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Size characteristics of dissolved organic matter

in the Suruga Bay

Yuusuke Tsuji!, Yoshimi Suzuki®

Abstract Size distribution of dissolved organic matter (DOM) was studied in the Suruga Bay by using
a tangential-flow ultrafiltration system. In this study, DOM was fractionated into three fractions,

HMW (10 kDa to 0.1 pm), MMW (1 kDa to 10 kDa), and LMW (smaller than 1 kDa). Concentration of dissolved
organic carbon (DOC) was highest in LM (52. 5-57. 3 pM and 38. 2-58. 7 pM at 20 m and 800 m, respectively),
followed by MMW (15.0-15.9 pM and 5.9-11.4 pM ) and HMW DOM (2.1-2.7 pM and 0.5-0.7 pM). As for
the samples taken at 20 m, C : N ratio of HMW DOM was lowest (9-11) among the three fractions, whereas
that of LMW DOM marked the highest values (16-18). This result indicates that HMW DOM contains more
amount of nitrogen enriched organic compounds compared to LMW DOM. On the other hand, C : N ratio
of MMW DOM at 800 m was highest (19.3-22.5) among the three fractions as for the samples taken in
September and November, suggesting an intensive remineralization of nitrogen enriched organic
compounds contained in MMW DOM via its export from the surface to the mesopelagic zone. Concentration
of dissolved organic phosphorous (DOP) at 20 m was 0. 01 pM as for HMW DOM and the corresponding value
was 0.10-0.11 pM as for the fraction of smaller than 10 kDa (MMW+LMW DOM). C : N : P ratio of HMW
DOM was 183 : 17 :1 and 192 : 18 : 1 in September and November, respectively, whereas that of MMW+LMW
DOM was 610 : 41 : 1 (September) and 528 : 33 : 1 (November), indicating the relative enrichment
of organic phosphorous in high molecular weight DOM.
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20BN BEHASNEDICHEE Y, DM OKEBIIKREE
DEF L STWB UM, 2001). —%, DOM O
RAERUZ HDWNTIL, B F 0 DOM 2 LR b KEICHR
£452 LB TXS Tangential-flow NOBRASEEH
VT DOM #HBRG KB DSy & /N ORI T Tl
OMEF BT 5 FLIZ LV 1990 AE{RLARE, Fri-2mBA
BEZER L TV 5. Amon & Benner (1996) i34y %y F& 1, 000
T DOM 2404}, BEMIZ X 5 DOM O RREERES FRLS &
BaFRS THEL, BoFREBES FRGITH AT
PFYTFIZHIBENRTWZ L &RLIE. £7-Guo et al.
(1996) xR Bz BT BT DM DORBRBLERLL 5
43T £ 10, 000 LA 0> DOM DAES S 40 FELINTH D DI
#L, B4 FE 1, 000 Li_Eo DOM DS 380 ££~4500
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BBREN DOM DY A R KGETHZ L BTRREN
3%, BAABICIBZhETCORRTRIIELI TR
1, 000 T DOM % 43} THRE OHE Z LB L 74038 <, DOM
OWE & YA XDOBRE ERICIBET 5721, DM %
I oMNL YA RXBBEL, A XL OREEHET D
EHRHD.
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Fig. 1 Location of the sampling point (St. 2) in the
Suruga Bay. .
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7= GF/F HF A7 7 A 35— 4 L% — (Whatman &) TF
HEBIABL, E6IZ, FOABEEZAER0LL mOI—
Vw7 47— (Amicon 8! HIMP01-43) TAi L T/
IFYTEBRELE. ZOAHHK 20 UIHOWTHHESFE
10,000 (LARE, 10 kDa) O 7 4 # — (Millipore #-8
Prep/Scale UF 71— kU v ¥ PTGC) Z W CTIRA A %217
W, &5, F0AH 2 tIxt L THoE S & 1,000 (LL
B, 1kDa) ®7 4 ¥ — (FEPLAC) ZAWTIRASE%E
Tol(X2). ¥, SESTE 10 kDa [IAE 10 nn i,
Fl1 kDa i3ARL mmicE 5. AEOLL ymDHI— |
Yy P74 NE— AW HIB LRI HB T, EKRS A
A% LT Proflux M12 (Amicon #8) ZHW\i=. Zo
VAFARBBE T AN —EIIZETICRT
Tangential-flow FRUZR>TEY, 7 4 VT — EITkiF
ENTRFTIANT—DEFEEY LKW EWVIRIA
EHL, uf FRFRPESFILADEERECERET S
DIELTWS., ABFSETIE, BRUKE M THE, B
BT DRBETOT, 7 AV F— EITRES RIS
FEUN T B7-DICET7 4 V7 —%iRiB LI ABWEKEE
AL, ABICL Y BRELI-HEOEKP COERD
BEQCBIKRAC L > TR,
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ThY, ¥V, ViIEEN L BEEOEE, rIIREETH
5. BAASBICL-THBEY TN, BHEEABIKE
(DOC) 4347 L IS fFE B ZESR, U > (DON, DOP) s34 AiZ
ST, FRERIOMBEBRON T AT b 125 B &
DEBERY =F LR MACHRL, HEE CHEERT
L7. Proflux M12 & 7 A W —{IH T AT HH0
T HEBABIUEBHAKTEEL, 1 Y ARET D
T Lz 0. IN-NaOH, ZEKE L UMK ZMER I TEH
Lz, H5 AT 7 ATERRNC 540°C T 4 FeIR B
T, BYF LR bid=7 X b T 2 MA02, 4N-HC1
THE L.

AFECrt, ABICAWET A AF—IZLD, 01
pn D7 4 NV —F@@T HEFEEY OM) 21 X5
32D 7F 7 va iz ELE. Thbb, LE 10kDa
DT 4N —ZFEEIREZbL D% highmolecular

" -weight (HMW) DOM, FLZE 10 kDa D7 4 V¥ —% @B L A

SHLBE 1 KDa OT A NF—IZHRFEINTH D% niddle
-molecular-weight (MMW) DOM, Z L THAR 1 kDa D7 ¢
AF—EEB LTS D% low-molecular-weigh (LMM) DOM
Ll AELun D7 4 AT —%iEiB L2 b DI bulk
DOM &L, 7527 arDEINEE bulk DOM DB
T AREL LTRHLE. &7 77 ¥ a L OBIRED
89-133% Tdh 7. 7=, HMW DOM & MMW DOM DERFERIL
FRENAfE, 4f5THoT-.
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seawater sample, ca. 30 £

prefiltration (precombusted Whatman GF/F)

l filtrate (ca. 30 2)

prefiltration (Amicon HIMP01-43, pore size: 0.1 pm )

l permeate (202)

ultrafiltration (Millipore PTGC, nominal molecular weight cut-off: 10 kDa)

l retentate (0.5 2)

HMW DOM

l retentate (0.52)

MMW DOM

l permeate (22)

ultrafiltration (Millipore PLAC, nominal molecular weight cut-off: 1 kDa)

l permeate

LMW DOM

2 BEABHOYA AHEICBT 5 HBOREFE.

Fig. 2 Flowchart of the filtration processes.
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DON, DOP HEIX, 74 UVBRERLEIC L) 2IEFE
EH(TDN) &L LHBHEREY (TP BEZRIEL, TOHREL
TRBOWRBEON, EFEMRKSs (N0, NO,,, NH,") % TDN />
B, VUmsr (PO ) & TP 2 HELSIWTHEAICL > TR
BH7= (LEUEA, 2002). TDN, TDP, KEEOBEIZT T
TRAACS 2000 (BRAN+LUEBE #8!) TiTo7z. EBEOHH
30 S%RE Th o7, 7AWV BRELTIE, =7
A RS MAO3 (4EY “EE), AN-HCl B8 X UK T L7-
50 meAR Y 7 'L URIHER FVICHEAS 7L 30 me
AN, SRREREE Sne % T, 1200030 RIA— F 7 L—
T HEREEIT, ARERTESE L.

# R
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ORELEEEOHWAPTOREICHRE LR L, Doc &
DON DEEL(C - NH) 2R LIRLE. RECZSWTIE

31220 m & 800 m DERERH LU TRLE. F-, Y
SZOWTIE, 9A L 11 AD 20 m DA% AT 10 kDa
D7 ANE—THBELIRRER 2R L. £V X7
F 7 a B3 DOC I, 20 m Tid, HMWDOM T 2.1-2.5
pM, MMW DOM T 15.0-15.9 pM, LMW DOM T 52.5-57.3 pM
ThY, A XB/IBULT B ITEVRESEMT 2 HAIC
Hof-(F 1, ®3). £7-800 m DAKTIX, HMW DOM T
0.5-0. 7 uM, MMW DOM C 5. 9-11. 4 yM, LMW DOM T 38. 2-58.7
WM THY, 20 mOBER L FRR, A XH/PBYET 501
W EE AN BEMIZ > 7-. DON iX HMW DOM C 0.05
-0.31 uM, MMWDOM T 0.45-1. 10 yM, LMW DOM T 2. 33-3. 51
pMTH D, DOC & FRY A X2/ NEULT B I PEV B BE 31
M+ sEmch -7 (& 1, 3). ¥£7/-Y 1%, HMW DOM
TOO0LpM THH7DIZX LT, 10kDa LATO 757 3
v (LARE, MMW+LMW DOM) T0.10-0.11 yM TH Y, Yo
WTHEFFOLDIIEFERPIRELS RBERIICH-
7= (&2).

C: N HOEIX 20m TiZ, HMWDOM T 8.2-10.6, MMW DOM
T 14.5-16.6, LMW DOM T 15.8-18.3 %29, THE 9 A
DREK TR FEIBNEL RBITONTC: NEBRBL R
BEEMBH - (F1). £7-11 BORKATIE, C: N
{3 HMW DOM Tht H 1K< (10.6), MMW DOM & LMW DOM CTZh
Fi16.6, 16.2 &2, FVMEZERLE. —F 800 miZ
BiF 5 C: NEiE, 7 A 03K Tk HMW DOM T 14. 1, MMW DOM
T9.7, LMW DOM T 21.6 &£ 729, MMW DOM TR HIEV V%
AL, Zhize LT 9 A& 11 A TiX, HMW DOM T
10.3-10.9, MMW DOM T 19.3-22.5, LMW DOM T 15.2-16.4
L7290, MMW DOM B bEVMER R LT, ’
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C:N). 7573 arDO¥AXZLLTFOEY . HMW DOM: 10 kDa — 0. 1 pm. MMW DOM: 1 — 10 kDa. LMW DOM: 1 kDa
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Table 1 Organic carbon (DOC) and nitrogen (DON) concentration and C : N ratio in each size fraction of DOM
taken in the Suruga Bay in 2002. Each fraction was defined as follows: HMW DOM, 10 kDa - 0.1 um; MMW DOM,

b 5k X

1 - 10 kDa; LMW DOM, <1 kDa.

DOC (uM) DON (uM) C:N
Sample HMW MMW LMW HMW MMW LMW HMW MMW LMW
20m July 2.5 15.9 57.3 0.31 1.10 3.13 8.2 14.5 18.3
Sep. 2.6 15.6 55.6 0.25 1.08 3.51 10.5 14.5 15.8
Nov. 2.1 15.0 52.5 0.20 0.91 3.24 10.6 16.6 16.2
800m July 0.7 59 58.7 0.05 .0.61‘ 2.71 14.1 9.7 21.6
Sep. 0.6 114 38.2 0.06 0.59 2.33 10.9 19.3 16.4
Nov. 0.5 10.2 44.6 0.05 0.45 2.94 10.3 225 15.2
3.0 S20m 0.35
25 } = £ 030 | 020m
@ 800m 025 | 2 800m
20 :
020
1.5 }
0.15 }
Lo r 0.10 |
05 | 0.05 |
0.0 4 L 0.00
July Sep. Nov. July Sep. Nov.
18 20 -
% 16 + = E_
S’ 14 = S
L 15 }
Q 12 } %
(=] Q
s 5 10
£ 3 g
6 L g
g 4} g 0.5
= 2 £
Q =]
© 0 4 4 © o0
July Sep. Nov. July Sep. Nov.
60 —— 6.0
50 ¢ 50
40 F 40 |
30 3.0 F
20 | 20
10 | 1.0
0 1 1 0.0 f .
July Sep. Nov. July Sep. Nowv.

B3 2002 EBMBRAPOEY A X757 ¥ a VBT HEFHREMHIRE00C), EFEON)BRERBLIUEEDILEC : N). (a) HMW
DOM (10kDa - 0.1 pm), (b) MMW DOM (1 - 10kDa), (c) LMW DOM (lkDa LA/]N). T35 —s5—i% 3~5 BIO#E VK L B0 D 2%

mz.

Fig. 3 Organic carbon (DOC) and nitrogen (DON) concentration and C : N ratio in each size fraction of DOM taken in the Suruga
Bay in 2002: (a) HMW DOM (10kDa — 0.1 pm), (b) MMW DOM (1 - 10kDa), (c) LMW DOM (<1kDa). Error bars represent standard
deviation of replicated analysis (n = 3-5).

DOC & DOP D (C : P ) I, 20 m 233\ T HMW DOM T

183 : 1 (9 A), 192

21 (11 A)Tho-(k2). ¥,

75y F 8 10 kDa LI/ND 7 7 & & 3 T dh D MMR+LMW DOM
TiX, 610 : 1 (9 A), 548 :

1 A1 A)THY, C:

Pt
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(DOP) JRHE L IATFIEHMEHE, EBR, U H(C : N : P).

Table 2 DOP concentrationandC : N : P ratio in the different size fractions
of DOM taken in the Suruga Bay in 2002.

DOP (uM)* C:N:P
Fraction® Sep. Nov. Sep. Nov.
HMW DOM 0.01£0.00 0.01£0.00 183:17:1 192:18:1
MMW+LMW DOM 0.10%0.01 0.11£0.00 610:41:1 548:33:1

* Average *standard deviation of replicated analyses including the process of wet

oxidation (n=3).

® Size range of each fraction was defined as follows; HMW DOM: 10 kDa to 0.1 um,

MMW+LMW DOM: smaller than 10 kDa.

129 A, 11 A &% HMW DOM {2t~ T MMWALMW DOM17-18 T
BUYMEA TR L. —75 DON & DOP DL (N : P E) #3, HMW DOM
T 17-18: 1, MMW+LMW DOM T33-41 : 1 T& Y, HMW DOM
{ZHE~T MMWALMW DOM CEVMEZ R L7 (F2). ZThbd
RN, P FERONIVEBYIEERELERIC LA
MUY BARRBLTWB Z EWRENT.

% B

BAECIH T2 XTS5 03Tl DMOEE

AWFF Tl Tangential-flow OB S BEBL AW
TERM R E (20 m) HEK & 8 (800 m#EKIZCEEN S
DOM % 3 DDT7 57 v a NIHFRSEL, TREFEALDT
I a BT AERMTORE, BER, VUORER
EENSDOTRRIZOVWT 7T AN 11 HE THEBEZFA
2. VA DWTIE9A S 11 BD 20m ORKIZEIT S5
B4 FR 10 kDa BLK & LIU/ND 2 B OF—Z LIVELR
oo, RELBRIIPEZ T TRTORETE
BAETH-7= (XK 1). BEKEBLIEIC LD oEHF
& 1kDa LAKDE 5T DOM OBEREST CiE, KEFOB X
Z 509 R ER T D = & (Benner et al., 1992),
FHEER, VI OWTEHEFORESNT I NI, VB
T ATNVTHDBZ & McCarthy et al., 1997; Clark et
al ,1998) R ENTERY, LB —KRAENEVERRE
g (BEIZH, 2000) THLEDF DM DIRFE, EHR, Y
VITEBRERR T ORRERT A A LD B
LTWARREENEZONS.

#BAKH D DOM {22V VT, bulk DOC BB L 1 kDa 7213
10 kDa LR OE L FEZOEEB L OB TEZOC : N
HERRIBEFORERER I IR L. EPRICL D8
WIEZE (20 m) D DOC PEEIL 57.7-65.1 M Th v, EH»
OIKD—RAEELS B OFRY (H BFiZh, 2000) DR EEA
TWHIZHBEL LT, o FEREKT O DOC B EE (68-98
WD R TEVERBS R O, Zhicx LT, BRE
/g (800 m) ® DOC JREEIT 41.5-43. 4 yM TH 0, #hOEIR
(231 B 750 m D DOC FFE (40-50 pM) DEEFHIZ A>TV B,
ZDERE LT, SENRBEOB TH Y EFXBORH
KOWAIZLVERBED DOM BESFRIN TV 5 AHEME
BEZ LS. 1 kDa LAKD DOM 2% bulk DOM 2 5% 5E|
BERFEDOEM UE (LA, MW (XBBMERE T
28.2-29. "W Th YV, KIEFIZ BT 585 (22-38%) & —%
L7z, IMWHIIF = H 2 — /8T 52-65% & MWV MEZ R L,
T O T bulk DOM H DERBIME HSE L (118-215 M)
Z Db, 1ka KOS AEENREERER 2B - TH,

KEE, BBICBWT, A X0RLRIFEEHO C : »
LT LR END. —F, FRBLUEBIEITS IMW%OIE
EAMEORELEDH T 13-30%Th Y, EEICERL
T>72 5 DOWRH TIXTH b RBIZL<THED HMWK
PELS RBBREZTR L. UUEORERIE, 1 kDa LAKDH
53 F DOM B —IRAEEDIER 2RI  £PE S, Hh#oK
BICE D PEBLIRICEE SN D BETHEATH B
EENGWZ EETRB L TWS. Amon & Benner
(1994 , 1996) i3 1 kDa LAKDE 4+ DOM A3 1 kDa LI/
SF DOM LV b7 F Y TICERIL SN S EES#V D
& AEBRMITR LTS, HMWhODZERIRIZEEh S 7 — o (3 3)
{Z Amon & Benner (1994, 1996) OFEFR L —H L, 1 kDa
AR DE Sy F DM BMES FDOMIZHARTARZ T YU FIZ LY
B INRTWVWIZEEZRBEL TS, £72, FHFET
1% 20 m K AKH 0> HMW DOM & MMW DOM DO izt L T
HWZL 5 DOC BEOCEERBVIRON R -T (1,
3). T DOFREFIL, bulk DOM F1> DOC FREEAS 57. 7-65. 1 uM
L EICHBEL,, AXRBOAEKOEE L ZIT T
EEXHLZLIZEBALTWSEEZLND.

B4 X759 TEDDMDC - N PH

ABRIC L VEEREO DM 29 A X5ELTC: Nlb%
BB LR, 1kDaAKDOESF DM D C : N HOEIT
1021 TH Y, BEFOHREME (11-36) O&HRIZA -7 (3 3).
¥/, tkDa BLKOESFDOM O C : NHiCBIT58ES
BOEDNT, BEFOMFRERICITH— LRI RS
Nehof (1. AFETE, 9AL 11 ARKICE
WT 20m & 800 mTC : N H.AS HMW DOM T 10. 3-10. 9,
LMW DOM T 15.2-16.4 & 720, 2 DDOEE CHD TRVVA
RU7E, L2L, MMWDOM Tid 20 m T 14.5-16.6, 800m
T19.3-22.5 L7821, 800m TI10WE< EVMEARR LI (&
D. ZoORRIZ, XB»LPRBICARYSEXLIHh S8R
TMMWDOM Ti3 & U I Bl EOBRIZEATLA MRS
NRIFIVTRECLYEEMICEB LI THlEAE2L
BREINTWAAEREM AR L TV 5. Fukuda (2000MS) i3,
AARNBFEORBHEA DD 10 kDa LLKOESTF DOM & 10
kDa BU/NDIES T DOM % 37 7 U TIC RSB T- R, &
BHET I ) BIZOWTIL 10 kDa L/hOES>F DOM TR
BOEKRED-72Z LA BELTEY, AFROER LK
T5.

—737, DM DY DN TIRZINETYH A XL IT5y
O CERR LRI A2 <, BIZSES T’ 10 kDa T
DOM %4313 CTDOP 2 E & L 72 &5 FIIIZ & A K722V, 7-DOM
DOBEIZH L T—W, Kolowith et al. (2001)i%, K¥EN :
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F£3 WFEICERIT D DOC BEEL & 50F DOM OF/EN (MWK JSKTZDC : NHIEST Mok,
Table 3 Concentration of bulk DOC, and relative abundance (HMW%) and C : N ratio of high molecular weight DOM

in marine environments.

Fraction and habitat Prefilte” Depth  Buk DOC(uM) HMW%®  C:N Reference
>1kDa
Coastal Water  Chesapeak Bay 02pm  surface 118215 5265 1923 Guo & Santschi (1996)
Gulf of Mexico 0.2 ym 10m 95 30 17 Bemereral.(1997)
-~ 750m 48 24 158
Suruga Bay® 0.1 pm 20m 57.7-65.1 282297  13-15  Thisstudy
800 m 41.5-434 15.7-:27.6 10-21
Oceanic Water  Middle Atrantic Bight 02um  2-250m 54.98 28-42 1424 Guo & Santschi (1996)
02 ym 3m 722209 10-23 1221 Alwihare et al . (2002)
300m 40 16 16
750 m 40-50 13-16 13-16
02um 750,600 m 4849 28-30 1221 Guo & Santschi (1996)
Sargasso Sea 02 um 2m 72 23 171 Bemneretal.(1997)
900 m 47 18 15.6
2400 m 46 23 18.1
Pacific Ocean Olpm  2-100m 68-87 2238 153-175 Bemeretal. (1997)
200-765 m 38.57 1926 162225
4,000 m 4145 2022 184196
>10kDa
Coastal Water  Chesapeak Bay 02um  Surface 118-215 11-16 1324 Guo & Santschi (1996)
Suruga Bay 0.1 ym 20m 57.7-65.1 3743 82106 Thisstudy
800m 415-434 1217 103-141
Oveanic Water Middle Atrantic Bight 02jm  2-250m 54.98 411 1525  Guo & Santschi (1996)
750-2,600 m 4849 34 17-36

* Pore size of the filter used for prefiltration.

® Percentage of DOC concentration in HMW DOM to that in bulk DOM.
© HMW DOM fraction was calculated as sum of the fractions of 1-10 kDa and >10 kDa.

PHARD, FORKR, 0.1 um60 um DR FHEAERYO C :
N :PHA390-134 : 11-16 : 1, F7- 1 kDa-0. 1 pm ¢ DOM
DC:N:PHAM307-314 : 17-20 : 1 THHZ L EHE
LTW5S., ZOREIL, RFRBAEYIZH~TDOM Tl
MENCC:PHEN: PHBBNIEEZFRRLTVS. K
BFZeiY DOM & 53 1Ei 5y F& 10 kDa TY A XL, 10 kDa
PIKRELIIBU/NODMDC : N: PHEEHLMNILZ. #
DFER, C 1 N : P HiE 10 kDa LAK D HMW DOM (ZH~=T
10 kDa LU/ho> MMWHLMW DOM TEIVMEZRL (X 2), BH
BOV A XHI/NELRBIFLEC:N: PEHEBELRDBEL
5 A3 DM OB E CHEE X h B Z L SR I .

E XL

Tangential-flow B 5@ %17 > TR St.2 DK
TE20 m & 800 m DWAKPIZEEITNDDME I DDT T
TavilH A XRBL, 757 a v T ORBYOTFE
Bl BRI EREL, DOMOY A XEEICOWTEE L.
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