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The behavior of sub-micrometre particles in sea water

Yoshiko SuinomUuraA!, Beatriz E. CasareTo? and Yoshimi Suzuki!

Abstract Sub-micrometre particles (SMP) are one of the important forms of organic
matter pools in sea water, because these particles are present in sea water as transit
states between dissolved and large particles of organic matter. It is considered that
large particles play an important role in the carbon cycle incorporated to the biological
pump, but little is known about SMP. Recently, it has been reported that SMP are
present very abundant in sea water. In this study, the vertical and temporal distribu-
tions of SMP with the size range from 0.6 to 200#m from warm core ring (the western
North Pacific ocean) were measured using a Coulter Counter Multisizer . The total
volume of SMP showed maximum value of 9.9X106um3/ml. These results are com-
pared with planktonic and non-living compositions. The total volume of SMP in-
creased during night as non-living particles. The results suggest that SMP is cor-
related with biological processes, especially microbial food-web, but the whole vertical
distribution of SMP might be determined primarily by physical structures that is the
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depth of the pycnocline in the ocean,

Key words: sub-micrometre particles, biological pump, non-living particles
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o EERT B FESPBRE SN TV S (BUESSELER et al.,
1995). £/, ABEVHIFRERAVS Z & T, EBEDH
KA BIF A WHESTEEEZE LD, bL5VIRHEEL
FRARKESSEZREE LG H O, TS DEHORED
(b2, TAEBRETET AICid, KRR X BEEIE
XhTW3B,

B TR RR 10 um 2 HZ 3 & 2Lk 1 &
W, KB SEBENTEBET DI+ KREXTDH
ZEEHRIND (AL, 1983). thold, EEHLSHE
MAEEE~NESEEE LT, WmHEDKIEFERICBVTIE
WICEHBELSHEA TS, EHEESEROEBKERSE L
TRIhoDEDBEIGII/NIS W, b LlKkPickvE
CHEAELTWBEEZZ ONTWAa oA MIRWED, ki
FEICE TREL 120, HAVEBICLD/NEBE
DIEEYB~BIT LI 0T 5 &5 IRR OB LHBTEFRIC
BRI ERESIE, aoa FIRWEOEEER, XEH S
FEBANOEELE WS HT, HHEOREFERICINTTE
ZonNTOWRL EICKRE EELEZ 2HEH1H 5.
Fokw, duA FENTIRMEOMOBERIIED LS
HEDTHBDM, THEOLLRREOENBED X S i
ZBH5DD, FLT, ZOEALEMEATIL T3 S DI]H
A EBUNETH B,

AFETIE, FEEINEBY T I s vkATEVI
DOBNEEAZFEL I EAHMELTVWS, 7370k
FER3EEREH em U FORTOZ E42RL, 20 b
b sedHEaoA FRYEELEET 2RBORTTH
3. IS0 TOEER, BLURRDSH, oy
T3 avI D REXBEBERT L OMEBRERETARSLE
2, B FROBEZREHRL 3 ETHMELRRRTH
3,

fiZkdhoy 7 3 7 o ki T-OE I, Koke et al.
(1990) K Xl X - TITb, ZOHESDVLWTERSINT
W3, AR, HEBoBECBTAY T I rhs
BE um O T £ TORIEN %, 212 5HK, &
X, WA @EUCTHEL, 7370 vRTEREDLD
KEEE L TWADh, FHLINSONHARTLTL
5HDF N[ EEEKT S,

133°E  140°E  142°E  I44°E  146°E 148°E
T I I ] I
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Pacific Ocean
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B 1 KRR o B KERIC B 1 5 BRI A,
Fig. 1 Study area in warm core ring (the western North
Pacific ocean).
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FRIZ 1997 10 H 24 Hh 5 11 H 11 HICHFEKRE
WEETEFRERE [ BBEAL] KH97-4 (Rfiigic TIT - 72,
RS AR 1, REHRI O EEES B L UAER %
1, 213dd. KHY7-4 IRViE T =REIC AL T 2 BBK
W& 2 ORI B B iR &R IO W TH
BETHOEEZHNE LI DTH 5.

Z OBEKBRIE 1993 4E 2 Hic Bl h» o 8 Tt4
HMLUERENL D TH B, BRI A FZoEKD
WAL L > TEBAZIF 7505 & S HEE L2 -
TW3, %72 OEKIIE 1 BRIC 1 R0 THiE
[E D IcHERT 5. U UAREEHE DG, BBk, B
KEEBXAAZLL-S-oH Y, I LHEE-ILES
EHZH) 200 km, FEPE-JLERTFAICHT 160m OFFMEZE L
TWiAs, 10 H27T HicldfiE <o, 11 A1 HEEici
Edhpmdt e b L7z, CoBAKBOE X Ic/dbE
T, FICEABRILE IR Z B fo o I BRSO ALE IR
BELi. ComRE, —MRCRBCTREEVEETHE
YIEE DS WHIE OREAZ T o BB E, ChiD
bAEMEEOE W EE D S0 L 2Bk SHHEL Tv
BIEHMTH 5 BHAR, 1998), —icIL¥ERDO Z D L D13
FiEtEl b oEEKIIZ, REBE OV WEREKEBRO
Fuiancg | AL O THLRBAETH 5 (LaLL ef al,
1996). Z OEEKBETId/KIRREREAS 50 m i & THEAK X
f, 1997 4F 11 Hici3dbf& 41 B 50 S fhmic Rk o
DR SN, K2 icBEKBIC B % 7KiE O rdl kX
(R 145 18, &40 EH» S 45 8) Z/RT.

AT, BEARMO 3 IEh ORI ALE 3 A4k 41
FE 50 4Y, BEEL 145 FF 6~42 5> O BRI N 4-1 1 TER
%471, Bhok, #LTEHOBEEREICBIT 3
K TFOMBENHE LT 2729, $KIE 1997 8210 H 28
H 138, 185 20 Ho 3Ky, 17 szt 4 [EfT - #2.
X 3 1cBE/kBi Sta. N4-1 i1c BT 5 4 [B|DEFIKEDEEE,
ENOMES AT, X3 2R3 &, REE/KERICS
I BIEE, HAOAOESMIE, 28 B 13 H, 188, 29
H3x TORITRAZLERSTIRIEFLITHS. 29
HD 17T KD HIR, KETERENPPELL->TEYD,
BE S R KLY &BEBKBOFULESIC K DI WEFTT
brrEZOND, FHES30~50m D& ATEE

5y, BIREOHKOBALSEFICR Sni, Ui Lkt
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Fig. 2 Distribution of temperature in warm core ring along
the line of 145°E from 40°N to 45°N.
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Fig. 3 Vertical distributions of temperature.

L7z 4 > OEKOBITIRER, S OEIC IIMmE
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TSP, BUKREERZTHWEEER S,

AEH &

HKEREHE, Ny TRELL /o Fifm#EAK%E Om & L,
Z Do E X DHEKIE, CTD-RMS I 10 1 Niskin
Bottle 2 &4 L € Bottle PICERELL 2.

FE L BTN, BERBRAD T RF v 78
DERECEA LR, AEF THRITICRE L

KiFDRIR EBEDAIE

B F O EFEDOHITEL, Coulter Counter Multisi-
zer I (Coulter &) W HEEE AW EICTIT- 2.
Coulter Counter (X7 /°F v+ — BRI N S FHFL O] ic
BARAEE L, R FOfAL 2 @md 5 B4 U 2 BSHEILD
ZALE (IR TEREICEAT2) 2HAET S &ic
Lo THFORENNELZFM T2 DOTH B, 7
Fr—i3 15, 50 BLF560um Db DAEFEH L, kX
0.6 um A 5 200 yum OEFHPFHOKL FIc >V THIEETT -
Fo. 15 BLTH0um BED T NF v — &2 HOAIES 5B
3, FOE T OEKTRRNTEMIEEICZ  HIEL K%
TH B, B (Isoton I, Coulter) T 10 Iz FHIR
L., Ft, 15um BOTNF »—%2FHT HE, KX
R TMEL D F 2EAITE, 2/5um EDXF v L
2855 0THBOAB/ETV, B oM AR EBMK

THERLTRIE LU, 560um BD 7 /NF v+ — A2fHiHT
22, BEOFR T TEBENEET- .

RFREERFBH L2007 1 )b-a DRlE

HEHIM LI T GF/F TA8L, 8o AANE
HIELTESRY, 7uao7 40 -aBlUORTFIRER
wF%E (POC) It>WTENEFNRITEIT- 1.

7 ow 7 4 u-aldfdotE %Y, Spectrofluo-
rophotometer RF-5300PC (Shimadzu &) i< THIE %
fTotz, RiTIREHREZICTODWVWTIEN/C Analyzer
Sumika 90 A (Sumika Chemical Analysis Service %)
THIE L 2.

EYRTFORE
201D 75 X F v 7 BRI L 7oKk %,

500, 106, 25um O 3FEED R 57 v L ZBL3. 5 WIZEicE
BEE, BonkA# (<25pum) 9B 51 2D L
ATIVFE FEERINLE.. CORBIR—AFBE LD
b, Fa-T7EHAVTEIICLBAFIDKRE, KEL
#1500 mlicigi b, gh3FHOXT v L 2AHS
HWEICE-s R TI, #NEFNGF/F TAEL K
Z2HOVTHEVWED, wE% 40ml B L%, 20ml
TS AFy RIRBICAN KV LT IVT € FEERM
L., ToOX5ic LT EicT<25 25-106, 106-500, >
500um D4 >DKREIICHB LN SORE IZED
B0, EYhi oK & Bz oW T, Casarero (sub-
mitted) O FHETRIEEIT - 1. =¥k T-1d non-living
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XK1 OBUKHIS SR TIREIKE - %, 7007 4 Vg BXUY Coulter Counter & Wb TR iR 0.6 » 5 200um) D HIE
f&.
Table 1 Sample discriptions, particle organic carbon (POC) and nitrogen (PON) concentrations, chlorophyll-a concentrations

and volume of particles (size range from 0.6 to 200u#m) determined by Coulter Counter.

Station Collection POC PON  Chlorophyll-a Volume of particles
Depth(m) date Latitude Depth 0.6-200 4m
time Longitude (m) (ng/0) (reg/Q) (ug/Q) (10°x«m®/m @)
N4-1C
4431 Oct. 281997 41° 50" 31" N 0 87.7 17.1 0.55 9.95
13:43 145" 06’ E 10 93.6 19.1 0.87 8.55
25 73.0 15.7 0.98
50 33.3 8.5 0.29 10.39
100 13.3 3.5 0.04 6.53
150 15.3 34 0.01 4.10
200 11.5 4.5
300 16.7 34
500 12.0 24
600 8.4 2.5 6.54
800 5.3 2.7
1000 11.8 3.6 5.25
N4-1D
4534 Oct. 281997 41° 50’ 07" N
18:01 145° 09" E 0 0.51 15.23
10 0.74 11.98
25 0.81
50 0.16 5.54
100 0.01 5.40
150 0.01 14.04
200 0.00
300 0.01
500 0.01
600 0.00 7.02
800 0.00
1000 0.01 6.21
N4-11
9658 Oct. 291997 41° 51" 06" N
3:22 145° 16" E 0 117.8 15.3 0.89 13.84
10 77.5 16.1 0.83 15.41
25 79.7 17.0 1.15
50 56.4 11.8 0.70 15.83
100 9.6 2.5 0.01 8.84
150 13.7 2.8 0.01 7.38
200 14.2 2.9 0.00
300 114 2.7 0.01
500 26.8 4.1 0.00
600 6.2 2.1 0.06 6.04
800 8.0 2.0 0.00
1000 15.1 2.5 0.00 3.73
N4-1 M
5722 Oct. 291997 41" 50’ 37" N
17:23 - 145° 43’ E 0 0.71 12.18
10 0.81 17.37
25 0.83
50 0.17 10.31
100 0.01 8.16
150 0.01 6.42
200 0.00
300 0.02
500 0.00
600 0.00 3.91
800 0.00
1000 0.00 3.50
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Table 2 Sample discriptions and individual number of phytoplankton, non-living particles and zooplankton determined by

microscopy.

Station Collection Phytoplankton Non-living  Zooplankton
Depth(m) date Latitude Depth particles
time Longitude (m) (number /Q) (number /0Q) (nhumber /@)

N4-1B
4798 Oct. 28 1997 41° 48 92” N 0 6812 30995 123
12:00 145° 02" E 10 9412 55248 73
50 5471 21897 165
100 9113 27679 30
150 6966 17815 12
600 4147 26569 1

1000

N4-1H
9712 Oct. 291997 41° 50" 38" N 0 5990 11334 207
1:47 145° 14° E 10 9976 36318 463
50 32578 100088 356
100 4190 53234 34
150 1779 40717 50
600 2558 21913 11
1000 37 14202 12

Volume of Particles (10% um3/m @)

Depth (m)
w1
o

100
150
600
L 13:43 18:01 3:22
Oct. 28, Oct. 28, Oct. 29,
1000 1997 1997 1997
[ 0.6-1.0um 1.0-2.0um EHR 2.0-25um 25-100um [ 100-200um

B 4 Coulter Counter THRIRE L 12RO 5314,

Fig. 4 Distributions of volume of particles determined by Coulter Counter.

KFBLOWY), $75 27 b D3Ikl TER
R U7z, non-living KiF& i, < 2 TRFERCEEDIE
DR, HHREHOBERE EOHEEMN (FhY 5 R)
RERFIELTVAS,

w R

KFDHES T EEBEEL
BECBOLV TR TORBRA M 3ERELT

B, D mlB IR S DR TORA, 2) —IRAEEE,
3) HESEEE), 4) R EICL BAH/KDORA, 5) L
[@h & O T OfN, 6) BEEED LA FNDOZHE,
FrlEIGEVEITiR T BECHEEYOBEED 7o
BEIFONS, —F, KNTEXRBVDIELIERFE LT,
) Syfg, 2) HEAMEBHE), 4) BRIk 2iKOH
A, B) FENOMRKRFORE, 6) Kfbh SEEEN
DEWBD 6 >BEF 515 (WortoN, 1990),

FERBER TR, BECEED SN o ALE TERIK
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LTEy, BEOCHBEYOHBEOLEBIIRHTE S L
EZZohd, i, WIBLURGSH)SORTORAD,
AHEEIT-o—HEVSHOVEETIER, RFONTmHIc
RKECEEBLEZILWEEZONS,

4} Coulter Counter THlliE L 7ok T A EE ©
BEM T, 28 H 13K (K 4a) BT, KTE
BREBTEL, BLWHHL > TESH»ED LT
EmMB RSN, KRR AE R % &, 0.6~20um DKL
BB/ TFIZEL BB >R LTV A, 20um
PEDOKRFIcE IO X5 REAIZR S idwn, BEFIC
B BRROHEIE, BWIED TRERDOKRE R FHE
HARLNESHEMLTWBEDHEH SN,

5% D 28 H I8 IcBIF 2R T DA (X4b)
I3, EEOEX0, 10m icBWTLRAEIC 13O 1.5 £
T 5600, FEX50, 100m TEREDLEZ. ULe
LEEX 600, 1000m TlRIFEAETLLTWIEW, Fi
150 m TREBICh FHABBESEINL /.. Zofino
FRIZRL > TOWIWA, BF oL BROBE:Eb
Nnas, :

9 EEft% D 29 H 3T B I BhiF0H (K4c) i3, 18
s D&, HricEX 50m TOEMAEEE ICEHA,
0 550m T CRUTERHEBEERIIAEEDLLE
Mot 2RI 6~20um OREROKTFITEA TV S,
—H100m»SFEWVIES TREBAICHFLIRELLTL
 f@EHBBRN 1.

Cho—#HORE oK TFERTA B L, 06~20
um ORI DR T & 2.0 um Ll DR T DAL D HS
RBith, 13 S 1I8HHCHIF T 2.0um Pl EOR FIIHR
BTHEMLTWA oNE N EDIcxL, 06~20um
DRI T DRI KERE(BA SNIED - 12,

—J5 18 Heh & SERIC AT T, K2 50m LIE T 0.6~
20pum OKFIIIEFICEHFCHENL TV DITHL,
20um Pl Lo TREBTRBICED L, FHEV 600
£1000 m THRDEEDS R Sz, ki 3 20
um Pl FEORFREDOLTVWAE DD, BX50m Tid
18D 2 f5IcML TH D, TOESKE oL LE
B AEMEERL T

F/, 286D 188 (BJ4b) & 29 HD 178 (K4d)
2LET 5 E, RTOMESHITERD, 49 LGEIH

ERILSFE LIV EARE NI,

R F OIS & UHE S DEEREZTL
BFOEYTh B35S, HE20um IR TR/ 7
U7 REAEAEYORNESICHE L, 20¢m PILEEEY 7
SOV, BTV VOREZIICBBLEHY
T3, AFEBECIKNTFOHRICBIT2InNoEyorEs
EET H0i, NTFREBEKSRE /7versb-af
KUO75 vy b REMARKICOVT, 28HE, 29 HED 2
ECBWTHEHEBEZIT-7/7. 70807 4 V-aDdPHE%2X
512, R TFIRERRREBEES X OHIEET - 2R (0.6
~200um) DR TEEOHMAEXG6IC/RT. X725
tm Pl Fo75 v~ yofk & Coulter Counter Tl
E L7 2~25um DR THKEZRT. B8, #Wrs5 v
7+ vRIEFITDHBTH B0, KITEEE L Thi W,
Hb 13Kic B 3hiFETS Y2 b vont (M7
a) T3, 24 & L TIHEX10m THRAERT DD,
MEAEICRERBLIRRE LN, £ o2/
LTVWADBBHICHYI 75 7 b v & non-living K
TTHBTENDLME, —H 4KRIBOE 3 (K 7b)
Tid, ERBOm ThFIRHT13EL D 8D T 25,
50m TEREMURAKEERLKL., TLT, ZIhSES
EHcEL LT ERPR o, FHCEEE 50m T
2, M¥17°5 v 7 + B LU non-living ki F O BEnHs
FFCR ok, BFENEAE, 50mEIETEREB LD
HilicsB WM 75 v 27 b S LTV B DIcw
L, non-living Wi FR3EREICEEICHELTWS Z &T
b5, 5 DB HOKREIZ(LIE, Coulter Count-
er CHIEE N2 20um P EOK FRHEEBELL TV
5. L LBENS TS v b vy L, Coulter
Counter THIFE & Ni-RFRE%IL, HTFLL—FET,
Coulter Counter CHISES Tz FHEEDO LD, 735 v
7+ D& 1 S5 EEEZLEHIEN TV
COHBERDBE WL, TS5 v VIO EDORE
DFREDOEE, AEKEEEZL OBEBER TR TF2INEST 3
728, KITOHEEPHREBEOBASBEI D PTL, LA
Blo—iitic SRS 2Dt L, Coulter Counter
TREKREEZFFRT 27T TRETE, 0BT
DRIABEZ DI L, ILI7I 7 b v DFHTIE

Chiorophyll-a (ug/2)

0 0.4 0.8 1.2 0 0.4 0.8 1.2
0
S0
E
£ 100
Q.
[']]
a
150 13:43 18:01 a8 3:22 17:23
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B 5 7uoo74i-alEEORBENT.

Fig. 5 Vertical distributions of chlorophyll-a concentrations.
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Fig. 6 Vertical distributions of particle organic carbon
concentrations and volume of particles (size range
from 0.6 to 200m).

PHiEE A (HF 3 5 729, Coulter Counter k0 &, kb
WM FEHBI LI WS EDBFEREEZEL ONS,
A, EoMREEAFE SR EUMLTVS. ol
o 20um P EOR T, YIS v by F Y
7 A&V o F RN FICBR LTRSS h TV
5 E%ERL, IS DR TONMREMEENICL 3%
BAKELZFITOS RSN B,

ST OREN

B X U875 7 + ~ & non-living ki F Dk
ENHER 8 ITRT. WSS 2 b vid, HP 13 #C
BT (X8a) 2Kl 25um LITORED & DLWV
A, WEISH: (X8b) ic?33&50mKbEVWEIAT
25~106um DPPREXVHRED S OMBIEFITHITH
5. ¥, non-living KsiFD4537 (K 8c,d) 34 75
VI b OSHRIBTEY, WHIS0m ATESIC L TH
MLTWE DD, DL 1 25um LIS O THEKRS
n, Y757 b ryrTHLRIE D BARZT VRO
MEEEFB CHA TRV, DL, DETH B,
757 b b 50mlEoBEBVEIcBWT, B
(K8e) Xv#R (XI8f) TETOREMEEML TS
OBR OGN, TRTOEYRFTHBEL TR ShBH
M, B, BE50micBid 2 28UssinEmcd 5.
F 1, WRIOASFTIZES 50 m IS O B[ HZE

LLTHBYD, TOESICIMANLENEERSBEDL->TH
3 EHEING,
E B

BESIVBERREAZEDOHH SHRFNHOMAR

X9z HF v v v VEE L BFBRARBEE OHE %
Y. FEE 40~50m fHTICHAR R EERBEIER S N
TW3, KPOKRTOWMEEZ 3L, #HKELD BAL
FOFBENRELKESEFNE, HBEEECSKYL, £
DHEEREBL, FENDLE THNT 287 TH S
72%, BE IR PRI V. BBOEMLAICEK
b, HhEFELBTHREREE I NEL OGN T
2, X 50m OREE FEBIcERL, WK Fofk

Abundance of particles (103/m 2)
0 S 10 15 20 25 0 5 10

15 20 25

0 40 80 120 0 40 80 120
Abundance of cells (10%/8)

[ Particles (2~25um)

M Phytoplankton (<25 um) non-living particles (<25um)

B 7 BB L3 B5um LT OREOMY TS v o b v

¥ L U non-living Ki ¥ D534 & Coulter Counter THIE
L7220 » 5 25um ORRDOKRLFRDAR.

Fig. 7 Distributions of phytoplankton and non-living
particles (<25¢m) by microscopy and volume of
particles (size range from 2.0 to 25um) determined
by Coulter Counter.

BHERT EEEZ NS, BB FOIMEEE dIE
BICEL $#10m/day), FD#HES 50m TEHT
BRTFAEHEET LD, TEETHEINIFRK
W77 b rBbdmETHBET a2k bE L
A, FOKESZES S0m eV T, HALRARK
I OEESNEZLDTHERENTVWE EEZ LND.
FrBick - TRB LI 53 2 EYK T
3, BHER LB WK TTHEEAHEEZIOND.
LipLEAS, CNoEYRTORMLTHHEY TS v 7
bR E D SEBESKEL, Ty BOALGERR
EREFR>LOOHBEERIRZ V. ¥ 1B TIIKI0
m/day, JEA RIS S S0 2 fEDBEE AR > D
HELH D (LaLuiet al, 1996), FHIT & - TELFREE»S
KELSRIES,

K8bic;R LAY 7S v 7 b vORBRMEKE R
&, BRlICBOVWT, KEVKROKTHHESSOm I
CHELTWS, EMSEHENS, okl TV
BDEFNB LI EBTABETHBENRENTV S,
K o> THBEEDOH N A BOEMLTH, KETHRED
bOB50miIcHELTACEICEY, ChoiiEELE
Hicblk o SNBARTHBLYRBIEVFROGSIEEEL T
K BAEMLBFT VW EERELTWVWS., X SICKEIIRE
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Fig. 8 Size distributions of plankton and non-living particles determined by microscopy. (a, b) Phytoplankton, (c, d)

non-living particles, (e, f) Zootoplankton.
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