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To investigate characteristics of biogeochemical environment of the Korea Deep Ocean
Study(KODOS) area in the northeast Pacific Ocean, we preferentially measured inorganic
nutrients and fluorescent organic matters. Typically, the permanent thermocline was well
developed at the depth of 200~1000m in the study area. Nitrate, phosphate and silicate
were low in the surface mixed layer and increased with depth. N/P and N/Si showed 15
and 0.2 respectively in the deeper layer.

Two fluorophores, biomacromolecule(protein-like) and geomacromolecule (humic-like),
were observed by three dimensional fluorescence excitation/emission spectra matrix.
Biomacromolecule(maximum fluorescence at ExXygonm,/EmMasen,) ranged from 41.9 to 147.0
TU with its maximum in the surface mixed layer and minimum in deeper water. This is
a same trend that has been reported for DOC in the equatorial Pacific. This suggests
that biomacromolecule might be labile and converted to refractory humic substance after
bacterial degradation in the deeper layer. On the contrary, geomacromolecule(maximum
fluorescence at EXjsonm/EMyson,), ranged from 7.6 to 46.5 QSU, showed minimum in the
surface mixed layer(euphotic zone) implying photodegradation and then increased with
depth at all stations. In the characteristics of vertical profiles, the relationship between
biomacromolecule and geomacromolecule showed negative correlation. Such trend can be
attributed to biochemical regeneration or formation of fluorescent materials ac-
companying oxidation and remineralization of settling organic matter.

Key words : KODOS, northeast Pacific Ocean, nutrients, fluorophore, fluorescent organic
matter, biomacromolecule, geomacromolecule
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2. B WB, 203+ Rt AR

2158t FAHRRAA $4 T3 FA3A
cthopgt AT FokollA FH Al diate] 5
o] 23 3g)ci{Meyers and Hedges, 1986;
Kieber et al., 1989; Colombo et al.,
1996b). #7182 FFL ¥ A& A3l
W 0.3~3.0 mgC/ 19 FEZE 3¢ Fo &
At eFe] AL BFo) w3 A9 FU)
o ate} Faste £ X E Jehdci(Broecker,
1974; Sharp et al., 1995; Thomas et al.,
1995). -&-FEA 7189 10% F =] <l &
FEE A fUIES AF2RY fFI1E
FFHLeE Fasly gy} AL 4
500m o]4}e] Ab3-ol 4] 75%0]4te]| vIAE &
3 2 FE 5ol sl A EAHlow molec-
ular weight)3} Zr}(Karl et al., 1988; Kieb-
er, 1990). x3 A& Aldl(dead organisms)
o ol 71 fI1EEL YgHeon @
Aol glon n@FAQ Roew AHA 9,
53] 249 AHeolEs), &%, A, Zﬂ-r
2 &3 5ol #oA3c}. 28y g
718 FEE AEAZYIE AR 9 "‘44
2 57 o7 Fol ael vl spHAe)
Al 2 B A" & Al Wt
22 ¥ dFedx 733 A8 ¥
27t 47 4L o)} (Rashid, 1985). AA)|
HI7A Y HEY AgEe] oA e
AA {718 F F o 30% AHErte] ¥l ¥
AEglew AdgRRo] ofz ¥ AR ¢sic
(Williams and Druffel, 1987; Hayase and
Shinozuka, 1995). 27|18 §71& 3§3&A
< I Tets AT AT FHAZA o]
459lo o]F R Jled FRE o
29 d¥e #HI RNEES dFEA
u}2} humic-like substance(gelbstoff;
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gel vf 3 FA(fluorophore)Z #2)3HA =
¢itl(Hayase et al., 1988; Coble et al.,
1993; Mopper and Schultz, 1993; De-
termann et al., 1994; de Souza Sierra et
al., 1994; Park et al., 1995; Coble, 1996).
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Fig. 1. Map showing sampling stations in
the study area.
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Fig. 2. Vertical profiles of temperature
and salinity in the study area.

500m Alejd| A= o] 9llct(Bowden,
1975). A7AFe] e LAY 45
g 47 F2dF: 2 AP RAE
rste F25 233 A2ndd AFFH
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Zt AR 538 dYd sEE o
3} o] 2A =t A4A dofdql A
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3= Ao 2 A "Elti(Spencer, 1975).
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3 9JcHFig. 3).
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Fig. 3. Vertical profiles of nutrients in the study area.
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Fig. 4. Vertical profiles of N/Pb and N/Si
ratio in the study area.

AlZol e kA" 3 Bolx sk 7} v
Al &4 gt& 159 0.29] g o= Broecker
(1974)7} AAE Nk ghell & A3t o
tHFig. 4). 7RI GelA SA" o dofd
£9 ¥ ¥EE JA FARAGAA FAE
W ghell £ 2 gl 2w (Murray, et al.,
1995), 4719 ARzHe ¢ v= ¥
Fe 934 #73wsl g9 A ¢+ diH
oko] Ao ojefd Au| Y A4 HAo] 43

2% BAEH A7

Wel 4718 <834 53 BAA A B
E @& #X52 Us& AAltichHayase et
al., 1988).

3.2 57718 ¥A5A

€ A7l FE22 F71EL 334 ¥R
Aol ojstqd zt7te] HA EXgonm/EMazonm,
EXs30nm/ EMasonm (band width: 5nm)el| 4] & o
HFAZIE Ze FEFY ¥F4E 3A Q¥
g€ HY 4 glglon(Park et al., 1995),
o] & A} 7] o}-E 3 (blomacromolecule)s} X7
o} & 4l (geomacromolecule)Z %314 cHFig.
5).

SER7IELS BT AANA afe ¥F
< Az sl oled FEH 5L o
43te] Aol WY A= 7HA] ARE AT
2 4 gltHLaane, 1982; De Souza Sierra
et al., 1994; Coble, 1996). 34, 845 &= #
7]'%& carbohydrate, sugars, fatty acids,
hydrolysable amino acids, free amino a-
cids, urea, biotin 522 A el glon o]
€9 %4 F #7189 F 10 ~ 30% A

o
I

Fluorescences \nuwenatty

Fig. 5. Representative 3-D and contour plots of fluorescence intensity of extracted or-
ganic matter showing two distinct fluorophores in the study area(A:surface water

(10m), B:deeper water(3000m)).
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Fig. 6. Vertical profiles of fluorescence in-
tensity of biomacromolecule and
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area.

E Axetx ol HREE AR E= 70%E
EA 2922 ¥ FE(non-characterized
fraction)®. 24 humic compound® 4]
el tHWilliams, 1975; Williams and Druffel,
1987; Hayase and Shinozuka, 1995;
Colombo et al., 1996a). =712 A FF71&
AT AatellA 3o rUdd #AR" FA
224 AzEGer s fFr1EEHY @
Folz Atelata gl o7 dFelr AHg”
33} th9|E-¢ quinine sulfate §H¢) F XA
W 3%) cps unit(Coble et al., 1993, Coble,
1996), millifluorescence 93! mfl(Hayase
et al., 1987), flu{Chen and Bada, 1994) ¥
QSU(Mopper and Schultz, 1993) % <&
97t AFEE T gk o)’ A AA]
= 19 %9 quinine sulfate 3335 %
AR gte g AR ZAE oAt B AFeA
E o3& ¥ sxew pEE AANEASA
AFANERES 7+ 2 TU 9 QSU I9 =
FE3e FFAE Jetlded ole AF
%718 A3F AT A5 AFEEH Y Ad|x
Z 93 7ot

AFAH AANEA FFAs = 419 ~
147.0 TUS o4 §& HHAZ A 2
Ab A Ak W3le A9 gded
A WY eazleg Fxo] 1 HZFo] G
2¥ EAL Bolw rHFig. 6). 24 dxd
W e TF] Y FFAr)el vl
of ] Ze] 71.1%(943), 75.1%(953), 18] %
65.9%(96%1) 747 Ao &4 =i A

g2

AA A Hdxe 4 0 ~ 30m Ale] A3
Zol| A 27 =gz 44 200 ~ 1000m 7}3]
Ay F AF7R dAHT %&bl gl
th. ol MANEAL HAFELI= it
DOC ¥EEX9 vf$ A 22E Role
b ol AFA AR FAAGA Hx efH
oA DOC HoFs=rt EFolA AHEF2
2 242 7243 AF3E ¥ Tanoue
(1993)2] Azts} FARFE EAgA v
2 o A dxjsgx gk AHRAHL R LGS
o]} FAldlA e FAF FA o] FFlA
AEAA A FAR AAHEAA A
s AE EAEFo] vig WUFS ou] Yo}
{Chen and Bada, 1992; Park et al., 1995).
AFANEAL] FFAsl= 7.9 ~ 46.5
QSU W2 A=A} AFAHREAL A
A9 B¥ BT Aojd YR 3T
oA HAxE Rola AL Frlel wet
4] 200m 7}A] w24 2718 F 1000m °] 3}
2 27x] Ha kAR oz vepydeHFig. 6).
S o]zl A F HT FRFAI= REF
o] w]iilsled 228%(944), 251%(95%d) 18]
208%(96%) ¥ & Bola i} o]2F R
2ol Mol G W e A Gl o
g ado] 202 #uF w(Kieber et al.,
1990; Chen and Bada, 1992), A|7+A &3]
9 ¥Exe AANERSY £E SA4AH= 2
A F(ES A4, )] FAEEY
¥ FAME veblch ol9t AR e
o B M} =F P JFS EYY
Al 1000m 7}A] 9] F3ZollA] w4 ¥ FAlR
(R>0.9)8 Z+= 7o o] 7oA el v}
¢lt}HHayase et al., 1988; Chen and Bada,
1992; Hayase and Shinozuka, 1995). 1%
ool AFAAEAL] AA 71Ate] ik
AR T A A1DE 2 9SS 9]
e A2 AddEy AFAREA] oy
A ABA Y] AHH o7 P dle AL ol A
22 Al " cHPark et al., 1995). A}H o=
GR2olA AA AabAtel o5 ALY §71%
e ol 4Ee) ¥ATYe Tl dFdol A
A4 T ole @ A Fol dEA4 hum-
ic substance® 3¥A == 7o HwrH), o]
2 st AN 2 2 AFAY BAL 4
3 GPAE Z2A He Aoz AlEEd.
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Table 1. Major fluorescent components ivarious area

Type Wavelength(nm) of measurement Area Reference
EXmax Emmax
Geomacromolecule 340 438 North Pacific Coble(1996)
(humic-like) 340 448 Mississippi river Coble(1996)
342 442 Coastal water Coble(1996)
320 420 North Pacific Hayase et al.(1988)
320 420 Central Pacific Hayase and Shinozuka(1995)
250-410 360-460 Estuary. lagoon
Atlantic, North Sea  Sierra et al.(1994)
325 450 Central Pacific Chen and Bada(1992)
325 450 Porewater Chen and Bada(1994)
330 430 Northeast Pacific Present study
Biomacromolecule 275 305 Deep water Coble et al.{1993)
(protein-like) 275 340 Mississippi river Coble(1996)
270 320 Atlantic Ocean Determann et al.(1994)
280 330 Northeast Pacific Present study

g, #e-F ¥F f71E =2 AEEF
of o3 A Y Fa, FFM9 FF 7
zt, szl e &4iHLaane, 1982), lipide}
carbohydrates % amino acid¢}2] 2§ulg
59 A8 fAA 8JEe 2 GF¥L ¢
< ez 484 gt FANEAY] HS
Chen and Bada(1992)7} Sargasso Seas}
Beger Foti FoliM AF =AF v3d
Azfel] wlz2w FR92 iz}t 27 Flo)v
74 78 HAEY] 34 9 AE #1AY 9
% 5% pusidch =3 AFARER] ¥
BEe A8 BRI/ FEM 2 A
A4 ~ 379l H dFL AL g A
o2 gaes g} UV irradiationd] 23}
€ AZ5 S 1AL AR xE3EW yF
o] sbd A4 cHHayase et al., 1988). A]A|
=] Table 104 ¥ uvl9} ZFo] T o7 A
oA A= HNYFe AL d¥ 4
2|gg A3 A FANEAL 320 ~ 342
nm(excitation)2} 420 ~ 448 nm(emission)
o) Welela aAEFes YARELL 270
~ 275 nm{excitation} 28]3 305 ~ 340
nm(emission)2] W N A &A=t o] gt
¥ 47189 HAdyYF A7E et 9
A& 71719 £F 2 FHZA, @, ds
A7 F5/ 28 A9 B4 Fo v o
A z}o]lE Holar g]on(Coble, 1993) AlA)
2 AFANEAY] A ¥FL @5 FE
G 34 A3 v Aoy es ge iz
A JeluE Ho2 ¥ s cHCoble,
1996).
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F 712 e] o] FofR = FSAeiA 2%
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Al @EE F2 ¥ 4] 32 1000m o)
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AFA Gl G oJolA 943 HE 963 At
of 3ol AA ke % 718 ¥AHA
£ ZAste A4ddE 0.1 ~ 42.8 pMY
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7159 nf FFEALL o] £ 3x44 ¥
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o ¥RARE A= ’\37'11"“%€:‘4' Exs30nm/Em
womN A H ) BRGE Ze AFANEALSY
721 ¥ F2(fluorophore)2 2] £A3t4l
ot AFAs FAREHY FFAAsIE 419
~ 147.0 TUS| @to= 24Fged 2 33
Wz Eaol B3 4419 7l get AR ¢
<+ ¥FE vk AFARNEA ] YFAr=
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