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Abstract : This study was conducted to understand the source and behavior of organic matter using the
fluorescent technique (excitation-emission matrix) as a part of environmental monitoring program in the
Korea manganese nodule mining site in the Northeastern Pacific Ocean. Water samples were collected at 0°,
6°N, and 10.5°N along 131.5°W in August 2005. The concentration of total organic carbon (TOC) ranged
from 58.01 to 171.93 uM-C. The vertical distribution of TOC was characterized as higher in the surface
layer and decreased with depth. At 6°N, depth-integrated (from surface to 200 m depth) TOC was 337.1 gC/
m?, which was 1.4 times higher value than other stations. The exponential decay curve fit of vertical profile
of TOC indicated that 59% of organic carbon produced by primary production in the surface layer could be
decomposed by bacteria in the water column. Dissolved organic matter is generally classified into two
distinctive groups based on their fluorescence characteristics using three-dimensional excitation/emission
(Ex/Em) fluorescence mapping technique. One is known as biomacromolecule (BM; protein-like substance;
showing max. at Ex 280/Em 330), mainly originated from biological metabolism. The other is
geomacromolecule (GM; humic-like substance; showing max. at Ex 330/Em 430), mainly originated from
microbial degradation processes. The concentration of BM and GM was from 0.42 to 7.29 TU (tryptophan
unit) and from 0.06 to 1.81 QSU (quinine sulfate unit), respectively. The vertical distribution of BM was
similar to that of TOC as high in the surface and decreased with depth. However, the vertical distribution of
GM showed the reverse pattern of that of BM. From these results, it appeared that BM occupied a major
part of TOC and was rapidly consumed by bacteria in the surface layer. GM was mainly transformed from
BM by microbial processes and was a dominant component of TOC in the deep-sea layer.
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s o] 8-Z7]& (Dissolved Organic Matter)ol] th 3t
z2d B 54 zE|a 71l disll K57k ofe sAE
o ol Be A7} 5 o] FTHCoble ef al. 2004).
olglgt A5 Sl 3FeHd Aol Izl f7lES ¥t
TR, A, obret, B, BrstE § & 851w
o] 30% A=olH, A= 3}t o8 HER] e F
o] sl @ th(Hansell and Carlson 2002). 3+ 8Ff7]
52 A -shek el 28-S woks o) A wElEE A
e Ad f7lEd Hall=7] oH 2 42E Ad f7lE
2 FEER T JH(Druffel er al. 1989a; Suzuki and
Tanoue 1991; Williams and Druffel 1998). A - 3}8t8 <
2 4A BollEe f71ES AUEoR QMg ddol
AT, BFF7]ek(Dissolved Organic Carbon)e] 4333t
HES xete Aow AR YUrKDruffel ef al.
1989a). Bk aFe] 5 o W nlElA T8l A
st FsielA gksh 2ol waljE 7] oE e 548 7HA
3 AtH(Suzuki and Tanoue 1991; Sharp et al. 1993;
Williams et al. 1993). W0l A - 818+ zhgof F&)x]7]
o]# & §715S humic-like substance®t 7S el A
F71E0] 27 o|tiDruffel et al. 1989a; Harvey et al.
1983; Malcolm 1990). o]&{ gt H&-2 Jjd o=z “Qeje”
Z3Zo] 9lom, apparent “C Aol U] 3,000~4,0004,
ARl 749 6,000 ool AHE Zh= Zo R dHA
ATHDruffel et al. 1989b; Williams and Druffel 1998).
olFA QEE A2 Al SEf7IEC] AEFH R
HEEA B IS AASEE 2710171 % St (Mopper
and Schultz 1993). ¥4 °]2]3t f7]&2 F3peHs] 4k}
2hgoll HA EalEe 545 7L Atk(Suzuki and
Tanoue 1991; Williams et al. 1993).

olf gt B 5A4E 2= §ER7I= dal @
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S e P2g 24 g 7

3
(fluorescence) 7| ot
A (polycyclic) 3}3t 7
E Aol ofg]e Aol UARE, Q& 7|7 B} sehA =
o] AHAA] & f71E ATE S WHLE o] &
o] $ktk(Determann er al. 1998). ¥H5-2 Q1 emission scan
o 7XE AL FF contouring, = excitation-emission
matrices(EEMs) ¥4 7|9H-& 771 &¢&E EAls= 8%
7] % (Fluorescence Organic Matter)S - 3l=t] A&
) tH(Lochmuller and Saavedra 1986; Leiner and Wolfbeis
1988). 53] B &} 22 oA & 7IHE o] &3
717 ATe §E/7IEY o8 AHsta, 85771
BAo] 2448 Ask=t ]85 o] $ti(Chen and Bada
1992; Hayase and Shinozuka 1995; Momzikoff et al

1992). alF EFolA B Fo FFR7ES UFE 2

i rlo 4

<

EEHAE ok AL Ao, 3F4ksH(photo-
oxidation) 282 ¥F-R7ES] 7S A= 8908
2 Z8-3FH(Chen and Bada 1992; Kouassi and Zika
1990). EEMs =HEH Ao oJ51H 3| £E5/7182
g 719l wet 7] ¥ B Zhe AR dEA
AT ESFONA e Sy e AET|dEE
83 AlF4oA 3= humic acide} 72+ $44719
EZo] 170t (Coble et al. 1993; Mopper and Schultz
1993; Sierra et al. 1994). Park et al.(1994)2 3|4
SEf71Ee] §EAHT o Atolv B 53 A2 ©
2 FE7t obdet F2 A 53 f71E JHE A4
ste Zo® B, ol I 54 wet AANEZ
(biomacromolecule; protein-like substance)®} A7)
=74 (geomacromolecule; humic-like substance)Z T3}
Ack AAHEAELS FF T AE71Le AEZ
92 il SRtEE diAR <Al S BolH, &
| &4 gho] oL Astey falj7t oldk /714, &
] O FAE At 53] AAHEES FRoF
T2 Fi3 AFORE A4S Hasted ole A
|4 ml e o3 Zalfet A S F5ko

AR A%=7] wjfolar, W F3}ehH 4k
Ate 5] th(Park et al 1994). -4
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NEe] BES AYAE 2902 detsta dk olgA 2, AR P A7y
Aol Ak B Aol f71%e 719 % ATL
olgfisl=tl T a3 FRE AT ot of2d FF Al EeHEYE 75 e 3% ATE fT AE
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Fig. 1. Map of the study area with sampling stations. Study area is located between Clarion Fracture Zone and Clip-
perton Fracture Zone and gray-filled blocks are the Korea contract areas for manganese nodule exploration.

Table 1. Physico-chemical estimates of the sampling stations

St Depth Temp. Salinity DO TOC BM* GM* Chl.-a
' (m) 9) (psw) (uM-0,) wM-C) (TY) (QSU) (ug/h)
0 26.73 34.77 199.11 123.42 1.80 0.28 0.150
10 26.73 34.77 199.11 114.34 1.61 0.31 0.167
30 24.24 34.88 181.25 125.14 5.60 0.61 0.282
50 21.34 34.85 159.82 98.09 1.49 0.75 0.396
75 17.92 34.97 141.96 90.04 1.91 1.00 0.226
100 16.39 35.05 136.16 87.76 0.91 0.91 0.076
120 15.44 34.96 136.16 85.85 0.91 0.98 0.031
150 13.64 34.96 134.38 105.83 1.26 1.05 0.007
200 13.29 34.96 124.55 79.80 1.67 1.12 0.004
NO 300 11.36 34.82 54.02 80.54 0.76 1.48
500 8.01 34.63 62.50 79.42 1.39 1.42
750 5.84 34.56 84.38 78.17 1.65 1.23
1500 2.77 34.62 100.45 63.18 0.91 1.36
2000 2.13 34.65 107.14 69.83 1.62 1.53
2500 1.70 34.67 116.52 64.62 1.26 1.45
3000 1.42 34.68 125.00 66.99 0.98 1.24
3500 1.25 34.69 129.91 64.01 1.13 1.30
4000 1.11 34.70 136.16 67.27 1.14 1.27
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Table 1. Continued

St Depth Temp. Salinity DO TOC BM* GM* Chl.-a
' (m) (°C) (psu) (uM-03) wM-C) (TU) (QSU) (ug/l)
0 2829 34.53 202.68 156.61 2.04 0.42 0.160
10 2829 34.53 202.68 150.33 1.46 0.18 0.162
30 2838 3461 20223 162.57 6.88 0.29 0.246
50 28.09 34.69 20223 143.06 2.12 0.11 0.256
65 28.04 3471 200.89 143.95 1.60 0.18 0.235
75 27.99 3474 19821 171.93 729 0.57 0212
100 2447 34.86 179.46 129.47 1.59 0.90 0.085
120 18.59 3475 150.89 15931 1.47 1.34 0.077
150 12.93 34.83 4420 114.06 1.27 1.25 0.040
200 1201 3479 40.63 121.42 1.34 121 0.004
N6 300 1027 3472 57.59 104.89 1.82 1.40
500 827 34.63 441 91.48 1.14 131
750 5.93 34.56 60.71 90.55 0.67 1.30
1000 4.66 3457 68.30 85.29 0.65 1.38
1500 3.06 34.61 90.63 76.96 0.56 1.48
2000 2.14 34.64 102.68 76.86 0.79 1.52
2500 1.70 34.67 112.05 81.33 0.82 131
3000 1.47 34.68 118.30 7277 1.58 1.55
3500 1.24 34.69 128.57 70.76 125 1.22
4000 1.10 34.70 135.27 78.07 1.08 1.06
0 28.08 3417 21339 142.32 1.96 0.06 0.065
10 28.02 34.16 213.39 119.04 1.59 0.12 0.053
30 27.92 34.19 213.39 136.82 3.75 0.01 0.066
50 27.69 3429 212.50 130.63 221 0.08 0.093
75 2685 3467 211.61 100.98 248 0.98 0.158
85 2154 3449 131.25 104.38 1.82 113 0.224
100 16.56 34.45 155.36 £8.64 0.82 1.29 0.119
120 1432 34.66 56.25 78.77 1.81 1.81 0.014
150 12.63 3476 39.73 76.49 113 1.74 0.014
200 11.49 3475 54.02 7570 0.42 1.39 0.003
NI10.5 300 10.53 3472 4821 76.96 .44 1.69
500 8.91 34.63 37.95 74.44 1.81 1.49
750 6.15 34.54 42.41 71.97 .44 127
1000 4.69 34,55 50.89 65.18 1.26 1.55
1500 3.05 34.60 79.02 58.01 0.79 1.57
2000 2.08 34.64 9732 65.74 1.08 1.46
2500 1.69 3467 108.93 6331 1.00 1.59
3000 1.49 34.68 114.73 7034 1.44 1.52
3500 1.28 34.68 122,77 66.15 1.16 1.45
4000 112 34.69 132.14 70.72 1.62 1.34

BM*: Biomacromolecule, GM*: Geomacromolecule.

ATHEFig. 1). AF ABE F4 0 mFE 4,000 m7HA]
A M2 A4 900 (Table 1), 72, I8, £3442 &
T CTID system@Z25H 53T §34E v
Winkler-Sodium Azid 22 CTDZY-E Ao A=
5 B3I tH(Parsons er al. 1984). 3t 2 litter®] 55

N, gas pressure G2 5 ©]-&3l] 0.45 gm membrane
filter(25 mm diameter)= & T 90% acetone &-2<]]
2477k 59F 83171 5 Turner 10-AU fluorometer(Turner
Designs)® oA AE2-q FEE SN o2
2] A3 Fo] B[S 2 phaeo-pigments fES HA
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3 FATH(Parsons et al. 1984). 27 A5 EA4L8 93t
Al A2+ SPSS(version 13) 4 ZZI13& 9]
3] &4 2 exponential decay curve fit =&

At

&
2~
T

Zf71€k2(total organic carbon, TOC)

HTCO(high temperature catalytic oxidation)/NDIR(non-
dispersive infrared gas analysis)2] W'H S22 TOC-5000A
(Shimadzu)®] s A& FUFAE ol&sl] FA438I
W, carrier gasE F&% 2k 7125(CO, CO,, Hydrocarbon
1 ppm °]3HE AME-3FA ). Milli-Q reagent waterS Ak
Aoz ARl F 248 vl Al (blank)2 AR5
3, 534S potassium hydrogen phthalateE Milli-Q
reagent water®]] o] THE RFENS ALY T £
Al 2N HCl 2] § o] AStehAsii)A F7|eha
AAZ ¥ =A3= NPOC(non-purgeable organic
carbon) WHS AREEIN O, B4 Z74E flow rate 150
m//min., sparging flow rate 120 m/min., sparging time
4 min®] 2707 3t vie Algol| thek B2 Milli-
Q ZEFE W 345t 53 2232 uM-C 3Ho=® A
= 25g00 tel B 9 FATHE 5 2005).

it rlo

&337-71& (fluorescence organic matter, FOM) % 3
32k ¥ B4

A& 1 litterS multi-channel peristaltic pump(Master
Flex)E ©]83to] 15~20 m/min.8] £52 AA4+e] C-18
Sep-Pak cartridge(Waters Co.)oll SHAIA FFFH715S
FZ3I9 ) olu] AFE-% Sep-Pak cartridge= &/ 3he}
&4 vl (background) 7+ 2 43}517] 913ke] methanol
(Merck Co.) &F 100 m/Z H*2]3} T}, Sep-Pak cartridge
o F2HE 47152 M2 10 mi2] 50% methanols} 100%
methanol2 2], $&3F spectrofluorophotometer(RF-
5301PC, Shimadzu)Z excitation/emission(Ex/Em) Z~HE
He A8 Ex 9P 9 260 nmollA] 460 nm=
10nm ZFH4S 2 Em 374 ¢ 260 nmell4] 500 nm7}A]
W scandlP oW, slit widthes Ex3® Em 25 5nmE

A8

FF71Ee 3% %

IGE G e 2o ==
Sl

)

) =4
SH‘)[: LH ﬁé%'ﬁ‘ﬂg 86 o= FoT

F71E20 3x49] 93 A Aol wet AANEEZ A
TANEZEZ FEst 747t Ex 280 nm/Em 330 nm, Ex
330 nm/Em 430 nm©| 4] path length 1cm quartz cellS
o]-g&le] 2l 2ojlx =43} tH(Park ef al 1994). 5 &
7w Ak AANEZE] 49 Ex 280 nm/Em
330 nmo| A tryptophan(Sigma Co.) 1ppb FF A==

i)

1 TU(tryptophan unit)= Al4betd om, AL AN EZ-
Ex 330 nm/Em 430 nm®lA] quinine sulfate(Fluka Co.)
1ppb 8% Z=Z 1 QSU(quinine sulfate unit)2 A2k}
Aok AANEE S AFANEE S 22 TUSH QSU &
A7 FEst] FRAE ST AL AF 1= I
AT AR FFEFe}L AiHaE 918k Aol

Of

P

3. 43 9 B9

AFHge) 5 7=

SER7IESY 8 54 d7E Al Als
NO, N6 22]3 N10.5914 FE53s19=dl, 38 N
= &, N6 B3 % b T8]3 N10.5S B3 %
FEFdol d= A= ERTHFig. 2). ZAF B3]
0 mollA] & BxE= A NoolA 26.73°C, N6olA =
28.29°C 28] 3 N10.594+& 28.08°CE 714 FZ&d| 9]
218 A NoolA Aoz v 2 ExE B}
(Fig. 3A). T4 0 me] F24 £1°C o= o=+
TS 1T EFS(surface mixed layer, SML)(Hanawa
and Hoshino 1988)¢|2} sl=8l 2 F7= F 3 NoolA

i

7
-y & At ox
= TN
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Fig. 2. Distributions of temperature and chlorophyll-a in
the upper 200 m depth from 0° to 12°N in the
Northeastern Pacific Ocean, August 2005 with
water sampled stations and depth (closed dots)
for this study. Contour figures are taken from
MOMAF report (2006). (SEC : south equatorial
current, NECC : north equatorial counter cur-
rent, and NEC : north equatorial current).
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10 m, N6IA= 75 m 282 N10.59A4 = 50 m= YE}
U ZH NeollA 78 F4A EAlske A2 Jehgtt
£ THT ol Yeh= AR 29 (seasonal
thermocline)?] £@ Zlo] Tt 13 TS F3t
FARE 232 BTk 4 200 m7kA1 2] 23] Yol A
A 723 24 dol7t 7 &A XS AHL
No°|aL, 71 ZA AIx1e HHS N6= Yehom, 4
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Fig. 3. Vertical profiles of (A) temperature and (B)
salinity at the sampling stations.

N10.59141= NoollA 1Ll Zlo] 2} Neol|A| Bl Zlo] Aol
o fIAsh= B2 Yeblth 974 225 (permanent
thermocline)?] &3 Zolx A ¥ Xo]& Holthr} &
4 2,000 m oJstollM= Al AR BF FARE £ BEE
HAHFig. 3A). T 4 0 mollM 2] d& B e 4F
NOIA] 34.77 psu, N6l 4] 34.53 psu L8] 32 N10.59A]
3417 psue HHOR ZA45E fgadhe A% Bt
(Fig. 3B). % &5 olsldM= Al B BT F4lo]
7SS AR el SUkeked B N0l 4
100 mof|A] 35.05 psuZ A AHE Sl 7H =2 d&
e YeRth o] % 4 750 m7kA] A WE oha
ztel g Woln 7k23tt 4,000 m7kA] AA8E] F7tehe 7
s B 4 0 mold 3 ditel B3 EE A
o]& Holx AL Ao|st TZ3|F oA A JFS wk
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7] WitelaL, oleldt Eul4 Y-S 5 W st
Aole dFS = 2= 44
dutH oz toollr] A B
oA th7]9] kA TR} #HE 9] =
Ak, FFolMe A= 353 A= &8l 5
o o3t Atz 824 HAF(oxygen minimum layer,
OML)®] YepH, o] F 4lFo 7 ZA45 e 20 9
g B4 Bl ST tEo] B thA el AR
& ¥9<=3k(thermohaline circulation) 23} =& &34F
25 T 7Y fFYLE SUkske AES Bt
(Millero 1996). A7A1H ] 4 0 mollA] &34 £3
= A4 N10.59A 213.39 uM-0,% 7H & 552
R, FAo] TIIEFE AWH o g 7Asitt oA ST
ke AP AR tigollre] 4 #x 54E BrhFig.
4A). A 820 4 B3 54 23] I
£ F3t g% AAls] Audnh 4 0 mTE A
HAZTHA] o] AATFE SN TR
AL, BN HAT o] F AT BN Fee ST
e AES BHAUTHFig. 4B). 7+ A ¥ &&=t
2 - NoME 4 300 mollA], NedlM= 4
200 mollAl, 283 N10.5904% 4241 500 mollA] Vel
on, B3 N10.5°A 7HE 22 s=5 Bt ol &
0k HAFS A A 4,000 m7HA] A EFH o Fot
she AEe Uehllet], et $E5E Ao E =
2 FEE ek AlE ZleE YeRT sk
o] BANA &AL HAZTHA] L ol
|2 T YAHeR FT7HAEA N10.59
16.56°C)atA A A FA1(F 3 N02| 13.64~16.39°C)
EAS HAEY o] 7MY & 21 #3d FE
b AR S] AESH AL Ao ipE AR &
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At Fh flo

2 u
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B

718 ®X 54

2 AFA AN FH7ISARE HAEE {7182 73
TEE B34 =3 o] HoAFE fhhete A8
ARl tgFellAe] 715 +2 EEE HAth(Fig. SA). &
3] 4 200 m o WjollA FETF 543 e FEE
HA=t ol T2 nAEdd o3 fr]E9] &oH] HiES
2 oJAZITKHIll and Wheeler 2002). 5 ¥HZ %% <

(A 0~200 m)ellA o] f71E F& A= Blae] B
8 FRH71eks s sl depth integrated value
(DIVE F3t9th A- NoolA FR/71849 DIVE
235.7 gC/m?0]1A L, N6ollH+= 337.1 gC/m? 28] 3L N10.5
AAME 236.6 gC/m? 2 FAE 7 FFAA 3 No
o BAL R 3 A N10.5oAM = B=s 3k
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Fig. 5. Vertical profile of (A) total organic carbon (TOC)
at the sampling stations and (B) the exponential
decay curve (SPSS version 13) of TOC concen-
tration with the indicator of refractory organic
matter.
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T2 7% e AESH A o3 f7lE Ak v
el 2% 718 M9 43 2Rl os 2 drtar
ARJMEAJTHE T 2005). AHH 02 {7]E9] F A+
¢l AxF A7 AR NOSH Neolld B frAbskAl =7
YERIARE 725 f715 42 N6ollA] NoRth 53] =7
et o]glst o]f= # AFAY] fTSollA] 24
H vAE A FS A ASH= ATP(adenosine triphosphate)
(Holm-Hansen and Booth 1966; & & 2002) =7 A4
NOoIA N6RTh oF 27% A= && £ = Yeht Nool
A A El o) g f7]= Fal7F Neoll ®lal iz o=
=971 WiEe® oA4AHE 4 AUt Appendix 1).

FZM A= Aol oa] AHE e ATeE
4s A -3et 28-S Bl welEe] 1 sEF A
gt} o)A FalE f71EFS wetshr] Sl FR71'
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Table 2. The results of linear regression analysis between fluorescence organic matter and temperature, dissolved
oxygen (DO), total organic carbon (TOC), and Chlorophyll-a at the sampling stations

Equation R? p n
BM =0.027 x Temperature + 1.029 0.35 <0.001 54
GM =-0.040 x Temperature + 1.620 0.66 <0.001 54
BM =0.004 x DO m-omr++ 1.003 0.27 <0.005 28
GM =-0.007 x DO m~omr,)+ 1.931 0.76 <0.001 28
BM =-0.001 x DO(om ~4,000m) + 1.252 0.01 >0.5 26
GM =-0.001x DO(omL-4,000m) + 1.436 0.67 >0.5 26
BM =0.008 x TOC + 0.583 0.31 <0.001 54
GM =-0.014 x TOC + 2.405 0.60 <0.001 54
BM =1.722 x Chl-a + 1.465 0.32 <0.01 25
GM =-3.450 x Chl-a + 1.148 0.28 >0.01 25

*OML : oxygen minimum layer.
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Fig. 9. Vertical profiles of mean dissolved oxygen (DO), biomacromolecule (BM), and geomacromolecule (GM) con-
centration at the sampling stations with predicted organic matter production and removal processe.
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Appendix

Appendix 1. Adenosine triphosphate (ATP) and particu-
late organic carbon (POC) concentrations
in the study area

St Depth ATP POC
' (m) (ng/)  (mg/m’)*  (uM-C)
0 497.33 11.41
10 934.67 12.11
30 828.67 14.13
NO 62.11
50 979.67 10.85
75 212.93 8.36
100 133.23 7.43
0 530.67 8.95
10 580.33 8.04
30 828.33 8.90
N6 48.74
50 619.67 7.61
75 194.03 9.15
100 161.93 6.67
0 242.30 9.63
10 249.37 9.36
30 246.73 10.63
N10.5 19.64
50 157.60 8.14
75 199.20 9.27
100 98.43 7.41

(mg/m?)* : depth integrated value from 0 to 100 m depth.



