I "I 'll 4. 

M 2 .2} S 2 {t £ .2J 'l! ~ :'. tll 'J- oQ "l 9- ¾ -'r % + ,fl 'i!: "I E. -". ii" zJ .-J ¾ ,t iJ-~ E. 

uJ, 'l!~ ¾7t".J':'. 16 cm.2} 11 cmofl 'iti}::i!., ~AJ-:', tj-± '/J-i!l-'!lcJ.. 01"1- K1 ¾ 

£.2j ~ -"J->']- 'l! ~~ 'l!:ft7t DJ ~ij-~ ,:J-. 0 1 ;aJ ~ •J'\! ~£ ;<J ~gj 'I! :ft:: 0J Atlif.2} 

.-1 T 'ti ofl -'J '1! At-'/! lit .2j ¾ 'iJ -11 .2j ~ 7,\ E_-". >IJ "J -'/! q.. >J it >IJ 9- 'fl .2j .-17J-sj- '1! '\! 

~£ 'l!~-21 ¾7t:: <!1£AJ ::i!.£~it ~ 17 cm 0 1-"J- -"J--i/-Al,J;: "lll-: ~tj-. 

i/- 7J-.-l'i'-'tl 1'-¾-'J-%0 1+ %AJ-,'-£.2} iJ-'i'-%'.l: £,.t .. 171 ~ij-uj 1997\'! 6-1/, 7-1/ 

',I 10-1!, 1998\'! 5-tl;,J- 7-tloQ CTD.2} £-li-~~: ij-~c]-. £"!"]- ~~-'i! £"ff"~ ~,fl 

:: ::i!.£;il <>il £"fi"7t ;ii "ff"JiJ oj 'f£7t >;}£.!le]- J.5A] '(! 'lj .'<, 7J q., 

¾9-7) off ;: (5-1/ -'f-"1 7-1/) 'f £A] ofl iJ-'r'ti ofl Aj .... 9- ;, '(!'!! aj E.5'. <!I 'sl' •J--it .-1 uj .. t 

'i'- -"J--li-"i'~ -t-"1 aj ':l *-'t 0 1 .2} ':l {tgj AJ n'!! :,J-,t ,j :<] ::i!. .. t ,fl ¼?Al 2 %, oJ '1! .2j 
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~aj y.aj ',l;Jl'I- %¾at;JI:: Aj.<'. 'lB!-'loJ v:: ;Jl"l-2-.<'. s!~Pilo!Aj.'r. !i!.7) .So' ;,jCIJ~ 
CIJ'i-% ~"I ,faJ{I.:.,_ Ve\. 0 1 ;Ji"l-1' ~""= '!J-;Ji, %<1'1- {[./' >frJl<ll'>l ,J"l'il«ll. 'll'!i-'loJ V 
:i1., 0 f e/J ,s :: /;}Aj fJJ 'fl "J "/ 'll '!l -'i oJ V oJ CiJ "J "/ "i "1 'ii ~ <;l ,l of :: 'ii OJ •Pl -2-£ ¼ 0 I V :: 'ii 
~o]tj-. u}2}Ai o] t511~.g. ~~£~ ~~qj~S!..~,¥-tj ~~7)~~~~ '?1'fy7]~ %~ %0] fr'il 

-'loJ '!!~faj.£.£ ,j>J>l~ 'l!.£.£ oJ 'iJ"l,;JAj ¾l-'.l"i 71%-1' ;Ji°J.£.£ 1\-'ll'il i"'!!!!J CIJOJ.£.?. 
"I OJ%',!. O<J'/'~7.l«ll oJ~lc 'll•J% 'll7f;;J-::,11 VoJAj ¾.8.~ >Lil.ii ~HI~ 9' Ve\. ::Iaj.:i! 
aj c <'!-l/ !!J cJI AJ oJ -'I-"- V :: 71-" \'! %"/ oJ e/1 O<J ,'-!, 7,l !!) o/F', "I '.l/ oJAj ¾ .8.., ell 'I-") '1/ "J{J
"i AJ~-'1%% 'll'rof7)"li'£ ajaj!!J 'lf±je ~li'-"l!c\. 

'81l°J=Oll ~<>!Ai %~gJ li*-&- l!!-~t}71 ~ijAi~ 4--{1, ::i. '811~E..£ ~'1lSJ %'ililt 01% 'Jl 
~J;,j -'a'll)- {[./' 1!-'!!"i AJi->J'r>f>/aJ'll <?-!!"I <!'IJ«lJAj oJ'iJ-'loJoj .,q_ ::raj,+ ~,ff~f;<J ',I 

'1J ',! %ic's'iJ"lJ Ci)'iJAj 1!-aJ · >f<,aj ~'a"lJ ,!"I\ qoJ~ '1J'/'7f 'sc/1 'J/ 's9JoJ!Aj£ 'r'i/>J'lJ 
A}nJ (~ %, 1991; 0]9} {I, 1998;, a:9f {I, 1994; Elsinger and Moore, 1984; Nozaki et al., 

1990, 01 i;jj~Ol] 1c"~~ (end member)gj -'r~7} '.;! 7tAJ il::_::t], 01~ 9-~7t <>ltf! ii]-&£~~ 

>joj V::C0<JoJI CIJ<!Ajc ofaj 'l,il)'1) 3!0) ajq_ '!i>fr'J.£.js 9':,j"i 7)-!)-£ ll)-")-;;J-7) ¥)"I\ :il.sJ 
~~ 4',~A}~::-_ ~.g__, ~~. -§-'E{}~ %O] 'U.A]t>J, oJ 81]~:.:it- ~o] tj-°.}~ -'r~7} ~t}-£j<>J '» 
% ±0<J7f V::C *,;J,1:: 0 1:S ,i,ai,f'lJ:.£.£~ 7)-!)% llf")-;;f7)7f oJ~c\. 

Ra-& ::I llf'raJ '8'!! 0 1 '1/9'¾o/JAj %~%Ci).<'. </1:711'1-~J E>ff'l-7) "11<'"11 '119'.eJ %<1'114 
VJ-.lJ/1 ¾%~t:l-- RaSJ tlJ-A}AJ *~~ ¾oflAi ~a (lfr7.}7) 1622\1)~ ~a (lfr{}7J 5.75\1).g. !\] 0J 
Q.£.Sj .:g-i}~O] ztz.J- qj 0JAi ~Zi:j~Jlf- tll~9\l!Jf- ~61%£.~, ~a.g. tJl~7]~SJ -'r~oflAi * 
.':c.7} $°JI, ~a.g- ~~"TOlP-i ~5:..7t ~JI, K-%- i;JJ'T¾!!l ~.¥.~-'j.g. 'r!~2..£.l,!-E-l ?ie.J7t ~ 
7Ht9-~ 7JS:"8}7] llll~O!l .H.¾'T"!!l ~~~TOil A--3-~2...£ A~-§-~ 4- '.ilti (Kaufaman et al., 

1973; Reid et al., 1979; Elsinger and Moore, 1984; Lee and Kim, 1997). u},c}A1 °)~ %~·Pll£J 

~~~ ~~~~!!l ~ 0 1 ~£~ 'T~!!l ~v~~¼ ~~~~~ 1~~~.£ 4%i 'T" titi . 
(Moore et al., 1986; Nozaki et al., 1991). 

o]-'-J_Q__.£.J,!-E-] ~ ~-=iic ',ri;Jl J %%~i;Jloj]Ai Ra %~~5:!!l ~.¥..~.!fc-1 'T.i!J!!l J]f:):i!} .J. 

~g711.5o-,, '-11'11 .:i!'!/<l'.<!c\ 

>II jl. 'jl 'lt 'll 
'1J 9'AJ .il. ::C 1997\'! i'c 8-1!! 25'!1-\'-EJ 9-1!! l '!! Of 0<) OJI 0J-s'%"°Af ,:,l ~ °J' ~ 1, 0 J % ;;J-oj \t OJI Of % 

¾'s>il!!J 247H 7il'll«lJAj •Hl-'l'licf. 
4-.g- 1J,1 ~~.g. 'w°J~!!l CTD:I 0 1%"81-~ 4-11~£ ~i!11.9. Ra ~~% .9H"! _:.~9~ {i~ 

,;J 'l!~l'il <19''11".<'. R¼<l'rlr >H~'l-'.<!c\. Po% ,'-~Of7J ~~ Al.il.:: Rosette Samplerli Af 
% '1-oJ 4 11 \!! " >H 9' <I '.<! q. 

Ra %~>11:: MnO, fiberiic 0 1%'1-oJ '}½;;J-'.<(q (Yamada and Nozaki, 1986). 9' ,:,l•J,;JAj '11 
9'1< cJl~oJllJ-'ll-•11< 0 1%'1-oJ 'll~l1111!-'!!¾ ;;J,i~ -f MnO,,;J %E Ra¾ ,i,½~ -f 'll{!"/ 'll 
:§l.'1)5'.-.,!!) ;!-tr%~.£._;;<_ MnO, fiber_;;<_.!/-EI Ra %~>lilt %al~ -f Pb carrierlt 'il7f"foj .q}{! 

.£.£ Pb(Ra)SO, 'i}f)J,s -s''il~ -f 11<!1!-¾ ojll)-<foj ::i ojll)->Jl< :o)>fAJ;<j :oJ-•PI '14-!!-% ~I 
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{!-Bl-$19. Jc-lJI 20~ 0 J,'·J 1'lJ~l-B}~ Ra%~~~£! ~G1J¾~ Ac *~jj}S!} 1'lJA}~1MoJ ¥! ~~ 
%-&- JI{}-£ Ge(Li) zj-oHi Jf]~7]~ oJ.§-BJ-~ ~78.sl-$19. 

~~ ~ .il.~ 

1) 1!.¾'r¾!'.J ~~ ~ Ra %~f:!±£1 ~~ 
~~ ~ %¾~811 lii'-"r-9.l 'El~,?;- Zl.00-33.84 psu.£ tl).ii!~ A-j'EJ~T.i;!.. ~~il~t:f-. °JAPJ 

oj]Ai ?t.7-J 7t7JJ-¾ -1n1oii,q 27.00 psu.£ 7ptJ ';,!.g. it¾ .1i!. 0 1JI, 0JAH}·ojjAi '!!oJ~T~ ¾7t~~ 

7P"J ~ ?g~ol]A-j -=\1.£A)..2. (end member 34.668: Nozaki et al., I99Il£! ~-a-J¾ ~ot 33.84 psu 

% Lf£).Jl~c+ 
ll ¼T% ~a£! .!g S:.:: 70.4-287.2 dpm/lOCXH £1 ~ ~ £ 1Y ir 173.2 dpm/lf.XXH ~ 9. 7}.7-J 

';;!.g 'El~~% •+e.l-1;!! 78~ 0QAi ~.i!.9.l 287.2 dpm/1000€ ~ tfE-l-41~.i!., 0JAt 7JO!]Ai ~oJ~T¾
.!g£7t zj-.±81-ol 'El~ 0 J ;if.i!.j;]~ 4El'.!! {f~oj]Ai 7t-"J ';,!-.g 70.4 dpm/IOCXH!'.J *.£~ lfE.J-41 
S19-. :Ic-1.1! 'El~ofl tllgo ?"A>Ra2J .!gS:.§- plot"Ol'a ~9.l ,,_J~~Jfl~ .!l'.i'.l.t:f-. 

li¾'r~ ""Ra"i ','£11-.l'c 107.1-710.7 dpm/JOOJ! 'li!/15' 'lJjr "I 498 dpm/1000! ~c+. 
~a~ ~ 0 1 °JA}7J 7tJJh~- {HloflAi i,Jj1?;J~ LfElt.!l.i!. ~e>l-il'T~ ;>:J_5;}£ '# 0 }~ 0JAt7JoJ]Ai 

7f>J '1] 'lJ{l<>JIAj ;J,o>llf Lfl').Jl_u, SlA] 'lll"-<>JI '11'11 "l"i -ll<'!<'!'Allf Lf£).Jl~c+. 

~a/~a9.l * .S:. tl} ~ 1.10-3.45£ tl] Ji!~ "§".g. ~ ~ O!I S:. ~ % 3l JI 1{.i!., ~'I]£ ~ 'tl~ ojJ Ai 

~.i!., S!JOJ:;>:J~E..~ ~'r~ ';,!-.g ~% .!l'.i'.l.t:f-. o]}!.g. ~aoJ ~£. ~'li~O!]Ai ,0r~~ tll'ToJI ~ 

~ fi.g. °J'QJ ~a 0 ] *~~'.?J.7-14 A]¾~~~£.¥-ci ~o] ~o] i1-H"~'.?J.7] ujj~.2..£ ~Zf-t! 
9-. ~ti Cll-¥-~ 0 1 °JAPJ- tll~%T9.l end membero!l 7tJJt¾ ~oJJAi oJ 3\1~.g. °J;i;}7J C!l~%'r 

'r~7t e HJ-i-% ~}A]t}J! 1{:: }!E_.£ ;.~zt-Bc.J-. .:l~.il c:Jl_lf~Q.j 7g{i~olj.Ai OJ;i;}7J- 'ff'r~ 

~-e-Joj 7-JgJ i.fE}4;,:] ?,l.TI 0JA}7J- cJl~-'t-T ~~%9.l %½ofl .'21~ .:g--g-¥!_ 3;\E..&.. ;.~zt¥J.t:j-. 

2) zt T.i!J~ end member~ o]¾~ lf.%T~~ i!f-~ 
~811 ~ %¾~811~ K¾tll~~ 7UJi,\-C T~S..:: ~ll] ,'-&_A].£.~'T~ 0J;i;}7J- *'i"T~ ;.J 

Zj- ~ 'r '.ilcf (0]9J- 7J, 1998). 

Nozaki et al., (Iggl).g. §Jisll '}l %¾-i;-15Jl, ff-4r 'ir,,_i~ ~~oJJA-J ~78~ AH~-~ 7]&~ :¥51.. 
;.J.2._ Sl1TQ.J mRa/~aQJ *£tJ]C 0.25 (~~ 43.668 psu)4.Jl ~.H.~.ll"c\,. :Ie-1.i! ~.g. tll<;>:loJJA-j 

%¾~ isll cH ~%'r 2l niRa/2;,;Ra9.l· 1r £Ii]~ 5.34 .i! ,:!Cl. !f. ~ o] ~ 7.:l 0998l.°:- §J ~I <~-'6 .;;- !Sil 

?J;ij]~~ lf.%tllT~ o\-lf9) end-member..£ 7t-"8Blof 0 1 T.i!J9.l mRa/Z:\,Ra -'5-£t1]{r 3.7:!::0.2.s!. 

{-"1:li;J-.i!., o] '1:% 0jA]-7J-§J~ ~~""r-9.l end-member~ ,,_J78i-J-~Cl. 
~ ~Tisl1~2l 4 1:!~oJJAiQ.j mRa/2;,;Ra~ 1f£t1]..?.¥El ~ 6'j~.g. ,,"151.A].2. isJ1"r9} ojA}7J 

~~%T7t -3H,15] ~~5.l.TI of7]oJI 0JfiPJ--§J-tll ~~'r7t ct-.± ~~~~c}.TI ;.jzt-Bc+. ~"&j .q 

isl1otl 7t77}¾ 781oJIA-J .!g5:.li]7l- 3.25-3.45£. o]~ {l (1998)0] ~ll~ 0jA}7J--§JsJ1 ~~'r~ 

end-memberoJI 7}'{]-JI, ~-ofl 78~0!1Ai l.10-1.52..?. ,'-.£A].£. 8JIT£1 li]i-o] ~'ltel . .:Ic-1.i!. 0J;i;J-

7J-ol] 7i-7Jh~- {J~ol]Ai 2.47-3.06.Q...£ 0J;i;}7J cJl~%T7t tlJ.ii!:~ ~.g. li)½S... ~"ij'~Oi ilr:f.TI -'J 
2l'<!c+. 

!,!£) 'i'>Jl"l.2.5' ;!- '11"1•1 ~-'11'\:C 'r"1% Afo].oj ;;~•I¾¾ 'l/71 !/l')oj Ra %.il~I ','£ 

tl]£.lfE-] "r.i!J!'.J ~'1-½% ;ij]{!,~tj-- .:I ~3.!j- £E 1J~ojJA-J 0JAt7J- Cil~.Jt'r2~ tl]½.g. 16-98 

%.£ 'i.j.g. ~~§- .!l'.i'.I.E..tf ~zr'1:.g. 69 %£ li].ii!~ 0J:;i;}7J- c:Jl~-t'r-21 tt]½o] ~g% ~ 'T '.il 
rJ. ~ Cj -\1-'lli;\~l -l},J!,!\'! ~l9£ ';/%~ '11"1•1'1:C '/-5'A].2.-'l ~•Jo] 37I "1J,'qJ 0Jsf7J 
C!l~-'l-T.'21 ~'1-½.g. 16-25%0 ]51.TI, 0JA}7J-Ol] 7tJJt¾ ~~oJIAi::::: 86-98%..?. 4-e.l-)Xt:.J-. 
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'll¾•l '-1-ol-'<!-.:J-. 'T'"-'l-'ll¼:'. .,,_.._ '11¾~¼"11 -"ltll '11'11"1"1, ~¼-"I -'ll7lSJ- '31.•l~ 

;,Jilc-'!"11 ¾7}~-.:J-. ;r,tJSJ- 'll-!l:11!:l}.oJ ~>II~ t};z- -ll--!i41-"11AJ ~ 2.5 -'l'l!-"l tl-ll-~t 

•l• l!.•l'-1- t}'i'- t}-Jl-<!\'"11-'l~ '11-ll-ll} "1->11-a- l!.'l!-.:J-. •li!l~ tl-ll-~t•l~ \J-ilc-'l 3"1 

'I! 'll.5:.-"l ~'T'"'U--'ff-"11-"l 'il-':l:@ ;<J'l!'T'" Patch7} ilc-Jl-"11 -"ltll •1%:@ ~½ .oJult}t>l, 

wl-'i'-'tl ,;,-¾-"}%~-"- 'l! t}"l 'It'll ~-.:J-. 'll'T'"7l "11 ~ 'T'"-'l-"l '11 ¾~t•l 7} ,i ;oJ ~ ½"l e 
tj-. 

~:@ .lf.¼-ff-<ff'4 'l!-!/:'i'-ifc 'J,1 ~','-'9--'ff-,t½ A}¼t}oj -':!¼, €~1ll'T'"-I- ~¾1}1,1 

-.:J-. 'il-7J-t}'i'-~ .!/-¾'l: '1-'.l t}'i'-•l 2 ¾'T'" 71 SJ- 'll'T'" 71 ot uti!} -':l ¼111 ,;,-7} 'iti!}~ -.:J-. ~ 

~:@ ilc-lt-"l '11 'ir-"l ... f-~ -ll-¼-11-'l ~t-.:J-<!i'~-"-, ;oJ ¼"11-'l ~"l <!\'~-"- .. Jat}"l .!/--!l:'l: 

'1-'.l t}'i'--"l ¼:tl:"1- '!!~l 1}1,!2, t}'i'-of -"I '11 'irtll 'T'"'l! 'i'-•M -"I 'l!Sl-7t •l i!l ~ 2+ ¼~ 

>11111 -"I 'II 'J olJ 71 "l ~.,,. ~ -.:J-. ';t7J-i}'i'-'tl ','--!/:,!J-%•1"' i}'i'--"l 'II <l!Sl- ¼~~ ';t7J-wj

'i'-of "11AJ .!/-%A}7} ~><l <!i'~.'l'. •l %1}"1 "1-'l "1 ~ :tl,,:j "½ ,. ,.l ~-.:J-. 
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VOY .NO. If_ o/) - / .. 
~ 'i' :2f 01 \!l :J-;!!j ~ 7--B-
3" Af Lll "1 
~Afoff1:!:f l;d;- -tH :;r 

Of 
2 XI 

199S'::'! J..~ :'.; ~ e! St.~ ('a ' . . , 

I \'J 'i' 1'!1-'i'-'1 I~~~ ":!--t-l/--
·-

3, :<I 3, 

~ t:! Af C{':!M"l\el"f:~.71+,- > '!:fJ1.;,_ o/-'t•l. '!';"f.'!... vJ,Hti_-J-jzlrt >[l>'JkJ ;i.;-3:r:1 s ~f 
Af~7[7/ c-ro' ~•x ·l,VRV j")..1 ,~ . ':c-"71 t, 

' ,rt "J. : ·-!li c,:1 "i ,. ,~ •t "- oi ~-., <·Vi?-"~ 

~ y "' Al l! -.i~"' I OJ ~ A/ ,'.! 

71 W "' 71 ~ A/ i'.! ~~ ~ 'ill ]I 

I ST. !I !/I "' A/ '51 ;e;_;. ~~ ~w ~~ :crf:;r 171 ~j JI ~ ,;,e ?~ 7/ El 
' NO. i H E A/ l! Al i'.! ~~ mis • I ~~1 (£) 

• 

/; I cJ~-00.' ~ 1-'-\'-oD.0 E 1•14 I 5'/-1, r SE ;:,, /.Of /c-.z,,/ /.J- 1/4 -{!?{ 2-~ " 
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