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1. #&
LRI R EOR R (COD) ROAMMLERIIRERZRE (BOD) (&, #lERm)IE EBREKICE
LHBGEOIEETH 508, ITER, 2AKER (TOC) RUGHEMFAMKKER (DOC) N HE
BEHREREE LI o T3, BEMZHARTRARDOM TH 205, 19854ELI BOD K7 o
T4V aDEBIEEALE—ETHY, EEHIHAT 2K O COD &ML TH L it
L, BEEMO CODHIZELHMLTHEY, o ORI, BEHTMAEN IO S iz ns)
FEVER RSB L T 5 2 2R LT3, COD MO ZH SN 2121, T H & il
W7o o7 b stk aNEERED DOC Wi FOBREEH SMNICT 5 2 ENEETH 5,
WL O OFIHETIE, L¥AHEEIZ LD DOC OREELEMIT L T 52, 5o REEMKOD
DOC % BUKVERR, BUKPEIEEE, BOKVEDPEYE, BUKVERR, BUKPEER &K CBOKMEHTEYEIC 6
H L, DOC ®W, 40%LL LsBUKYERET, BKPERRIZ30%LIT LG LT3, Hoid, EEMK
ORIARIIK P O GHRFEZ, GKEKEEILY (HIO) ~OWHE L@~ 7 VA ) W L& DRIGTEIC
L OHESY, HIOIKWAET 5 DR EICHAGMIERKITH B 2 LERE LTS, FHSIIE
BWK T O BOKPERR O F R, BISRAT 2 EAMIDkh 7 3 o ETH Y, —T, BUKEERRIZ
MW7 507 P EKBANEBEREERELTOE?Y, LA LEMNS, MW7y 7 brinlicks
WNERAE D DOM NDZFHF 512§ 27813V 721, © 2T, Microcystis aeruginosa k54 L, 1§
Gl Ry & AR 4 R IE I B 1 B EEBTH Sk DOM O o] # Ko OF 6 HE PR & BEAG U 727, 1985 4F LLF%
COD 2HifmL, W77 v 7 b v OB IZRERD SBBXABRBICEMNLTEY, 7707
N UREDZAIZ X B AR DAL, COD M B L T2 u[fethnid 5,
AWFFETIRI9BHAELLRT E LI DB LB > I 75 v 7 b v 288 U, B & Ao fiRie i B
VB K R B o H B4 2 17U, Microcystis aeruginosa O 5 & K U, kIO
Staurastrum dorcindentiferum &#fE~NAEELD Cryptomonas ovata % < 1 < 1119854 LLHi &
Ut oBlef s UGN Ui, BEENOSSMIEERY~O Zh SRk DOM 0 8 & < 0ff
ez, HOK -7 V7 B < b7 S 7RO ZRoTEOEEE R (3-DEEM) 78 &% FlL THRGT L 7,

il
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2. 1 HELEE

I U BRI 2 AR E (TOC) oMY E s & OB R OB, il it - T
fER U7z,

|

2. 2 EHOEELESER, FHHEAR DOM ORIE

BERICHOWIWY T 7 7 b i, BENEREWREHR? SRS T SN EBEB O Microcystis
aeruginosa (NIES-109), ###%H® Staurastrum dorcindentiferum (NIES-665), #8fa~A L
@ Cryptomonas ovata (NIES-275) 2 L7z, Th o 0@gHEoR#EE, 1L=MA77 X320,
SR MA, AF-6K% U VT Filthz s &3, DOCHEZ T 570 VT 5o 7 ) v v 7Y
VUBEA1/101T U etk ZE VT B RERE L, 20°C, 2000lux THARE A 120 BRI IC 8 WO THER BE 28
L7 BRI, EEMoRMPHCEEMKEZR/RML, 1L=A7Fxah, 20C, % T
L7, 7707 b O, FE0.1ml 04004 v ¥ 2 OFHEBICRERIRATEA L, BEMEIE M
WTHBTHRE U 72,

BOD, COD, DOC KU E260 (260nm TOWLE) %5538 Kk AR5 THIE U 7o, IBFAHE
WEIX, TOC &80 —4~ V7 o< 75 7Y THIF LTz, EEHK DOM O 453 i3 kI 5
DIEEY 1THE » TIT » 7248, DOM D BUK P 18 53 & 8K P18 43 D 43 B 1< 4 0l 13, Amberlite %
XAP-THP ® 7 0 1T Supelco # DAX-8ftIF 2 M 7o, dOFEEE, BRSO OEIciEn, 4ok
FeEFF B RF-5300PC % W T3-DEEM %l L 7217,

3. WWREEBE
3. 1 3EDWEYT Y b UEERICEITSHIEE L DOC EEDRREZ{L

SEORY T Z v 7 b Id W VT iz 0 T b HESER & b & I LB R 2 # 1z o T,
AT EORM E UTEE VT % vz (Fig. 1 (). Microcystis O i E1331H H
FTHIIN U TR RHIIEIE A 131.11 X 107cell/mL & 75 5 72, Staurastrum OHIIEHEEIX78H H £ Thi 4
IZHEM L 8.19 X 10"cell/mL & 75 - 72, Cryptomonas D HEFEEEEE 1331 H H T A3.10 X 10'cell/mL
&7, 52H HUBMBER D L,

WA VT TR TS v 7 b 2i#Ed 5 &, K140 HiZid Microcystis, Staurastrum &
U* Cryptomonas @ DOC XN ZENFHD17.5, 13.6, 25.6%i1Z#d L (Fig.1 (b)), ks
14H HEUK, DOCEER SO TS » 7 b T L, Staurastrum & U & Microcystis &
Cryptomonas O pET 5 DOM 12 & %5 DOC BEHID SN RKTH - 72, Hi#E14H HEHE TIEAH
W75 7 by b EEEIN T, MR 70D IO IR FRS NaBiclE S h, Th DR
B RES 2 AR, #EEHSR DOM skt i il ST DOC IBE RT3 42 o h b,
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Fig.1 Time changes in the cell counts (a) and DOC (b) of three plankton during cultiva-
tion in a MA medium (O), in an AF-6 medium (/\), in a VT medium ([]) and in
an improved VT medium (@, A, l). O, @, Microcystis aeruginosa; /\, A,
Staurastrum dorcidentiferum; [ ], B, Cryptomonas ovata.

3. 2 3-DEEM IC & % E % H%k DOM D& 4t

THEERE 7 VR EEEMERE KT DOM 05V 7 a< 75 4 (Ex/Em=340/435nm) %
Fig. 2 iIczhZhnrid, BEWHKDOMIZiZ3>DE—7%, Peak 1 (RT=30min), Peak 2 (RT=
32min) KU Peak 3 (RT=3bmin) Wi Eh, RAABIZL 20 TESENOINOEDE—T D
SEITZ M Z£05000—10000Da, 3000 —5000Da, 3000Da AKiifi & HiEd o e, TIERJE 7 IV KRE
(&, FFIZ Peak 1QFOUHEN RN - 72 2 &S, BEEWIKTO 7V RERAREOCWEICE £ 5 55000—
10000Da O 1 - EEIH 7V REE B H5 LT3 SIS h 5,

SHOWTZ v 7 b yEEERICTE T 5 BHHK DOM © 7 )V RBRIOEMEO 7V 7 o< b7
7 L% Fig.2 (M), (S), (O itzhZThmrd, 3HEHEOEME b Peak 3 DHILIMENRK LTS
&N S, MK DOM 341 83000Da UL FOWEOH GRS, TIWEHFE7IVAREL D &K
BTRTHDBZENGD - T, EEHIKS DOM @ 7 )V RERBESEHE 1213, Peak 1 & Peak 3 2%
Hicwiish s 2 & o, 2oREICRE, TR 7 IVARR EEBEE DOM O i ;R4 5 L T
5 EMENEIN B,

BRI K DOM O HOLAEE %2 3-DEEM % W0 TR, TIERIE 7 I v W/E R OKEE DOM ©
FER LI U7e (Fig. 8)o L8 7 VR T3 Ex/Em=320/440nm (Peak A) & Ex/Em=
240—250/430 —440nm (Peak B) @ 2 2D E— 7 M S hrc, W)l HKR O LN S il S h
72 7IIVREEOHE E — 7 1F Ex/Em=300—395/406 —490nm" ", Aldrich 7 I YO HILE — 7 1%
440—480/440 —540nm'™® E#EEN TS, Peak A & Peak B i3 7 )V RBREREOLE — 7 LIFIEN T
Wa,



1 a
F j
!‘i
(M) ]jg )
@ 2
g 3
a
Q
g FA 3
: Ak ()
1 3 I
Lake Biwa i/ (C) A
0 10 20 30 40 50 3] 0 10 20 30 40 50 3]
Retention Time (min) Retention Time (min)

Fig.2 Gel chromatograms of fulvic acid (FA), surface water sample of Lake Biwa (Biwako-
ohashi May 8, 2006), and algal-derived DOM produced by Microcystis aeruginosa (M),
Staurastrum dorcidentiferum (S), and Cryptomonas ovata (C) during cultivation
in an improved VT medium. FA, Lake Biwa; attenuation =2, algal DOM; attenua-
tion=4.

HEMEEK (20064F 3 H11H$R/K) ® DOM ®3-DEEM Yo v kTiX, 220 7IVKRERFEEE
E—7 & Ex/Em=230—280/300—330nm L il DO ¥ — 7 BiEiishicds, 73I VBEOE—7 13
Bih &g - 7o, EEBUKKLORINKREIKT T 3 DWETE, ZVRRP7 I VIRE D B
THHIENPSNEN > TED™Y, 3-DEEM OF5HE & EEEBIK TIZ 7 )V REREE RS> 03B IE I A7
T 5T EEZRLTVS, Ex/Em=230—280/300—330nm D E—71%, 73 /BO—FTHsF O
YR MV T T 7 2D3-DEEM Yoy MZALND E— 7 L « SOLKREMI TS 2 &b,
§ R ERREEE — 7 EIEEh B0

Microcystis, Staurastrum & * Cryptomonas @ ¥;#&FfD3-DEEM Y & v b % Fig. 3D (¢) ~
() Itz Zn”d, Microcystis DE:#827H HD3-DEEM 7 & v MiZid, EEWHIKERERIZ, 7V
REEHHOLE — 7 TH % Peak A & Peak B RU 7 VXV ERHEDEE — 7 TH % Peak C i S 1,
SH S0 E—2 LSz Ex/Em =320/385nm & Ex/Em = 240/370nm I= & E — 2 Atk & 7z,
Staurastrum & Cryptomonas ®3-DEEM 7 o v bX, ZIVKREEHKENEE — 7 TH 5 Peak A &
Peak B, 7 /X7 EHEEEE — 7 O Peak C Mk =72,

3 FED R AERFIZE I 5 Peak A, Peak B KU Peak C ® RFI O KIZAL %A Fig. 4 (a) KU
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Fig.3 3-DEEM contour plots of soil FA, surface water of Lake Biwa, and algal- derived

DOM for three plankton. (a) Soil FA (Dando, 4mg/1), (b) surface water of Lake
Biwa collected at Biwako-ohashi March 11, 2006, (c) algal-derived DOM for
Microcystis aeruginosa during cultivation for 36 days in an MA medium and (d) for
27 days in an improved VT medium, (e) algal-derived DOM for Staurastrum
dorcidentiferum during cultivation for 31 days in an improved VT medium, (f) algal-

derived DOM for Cryptomonas ovata during cultivation for 40 days in an improved
VT medium.



(b) 1T/”RF» Microcystis XU Staurastrum HK® Peak A KU Peak B @ RFI fifilZ, H2&4H»
S XHEETE], EWBNTA T TRAICHEML, EFPICBT 5 I 50 E—7 Ofid Staurastrum
&£ 0 & Microcystis ® i3k &) 5 72, Cryptomonas HI2K®D Peak A & Uf Peak B ® RFI fiiix, %I
BT h 258140 HURD S EFHINTh I CRBcmlc, 3HMOBEEREERICET 3
Peak C ® RFI fifiiZ, Microcystis, Staurastrum M Cryptomonas 312 Z 1 7 )V R EERE G
E—7 kDR RZALZ R LT,
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Fig.4 Time variations in the fluorescent intensity (RT =35min) (a) and fluorescence
intensities of peaks A (@— @, A—A H-ID.B (@@ A--A N-B andC (O—
O, A=A, -] (b) of algal DOM for three kinds of phytoplankton during culti-
vation in an improved VT medium. @, O, Microcystis aeruginosa; A, /\,
Staurastrum dorcidentiferum; B, [ ], Cryptomonas ovata.

3. 3 BROKMKIIEIC X 23EEMAR DOM ONH S LS E

BOK PR IE DAX-8% H W CTEEWIK T DOM K& O#EE H K DOM % BUK R (HoA), BKHEH
PEYIE (HoN) KOBUKMEAHWE (HD 240m U, HEER 7 VAR BUKHER) ZHuk
DAX-8HiF~ O WA TR T3 7 )V AR D96 % SHE IZWeAs S, DAX-SHIIE AN BUK Pk % & &I
SETES I EAMR LI, BHEK DOM @7 L4k HE % Table 112”83, K#EFO
Microcystis, Staurastrum K& U Cryptomonas H2KE DOM %734 5 &, BUKEGEYE O 1-7EH
HlREhZEN61.6, 814K UV85.6%TH D, HHHIK DOM 3BIKHE DOM OHIEMNRKE NI &5
Mo too BRI ZREK I IEBUKEE DOM 4R %28 U T47.2—67.8% &2 S fF1E L, 2007413
HZ (71— 9H) 12 DOC K EBUKE DOM MRHIM L T 2 EM55h - T 5™, EEMILH O
KK TRERITROGMN TS 7 b RENEEIM LY, K DOM O KBk E DOM Tdh
52 &M, HBEMILHITAOoNSEZ0 DOC REOHMBIWY TS » 7 b OBFEIHE S BRH
KEMEOBMMES L TWaEEZ NS, T, ThoOEHHK DOM H A4k dkfa
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Table 1 Fractionation of algal-derived dissolved organic matter (DOM) released from three
kinds of phytoplankton during cultivation in an improved VT medium

o DOC/mg Cl1™!
Phytoplankton Cultivation -

Hi HoA HoN Total

Microcystis 27 days 6.67 3.00 1.16 10.83
(61.6) 271 10.7 (100.0)

48 days 7.75 3.18 1.00 11.93
(65.0) (26.6) (8.4) (100.0)

Staurastrum 31 days 3.86 0.76 0.12 4.74
(81.4) (16.0) (2.6) (100.0)

Cryptomonas 40 days 15.79 1.57 1.09 18.45
(85.6) (8.5 5.9 (100.0)

Hi, hydrophilic DOM; HoA, hydrophobic acid; HoN , hydrophobic neutral.
The values in parentheses are the ratios (%).

SHHOMM T 5 v 7~ v OEEEEK DOM 2xhZh s F L4 L, Bk DOM (HD) &8k
PElE (HoA) Wi @3-DEEM 7o v b % Fig. 5IZRT . £72, #5 L5rHEHT KO Btk 4D 7
WWRBRMEH O E =7 & VN BEEHEE— 7 @O RFIE S AL ERR K H 72 © RFIE (RFI/
DOC: QSU (mgC) 'L) % Table 2127”9, Microcystis @ B/KE DOM 431213 2 DD 7 )V Kk kk
HWHE -7 (Peak A, Peak B) mfh&anschs, 7 o 7EFEHNE -7 (Peak C) I h
I o tce —77, BUKPEREME /31213 Peak C &M SN, £ OHONGIEEE36.1QSU &4 >DE—7
DO TR KIS > 720 BKEERED Peak A & Peak B ® RFI I 2 £419.7, 32.4QSU &, K
DOM H'@ RFI 1i89.3, 105.7QSU @ 2 — 4 HFEE LK -7, T o DFER KD, Microcystis H
KO 7 IV RBRRAOCE X FITEUKPE DOM TH b, & /8 7 EREAOEYE 1 F 128Uk PE DOM &
fEMl =N %, Cryptomonas HIZEDHEI/KYE DOM T8 5 7 IVREREREOEE — 7 & & L3 7 BRSO
E—7 @ RFL L, Bk ?E DOM 0fiik b K& b &0 FERME S i,

Staurastrum Hi3k DOM @ Bk & BRKPEE 4312 1% Peak A—C 2SS h, % E— 7 OHOEEE
(¥ Cryptomonas & O H KM - 7228, BIKYE & Bk 4> D #1413 Cryptomonas EFML L T,
IS DR D 5 Microcystis H2E DOM © P4 (3 Staurastrum % Cryptomonas & Fifl L T
B0, BUKMEOHEH OB EPLPRITE D EMbN B,



500

460

420}
£ 380
[

25 340

T T
250 300 350

1

1 ‘ : i :
250 300 350 400 450 500 250 300 350 400 450 500

Em(nm) Em(nm)

(S-2)

300

| " o T
400 450 500 250 300
Em(nm)

! T —
350 400 450 500
Em(nm)

(C-1) (C-2)

T ° T T
250 300 350 400 450 500 250 300 350

Fig. 5

I

T T
400 450 500

Em(nm) Em(nm)

3-DEEM contour plots of the hydrophilic fractions (M-1, S-1, C-1) and hydrophobic
fractions (M-2, S-2, C-2) of the algal-derived DOM for three plankton during cultiva-
tion in an improved VT medium. (M-1, M-2) Microcystis aeruginosa, (S-1, S-2)
Staurastrum dorcidentiferum, (C-1, C-2) Cryptomonas ovata



Table 2 Fractionation of fluorophores released from three kinds of phytoplankton during
cultivation in an improved VT medium

Hi HoA Total
Phytoplankton Ex/Em/ RFI/ RFI/DOC/ Ex/Em/ RFI/ RFI/DOC/ Ex/Em/ RFI/ RFI/DOC/
nm QSU QSU (mg O) 'L nm QSU QSU (mg ©) 'L nm QSU QSU (mg ©) 'L

Microcystis peak A 340,430 89.3 115 330,440 19.7 6.20 360,440 129.0 10.8
peak B 260/445 105.7 13.6 250/455 32.4 10.2 260/450 177.4 14.9

peak C 290/335 10.2 1.32 280/350 36.1 11.4 290/335 154.8 13.0

320,385 86.7 11.2 330,385 10.9 3.43 330,385 114.9 9.63

Staurastrum peak A 340,420 15.2 3.93 340,435 2.8 3.7 340,425 18.5 3.94
peak B 280/425 10.4 2.69 290/430 2.4 3.17 280/430 15.3 3.26

peak C 270/375 8.8 2.28 290/365 3.0 3.96 280/360 20.5 4.36

Cryptomonas peak A 350,/440 88.8 5.62 350,/440 10.7 6.80 360,450 115.3 6.25
peak B 280/440 144.9 9.18 290/450 16.2 10.3 270/450 189.1 10.3

peak C 270/355 131.9 8.35 270/350 56.5 35.9 270/355 245.3 13.3

Incubation of 48 days, 31 days and 40 days for Microcystis, Staurastrum and Cryptomonas, respectively.

3. 4 3FEDNZEIFEMH®KXDOM ® DOC, RFl, E260fED tL#E:

3 FHFH D BRI PET 5 DOM IZ DWW T Hi 3 5 72, HALMIfaARE Y72 b © DOC KT
RFI O i %K ¥, Table 3I12/R"F, 3 H D EE O MK X, Microcystis, Staurastrum & Of
Cryptomonas TZ N Z165um’, 32000um® K F1700um’® TdH %%, HALHIEAER Y72 b © DOC
D HFER T Microcystis, Staurastrum M U* Cryptomonas TZHZT1N2.6x107", 1.1xX10 " K 14.0
X10 "mgC/um’® TH - 7o, Kra&le D BEALKF Y72 @ DOC fEid Staurastrum < Microcystis <
Cryptomonas DT Peak A—C @ RFI A& IR TH - 7o, BALHIIATR Y72 0 © E260fE & € h <
N4.7x<107°, 1.6X10" LU2.7x107° (em * um?) ' T, MHEEOMERL, h S ORI R
D EFH K DOM #13 Cryptomonas 23 & K& , Staurastrum 28 &/NS 02 EA/RL TN 5,

Table 3 DOC, relative fluorescence intensities (RFI) and E260 of the algal DOM per cell
volume for the phytoplankton during cultivation

Value per the cell volume

Phytoplankton Medium DOC/mg RFI/QSU (um*) L™ £260/(cm
C (um" Peak A Peak B Peak C pm’) !
Microcystis A (36d) 9.9x 107" 1.2x10°" 7.1X107" 1.1x10°" 47107
B @7d) 2.6x10°" 3.1x10°" 4.3%x10°" 3.8x10°" —
Staurastrum B (31d) 1.1x10 " 43x10 " 3.5x10 " 47x10 " 1.6x10 "
Cryptomonas B (40d) 4.9x10°" 3.1x10°° 5.0x10°° 6.5x<10°° 2.7x10°°

A, MA medium; B, improved VT medium. Cell volume: Microcystis, 65um®; Staurastrum, 32000um?’;
Cryptomonas, 1700um’.
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