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Distribution and dissolution process of biogenic silica

in the Suruga Bay

Aya Hanepa! and Yoshimi Suzukr?

Abstract Distribution and dissolution process of biogenic silica (BSi) were investigated
in the Suruga Bay. BSi concentration in the upper 200 m changed seasonally and ranged from
0.06 to 0.82 pmol/f. Vertical distribution of BSi had some peaks and marked the minimum
concentration at 200-300 m. BSi concentration increased with depth below 200-300 m. In the
dissolution experiments of BSi using natural seawater, BSi concentration decreased more
slowly than particulate organic carbon (POC). BSi dissolved most intensively in the surface
water (20 m), following the seawater taken at 150 m and 800 m. Dissolution rate constant of
BSi varied among the sampling periods, and the values during the first 14 days ranged from
0.026 to 0.052 day' as for the surface water. Rate constant of BSi dissolution and POC
degradation had similar seasonal variations under the same temperature. This result suggests
that dissolution of BSi would be regulated not only by temperature but also by degradation
of POC, that is, bacterial degradation of organic matrix in diatom cells. Our estimation of
dissolved BSi via biological process accounts for 46-47% of total dissolution over 70 days
in the surface water. This suggests that much of the BSi dissolution would be biologically
mediated in marine environment.

Key Words: biogenic silica, organic carbon, dissolution rate constant, biological dissolution,
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BE, BALBEE R TWHHKRIBERBILEZEZ D
LT BEOREBERDPEB STV S HEER,
HERECTHERKODRBEYIF—1N—D—2>Th5 (X,
1997) MEOREEREENBIVRELZED-YHER
BEYALMCTEHLET, FXBIBITI—REELE
BT32BRRNELR2Y. EHTST 7 b UoB—-RE
ERITO LI, W, B, 7oe=7, J»
BEBRLOFERBHECHEAENILETHD.
R, ERSCHERERL S -BommT 77 b
VIRESTHARBE THIN, ERIFTEHFRCOER
EgA CLGEIcbETEBEHICHEELTWVS
(Lalli & Parsons, 1996) Z &b b, WEICBTHE
BOXBLZRNAI_LIEETHD. XLICHEYMTT
I hTIE, FOAEBCLERYENKFIZE TN,

YMENRERES, TVWHR, TTHERE/MAL, &
WTEREEEE~LEBLTW EEDhTEY (A
EiEh, 1983), TO XS REBEFHEMTI-DICLE
BESOIEREOBBXHDI_LEBLETHD.

EBRICBITAEBORE a2 LT, HERE
WWEDBEBHOOH/BOFNNOLDRAL L HITRE
TOBEAENEBETH D (Treguer et al., 1995). K-
THBEOELA, 2EVEROBRRLFOBHEEERNIC
FTHILREBEETHD. ERITRT, ALERTH
ABEBERTIEN, ZhiZT VI TTCERLZoOHFH
(A5 EHNRR) 5729 (Lalli & Parsons, 1996), Z
DEERS Z EWEREEH, biogenic silica (BSi) &
V5. Nelson et al. (1995) %, X CTEEILE
EMBFERO L2 LD 50%5 100 m LAk THEBET
HBERELTEY, BEROBROP T, MERBIKE
FAEMEREROEMLE FOERMEEERINT
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EBOSHIX, FEBHOLML Lo THAETS
g, VI UBLIZAOLIICRARY, BEBIEBLUEI
BWTHEEL L bIIEMT2EmE =T (S,
1976). ZOZ kb, 3k, EHEREROBERIID
B (LFEELR e R B EEILATWE. Hlx
I, EMBEREROEMRIL, EHBKE NI L (Spencer,
1983), ¥7-KBRBEWIEY (Kamatani, 1982) {Ed X
nN3. ZOMCAEHDBBEROBREICIE, BEKPO
EEREBEE (Van Cappellen & Qiu, 1997), EROFEM
R (Treguer et al., 1989), WMOFEE L HEE (Ka-
matani et al., 1980), BREBLEPHICLIZHAR
(Jacobson & Anderson, 1986) 72 E¥NREBL TS &
Z2HNTWVWA. £z, T4, Bidle & Azam (1999) 13,
NRIFUTOHEELL-THEBEOBROBHEENRERD
TEEFHALMNIL, NITUTHREROBROBRRE R
ELTWBREW) ZEEERMICR L., &bl 7
F Y 7 OR/EMAEMK (Bidle & Azam, 2001), Z L CTEHEOD
EBEECHT I AT 7T ORBENEERTEME (Bidle
et al., 2002) PEHEBREROBERIIEETDIZ L
BREENTWVWE., ZOLHSICEYRREROBERIC
i1, B8, {LFEHR T AN T, £
tROBEELERTALERDS. LEL, APER
EXROBRIBETAINETOHFRIIEHSR L
EHBETAVWEERTHEED, BEICLBITIIEDER
HEEORBY»ERIZIBELTVWANITRHTHS. #B
RERBECOAYREEROEMA N =Ab 2 L YV ERE
ICERT DI, BEBRBETOERONERNY
HRiETS L L biC, RRWAZAVWTEDRRE
ROBBETARILENDD. Lo TAEARETIE, B
FBICBWTAYRBERONESREFAD L R
2, BARPTCOBEBBEEEAR, SLERCEDS
BERPERTHILEEZANELE. FOT 0 —F¢
LT, RRBAKEZOETITHAWIBERERLTEKOE
ELEGHAEZTHY, EDERERORRE/LLLH
i OB, AYEBEROBMR L OEEELR
A0, AEYROERENLLET. £0L T4
VRBEROBRMBRICBDLIEREEBEL, 3L, B
BEeEICH T EMN R ue XOEEXEHRLE.

I

83

X1 BICH T 58AA St. 2 (34°51° N, 138°
38’ E, KIE#1,600m) Z R L7 BRIIX20024F D 2/21,
5/15, 7/23, 9/19, 11/19 @3t 5 B, #HMRAKERER
BOREM, BRI TIT- .

BAICE, 106=2F R MvE 12 AW AT
CTD-F v — v AFH o Fo5—wEALE. BR
LEBAES L IAT LB ST HBICAWVWEZER
AMBIUERBBERHIZ2T, 5% X% XA T v
MA-02 (MERCK #-81) & 3~4ANHB THEH L LD ER
L.

AHEBERBSHICOWTIE, #BAKE=AF A
Anb 3R =F LR FAICERL, EELICHN
DEBRET, BR4TmORY I—RExA FRAVT
V7 4 F— (FLERO0. 4 um ADVANTECHB) Z# AT
2~3058L, 74N F—LIZHELE. AREHLD
TANE—IHFTET—30CTHRFELE.

B FIRAEBBR E (POC) oW T b EIRRIC, HEAK% 50

20 N

“{’\j
35° 00° N
N Shizuok:
Yaizu, .
, St.2
Suruga Bay
) E 34" 40" N
Omaezaki Irohzaki
138° 20" E 138° 40" E
B1 BABCETBRAR (St.2) OHE.
Fig.1 Location of the sampling station (St.2) in the
Suruga Bay.

FSAF IR IMICERL, BB 47T mmOY T 2§
k7 ¢ V% — (GF75, ADVANTEC #8) % B\ T 3~5¢5
BL, 74N #—%—30CTHRELT. GF751%, 5
ML ® 540°CT 4 R RBELE L L 7.

suanu7Z4/a (Chl, a)iZ >\ TiX, BAEBED
1075 AF o7 R MVICERL, RELEEY LIZERE
25mm @ GF75 # AT 300 m0 5@ #47\>, N,N-T A F
AFEALT IR (DMF) Nz Chl.a #HH L, oirE
T—-30CTCHRELE.

EYEREROBRER

7,9, 11 A, BEMZIBIZ YW THEBERET-
7. RAKIE, =AF ARG 1008Y h—KRx A
PR RMAICERITL, 8K LEEEOAKRBICSEWVERE &
LT2 m & 150 m @KL 20°C, 800 m DFHKIL 4T
WBRELEALA VX aX—F—NT, BEERETT, ¥ 70
ABGBEL:. RMEIBRSWVWTYTH 7Y
soEKICHY T EEFREL, Y7V T
TEIRARMEZETI TV FRE L. ZOFKE
ERLEESIE, —BHOYITH U TY S ERYE
ARBVABETHDZ &L, ERMMT OEAKRE
OEE®—FWTH-OTHD. BERELERADL
HIZ BSi & POC DHFTARBZONWTH T I e
ERRICERBR L.

o W

BSi i Paasche (1973) OMHEICESIWT, 74
YBEHICEAMASMRICE - THEHEIE, ALK
Si(OH), #F Y 7F v I A—EIC & o THIE L7z, ik
SERIE, —30CTHRBELTRBWVW T4 NVE—H TN
e, WEMD 0meRY T LR I AR,
0.04 mol/0/KERILF F VU U AKEIK 20 meEMMX, Z
n#% 105 CT60 WA —r I b—TLTHTo72. =
DEEYZRBECHIEL, 0.5 -FiE 1 mexMx pH
FRBELLE, SiOH), BEAZA— T F 54 ¥ —
TRAACS 2000 (BLAN+LUEBBE #t8!) TRIE L. BSi ®



BRI IS B 1 D AEMBRERO ST & SRR 11

BSi (pmol/2)

POC (umol/2)

00 05 1.0 153035 0 5 10 15 20

0 /‘T— Y -1
200 ‘ A
400-
— 600
£
<=
2 800
L
a
1000
~&— Feb.
1200 — M
ay
1400 —— Jul.
-a— Sep.
1600 P
—— Nov.
1800 |

B2 BWAICRITSBSi, POCIREDSES .

Fig.2 Vertical distribution of concentrations of BSi and POC in the Suruga Bay.

BEREL, AB818, MUAE, BIUHIERZE%
ETEOTEINEBRETH 7.

POC %, —30CTRELTBVWETZ 4 LEZ—Y 7
NMIZHONWT, HEBEEERAITI Z LIk TEEKFES
Bk L7, SUMIGRAPH NC-90A (E{ko#hrtE o & —
#HE) ZHAVCTHERREEBEICL>THELE.

Chl.a X, # Yt E S RF-5300PC (B EERUERTR) %
FAWT DMF iz X A #%#¥ (Suzuki & Ishimaru,
1990) (k> THMH L.

B R

EMBERERLNTFREBREORESH

K24z, 200242 A5 11 BETOBRMED St. 2
IZBIF 5 BSi, POCREOSHESME R L. K3
WEEDCRETH S Signa-0, MW7 o4k
HBEEORIEL 725 Chl.a B LU BSi, POC BE DEE 4y
iz L 200 m ETICOWTRLE., &ayElme
LT, BSi iV 2h0—7 BREHH, 200~300m
TR/ANERY, TRUETHEBEATLENLHMT S
Rz o7 (K2). BSilkOmT3.04 pmol/e (7
A), 1.17 pmol/t (9 B) LIFFIZHWELZR LN,
200 m LA¥E TiX 0.06~0.82 pmol/LD@BE TESEL /-
(E3). 1000 m LAETIX, IS 7T A E 9 RICIEREICH
5 BSi OWMPEETH -7 (K 2).

POC {Z Om T 4.7~19.3 upmol/f, FNIUUETIZ 0.7
~6.5 umol /EDFWE THM L7 (¥ 2, [X3). POCix
BELLELITHEHD L, KIE 200 nfHETE2TOREAR
MTCIZE 1.0 pmol /0L Y , BB E TIZIF—EDHES
L7 (H2).

BSi #KE200m ETILHEBETH L, 5 AICBERBIC
BOWTERBETHY, ELT7TAKKOn TEBENEL,
EHIZ30~40m W AKEH LA T, Chl.a D &
BT £, BRBIZBWVTS HALRENRSEL,T,
9 AIZIEVWEMIIX BSi, POC, Chl. a2 lcBWTHBICR
b,

Sigma=-80 X, 2 BiZ 0 m A HKERN 200 m k£ TigiE
—EThHY, MKOKEREVLBEATHoLEEZD
B (X3). 5 AiCit Sigma-0 H/KE 130m fHiL ¥ T
BorcEmL, RBRBENRONT. 7, 9 BICiER
BREENEZECTH-722%, 11 AIIKEH 50 n £TE
BRBERY,500~T0n NEERBB Lo T Wk, 5,1,
11 AR 5N 7= BSi OBEXKIZ, Sigma— 0 DENE Ly A H>
LHIMT DL EERRB LICEEL TWE.

EYEREROBRERICETIERLEL

T RIZEAK LT 20, 150, 800m D 3 @DHEAZ AW
72 BSi DEMFERITIIT B BSi & POC B FE BB E (L
ERACRLE. £72, £ 1 CHERERICHBIT 5 BSi,
POCOMMIBE L 5 ARICBIT ARV BB I UM R
FPE LD, BSIiBEIX, 7T AIKEAKLE 20 n DK
FTIX14H B E TI0.139 pmol/t (IR EED 38%)
AL, EHIZENUBRLELIBRA LN 35 AMTIX
0.222 pmol/t (MIHIMED 60%)W P> L7- (K4, &
1). 150 m D¥AF O BSi OFMBEITI 20 LY HIE
<, 35 HEIT0.126 umol/¢ (HIMBED 61%) M
PLI. 3BOOSHLELHWHIHBELETRLE 800 n
OWARFTITIELEALELLIIR O

POC REIX, 20 m DA PTIX 2 B B E TN
Wwo WA LD, 2 BEMNDS 3 BB TAa¥ic
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Fig.3 Vertical distribution of sigma-@ and concentrations of Chl.a, BSi and POC upper 200 m in the Suruga

Bay.

BSi (umol/2)

POC (umoV/@)

Time (days)

@4 BEFAD 20, 150, 800 m DA% MV iz BSi OF

MERICIIT S BSi, POC REORRENL (TH).
Fig.4 Changes in concentrations of BSi and POC

during the dissolution experiments using seawater
taken at 20 m, 150 m and 800 m in the Suruga Bay in
July. Error bar means standard deviation as for

triplicated samples.

WAL, 14 B HETIZ4.56 pmol/e (FIHIHRED 70%)
B L (B4. MAOES BSL & POCIZOVWT 14
BEEXCCHETS L, POCDEPR (70%) X, BSi
(38%) L V#1.8fFK%<, BSi &Y POC DFINHE
HEL WA T B ENFRENK. POC X 14 B HUKER
WHREBL Y, 35 AR TOMAIL 5.4 pmol/e L FIH
BWEDBI%UDOHWA L7272 (F1). 150 m DEAP T
I, 20 m EHANTHMRENEL, MAOEIIB AM
T1.0 umol/ETH Y, FIHMBED 62% MW LT,

o
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o
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o
N
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POC (umol/0)
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5 BRI 20 m O¥FAKE VT BSi OBEBERICE
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Fig.5 Changes in concentrations of BSi and POC during
the dissolution experiments using seawater taken at
20 m in the Suruga Bay in July, September and
Novembar. Error bar means standard deviation as for
triplicated samples.

800 m DA CIEBEERIZ LB POC DFEELRBEE(L
BELNARLoE (D).

EELICI ABORPBREARET DL, 3T LD
ZE& 4 BSi, POCOELHHIZDOWVWTH 20 m THRHKE
, WNT150mMAKEL, 800m THR/HEZRD, &
ERRVBIEFEVBRAKRKEVEWVWSIEMERLE
(£1).
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%1
L UHADE.
Table 1

(%Decrease) during 35 days of the dissolution experiments using seawater taken at 20 m,

the Suruga Bay.

BERTVS 0D 20, 150, 800 m DHEK A AV 7~ BSi DIEMERIZE T 5 BSi, POCOMHIBRE L 35 ARICBIT A2V ER

Initial concentration of BSi and POC, and their decrease and the ratio of decrease to initial concentration

150 m and 800 m in

BSi POC
Samples Initial Decrease  %Decrease Initial Decrease  %Decrease
(nmol/@) (umol/B) (umol/2) (umol/2)
Jul. 20m 0.368 0.222 60 6.5 54 83
150 m 0.206 0.126 61 1.6 1.0 62
800 m 0419 0.022 5 22 1.2 53
Sep. 20m 0.323 0.174 54 44 3.2 73
150 m 0.187 0.068 37 0.9 0.0 -2
800 m . 0.440 -0.003 -1 0.7 -0.6 -89
Nov. 20m 0.538 0.389 72 5.6 4.6 83
150 m 0.330 0.215 65 1.1 04 36
800 m 0.538 -0.063 -12 0.9 -04 -41

27H1IX92%,9 A3 95% ThH -7 (FIH, 2003MS).
FAKELI0m & 800 m DEKIZOWVWTIL 20 m & H#
LTH®M 77 brro@EERB DL, EROLER
EEFZOMIZT HEBROFEIL 20 m TlE 5~9%,
150 m TiX 38~76%, 800 m TiX 64~78%Th v, &
ERENBIZEE2EKIIHTIEROLEDIFENKE
hofe (AHE, 2003MS).

512, 20 m DHEKEZ B W BB ERICE T S BSi
L POCBREOREELEZT, 9, 11 ADERIZOWTR
L. 7, 9, 11 AOFEHF T LICHEAE2ITH &, BSi D
HBREIZ 3 BATIIBWVWT 11 ATELEN- -
(®s5, F1). —F, POC DYHBREIL 20 n DHEAT
27TRAIZBRARTH- . '

R

EHERERONESH

AMEICBNTHRB SN -BMEIZT 5 BSi B
1, K7E 200 m LA Ti2 0.06~0.82 pmol/¢D&H T
&Lz, b RKFEERRTTOBARS R Brzezinski
et al., 1998) TiX, /K 200 m LA BSi BE i
0.05 umol/CLLTFTTHY, BRIBOFBEMETH -
2. LovL, RERICBIT2 70— ARKEDBSI OFKK
8 0.25 pmol/e& HLEHILVME & 72 o 72,

1000 m LAIETIE, %I 7 B & 9 AICEREIZHES BSi
DOYEMMBRBETH-. ZhiIBEHBEYPCERL
TW/ZBSi B 1000 mFHTETHEEX LR TWNBI LI
BELTWAEEILND., EBE, BRKETOBE
B (Nelson & Gordon, 1982) {ZBWTH I Dk S Ak
ELEBVOEEBIRLNATNS.

SHRBREROEREE TR

#2112, AFETHOLNT, 20m DUEAKE F V72 BSi
DR EBRIZIT 5 BSi OBMEE EE & POC DR
HEEKE R L. BEEKE, BSi DM E 713 POC
DY RE— RIS ERE L, EBRBIM & BSi 21X PoC
BREOMFELZX1 TERBRLTRD L.

C, = Ge* — (K1)

TITCIERYE BT ABRE, G IXVNBRE,
KITEEERTHS.

*7, £33, BSi OFMBEEERICETIREME
R L7T2.BSi OFEMREE ELIT, 20 m TiX 0. 035 day™
(7 A), 0.026 day™ (9 H), 0.052 day™ (11 A) Th
v, ZDOfEix, Bidle et al (2002) ®»—1.8CTiT~»
7o EB (0.003~0.006 day') LYW K&, XHFR
(20C) L BB KBOEW ITCTIT-o-ER
(0.023~0.036 day™!) ¢ RRICA—F—ThHsd. £z
Kamatani & Riley(1979) (0.36~2.6 day!) & k@4
DENIVETH-T-.

EYEREROBRICEHLIER
BRREBRHMOMYE 14 BEETEZNIUED BSi
DEREEERAR2ICR L. AL OBEBEREEXR
XENRZEN 0.035 day! (7 H), 0.026 day™ (9 H),
0.052 day™! (11 A) LHLMZRAR->TWS. Bidle
et al (2002) 1%, "7 F Y T OMBABEFEEMEITIAR
ICEET 5729, BSi OBEMBIIKBICEEBINS L L
TWHR, KEBFAULTHIDICEBEENRLD &
WHZ L, BiIRRAKBRUADOHNOERBAELKEE
LTWAEDEELLNS . BSi OBMEREER S POC
DB EEER BT D L, BSi OBEREEERMN
BbREhol 11 BIZ, POCOLREEERLE L K
ZFW. M, BSi OBFBEEEENEL/DNI Mo
79 AIPICOLBREEERLEL/NIEWV., Z0k>
IZ BSi DYAMRHE B BT POC D4 fEEEE TS L B UMK
MERLE. ZOZ L5 BSi & POC DA T ES L
TRI-TWAHIEBRRBINE. ZORKRIZ, KR
#EAPIZB VW TS, Bidle & Azam (1999) TREAN
Lo, NOTFIVTICELHBEHEEDOSMEN, BSI @
RIBAPRETAIEROD— D THEZ LETBRLTVS.
Brzezinski (1985) X, BEROMEICL->TSi: Ck
BRLZZLZBELTVWS. ZhEEICL TR
AREBOBENELDEVWHIZEEZRLTWS.
FRIZI>TEOHEROEZEBRTI>IERDONRE
T X EHEIZEVELDEEZOLNSE. Lo
TINHDOZ Enb, EEOEMRRELNIY, AHEE
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K2 BFNBEO20n0MWBAELAVEBSI OBEMBERIZEIT S BSI OBEMEREYR (day") & POCOLSRREEEK (day™).?

Table 2 Rates constants {day™!) of BSi dissolution and POC degradation estimated in the dissolution experiments
using seawater taken at 20 m in the Suruga Bay.®

0-14 days After 14 days
Samples '
BSi POC Period (days) BSi POC
Jul. 0.035"® 0.087" 14-72 0.016 0.005
Sep. 0.026" 0.038" 14-68 0.014 0.015
Nov. 0.052"" 0.094" i N .

® Rate constant was calculated as & after fitting of the data to the equation of C: = Coe®,
where C, is the concentration of Bsi or POC at time ¢, and C, is the initial concentration

[n =6 (0-14 days) and 3(after 14 days)].
® Test of the null hypothesis: k=0. ": P<0.05, ": P<0.01, " : P<0.001
¢ _: not determined. ‘

£3 BSi DEREEERICETIREE.

Table 3 Dissolution rate constant of BSi in the previous literature.

BSi samples Temp. (°C) Period Dissolution rate constant (day™) Reference
Thalassiosira weissflogii -1.8 0-7.5 days 0.003 - 0.006 Bidle et al . (2002)
17 0-7.5 days 0.023 - 0.036 -
Acid-treated frustules of Thalassiosira decipiens 4.2 0-4 days 0.36 Kamatani & Riley (1979)
11.0 0-4 days 0.94
22.7 0-3 days 2.6
Seawater (20m) in the Suruga Bay 20 0-14 days 0.035 - 0.052 This study
after 14 days 0.014 - 0.016

DHBIZLE B ) BSi DBEMEINSLTELRERL > TL
ZrEZLNDG. THEBICL-TROBR (REHE,
EHX) YA ABRRY, SLIKROBELRLD L
EZxzonB7-0, BSi OBMBOLH> —DO>OERLLT
HEOBERIBEBL T 3FRESZLLNS. £
BE7THALIATIRAKEWn B THEROBEEARIZIX
BWRARLNRTEY (CHHE, 2003MS), Z DT & POC
D5HR, & 5T BSi OBMROFEHFHREVOERL
o TWAAEHNEHD.

BSi DEMICEADLIERE LT, iz b BSi OF#
BESCREATOEBRRE KBRXBEMICI WA,
RNI2FYTORBMRR, 27TV T ORMRANBEREEN
Zz20h50, KFETIE, KABAPIBENT, A
BEEOSBOAICHOVWTHRRBTE L.

BEERMB O EILIBSI OERICIAREREDO S
MBNEBLTWS LETRBRINE—FT, #%¥F, HIT35
B B AR, BSi i3 o< D LEA L TW 52 POC
OFIXBEERBRIVBRONR»o7 (K 5). POC DM
PRELRRPoZ D, ZOHBICE VTR
FUTIEPEROERETORRIIV R L
RNEZOLND. 225 b, 35 HE LD BSi ORI
EMBR T e ARl R, EASLKRR LOHHE,
LEHR IO AREB LTV HREEHD LB X
bhd.

EYPRFREROBRNS L, £YNLERAOFS

I ETOEEMND BSI ORI, BHEERAIE
ZEHHR o ARKEERL, #B¥IPAE, L
BT ARER L TVWBE I EBRRBREINE. £

T, BSi?D35 AELBOEREYHE, LENRER
CEB3bDEREL, S5 ABUBOTF—2 52X 1CH
RBLT GERD, ZOEHE, L¥EHRBRIZKLD
AREL L.

LAMENOYE, LENRARICIIBHRELTI
WEbLDEEYMHLRBERICIIBRELEZ, “hk
LEWBHL-ER, V0 BERICRIT22EBED D
b, EMHRBERICL DHEMEIT, 5 FELBRER
ThHHILADERZKEL &, TBIX47%, 9 AL 46%
LRELED TV, ZOZEMD, BSi OBEMEE
R LT, £BHLERICI2BEHMIIKRESFELT
WA AR R A LT,

FEOH

EEWIPBIC 35V T, BSi BEEIIAKIE 200 m LR TIEE
12 0.06~0.82 umol/eDFE TEHMICER L Tz,
BHFIZIEWL 20— BR LA, 200~300m T
INERY, FRUBETRIRES EHICEMT 5#EmT
Hot-.

KRMBAKEFOEERW-BSI OBEMERSIEET
L, EEZLICITo AR, RKAR¥AKS T BSi iX POC
LHAREBHW- D LA L, ELBEESEBRVED
WATIZERABERKEVWLWSERERLE. &5
IZBSi DY R —VIFFEMITL>TRERDZ NS
Mot 20m OWEAKPITIIT S BSI OBEBEETRIT
EEEME% 14 HE £ TTH10.026~0.052 day' T o
7.
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B—KIBTTITo7 3 BIOERIZEB T, BSi OFE
REEERMPPOC ONBREEEE LR CLEREZRLE
Z&db, BSi & POC ORBAIIEBILTREI > T3
ZEMNREE XN, Bidle & Azam (1999) TrRAnhi- Lk
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