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On the Decomposition Processes of Particulate Organic Matter
using 14C-labeled Diatom, Skeletonema costatum

Hidemi YosHipa*, Yoshiaki Marta** and Shigeru Fukasg*

Abstract

Decomposition processes of 4C-labeled diatom, Skelefonema costatum (14C-
POM) were examined during the summer-fall of 1979 in Funka Bay using R/V
Ushio Maru.

Decomposition of 1C-POM can be approximately described by a first-order
reaction equation. It was possible to express the reaction in two steps having
differing slopes on a semi-logarithmic plot with time. In the initial incubation
periods, the decomposition of 1#C-POM proceeded rapidly (expressed as first step),
after which the decomposition was remarkably lower (second step). The apparent
rate constants for decomposition were calculated as 0.08 to 0.3 day! for the first
step and 0.06 day-! for the second step.

In situ experiment during June to September, the mineralization rates,
which were estimated from evolved 4CO,, were lower than those compared with
the decomposition of 4C-POM. This fact suggests that *C-DOM was released
in water as an intermediate step during decomposition. The mineralization rates
per day were in the range of 2 to 13% (mean 7%) at 20m, and 0.2 to 0.6%
(mean 0.49%,) at 60 m.

Major organic composition of *C-POM was changed during decomposition
process in seawater. Each constituents of 4C-POM tended to be decomposed
preferentially in the order of protein, carbohydrate and then lipid.

# E
YK ORLRE Y (POM) i3, EHOWF TH 7 MY 4R, EHFSo o, 8BS 5
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L OHFEER % {0,
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BCo>TWd, —F, ERBTOMERIERCBEBTH Y, LD LIEIMBBBEORIIIIVT Eh
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(Laboratory of Marine Chemistry, Faculty of Fisheries, Hokkaido University)
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(Division of Marine Biochemical Science, Research Institute of North Pacific Fisheries,
Faculty of Fisheries, Hokkaido University)
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FHEH ¢ MC-EHRBEEY AV CORRERY O 5 HBE

53 EITI6Nh 59,

BHRHOS R L N RBEOEA IR 72 ORBIVBEHORBIEREOERTH v, (L%
BEMICIE L A EEETIR S, fiC, AEYOMBREBRRBEMICE > T = % v ¥ —JRE
ZoTEY, BEHIOEE R E) &2 5 ATHEERBROERZHRL T 57,

YA OO MECET 2 ch g TORFFFED Bt ¢, 1935 4E1Tid Cooper H3EMIE & OV8h
MrS5 s b ERAOIIE CERETIY, BERBIE ) REBEOEAROSVTHREL TV
28,  OHBFOPEEIC OV TR B ORI L 1S, 7 ORFFR, 1) B Sk ah
THRRT 5 5H#ED 51013 CO, DM, 2) BHEEROEE, SI0° 3) FROBEORD Z2HE
THELERIVEDEN TR,

X5 R, ERRNOMEMREDOEER 3 12 3 3w S0 - BRENE 2 ki T 5 1C,
BN, 335 X0° 3P & ¥ OGRS % F O 2 THEIED b T E Tin 59719,

JeERR SN T ERRRD 5 (30 DTN T DORERE~D WEORHK 2 EEAGTHREE L TH L1
T2 REEEBFT RSO TR DEEL B TH 5, ABIRR, dLHIBRRICRT 5 A8
FEDMERS S b O RIE S DA/NE T 5 BRO—D & U TRAGHAOMBERC AL, HAHE
OAREREFNE LT, BENZ FEPHOTEOEER>HEY - BICHEHT & 2R AT,

23, WKEDWER B S CEERBEC DN TRBHD N T DTS, BMRKEBDLS 5K
% 100 m LA ORBRIZO T, POM ORY, BEHElL» 5 3MEBREZHL LT IRA IR
AN TULELNEA,

HH&EFE
HUC-FMEROAN

KW CAN LN EEBORICIE, PR L TE BARRIGIRMHL T3 e, Fiz, BEH
BETHAH b, BLEEM Skeletonema costatum HEIIN Tz,

COBRBOERILEI, HOLUD I~ FrL—F itk b 12241°C T 20 FRIEE - IIEREL
B U 12 R BLEERIE MAPs (Table 1) 2,51 i3t U T, NaHMCO; K##& (NEN Co,, 5xCi ml™)
¥ 1ml I{IL, 35, EEERL THEOWIIEREEM? 2ml A4 # > T, 20°C, 3000 lux, 12h:
12h=light : dark DT RE AN IEEBF TITE - 12, HREANHE, 10V U2HCE Wi 1
ml #E& 25mm O Millipore HA 7 4 v % — 2 TRPHZBSIERAL, 20 7 40V - 3E
it | BRELERL ThbeyFL~%— No, 2 (Table 2) RIER, WAy Fr—v s A0
% — (LSC; ALOKA, LSC-673 #5) % FVTEHEIC X b BE IN T2 4C OREHESEIE 312, F0F
Zeh OHEREORIE TN & LR X 3E#RDIEL TiFsw, ZOESEREAL 1.

CDED U THEEY UC TERINTM SHIL T RT2A TN &, B8 7 A HUB
SRR L/ sy, ERHEEIC Ao 12 (Fig. ). % C T 15 H Bicigd - IEFEEL 12 EE 47
mm @ Millipore HA 7 4V % — % FTHH % 100ml 30 2o c W3 IMEL, Hbic AR
UCERicitd 53 CHEBRBTRAELIZ. C 9 L THEMan: “CHEREAEE “C-POM LT
UTFTOERICHAV NI,

C DEAREEENC, EEEE - TAUTEBL T BRI L 2 RO FOEEEHKL 12
%, 2.86%X10° cells ml™! TdH -7,

HEET

LA BEEPTBIITEH 5 LasHl (H4B598 ) Xk b, 197946 A5 9 Ay W TEA 1,
JEHRE TR AT B 2 Bk O 13 g, Stn, 30 (42°16,2'N, 140°36,0'E, /K 94m) DK
20m BIX 60m O 2BicB T, BEHJEFiLE 3 “C-POM DHMBERZITS -2 (Fig. 2). FE
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Table 1. Culture solution “Mutsu MAP,” for marine
phytoplankton. (After Aomori-ken Susian-zoshoku

Center)
Filtered seawater 1 liter
NaNO, 200 mg (33 mg N)
Na,HPO,-12H,0 25 mg ( 2mg P)
Na,Si0,-9H,0 2 mg
Py metals mix.* 1 ml
“Tris”** 100 mg
Vitamin mix.*** 0.1 ml
pH (adjust using conc. HCI) 7.5
*: Re-distilled water 1 liter
Na,EDTA.2H,0 3.00¢g
FeCly-6H,0 387 mg
MnCl,-4H,0 432 mg
ZnCl, 31.3 mg
CoCl,-6H,0 12.1 mg
CuS80,-5H,0 4.72 mg
Na,Mo0,-2H,0 126 mg
H,BO, 343¢g

**: Tris (hydroxymethyl) amino methane
®k%k:  Re-distilled water 100 ml

Vitamin B, 100 mg
Vitamin H 1 mg
Vitamin B,, 0.2 mg

Table 2. Liquid scintillators for measurements of radioactivity
of 14C. (Ref. Ishikwa?®))

No. Species Uses

1 Toluene base 1 14CO,
2,5-Diphenyloxazole (DPO) 275¢g
2,2’-p-Phenylene-bis- 0.12 ¢

(5-phenyl-oxazole) (POPOP)

Toluene 500 ml

2 Toluene base 11 11C-.POM
DPO 55¢g 14C.lipids
POPOP 024 g
Toluene 600 ml
2-Ethoxyethanol 400 m!

3 Dioxane base 14C-sugars
DPO 3.0¢g 14C.amino acids
POPOP 012¢g uC.DOM
Naphthalene 36g
Dioxane 500 ml
2-Ethoxyethanol 100 ml

TRB2HETI2ChIZ b, B PHEL T I3BKBICRTI2EWS S50 2 VEE (SHlaEs
T muT 4 a) OBECEDERESFHD S, FERZBL TOEMRERDOFEKE /KR 20m,
F e B/NBRAKEE 60m & UTEBEL . BISE T ORBR X OKiRic 20Tt Table 3 iLART,
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Fig. 1. Growth curve of Skeletonema costatum under 3000 lux of fluorescence lump and
dark (12 h:12 h) after NaHCO, injection.

Table 3. Incubation time and water temperature of the
in sibu experiments.

Date Incubation time ¥_Tempera,ture (°0)
(days) 20m depth | 60 m depth

Jun. 18-20, 1979 1.1, 1.8 10.9 2. 6

Jul.  9-16, 1979 7.0 8.7 2.9

Aug. 14-15, 1979 1.0 1.4 | 8.1

Sep. 10-12, 1979 1.1, 1.8 8.0 | 71

*: No samples

ERBEOWE® Fig. 3 1077, HEEBICHCIZHEKIZ, 5000 6N B TAUEL 1250 F
CEKEREFGCTKEE 20m 3L 60m » SEERL Iz, BoK%E, BEHICHRE 330pm D+ 4 w3
v P EE@EIRIHEKE, B 5L U DRI X O S EPEENE (140°C, 1hr) %*HEL 72 120 ml
RERT A A (SEEEBRR T, 100A ) T 100ml ¥ 248, “C-POM JF#K 1ml %+
Yoo (Fefh, 2FL ARV A RHRBEE) 2 AOTEHENL 12, “C-POM Eikid, BHE
TonkE it HREflic, #h3 ©HEERICTHREIN T2 Millipore HA 7 4 A #~ EOD
4C-POM O—EE%, B - MEREL I2EBEK (4°0) i 5 SO T A %N A T FEE
28, FAENE CTRITEELILADOTH S, —J, #K 100ml B8 L¥ “C-POM JF¥#K 1ml @
Bz R o OBAVKAK 1ml ZHRNLIZDO2FEBCABLTaryre—ve Lz, WFNOA
LA RAEANIIERRIET 20ml X ORM%Z 128, NEHBBRENTE 5T & 2RI,

CAHULTHELIEALATAZRBEEOEH 2V VB A 1LEIL TIML, BETHAr~SiC
EFELTENREThOBKEIC EFUTETL,
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4 F -
30 |
Funka Bay
20’ =
Stn. 30
o
10 F

Stn.0S 7
O

Oshima-
schara

152" N f

Hokkaido
50" | E .
’ Hakodate
1 - ', l, /\4, l L
20 30 40 50 w1'E 10

Fig. 2. Sampling and experimental stations in Funka Bay, Japan.

Seawater 100 ml
l Pass through 0.3 mm net
120 ml glass bottle
- l -~ 14C.diatom
Incubation
I < Saturated HgCl, 1 ml
Filtration  Millipore HA

| |
Filter Filtrate
[ |

Desiccator Screw cap bottle

Fig. 3. Schema for ¢n situ experiment.

WEREERS, B EeERL AL ATARE D Y DEFUKERK 1ml A, Tx 3173w
{ B 25mm O Millipore HA 7 4+ v 2 -2 O THBL, BERITL -7, 7102 —REBIC
EZEGRU, Bk & L CHREWELRY, Srictu .
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HFHL  UC-EHEERY AW TORREBRY O RE

EARER

1 REBREENMALVCEBBKkERVWTONRRE

1979 4£ 11 A 20 BRBISEETHERE R Stn, 30 ORUE (KR 20m, Al 11.7°C; 60m, 11.4
°C) TERKUI2¥EK, B IOFF 12 A 20 Hic BEDFREHEREE (Stn, 0S; Fig, 2) TR 1#EA
(9.1°C) 2 T, EBRBNOERLSEF (darks FHEKB LF 20m ORAIIE 20°C, 60m DK
i3 5°C) IWTHERZITE 572, WFNORK L BKBCILE 3830pm OF v i v + 2ER
LIt b DTH 5, HaixBUKEEE 6 ReEILANICBRIAL 12,

2, POM % 10 fH{CRBEL 7o BKEZRBWTOHRERS

19794£ 12 B 20 H Stn, OS W\ THEK (9.1°C) %58 330pm OF 4 ud v b2 BBIRT
RERL, ERZXHLR-> 12 20 91 %, BREACEBBEL 7 BE& 47mm @ Millipore HA
T A g —TEPHLICERL, 71 vE— LD o7 ) 7 2SRk, BHEOREE
i X D BIBHK 1] FREREL 12, B TOERMER 1 & ARIRiTE 570,

1GCO, DEYE L TR

4C-POM DB 5 T AERL 72 1400, DRI L HIE L, Sekil? D% —WEEL T
T2 -1, BRECHSR > 1o mnabhc BmiEE % 320U 4BmA, pH% 1. 2 £ LT, 2L T,

(94.0 %)
2126 dpm

98.8 %]

(dpm x 104

Radioactivity

w20
%5 am 0.6 % 078 59

o L [ J13dm ® P gm0
0 30 60
Bubbling time (min)

Fig. 4. Recovery of 14CO, by aeration under N, gas.
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Dry sample

| « CHCly: MeOH: H,O (1:2:0.8) 7.6 ml

Homogenization

‘ ~ CHCl, 2ml
Homogenization

| ~H0 2ml

Filtration Millipore HA filter (25 mm ¢)

|
Filtrate

|
Extraction

I
MeOH: H,O layer (top layer)

I
Vacuum evaporation (50°C) (oven)

t

Residue

~ 6N HCl 20ml
50 ml glass ample
N; gas bubbling 5 min

|
CHCl, layer (bottom layer)

Vacuum evaporation (40°C)

Ultrasonic dissolution
| Secintillator 10 ml
Measurement LSC

|
14 lipids

Hydrolysis  105°C, 24 hr, Oil bath
I
Filtration  Millipore HA filter (25 mm ¢)
| |
Filtrate Residue
| ‘ | — Scintillator 10 ml
Vacuum evaporation (50°C) (oven) Measurement  LSC
l 14C-residue
Ultrasonic dissolution  Re-dis. H,O 20 ml
| Adjust to pH 2.0-2.2
Ion exchange  Dowex 50W-X8, 100-200 mesh, Type H 5 ml

Adsorbed fraction

I
Elution
|

Vacuum evaporation (50°C) (oven)

9N NH,0H 50ml

Ultrasonic dissolution

N/100 HCl 1 ml
l «— Scintillator 10 m!
Measurement; LSC

14C-amino acids

Passed fraction

Vacuum evaporation (50°C) (oven)
|

Ultrasonic dissolution

N/200 NaOH 1ml
- Scintillator 10 ml
Measurement  LSC
|
14C-sugars

Fig. 5. F¥low chart of fractionation of particulate organic matter.
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FEHO  MCERERY A\ TORRERY O S HEE

HIAF %5 ~2RHANTERN 2% 30 0M@BRAL, LSC B4 7k ANz 1i2=2 4 7 — V7
V12X bF v &/~ VR 10ml T HCO, 2 HHBEL I, MERPKATIINA4 7NVIC ¥CO, A
YU FU—%~ No.l (Table2) % 10ml fiZ, LSC T 104>k ES MIE L 72, Fig.4 it 1 38
DRFEREICHE S RO T 2T T,

BEHBKS

0 EOERY RBRI L h “CO: ZHREL LIEEAND Iml 2 LSC Fi/s4 7tk b, oF
FYR—ADvFL—%~— No, 3 (Table2) 10ml 2504, LSC CTHEHEEEZMEL 2. T OHBE
H% EEREILER DK B ics 1 2 B L T “C-ISEEEY (“C-DOM) & LT,

POM OXEHBRANDOIE

ERIZWHELR 727 a2~ % Fig. 5 (WRTFIEIC - THEL I, “C-lgEOHMB &
K Z e S KB ESy D/ HES T O #fEi2, Bligh and Dyer®” OFERHBL 7o Jeffries?® OF
BT o120 T2, MADEROREFO7 3 2 BB L OB EDNE Starikova and Korzhikova?®
OHEERRL TITE 5120 LT, KEHESD SB4 T > 88E Dowex 50W-X8, 100-200
mesh, Type H) TR IN3EN% “C-7 I 7B, $12, TBRINZOES 2 “C-HEL L THEL
1o 1Zbri, MKAME 5 Millipore HA 7 4 v 4 — LKA ES % “C-EEE U 17, RRBEE2
NIz ZFNROENREE LSC A4 7 VB UHRA 2B8iTiE, 10ml ® &> FL — % — (Table 2)
Z 3T TINA, BERNE T-H B TS 512,

ULDFES AN CHBEEREaD7 102 —HB 20 ELDEL 12fER% Table 4 ITFT, &
WG THN T Skeletonema costatum OEEARERF DML L, Parsons 530 OHEL T 5 [FEEH
DR (mABHE 37%, Bokibdy 20.89%, JEHF 4.7%, #% 1.8%, 5 X OV RS 39,0%) &< 5
N, HABBLBEEOEERBEL 5 T3 VI EBNED 5, Thi, APIFEOSEE TiRIKSD
—EBEERE & bie “CHEREANNSITT A0, Sbi, HREORS, BE, BSIORERIZY
DRERFPFOENT & ) BEOFBBRC IR 21D EL LN 3,

Table 4. Major organic composition of 14C-labeled diatom,
Skeletonema costatum* used in this study.

Lipids Amino acids Sugars Residue Total
No. 4

) (dpm)

1 8.2 24.5 62.3 5.0 14781

2 9.2 24.0 61.7 5.1 14478

3 6.8 24.0 63.8 5.4 14388

4 9.9 25.9 60.0 4.3 14065
Mean 8.5 24.0 61.9 5.0 14428%*
O 1.3 0.9 1.6 0.5 295
%0n_s 15 3.7 2.6 10 2.0

*: Expressed as 1“C-POM (decomposition time=zero) in text
**: Recovery calculated from no fractionation is 799.

—REER

wASRE 2 BEEK CHEHERMRL, 20 1ml % ZoBell 2216E 5D i@, 20°C T4 HRE
EiEEL, Ebhicts57 )y 7Daw=— 23U,
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uC.-POM (@ dpm {EH S mgC {HEADHEN

B THEFEL TRV MC-POM @ HA 7 s v &~ 18453 % 33ml OB - fEEEL 12
WEWEK (4°C) RBTRABE2MA LK LBREAL, Hbik, 20 1ml FO2EHEEADY YL
2 FWT, BTLE (450°C, 1hr) UTZERR 25mm O GF/C 7 4+ v 4 —~TWRLIZ. TAOHIED
Tang—REEERL, 7 48— O—HEITEMT (A CHN Corder MT-2 Bl) U T RFEE
23RS, $5—PX LSC itk b dpm %R 1z (Table 5), ABFZE AT “C-POM 1%, 1,1x
102 dpm % 1,0pgC MY 72,

% b & REERCHN TR AT O UC-POM EEI ST mgC BERBEL 12/
% Table 6 {T7R7,

Table 5. Conversion from radioactivity (dpm)
to carbon (ug C).

Carbon Radioactivity
(g ©) - (dpm)
81 37.27 $1 4994
82 42.33 $2 4289
$3 39.42 33 4382
$4 33.50 34 4263
Mean 38.13 Mean 4290
On—1 3.72 [ - 67
%01 9.8 %0n—1 1.6

1.0 ug C=1.1x10% dpm

Table 6. Conversion from initial concentration of 14C-
POM (dpm) of each experiment to weight con-
centration (mg C 1-1).

Date i dpm- 100 m]-? ‘
Jun. 18, 1979 ‘ 18436 | 1.6
Jul. 9, 1979 | 18356 \ 1.6
Aug. 14, 1979 ‘ 18131 L6
Sep. 10, 1979 | 92980 i 2.0
Nov. 20, 1979 \ 19200 1.7
Deec. 20, 1979 j 19356 | 1.7

Mean \ 19293 } 1.7

] 7

ENER(CHIT 3 POM OXEERE

POM D45yfEic & 5 R L%, 21 HRfficb 1z 3 ERNER (dark, 20°C) T2, COEBRCHVIC
1979 4£ 12 H 20 HOD Stn, OS REKO—AEESIZ 1.2X10*ml™! Th 1z, CDEIR, &EH?»
MBREEEOREK CHEL THOAEA~11 B: 3.9x102~9,9X 10* ml~1) , L3 HEAEBEOHE
K(@~10 H: 4.7x103~1,4X10° ml™Y) B XK KEE, 75 XA, <~V v I HBORG (6~8 A:
ZNEFR 10°ml™Y) THREL TV IHEEFBETH 512,

Fig. 6 iz77d & 5 ig, “C-POM 371 B OFHEI 24212 0 b IREEB B L 12, —F, ¥CO;
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HFEHS ¢ UC-EBERE AV TORRFRY O HER

IREBRBLED 6 3 H B CEBACAERL 12, YC-DOM iR ZBE%E% 1| EMckEd 2 4 €, Zhil
B2 —ETd - 12

Foo OBFUKETS 1ml L TEMIEER ROz Y b e — LT, ¥C-POM 437 BRI
109% WAL, ZFRICHYT 344 1¥C-DOM OilizHEbhiz, L L, ¥CO: B FEIN3 LB
b, ERINTICITT—EERR -

EERBAARRIC IR AN 72 4C-POM 1239 3 AR L 72 4CO, OFIE (#EHL=R) i3, 3H%, 7H
%, BI2L HBET, ZRFN 49%, 79%, BLT 100% Th- 1z, —7F, HH “C-POM T3}

(apm x 10%)

Radioactivity

Fig.

!

ay
s

~
O g e e e O e

.
14¢-pom

c_pom (control)

L] lq *
€0,
\‘ 4¢_pom (Control)

A< T T
N/ 1%%,\-

/
: I, (control) e
A B e e A — e e i i e — e
0 | 1 1 1 1
6 1 2 3 7 21
Incubation time (days)

6. Decomposition process of 14C-POM (1.7mg C 17') under dark at 20°C using
surface seawater collected at Stn. OS in Funka Bay on Dec. 20, 1979. (*: Mean
values of two samples)

(dpm x 10%)

Radioactivity

Incubation time (days)

Fig. 7. Decomposition process of 4C-POM (1.7mg C 1-1) under dark at 20°C using
surface seawater collected at Stn. OS in Funka Bay on Dec. 20, 1979. POM and
bacteria in the seawater sample are enriched by filtration technique (See also

text).
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(dom x 10%)

-
T

Radioactivity

£ Kk Kk E % % 34(2). 1983.

g

E 1.0 | e-e-q

s \kq = 0.34 doy!

> e,

Z o5t .

g kp = 0.063 day*

Q

g

e

g *
B

T PN . "
< 01 2 3 7 21

Incubation time (days)

Fig. 8. Decomposition curve of ¥C-POM (1.7 mg C 1-?) under dark at 20°C using surface
seawater collected at Stn. OS in Funka Bay on Dee. 20, 1979.

e_pow

(dpm x 109

Mc-pom (control) g
Lo

Radiooctivity

1"(202

4

1 trol
oy (Control)

2

Incubotion time (days)

Fig. 9. Decomposition process of 4C-
POM (1.7mg C 1-%) under dark
at 20°C using 20 m depth seawa-
ter collected at Stn. 30 in Funka

3

0.5 1 2

Incubation time

3
(days)

Fig. 10. Decomposition process of “C-POM
(1.7 mg C 1-1) under dark at 5°C using
60 m depth seawater collected at Stn.
30 in Funka Bay on Nov. 20, 1979.

Bay on Nov. 20, 1979.

T AW “C-POM DOHEIE3, 3 A%, 7THE, BXU 21 BB TZhFN, 50%, 68%, 350" 84%
Thotly, ZNEFNORAICEY 2 EHLR PR ONTIE, HIZ—HRU M5 A ETOEEYN
Abhiz, i3 EERERMC “C-POM & FBHTEAL I “C-DOM O—i 55 MM fEDRE
LTz S DESBCAMicEET st ic X 2BV EAON S,

31z, 279V 7 %5 POM % Millipore HA 7 40V % — %2 BT 10 {5 8#EL 72 Stn, OS #



HFEHG : MCEREERY AV CORREBH 0L FER

EAR AN TIFE 5 ERIRBOT S, 4270, 22 o~k i€ Fig. 6 TRATEER: B0
HR%ERLI (Fig. 7.

Fig. 6 OSFCHED POM OB 1 KGR > TR 38 L{HEL, Z20OB %3
ny bT3% Fig8tlr3, I%eshsE POMIZ1 HEZ COBMBMERE 2010 L 2 BRbic 8
U T3, RAIDLEBRSEDIR P OCBIEOMERE TR (k) 12 0,34day™ TH b, L HEORB
b s BeRE DS FREEEER (ko) i3 0,063 day™! TH 5, T 2BRBEAMROBEIR, HE: LU THAL
T EEEMAL T OEEMBEE Y DT WL h Ut MBI E S 4D, B, i, BgHIh:
BT (100m]) TOERE WIS HKCRET S DEHEALLN S,

1979 42 11 B 20 H Stn, 30 D7KEE 20 m DA% A T8 - 12 KBk (dark, 20°C) D#EERKIE, Fig.
6 LU Fig. 7 L FEHIEDEM%RL 2 (Fig.9). ¢ TI2EME T TO “CO, £ARMBENDIE, R
BOKE (BB 11,7°C) OEBREREE (20°C) ~OrtDOENBD - itk § O & Bbh
%o FhL, 12BEIE S TO UC-DOM 2 Fig.6 L B9, 3> b o—nitsEO#EERTED
bHEZONS, 3 HED UC-POM DEMLRIZ 31% TH b, HOR 32% &I3IZEETDH 3,

fb5, FH, RZXF~ 2> OKE 60m Ok FKE 11.4°C) 2 AV TIT4 - 122K (dark,
5°C) Tii, “CO, ERMEbLHTEL (335dpm-100mi~Y), “C-POM i3 k¢ 4C-DOM DE{t b
ZUL<{, Fig.6 itkl3 33> t o~k FAEOEM%RL (Fig. 100, 3 B0 UC-POM DERIL
B 1.7% THZ2ORIL, BAIRIZ 129 ¢ Kx¥{ kxbos T3, LD “C-POM DEPDFR
Hizid, POM LitftE L 1A HIESH (saprophyte) 72 843, {EKIED T2 HIERIEEMSENT & hd>
DHF, HERERPSWT S L Ltk hRAIT POM »BMEL>SI3 T3 E b EBALONG,

RBBT(CHTS POM OFRE
197946 A 5 9 Fith 1T THEKIEHIES Stn, 30 T2 » IBETic X 5 POM SMEEBRDRE
B% Table 7 iTF77,

Table 7. Rates of decrease and mineralization of “C-POM (1.6-2.0 mg C 1-1)
by in situ method at Stn. 30 in Funka Bay in Jun.-Sep., 1979.

Jul. Aug. Sep.
Incubation time (days) Jlu g 7.0 1.1 1.8
Depth (m) :
20 20 60 20 60 20 60
Decrease (%) 32 47 17 — — — —
Mineralization %) 93* | or¢ | ¢¥ g% | 0.3% | 4* 0.3
M. per day (% day?) 13 4 0.6 8 | 0.3 2 0.2

*: Mean values of two samples
Dashes indicate no data.

UCO, iFFRIERICE s 3 HE S CIITEBIICAERT S (Fig.6, 7T3X009) Zemb6, 1B
12 b OEBER OV THET 5. FARZBU TKIE 20m k133 1 Bz b 0SS LROERE
116 AD 13% Bu/MEIZ9 HD 2% Thh, TGHEIR 7% Td - T2, FREKE 60m TidEk
fHix 7 AD 0,6%, B/MEIZ9 AD 0,2% TdhH, FHfEIR 0,4% Th-12, WINO B L KED
BOKEE 20m OFD 60m 1L SNEVERERL, FhETH, 88, BXF9IHATHEETE L,
ZNENTHE, 274, BIP10§TH 5,

—%, “C-POM DOWABEC DWW TIE, EBRIFEN T O MRHE EROBRTILP BT
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Y, BARED 2 H OBPRCOVTORBHZI T Y0, WEh O b &8t E3 b, Tish,
% D12 DOM O THE > TV 5 FHENEENTH S5 . EL BN 3,

Table 7 {517 3 WED 25D “C-POM %ML TIHZ - BB ETEROFEE% Table § 1R
To BRBEV 2L T2k pdbod, BEELEDNS 9 AOKE 20m 2T, Table6
LFHROKERTH > e DT Lix, POM OHEEN 1 KEKISTHITL TWa Lt DBEEE 255,

Table 8. Rates of decrease and mineralization of 1*C-POM (3.2-4.0 mg C 1-1)
by ¢n situ method at Stn. 30 in Funka Bay in Jul.-Sep., 1979.

Jul. Aug. Sep.
Incubation time (days) 7.0 1.1 1.8
Depth (m)
20 60 20 60 20 60
Decrease (%) 41 26 — — — —
Mineralization (%) 38* 5 10% | 0.3 | 30%* 0.4
M. per day (% dayY) 5 0.7 10 0.3 17%* 0.2

*: Mean values of two samples
**¥: Extraordinary values
Dashes indicate no data.

SRS POM OHBEKZE(L

1979 6 Hd» 6 9 Bt 3 TIT2 - REBBE TR B 5 UC-POM D EEHBRNOEIL% Table
9 RT,

KIBOENKEE 60m TiZHMBE TRV, KENEL 27178y £ 0 & B 3KE 20m
ZRWTIR, AR DVTEN, 7 3 2B oW THRDOEMMA NIz, $77, EEIR
PEAL, BEIZENOEMZRL I,

9 A/KZE 20m D 1.8 HERDWTi, 1.0 BB X COMMA & HfFL Ize TOKRLDWTIE, /MNF

Table 9. Relative changes on major organic constituents of 14C-POM after in situ
experiments at Stn. 30 in Funka Bay in Jun.-Sep., 1979.

Jun. . Sep.
Injected HC-POM (mg C 1) | ) 1.6 el VE | 20
cubation time (da; : B e B

" (days) 11 | 18 | 70 0 10 | 10 [ 18
140.POM (%) | 10+2 | 79 68 56 - — —
1C.gugars %) 624-2 68 72 65 67 67 62
20m  “C-amino acids (9) 2541 20 17 20 20 21 25
14C.lipids (%) 941 5 3 3 6 4 6
U(C.residue (%) 541 T 9 13 8 8 7
1C.POM (%) 1002 — - 83 - — -
140 sugars ©) | e3x2 | — - 65 62 66 62
60m  4C-amino acids (%) 25+1 - — 21 25 21 26
(. lipids ©) 941 | — - 6 5 5 2
14C.residue %) 541 — - 8 8 8 10

Dashes indicate no data.
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$F (100ml) Bl 3,425 V7 HEOMHORE, SIU, i, N7V 7 HOLEZ YD
REBEZEZON 3,
1979 4£12 A 20 H Stn. OS REAFD 10 fEc ¥4 2 h 72 POM OXEA R 4 © Bt (dark,

20°C) % 1 KRG H Tiz® Fig, 11 &RT, ERATH 38EIT Total & IIZRCERTFL, 7
IVBRBIVEO KEERLU. BEIZ NS Y KRV, k{H2RD THENT 3 &, MK
WER, TDLIHIEETH S L BRUIL, BiEL kEVRSEL, T Y F 4 JNHHEOD 6N
BT & A AR T A 5 2 BRAROERIC ST N 5 BETBEERE ZERRS LT3
bOLEAENS,

1.0 p
.'\.
L ~ -
X .\kl = 0.32 day *
3 °
0.5 |
\ k. = 0.068 day *
' —
[ ]
- 14C-total
°
.t
% 1.0
-
0.5

Relative radioactivity

L
.o \\ E\\:\ 1= 0.19 clay“l

L 14C—amino acids - l4c-residue
L 1 L ) L [ ] 1 ]
0] 1 2 3 7 0 1 2 3 7
Incubation time (days)

Fig. 11. Decomposition curves of major organic constituents in 4C-POM under dark at
20°C using surface seawater at Stn. OS in Funka Bay on Dec. 20, 1979. POM and
bacteria in the seawater sample are enriched by filtration technique (See also text).
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E .\.
o \.
[ \-].. °
[ kl = 0.20 day
0.5F
3 14C-total
8 L @ i 1 1 L
D
o 1.0 E \ [ — v
8 F e, ——
L \-l. . bk, = 0.096 day_l M
- kl = 0.18 day - v
>y 0.5 o
o .
>
b
o L L
v
©
3 14 14
g 3 C~sugars i C-lipids
]
g L L 1 1 L L L [ 1 ] | S 1
-~
+ 1.0 p r
o " s [ ————a_
L]
E’; : \ : ] [ ]
[ 4 . . [k, = 0.050 day~1
0.5 ky = 0.26 day~ ! -
L s
r- -
i 14 amino acids [ 146 _residue
L . 1 2. . 1 L A [l I
0 1 2 3 0 1 2 3
Incubation time (days)

Fig. 12. Decomposition curves of major organic constituents in 14C-POM under dark at
20°C using 20 m depth seawater collected at Stn. 30 in Funka Bay on Nov. 20, 1979.

U125 T, POM OFBEEFBRSOF T - ABRYWHEY, BEZ OMOHMIC L b X257
T BHMEREEHOTOL LMD 5,

1979 4211 H 20 B Stn. 30 O/KEE 20m B L 60m OHFKE H Iz EBRITHS VLT b BIROHER
Boniz (Fig. 12 8L 13),

£} ®
#kehd POM OHRIC L 3EBLE(L

SIRICLES POM OB 320200 BIZiT 1 IREUEFCE-> T 2B € € 5 (Fig.8, 11, 12, B &
P13 T Ep S, BNEBRCEITS POM (Total) OA b 17 LOXE (B) HETE (k) 2R
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O e—
o
T, —
[k, = 0.083 day !
0.5 L
| 14C-total
8 L L. I (1 ] L
o _
1.0 p ~—~—— ———
o [} L
5 E \_‘1\. X v\'
= 3 kl = 0.079 day B v
[ _ -1
0.5 L L k1 = 0.096 day
>
P ! s
pe
a ! |
s
a
] 14 sos
e - e sugars ] C-lipids
S
o L L L 1 i 1 L [ % A 1 1 1
R —  ———t
- - \
2 o —— 3 -1 .
o) 3 a4 1 - -k, = 0.058 day
2 B -
- kl = 0.11 day [
0.5 T
L 14 . . - 14 .
C-amino acids C-residue
L. Lo 1 1 L L L — . - 1 1
] 1 2 3 0 1 2 3

Incubation time (days)

Fig. 13. Decomposition curves of major organic constituents in 4C-POM under dark at
5°C using 60 m depth seawater collected at Stn. 30 in Funka Bay on Nov. 20, 1979.

% &, 0.3¢day™ (12 B St. OS, FEAK, 20°C #3), 0,20day™! (11 B Stn, 30, 7K 20m, 20
°C ¥3%), B8 X1¥ 0.083day™ (11 H Stn. 30, K¥%E 60m, 5°C H#) Ths. F77, kel 0,063
day™! (12 B Stn. OS, FHEK, 20°C ER) WBo5Nh T3,

PR Ttz  BBHFROFITIID 2 03, IBEMBERICH 5 FEHO 2 BFEMEIR DT, Ogura®® i1
Whatman GF/C 7 + V% — G 2 HEEREAZ 300ml # 5 XA AR, 20°C CREFHICE
L, BEABREVA» T L 2BREBCHET S L& 2BEL TS, 2L T, BIIOES (k=0,03
~0,3day™) #AEINPTVEEEED DOM LHFR#ES T Sk b S 3 hi: B TH B L
T, ZNLREDESY (k2=0.002~0,009 day™?) L RKBIL T3, T2, TDX5 3 8 A EBRTII,
BHRCRAKSHIER B 52 CRP L B s 4ben by, BENIMEEERBIBIcZ DS
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FEAT AL IIREND S C EREBL NS 37, k DK% b DEISIAFEKTRBY b
51238 L1nG

AR THE, POM icB T ky=0,08~0,3day™! B X ko=0,06 % $ 0 2BRENMER A\ IZL
o HMIZ T2 0 b BIIUDETHEERBOER - SMBOIEFR IR T3 L O ky BWEEL HIR
23080 EEbN S, B, CCTEIIEREER 20°C 31 5°C wRELIZ & & O MR o
EREEPELAZICEED, HICROGEENTEINS b & HEKRE OEENZBERICO W TR E
B|ERND, ‘

REE X BKO POM GRBADRMKY

Tturriaga and Hoppe'® (3 EHiFE <L MEDRIEAKICI T 5 UCIEREY 75 2 b DHEBEE
EMc X 2R - MRTOVTHREL TV 5, 2Rt 3 2563, NaHM¥CO; 2L T 6 Rfiiss
U NBBWK 50ml Fie T s UC-POM % Whatman GF/C 7 4 Vv 4 — ki, FFHK
50ml % Af7z 300ml 7 5 RAIHTCHEER T, AL UCO, RHEIEL RER, POM OHEH
{bRiz 6~2096 (20 BRfEIEE), 12~40% (40 BRREL), B LI 24~45% (60 BFffith) TH-7eds, &
R OISR DA B % ZE L T 20 EBO 6~20% &5 EPHEEL LT 5,

Fig.6, 7, 3 L9090 “CO, Fu o W3 HAT THIFERTH 3 C & kT X, Iturriaga &
Hoppe D#EE s Hilid 572% Table 7 3 L0855 20 Wit 2 5 2 CHET 5 &, EHEAKED
KEE 20m i} 5 “C-POM OEHL®RIZ 2 OH)~11 (6 H) % OFEAIcL 5, B v b
WORRBE L 1 IITRIBETD 3,

AR OEREN T HRi k> TH RIS (EHLS) % Yanada and Maita®® MHFROE
f> & BRI SR 17 A0 ESEEE & Wik s %, Table 7 @1 Hd 2 h D UC-POM OEBLERE, FZE
#, RRXF~v a2 ORRERSE (POC) DHBEELW & DD 5 POM DRFBXDOVWTD1HSD
72 b OEEMILR 23Ry, Table 10 7T, ZOEE, POM © 1 HA 2 h OEMLEZ, £EBON
FELTOKER 20m €80T 3~27mgC m™3 day™! (F¥J15), —F, HMEFDORFEE LU TOKE
60m Tit 0.3~0,8mgC m™3 day™! (E#50.5) THh 5,

Table 10. In situ concentrations and mineralization rates of POM at Stn.
30 in Funka Bay.

In situ concentrati;m of POM? Mineralization rate of POM
Depth | _wClH | _ (mg Om™ day) i
Jun. i Jul. ’ Aug. I Sep. Jun. 1 Jul. I Aug. ‘ Sep. l Mean | Mean?
s0m | 206b | 2stb | a2s0b | 144 a7 9 ‘ 0 |3 | 8.7d
60 m 100°¢ 140¢ 136° | 172¢ | no data 0.8 | 0.4 : 0.3 ‘! 0.5 0. 6¢
a: After Yanada and Maita (1978)
b: Mean values of 10 m and 30 m in depth
¢: Mean values of 50 m and 70 m in depth
d: Value of 040 m in depth in Jun.-Sep., 1974
e: Value of 40-70 m in depth in Jun. -Sep., 1974

N 5 DL, Yanada and Maita®® 236 Ab5 9 Bt TH T 5ME, ¢4 b5 0-400m @T
3.3~12,0mgC m~2 day™ (F#8.7), BLI, 40-7T0m BTD 0,1~1, 6 mgC m~3 day™" (£ 0,6)
EEEIL T 3,
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POM OEEARBB Y OB RN

Yanada and Maita®® IIREKESAKISLBHERT 2 3 H» 5 9 B TOD 162 BT, ABI%E & F—
ZF — v 5 OKER BT POC, PON, L0 POP DEEFROED 5 2 TN ODAHERR
BoTW5s, #1LT, POC, PON, ¥ X0f POP O ERIZ 3 DR AT B 5 SRR LUE
HFEOMCHL TEREN 60%, 719%, 18X 78% KHNT 2L L 2A0IILTNS, LDLER,
FNFNOTRBEZCHEYE L TV 3 EERS L U CTHCBERE SOWRMHE, TABERY
B, BIOEBRRMEYEZEALNIC LS, ChSDORIOIRCEESERZ 2L & 2BHRLT
B, ¥EREICISH B POM ORIV T, FRROMERNII Db I TL 54040,

ARIRIC 3500 T b #ik D POM OEHR L SMREROMER L b, 72 A BRLEHOSEHBREE
BEOIRET ¥ DMRIT 5~ AR DN T E R BT A ERS B n s, BERPERETS
POM MK CHER 5130 IO, TABHE, WE, 2UTIRETH 3,

COWETIR 5D KEEWS 5> 2 b (>330m) 2BREL, % OHMEHRIIBEL T
I, SRERBRUGEDEMEE R L ERCAN ROV TIE SBROMARET D 2 L BA
%,

& -2

1979 £F 6~12 BOBKEE GKEE 94m) DK (FE, 20m, 3L 60m) 25 LisHERHOTHE
WU, BEETRIOERNERC L ) HC-EREEE (4C-POM) OAFBREIC OV THTREL 2,

(1) POM 12431 1 REERICHE» TP L, BRERTROBERETERL 4 » 1 1 0.08~0,3
day™! 25 0.06day™! ~& 2 BB (L 12,

(2) 6~9 ADBPE|T LT “CO: DEMD b RSN 12 POM OEM({LEIZ POM ORI R
2 FEboTl M, DL Eid POM OAMEFICFEEYE LT DOM HBERL T3 T & 2RRL
T, A 20m B3 1 Hbi b ERERIZ 2~13% (FHT7) TH bH, K& 60m T
0.2~0,6% (P35 0.4) ThH 12,

(3) BohiTEHLE : BED POC HME & Of» 6 POM DO 1 BT h OEBLEEZRD 5 &,
K#E 20m Tix 3~27mgC m~2 day™! (F# 15), 8 XUUKEE 60m Tid 0,3~0.8 mgC m™ day™’
(E#y 0.5) Th b, LA POC BREEDED 6K b Tz Z DR &ELIL Thiz,

(4) POM DOEIAERA MR KT O HE I BRTERL Iz, T4b5, LARK,
B, 2L TREDIRTHMEIN®T -1,

| ®

AFEDORFFCHIZ O, B DHIRZBE 2Vt KBS L, BEEERLL 6 s
RELCHERRLE T, 270, IAERTEL, BRI FREREE S 5T 5 LK
RIBR—FICECBHLE T,
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