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Table3 Sampling and experiment dates (M/D/Y) and global solar and
' UV-A radiation.

] . Global solar] UV-A

Sample name Saxd!:slmg EXP;::mt radiation | radiation

e (M}-m®) | (k-m®)

Kurose River 5/18/20014 5/19/2001 26.43 1480
M WWDF influent |7/17/2001] 7/31/2001 | 20.49 1147
M WWDF effluent |7/17/2001] 8/3/2001 22.54 1262
Ota River |8/25/20018 9/572001 15.23 853
Hiroshima Bay St. 2|$/29/2001{ 9/9/2001 | 16.04 898

TIRFIERY T, TOFER, EEM TR &R
FP—Z X Peak3, 6 THY, ZONPeak3 1230 BERDHE

SERIRINOTHTBRBRETHY, 3RHOERE

Brr10 B, 30 BT 4.7% Th o7z, Peak6 2B L
T, 30 BROBSERDLTNINRETHY, RAE
DIELoEd, AIERERIZETI LT YU TELY
7o, BRERROHSEILI L. ZOEENE, &
HEOEHHEERIIBRENHD LEZ NS,
2.3 SWAE
B ADEEMIL, ISOWXE/ 7 TREERLE
SHIMADZU RF-5300PCH Y BEFEH THIZE L 7=, Milli-
QA& (Millipore # Milli-Q SP.TOCI{Z L D B L7=A4K) @
| R T REEE L lom X lem BB EOEE LT
BEAEFUIAKTLEE BETENL, EOBT T
KEANBIEICHE LE, 7Y I RBITERE, 3#3%
HREE D Snm, 3 Figikeh 2 Som, BIE#EEXRE
RHFE 220nm ~ 600nm, YLK E 230pm ~ 600nm & L
fo. A%y EEIRS 16000m/min T, 1 ¥ FAOEE
CETARBENIS S Thok, V7 ADRFIE,
0.IN-H,SO, Ui HiEE ¥ = — X 10ug 2 B S ¥ - BB &
HEE L LAY, BEEE345mm, ZXEFZ450nm T
D5 5% BE 3 1QSU (Quinine Sulfate Unit) & LTk,
723, Milli-QROBIEETY, ZhEFF27&LT,
FTATOREEPHELSIN,
DOC 1Y, AHIZ2MHCIZE ML, pH 2492127
LAY IAHZEREBRL, BEERERELL
%, BREE SR % 8 732 A 7 SHIMADZU TOC-5000% 73
WTHIEZRT 2%,

3. BRLEER

3.1 EEMDE—SfiiE
EHETH, Table 4l 7T 7 20RFTH AR —7 ITHE

B LA & 1F- 7, 723, Moran b X, EEM WERER3
E— s OALER, ol TIREE - BXEE L L 10nmE

BEERIZBBL, EHSETIHITLAEBEBLARY, ¥ .

DR FGILE, EMARERTLY LT AERE
R Snm, HEERS 1nm BEENICBHLZLE
FLTwsm, L LAFRTIE, Fig. 1ETTLOK
TOBECIBLAE, AWML LIL—EQERBR LN
T, BRILERE  EREREELALOF L TATE
10hmIAN Ch 5 2.8 AHEE &NT, 2L, 200098,
HACERZRS L 7Y o/ LR EBE SL 1927
0)1_>eak4’{cﬂab‘te-i, EMSBIBVLTEXEENTH
ZH35nm, 40nmEHEAICBEH LR, SLARIZBWT
LRREBLARL K TH 7 (T2 &R, 20T
Loh, RSBEUCED NI L BEEMO E— 7 LB
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Table4 Positions of the 7 peaks and their origins®.

Peak No. [Position:Ex/Em (nm)} Origin
Peakl 2251295 Protein-like ( 'yrosine-like)
Peak2 230/345 Protein-like (Tryptophar-like)
Peak3 250/435 - Fulvic/Humic-like
Peakd 270/350 Protein-like
Peak5 320/390 Marine fulvic/humic-like
Peak6 3357435 Fulvic/Humic-like
Peak? 495/515 STP cffluent-like

Ex:Excitation wavelength
Em:Emission wavelength
BEBRILEMCRTIEVEZ X605 ), EEMOR
HAFERERLIOTRLERHFEIL L,
3.2 SLARLEBLAROLEE

3.2.1 ERMBREUSBEERRICSOLE

SLOREBUBLOBEEREFITY, TOEEMOFRE
8 7=, EEM OFl % Fig. 21277, Fig. 2 POSERIT
RFIOE*FL, 755 —a Bl oRELFTH
CEARETRFV X% RFD 277, 2B, Fig.29®
SLAMEOEEMIX, SLEBOHMPSADAD ETRHL
7oBE D UV-A B E % 1080kT-m2-day! (BL % 24 R
HLEROUV-ARRE) IZBEL, BEE2Tokbo
®RLTE,

Fig. 2IZR/TH 7 A0m, B#E)IY 7 TiISLy
B LBLAMBTEOBREMITIZERNRETH D, MIFK
BRI A Y T AT, SL4#E L BLA# DEEM
FHET 2 & Peakd, 6FIITOEERFBIRBERZ LS
RZ53, L)L, Peakd B LTI (75—
rm ) BB X 5T, SLAHE, BLAEEICRFIO
BAIZELAERNED, Peakd MEOESBEBRIZ
Peak6 fHE O EBmBHR OB OBBICE-TEED L
SICRARLBLZOND, EicPeak B L Tix, B
EREFRLRZZENREETHLHN, Bobhoer—o o
i@ (F55F—+ 3 v) iISL4ER, BLARLELIZRALT
METHD, SL & BL THEROFF >R~ AP B E
LEEBIRRE TS, T72bb, SLiT200nm~
2000nm 558 T S00om {THIZE R 2 F ¥, BLiX300nm
~400nm D FEFEH T350amfTEEBREFEOR S MR
FT5 i bBEh b9, EEMOBREMIZISL S, BLY
L BT, Peaké fHERBIZHA LTINS, 2O &M
&, SL47ER & BL 42T & B EEM OFIRELIZ i 300nm
~400nmDEOEEBRKENI EBESHME, 7L, SL
SEDB AT Peak7 T b EALTWS, Thix, BLT
i3 400nm BL_E D FEM 2oz wt L, SL T 400nm EA £
DHEEF+FIZRELTWB I CEBTI O LB
3, LL, Peak7iTBAL TiHHMIMABOT, o
V= ~DOREREEBIRNENVRD,

7, B, MBKLEBROLBARUADY T
T, ERESL 2RBLRBIIO L S Aok, WHIAY
AT, BEINY A LREOERERLE. M
EAALTEERR TR A L AT, MERRICBIT S K
EhREE IR MBEERROLBKY AL R
Iz, Peak6 R DEWMBTHRE B R R LI RATMN, B
PO —7 OAEBIISLOE, BLAYREL LIZRCAE
TH-oT,
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Fig. 1 7 peaks positions in EEM.

Table 52 SL53#%, BLARIC K 5& € — 27 DORE
B (dC/dt = -kC Dk, 7272 L CYERFI) %277, Table
5IZRT LI, 2TOF I AITB W TSLAHE, BLA
FREIENTHR I Peaké DAY RBEERE MR <, KV T Peak3
DENBB/NZ &EBAD5, ERTOBOT—7IZBL
T, WS orBEVWSTHEEREERT O LH 5,
EAIT Peald TR Peak6 DAL~ D E/hEN, 2
¥V, RS L SEEMOTIRELIL, Peak3 R (fPeaké
DORFIOBANRZOERF EF L bh, Z0OEH LPeak3
B (R Peaké DE{LA SL 5#, BLARILBWTRETH
T, TN O OEEM~OEEITITIERKEBSLTRVO
Ty EBbh3,
3.2.2 RFI/DOCBRUSEEEZRBILIZESHE
KRR EBEEMBRELLOCEEFLELZLND
Peak3 & Peak6 iC35 B L, Zh b OEER% DO RFUDOC
% SLAAE & BLARR THE Lz, TOKEE Fig. 3R
T & 5HIT, Fig. WCIXBLAM EEMHHBOLEBLRL
Too 728, Peakd Fiid Peaké BiH SN ol ¥
TNEHBEORENSET L,
- Fig. 3IZRTH@Y, Peak3, 6 & HLBLAME SLARED
(RFI/DOC) ./ (RFVDOC) . ZFHEET D LEAE 1D
WP BREIANTH Mo, —F, BLAGRE &£

54—

SROEEZTo bOEREIANRTHE, ZDOZE
55, DOCRENKARESR~EX W BEER LI
ET, Peak3, 60 L5727 I -HEOHE, TOEER
&5, BLARE L W4 L 0 B BLAER & SLAR O K15
FBRILTWBE I EEFRLTWS, THIEISLAoERETBL
SEOEE, TODOCEEMRMIIZLA YR, —F
THEBSHICEIT 3 DOCREOHIRAEVI LICE
B+sbotBhbh3,

& 51T, Peakd, 6 DA REEMREOLESLAYAEL BL
s cHE L (Fig. 4), TOBR, Peak3 & Peaké D
A IREEREL I SLAROFBBLAE LY KEVEE
DEFRELI N, 2FD, 321 LELIK, H
SR E AEEMERELOERF L E L LN S Peakd &
Peaké D AEEREKEAE LW Edb, SLEBLT
EREO ALY FARRRER, EEMOBREL~DR
BAIEFRETHBI EEBL LN S,

F7, Fig. SIORT L9 I Peak3, 6 ENFh D HHEE
EEEESLAMEE BLAMETHET A L, BLOHELY
HSLAMROERKE RREET Lk, Thid, AR T,
EEM~EEB %5 X 5 DOERMEUV-ALREL, SLH#
EXBLEECKHRELLYE, RERTRESPUVBOER
BOEDEELZTTHWAZERRREELTEZLN
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Fig.2 EEM transformations by SL and BL photolysis.

A:M WWDF effluent water sampled on July 2001.
B:Kurose river water sampled on May 2001.

(1) Original sample, (2) BL photolysis for 24 hours, (3) SL photolysis for the duration equivalent to 24 hours
BL photolysis in terms of UV-A radiation (see text).

250 300 350 400 450 500 350 600

Table 5 The rate constants of each peak (102-4d7).

<

(1) Photolysis by SL
Sample name Peakl Peak2 Peak3 Peakd | Peaks Peakp | Peak7
Kurose River 0.9 ND 13 ND ND 26 ND
Ota River 77 ND 20 ND ND 29 ND
~ Hiroshima B. §t. 2 ND ND 16 25 ND 22 ND
M WWDF influent 1.0 18 34 21 ND 80 ND
M WWDF effluent 33 8.8 28 8.8 ND - 80 ND
{2) Photolysis by BL ]
Sample name Peakl Peal Peak3 Peakd Peak5 Peakt Peak?7
Kurose River 2.4 ND 12 ND ND 26 ND
Ota River 6.7 ND 12 ND ND 21 ND
Hiroshima B. 8t. 2 ND - ND 10 8.8 ND 19 ND
M WWDF influent 1.6 84 19 11 ND 47 1.3
M WWDF effluent 1.6 1.6 19 3.5 ND 56 3.3
ND: The rate constants could not be calculated because the peak could not be detected,
o 20 r JERE y
3 ’ ’
& Peak3 ’ Peak6 ,
Q ’
S st / s
B 7/ 7/
= rd 10 1 4
3 . ‘
3} s s
g 10 } rd a V4
= 4 Al
&5 A pLY oo Lse
> A /’ g oo 05 7/ u]
‘@ / ] ’ [n]
= 05 F 7 N Fd O
E ’ ’ o
s ’ L photolysis - SL photolysi ;7
ABL photolysis - oalysis
é 00 s 3} BLghotolzsis - uﬁc‘r’obial egradation 00
00 0.5 10 1.5 20 0.0 05 19 15

SL photolysis or microbial degradation (RFI/DOC) e (REVDOC Yootore

Fig. 3 Comparisons of (RFI/DOC) ,_ARFIYDOC),,,. . between BL photolysis and SL photolysis,
and between BL photelysis and microbial degradation.
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Fig. 4 Ratios of &, to k,(k/k,) between SL and BL photolysis.
k, : diminishing rate constant of Peak3
k, : diminishing rate constant of peaké

B, LaL, #K, WIIREOIFEEREMEF
T LT, ky k& BITSLORRL BLOMDOZER
FREEER N X0, X BT, MEKAEERBEAK, WE
KoL HCHEEERERMVNT L TATYH, F0ORKE
BATI1.81 ((E8:1.44+025 ThHV, SLARLEBLY
RO AR R B 2EU LR B P AT edro
. b b, EEMEL~BRbRKERERE S
ZBARFRUVADHERTHALEZLRD,

Ll B, Mg LI OBERFE T, SLIC L SEEM
FOEFIXBL CTOEBEERTHAITRELEZLND
(Peak7 & <).

3.3 BLYRLEMPBR

331 EEMoRsE

R—H > 7A%RAVWT,BLABEER Y HEERE
TV, FDOEEM OFRE{LE B L (Fig. 6), E&#
BARRY T F— 9 S Fig. 2 ERRICR L,
BB, BREICRIT 3 EMARELE, 22ICAIBLEL D
IZ20C—ROFTICEREL, Y7 L DECERY
T3 ENIEEIBNTIThALESBTHD,

B o TW e, BLABRTIL, 3 _ToHF - 7ALB T
Peaks fHiE & FOCRFIOBA B R hiz, —F, £9
SERTR, KENYr T Fig 6C) KRALRB LS
o, EEMITEF v T APBRECERTE LiERPo
fzo L3 L, STRMBBHEAKY T (Fig. 6D) T
t¥, Peakd FHEPEJICHEHI L, Zhit, STARLES
WAKRY v TAATD Y T AL B Y | Peakd ORFIN
for—2 0 bEHLTHERED, TOEEERLN
FrEILNE, DEY, F NI EEEET 5Peakd
i, T, £MESRETH L EDHHEIT L > TRFIR
REBITHHERFo, ThiZHfLT, RFEICH
WiRiRE AoV AT T ERRE RS T
A, B UL, fioE—2 XD b Peakd DRFIF/DE S
O —7 DEEL > TEBRDIRP-TRD,
EMDRC L BPakd DERBIZLAERBENRD 2T
@-mtew»aﬁmsné

-1 RERRF1/D0C (F L

BLA# L EMABENTRICEVT, DOC L Y —7 &
DYRERERIL L RO (Table 6), 2d, LMARRER
DK Rzt /ﬁf—ﬁltﬂgk‘ﬁ'/'f)b@ Peak3 (=B L THE,
V7 R S SR RS 0.1 (1004 XY
HEP2 fhfh&ﬁ’rable 6 THEND & L7, Table 610 Y
X 24z, BLYAETH,, '§‘ ‘C@'ﬁ'/?}viuiob\f%h%
NDPeak6 DAY RAERE B BB VEETR L, KOTIE
EAEDY T TPeak3 DENBE Do I, £, Peaks
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BEEZEIY Peak3 D TR LRBORHVVER R L, O
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Fig. 5§ Comparisons of &, and &, between SL and BL photolysis.
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Fig. 6 EEM transformations by BL photolysis and microbial degradation,

C: Otariver water sampled on November 2000.
D:S STP influent water sampled on November 2000,
(1) Original sample, (2) BL photolysis for 24 hours, (3) Microbial degradation for 30days.
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Table 6 The rate constants of each peak (102-d")

Sample name Peakl | Peak? | Peak3 | Peakd | Peakd | Peaké | Peak7? | DOC
Hiroshima Bay S, 1 (Sep. 2000) | ND ND 11 ND ND ND ND 57
Hiroshima Bay 8t. 1 (Nov, 2000} ND ND 12 15 ND ND ND 1.7
Ota River (Sep. 2000) - - ND ND 12 ND ND 23 ND 1.1
Ota River (Nov. 2000} ND ND 18 ND ND 40 22 1.5
S STP influent 3.7 2.5 ND 16 ND 54 72 5.5
S STP effluent ND ND 29 25 ND 44 47 0.5
M WWDF influent 9.9 21 22 i3 ND 58 11 47
M WWDF effluent 6.5 74 30 10 Nb 59 42 13
¥ landfill site leachate ND ND 21 ND 24 ND 6.1 92
K landfilt site effivent - ND ND ND ND 26 ND ND 07
(2) Microbial degradation for 30 days

Sample name Peakl Peak2 Peak3 Peakd | PeakS Peakd Peak? DOC
Hiroshima Bay St. 1 {Sep. 2000) 32 ND 33 ND ND ND ND 99
Hiroshima Bay St. 1 (Nov.2000)] ND ND 3.7 2.7 ND ND ND 12
Ota River (Sep. 2000) ND ND 12 ND ND 22 ND 50
Ota River (Nov. 2000) ND ND 28 ND ND 24 42 6.9
$ STP influent ND - 1.6 ND 33 ND 16 10 76
S STP effluent ND ND 6.1 13 27 2.7 04 13
M WWDF influent 34 19 88 7.4 ND 9.0 50 26
M WWDF effluent 14 30 0.3 18 ND 12 1.7 14
K landfill site feachate ND ND ND ND 02 ND 0.7 56
K landfill site effluent ND ND ND -§ ND 1.1 ND ND 4.1

ND: The rate constants could not be calculated because the peak could not be detected,

B, BXATEWESBETHLIERF VI EENRS
WIEIRBTAbDLEEDND,

Table 6 IZ B TR ALV Peak3, 4, 612201 T,
RFI/DOC O ELmERE (dCd=-IC DI, =L Cix
RFUDOC) %3k, * DR E% Fig. TR L7, Peak7iC
DWTH, SLARREBLAMTELBERSDEAL
oo BEALTRTOF L TALBNT, TIEEERE
&, BLGBTREDELTL, £EMPBTIIRADOEL T
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L, %2, BLA#E Tl Peak6 DELEERERTT
DY TAVEBNTEDE—2 XD HEL, $THST
HANBBLMEKABIEIRE D Peaké O RFIAF
T LT, BEEFEHIT0.04 (¢ BLEE R WE
FR L, £z, Paak3 OF{LEEEHR TV - TAD
BOHALNARY 0T, —F, EMHBTIRELALED
o T TECEREGREIT Peak3, 4, 6 & HITEFRE
DE (-0.02 (dY)) THh-ot=, LaL, S TFARABEHE
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INTRODUCTION

Dissolved organic matters (DOM), one of the
major pools of organic carbon in aquatic ecosys-
tems, can be an important source of carbon and
energy for both heterotrophic microorganisms
and higher trophic levels (Amon and Benner,
1994; Lampert and Sommer, 1997; Wetzel,

2001). However, only a minor portion of DOM is
involved in a fast carbon cycle, while the re-
mainder s resistant to microbial degradation
(Sendergaard and Borch, 1992; Sendergaard et
al., 1995; Wetzel, 2001). Much attention has
been paid to the role of ultraviolet (UV) radiation
on the biological cycling of DOM in aquatic sys-
tems. The UV light can alter or cleave the DOM
into smaller and more labile organic molecules

* Corresponding Author: Tel: +81-77-548~8214, Fax: +81-77-549-8201, E-mail: choi9598@ecology.kyoto-u.acip
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{Miller and Zepp, 1995; Wetzel et al, 1995; Amon
and Benner, 1996; Moran and Zepp, 1997; Wetzel,
2000). As a result, UV radiation can increase the
pool of labile DOM in aquatic systems and there-
by enhance bacterial production.

However, these processes may be limited to the
allochthonous DOM, which is mainly comprised
of aromatic, recalcitrant and-high molecular
weight compounds. Recent studies noted that the
autochthonous DOM (originating primarily from
phytoplankton), which is composed of relatively
labile compounds, is resistant to photodegrada-
tion (Thomas and Lara, 1995; Tranvik and
Kokalj, 1998; Pausz and Herndl, 1999). Further-
more, labile DOM such as proteinaceous subst-
rates and phyteplankton exudates can be trans-
formed into recalcitrant forms after UV radiation
exposure (Naganuma ef al, 1996; Tranvik and
Kokalj, 1998; Pausz and Herndl, 1999; Oberno-
sterer et al, 2001). These results suggest that
the autochthonous DOM seems to be resistant to
photodegradation, but obviously altered in its
characteristic. With progressing eutrophication
autochthonous DOM becomes increasingly im-
portant. If lake waters displaying this feature
are also exposed by UV radiation, this may affect
the carbon cycling and pools of the aquatic
systems. Nevertheless, there is little information
on the photoalteration of the autochthonous
DOM. Especially there have been very few stud-

"ies on photochemical change in chemical com-
position of autochthonous DOM.

The purpose of this study was to examine the
photoalteration of algal DOM produced from two
blue-green axenic cultures by comparing their
biodegradability and DOM fraction distributions
before and after UV exposure. Bacterial degrada-
tion test was used as a measure of biodegrada-
bility of algal DOM. The algal DOM was frac-
tionated into five classes using three kinds of
resin adsorbents. Some organic acids newly pro-
duced during UV exposure also were analyzed
with capillary electrophoresis system.

MATERJALS AND METHODS

Preparation of algal DOM

To obtaln the algal-derived DOM, two axenic
cultures of Microcystis aeruginosa and QOscilla-
toria agardhiif that were isolated from Lake
Kasumigaura (Japan) were grown axenically in

10 7 polycarbonate bottles at 25°C and about 50
pE/m%sec under a light/dark cycle of 12h:12h
on CB medium. The cultures were stirred by air
bubbles provided from a pump equipped with a
0.2 um sterilizing filter. Since the standard CB
medium contains a high concentration of organic
carbon, we modified the medium composition by
substituting K;HPOQ; for $-glycerophosphate and
NaHNO3; for Tris buffer. DOC concentrations in
the medium after inoculation were below 0.5
mgC/l. When the cultures reached their statio-
nary phase, they were filtered through pre-
combusted (450°C for 4 h) Whatman GF/F glass-
fiber filters. The filtrates were used as sources of
the algae—derived DOM.

UV irradiation experiments

For the UV radiation treatment, one liter of
DOM sample was put in 1.3 7 pyrex bottle of a
photo-reaction apparatus (USHIQ, Japan)} and
the radiation experiments were conducted for 2,
4, 6,8, 10, 12 and 24 h. UV light source was pro-
vided by UM-452 lamp which emitted the light .
of nearly all UV wavelength ranges (220 to 400
nm). Since pyrex bottles used in this experiment
selectively cut off UV light shorter than 280 nm
(the transmission of the pyrex was zero at 280
nm, and was 70% at 320 nm}, short UV radiation
(UV-C) was not included. UV radiation was
measured with a radiometer {MI-340 UV meter,
Eikoseiki, Japan), equipped with a UV-A sensor
(316 ~400 nm) and a UV-B sensor (280~315
nm).

Biodegradability experiments

Biodegradability of algal DOM before and after
UV exposure was quantified through a series of
microbial degradation experiments. A portion
(200 mi) of the algal DOM samples before and
after UV exposure was poured into pre-combust-
ed 300-ml glass bottles (550°C for 4 h), and then
1 m} of bacteria concentrate were added to give
an initial bacterial abundance of around 10°
cells/ml. Water for the bacteria inoculum was
collected from Lake Kasumigaura. The bottles
were then incubated in darkness at room tem-
perature {ca 20°C) for 20 days. Ten milliliters of
sub-samples for DOC determination were coll-
ected from the bottles after 0, 1, 2, 3, 4, 5, 7, 10,
15 and 20 days. The biodegradability experi-
ments were performed in triplicate.
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Table 1. Classification of organic compdunds for dissolv-
ed organic matier in natural waters.

Fraction Solute compound classes
hydrophabic acids (HoA) ngg%ﬁlfhlg;ﬁgg)es (hurmnic
hydrophobic neutrals {HoN) Eg%fgﬁggns’ carbonyl
hydrophitic actds (514)  fRroic aes (ty nd
hydrophilic bases (HiB) gﬁ?ﬁg{éﬁ?‘) aclds,
hydrophilic neutrals (HiN) ' glg y?i%ﬁl:égl;,s’

DOM fractionation

The DOM samples before and after UV treat-
ment were fractionated into five fractions: hydro-
phobic acids (HoA), hydrophobic neutrals (HoNj},
hydrophilic acids (HiA), hydrophilic bases (HiB},
and hydrophilic neutrals {(HiN}, based on their
adsorption on a series of macroporous resin adsor-
bents. Nonionic Amberlite XAD -8 resin {20~60
mesh), strong cation exchange resin (Bio-Rad
AG-MP-50, 50~100 mesh), and strong anion
exchange resin (Bio-Rad AG-MP-1, 50~100
mesh) were used for fractionation. The fractiona-
tion procedure was according to Imai et al. (2002).
Appropriate classification of organic compounds
according to the DOM fraction is listed in Tabie 1
(Leenheer, 1981; Thurman, 1985).

Chemical analyses

Some carboxylic acids that were found to be
major products formed during UV exposure were
analyzed on a capillary electrophoresis (CE) sys-
tem (Quanta 4,000, Waters). A 70 cm fused silica
capillary (75 um inner diameter), and a 100 mM
sodium boric acid buffer containing 0.5 mM of an
electro-osmotic flow modifier (OFM-BT, Waters)
was used for the analyses. A separation voltage
of 15 kV was applied and the analytes were de-
tected by indirect UV detection at 185 nm. Stan-
dard curves (10~ 1,000 pg/l) were made for the
three detected carboxylic acids (oxalic, formic,
and acetic acids).

DOC was measured as non-purgeabie DOC
with a Shimadzu TOC-5,000 total organic car-
bon analyzer equipped with Pt catalyst on quartz
wool. At least triplicate measurements were made
for each sample and analytical precision was
within 1% of coefficient of variance (CV). Potas-

sium hydrogen phthalate (Kanto Chemical Co.,
Tokyo) was used as standard.

RESULTS AND DISCUSSION

It is well recognized that UV radiation can
alter the DOM pool in natural waters by com-
plete degradation into CQO, and by cleaving into
more smaller and labile molecule enhancing the
bacterial utilization. The photochemical removal
of DOC into CO2 in many natural waters shows a
wide range of 0 to 60%, depending on the DOM
sources, light sources, and time of light exposure
(Wiegner and Seitzinger, 2001). In this study, no
significant changes of dissolved organic carbon
{DOC) were observed in algal DOM during UV
radiation exposure, showing a constant levels of
12.34£0.08 mgC/l in M. aeruginosa and 8.68 +
0.05 mgC/ in O. agardhii (Fig. 1). This implies
that complete degradation of algal DOM to CO:
did not occur during UV exposure. The UV treat-
ment (for 24 h under 42 W/m? used in the pre-
sent study corresponds to the level shown the
photochemical effect in other natural waters.
Hence, no change of algal DOC in this study is
not due to the light treatment, but probably the
DOM sources having resistant to UV radiation.
Similar results were reported in other studies
with phytoplankton exudates (Thomas and Lara,
1995; Tranvik and Kokalj, 1998).

On the other hand, there was a great difference

14 — —e— : M. aeruginaosa
—O— - O. agardhii
122 * E
5]
g 10-
8
o 55— J—0—0 —
5 . .
& 1 T ; T T 1
0 4 8 12 16 20 24
Hours

Fig. 1. Changes in concentrations of algal derived DOC
with UV exposure times.
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Fig. 2. Degradation curves of algal DOM before and after
UV expasure. Bars represent standard deviation.

in the biodegradability between before and after
UV exposure both in two algal DOM sources.
Microbial degradations were reduced in the UV
exposed algal DOM by 17% in M. aeruginosa and
53% in O. agardhii, respectively (Fig. 2). Decom-
position rates also were two times lower in UV
exposed algal DOM (0.20/day in M. aeruginosa
and 0.45/day in O agardhii, respectively) than in
raw algal DOM (0.40/day in M. aeruginosa and
0.91/day in O agardhii, respectively). The decre-
ased bacterial activity on UV exposed algal DOM
has also been reported in other studies {Tranvik
and Kokalj, 1998; Pausz and Herndl, 1999). They
found that microbial activity on the UV exposed
algal DOM was inhibited by 15 to 20%, while the

a) M. aeruginosa
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Fig. 3. Proportions (%) of DOM fractions for before and
after UV treated samples. Bars represent stan-
dard deviation.

loss of DOC was less than 1% during the UV
exposure. These results indicate that algal DOM
can be altered qualitatively without complete
degradation by UV radiation. Thus, we further
tried to fractionate the algal DOM before and
after UV exposure to understand the change of
their chemical compositions caused by UV radia-
tion.

The hydrophilic bases (HiB) and acids (HiA)
were dominant fractions of the algal DOM {more
than 70% both in M. aeruginosa and O. agard-
hif), although the proportion of each fraction
differed with the sources of algal DOM (see black
bars in Fig. 3). Hydrophobic fractions (HeA and
HoN) contributed only 16% in M. aeruginosa and
20% in O. agardhii, respectively. After UV radia-
tion exposure, the proportions of the HiB (protein
-like DOM) and HiA (carboxylic acids-like
DOM) fractions were considerably changed com-
pared with other fractions (see white bars in Fig.
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Fig. 4. Electropherograms for before and after UV treated samples (M aeruginesa) indicating UV-induced increase of

oxalic, formic and acetic acids.

3). In both algal DOM sources the fractions of
the protein-like DOM decreased considerably
{16.8% and 20.0% of DOM, respectively) after UV
exposure. In contrast, the carboxylic acid-like
DOM increased as much as the decrease of the
protein-like DOM after UV exposure. Differen-
ces in the chemical compositions of algal DOM
between before and after UV exposure also pro-
vided evidence that algal DOM changed quali-
tatively by UV radiation.

Contradictory results were reported by Thomas

and Lara (1995), who found no changes in chemi-
cal compositions as well as concentration of algal
DOM after UV exposure. The differences bet-
ween their and our results may be due to the
.algal DOM used in two experiments. We used
freshly produced algal DOM, while the DOM
used in their experiments had been aged in the
presence of bacteria for 8 months. During the
long incubation, bacteria would utilize initially
labile constituents that also would be changeable
by UV radiation. Thus, initially labile DOM
might be nat involved in their experiments in
spite of the fact that they are important fraction
of algal DOM.

To clarify the increase of the carboxylic acids-
like fraction after UV exposure, we measured
several carboxylic acids {oxalic, formic, and acetic
acids) with capillary ion electrophoresis (CE)
system. The three carboxylic acids increased
after UV exposure in both algal DOM sources,
although the extent of increase for each organic

Table 2, Results of the CIE analysis indicating an in-
crease of carboxylic acids after UV exposure.
The values are averages of duplicates.(Unit: pg/l)

M. aeruginosa O. agardhii
Carboxylic acids
before after before  after
Oxalic acid 50 460 70 180
Formic acid 30 560 550 560
Acetic acid 150 200 30 150

acid differed with the sources of algal DOM
(Table 2). Especially, a substantial increase of
oxalic acid (410 pg/l) and formic acid (530 ug/l)
after the UV exposure was observed in DOM
from M. aeruginosa (Fig. 4, Table 2). In general,
carboxylic acids are easily decomposable mate-
rials for bacteria (Allard er al, 1994; Bertilsson
and Tranvik, 1998; Wetzel, 2000). Hence, the
increased HiA fraction (probably produced as
photo-product of HiB fraction} may not be linked
to the recalcitrance of algal DOM by UV expo-
sure. Further research is needed to clarify the
mechanism of the photoalteration of algae-
derived DOM in aquatic ecosystems.

In the present study, we presented that algal
DOM can be photochemically altered in its
chemical composition and biodegradability. The
photoalteration of algal DOM is likely to have an
influence on the carbon cycle and pool in aquatic
systems, especially algal DOM is important car-
bon source, e.g. by making algal DOM unavail-
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able for the production of bacteria.

ABSTRACT

The effect of ultraviolet (UV) radiation on the
characteristics of algae-derived dissolved organ-
ic matter (DOM) was examined by comparing the
biodegradability and DOM fraction distribution
of algal DOM before and after UV exposure. Al-
gal DOM from two axenic cultures of Microcystis
aeruginosa and Oscillatoria agardhif were irra-
diated for 24 h at a UV intensity of 42 W/m%. A
complete degradation of algal DOM during the
UV exposure did not occur, remaining at cons-
tant concentrations of dissolved organic carbon
(DOC). After UV exposure, however, microbial
degradations were reduced by 17% in M. aerugi-
nosa and 53% in O. agardhii, respectively, and
decomposition rates also were two times lower in
UV exposed algal DOM. In addition, the chemi-
cal compositions of algal DOM altered substan-
tially after UV radiation exposure. The propor-
tions of hydrophilic bases (HiB; protein-like
DOM) decreased considerably in both algal DOM
sources after UV exposure (16.8% and 20.0% of
DOM, respectively), whereas those of hydrophilic
acids (HiA; carboxylic acids—like DOM) increased
as much as the decrease of the HiB fraction.
Capillary lon electrophoresis (CE) analysis show-
ed that several carboxylic acids increased signi-
ficantly after UV exposure, further confirming
an increase in HiA fractions. The results of this
study clearly indicate that algal DOM can be
changed in its chemical compesition as well as
biedegradability without complete degradation
by UV radiation.
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Abstract

Dissolved organic matter (DOM) in Lake Unmun (Korea) and its two inflowing rivers was fractionat-
ed using three resin adsorbents ({AD-8 resin, macroporous cation and anion exchange resing) into five
classes :aquatic humic substances (hydrophobic acids), hydrophobic neutrals, hydrophilic acids, bases,
and hydrophilic neutrals. The characteristics of DOM were investigated by evaluating DOM fraction
distribution, ultraviolet ray absorharice of DOM fractions (UV absorbance at 260nm), and molecular size
distribution of DOM. Aquatic humic substances (AHS) and hydrophilic acids (HiA) were found to be
predominant in both lake and river waters. In particular, AHS were greater in percentage fraction than
HiA. The UV to dissolved organic carbon (DOC} ratio (UV/DOC ratio) of AHS was two times higher
than that of HiA. The UV/DOC ratios of the total DOM, AHS and HiA were 12.9-32.8, 7.2-29.4 and
5.3-17.1 [m ABS em-/-g C] , respectively. The molecular weight distribution of the lake water
DOM was determined by high-pressure size exclusion chromatography and found to exhibit a relatively
narrow size range and low weight-averaged molecular weights ranging from 1,010 to 1,110 g-mole-*,

Key words :DOM fractionation, aquatic humic substances, hydrophilic acids, molecular weight
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B X UEHSERSOEELSPREERES LU DOM O
SFESTMEREL, FAHIZBY 2 DOM Oipiteid
FEFET 52 L ThHhB, EMEEBWT S COD O
HERAEES N TW B9,

2. RBEH &

2.1 HTLERS

ZM# (Lake Unmun) i, BEEOEREICAIETL2E
LR OISR FAEEZEO—BLr L TESRXAT-AL
DY LMTHB (Fig. 1o D05 2WOFIREH 2301
km? T, 1993Fh o BAMEF S, £ OAIKEEE
i, B, &NIMPEMEHRo kg BERKR
UANERRAAE LTRIBS A Tw 3, M~BIATSE
ZENEEREN EZEMANO=>TH 5,

K Fnig, RENDSOEBERKEWEEI R
3 (DL), A (DC), EMIHSOEENAE
WeFZ SNBHE (UL), RANOFHA#S (DR),
EFNIOEASS (UR) SEER L7z, 1998%E6 B e
19990 5 B ¢H 1 BO<—X T, ATz iy -y
BRBERCTEREK (1m) %22 [#KkURZ, AW
MaAh B 2 AR U Tz,

Y N i3450°C 4 BBV L & T A ERER
Lz ¥ZARMNVOBREETTF 70y 4 F—ff%
DbDERVE, FHEZ, 7-F -y r XA
RECRRZIFLHE o1z, ¥ 70 3B HEIMIE
L7z Whatman GF/F 7 4 V¥ — (FHFE0 . Tum) *
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Fig. 1 Location of the sampling sites in Lake Unmun.
DL : Dongchang Point; DC: Dam Center; UL:
Unmoon Point; DR : Influent river, the Dong-
chang River, into Lake Unmun; UR: Influent
river, the Unmoon River, into Lake Unmun.
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2.2 BE5EHY (DOM) SEFE _

FFHIBWT, REAkDOM ix 3EEE RIS k4
F R T 7 U VRIS XAD-8 [Amberlite 20-60
Ay ¥z, FHIHRERESIM g '], BEE~Y7 oRf—
T ABA 4 T [Bio-Rad AG-MP-50, 50-100
Aw¥a, KEAT VE], BEREE~v7 o Rf—F B
# »3e i [Bio-Rad AG-MP-1, 50-100+ v 3 =,
BEALUED kY, BokEE (73088, gk
HrEYE, Bk, EENEYE, TU B
VED S sfEEnD, FAEFETIE, BUKEEE
e BAEEEBYOSEI XAD- 8 EIE~0BEDL S
WIEHIC L D IRERICER Lz, T OB —EkEE
DABETERE OBH L > S AR ICH T 5 XAD- 8 8
BEOHE - THESRS, 5 LEB7 77550
DEMFIZBWT, 0% Es XAD- S EECRE IS
b O EBKEEHEY, S0% EXEHT 3 b 0EEAM
BRI LY, pH.2 T XAD- 8 BifgicBmBLIAA Y
TEHT % b @2 BEAMR (hydrophobic acids), pH &
BifR < XAD-SBIGICIRE L, BTHT AR ) THE
HLZWHDOEEAMEFHEYE (hydrophobic neutrals,
HoN)} LEZE Lz, BUHEBOBENESE 7 I V98
(aquatic humic substances, AHS) O4538E&fErF—T
55, pH 2 D&#4TXAD-8EIEY 5 A » BRALEA
FrFBBRCHEENS b0 FEEEYE (bases,
BaS) & Lz, —F, B1 4 5 fiE @8 L 1 4
CEEBIE RSN b O R EAMER (hydrophilic

acids, HiA), B4 A > 3cHiig c bIaA 4 Al

bR 2 v b OB EAEPHYE (hydrophilic neu-
trals, HiN) & Ufe, SESCHIES 5 L £ 2 S h 3 HE
&Y% Table 1 icR7, '

XAD- 8 #5x Thurman & Malcolm®dD HF ik iz fE-
TR LU, BEEs XAD-S8ERkEAY / —1 D
BEBEFIZEELR:; 3 miDXAD-8#iEs 5 A A
T AWTERL T, #200m! @ Milli-Q 7k (Milli-Q SP.
TOC, Millipore) TEFL /2%, 0.1M NaOH BH, X
WT0.1M HCl BROEFRTEL2H10m! ¥ @AkT 58
fE% 3EEDIE L=, 0.1M HCl OBEFADEI 7=
Y IFYINEEERLYE (B,

B 4 2 HsiE & Ba A 4 TSI, A5 —n
TUEEY » 7 v —ger Lz, S0, B4 4 w5
BRI DWW TS ED10f%E D 1 M NaOH BRIc &
NAKBEAS A BICBRL, BA4AYBEUBRATY
THUEHE % Milli-Q A THScEg Lz, B4 4%
BAHAE 6 m/, B4 A4 IS 12m! 2 BRA A TFAA T LK
FEHL, BA A, BAA VBIED 7 20EFICEEL

Table 1 Classification of organic solutes for dissolved
organic matter fractionation

Fraction Solute Compound Classes

Hydrophobic Acids Aquatic Humie Substances { humic and fulvic acids }

Hydrophebic Neuirals Hydrocarbons, Pesticides, Carbonyt Compounds, LAS
Hydrophitic Acids Sugar Acids, Fatty Acides, Hydroxyl Acids
Bases Protein, Amino Acids, Aminosugars

Hydrophilic Nautrals Oligosaccharides, Polysaccharides
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DOM 1
{AHS + HoN + HiA + BaS + HiN}

STEP1: » DOM 2 (AHS)
200 mi. Sample fittrate
Adjustment to pH 2 with HC!

XAD-8 Resin

DOM 3>(HEA +Bas$ + HiN})

STEP2:
Elution with 0.1TM NaOH

STEP3:

AG-MP-50H" Saturated
Cation Exchange Resin

DOM 4 {HIA + HiN)

AG-MP10H  Saturated
Anion Exchange Resin

DOM 5 (HIN)

* Fig. 2 Experimental procedure for dissolved organic
matter (DOM) fractionation. DOM fractions are
AHS, aquatic humic substances; HoN, hydro-
phobic neutrals; HiA, hydrophilic acids: BaS,
bases ; HiN, hydrophilic neutrals. .

7B I o Milli-Q Ak EFEAL iz, BikE, B2 DD
SABETF 2 IARER L (B2, B3,
DOM A EFEOFIE#® Fig. 2icR$%, HClI T pH
2B LY >>720200m! (DOM 1) 2 3 mid
XAD- 8 g4 7 AcBA Lz, 91 Ry FABOHEY
T50.00M HClIE® 2 @EA L=, 3~V FEEICHE
#750.1M NaOH 2#HAEAK L, BHEEEHEE
L (DOM 2), XAD- 8 #ig» 7 L BEEK (DOM 3)
%, B A r—Ea A R EEEOEF CER s
DOH 7 AER L, BA 4 rTREBIED IV NE
BN T Y AAREKL R, B T TR
A7 (DOM 4), ReTEA A ZTHREIEY 5 A
(DOM 5) DETH 7 2 EBEE2FER L 72, FEHSO
DOM EERUTRTRD» 600 5B H L,
ATLEREFA LY Fa—TE2ANTRIRAIR T
T#I 1 mi~min™, FHEZ0.5mi-min" U TORMETE
Blic, ¥ 7F2-TRUNDF 2 - 2T BETTF 7
Oy Fa—7EHwi, SEETEE, DOM1I~DOMs
BLUBI~B3n DOCEBESL & U%ﬂ"‘ﬁﬂﬁ%f‘* (UV)
RHEL Iz,
AHS=DOM2 % (Elutant Volume)}/(Sample Volume)
(1)
HoN=DOMI1—-AHS— (DOM3—B1) 4]

Vol.26 No.12{2603)

BaS= (DOM3—B1) — (DOM4—B2) (3)
HiA= (DOM4—B2) — (DOM5—B3) {4)
HiN =DOM5— B3 ()

2T, Bl XAD-8#i§ 77 7, B2 . BA A &
¥aRiE 77 > 7, B3I B4 & v+ A 4 A HRE 75
v 7, XAD-8 DfIE T 5 > 7 O FHDOCEE it
0.2340.08 (sd) mg+!~* (n=509), B4+ HRHE7
7 7i30.0520.04 (sd) mg+I' n=59), E&AF>%
HBREE T 7 2 130.0410.03 (sd) mg+ I (n=59) TH>
b

2.3 HFESH

Wk 3389 > 71 (DOM) DR FRAHB & U5
TBE, Va7 o=w Y F 74— (Hitachi L-6200
K > 7, Hitachi L-4000UV # 28, Hitachi D-2500
F—F 477 Vv—%—, Rheodyne7i25 %74
VrgF-) CIHHELEY FrsBrav IS
7 4 —#H 75 E LTI Water Protein Pak 125 (94—
NEE LIV A5 0, EELpm) 2 Buiz, BEEE -
L i, 0.004M V) 88,%w 7 »—7 pH6.8, 4 M NaCl
PEEHFMLTAZ EE.IMCHELZ OB
Tzo BEMEFHEI 1 m/-min™, HREEEIZ2600m, ¥
INEBRI0u THote, T FNOA 4 HEIITRE
HERUEERCRZS LS54 M NaCl 0. 1M BEcH
BLl, YALAR/UR N 774 DNFEAS 5 —
FeELTE, RVAFVALKRTIYEBFIIITA (BF

© E&35000, 18000, 8000, 5400, 1800) % Hwiz®, £BE

BEBRE7E M 2BUTED R, #E - AlkEiz 8w
T DOM @iz ) OFSE 5 7 2 983, S5
LA NKREE LTEETZ EEZ N E™, fE3k, &
B L THERAShTE Y Vs BREFRTCHD,
DOM DA FRE2EAFMT 2B hsib s, - T, £HF
T, RS VN ZETREL{ TS A4 MRET
FETIRVRAFVYANKVEEZFEAI VY —F
EUTHERALE,

2.4 S

DOC B, 282 M HCl #¥EmMmL pH 2 i J%
LizH o 7hicFy VP A (MR 88 LEEH
FRBEEREL I, Shimadzu TOC-5000iz & D EIE L7z,
ARENER L ULLT Th o iz, EIRIED, K
BRElmOETEENVEB VT, #E260 nm T
Shimadzu UV-PC 2500ic X WHIE LTz, 7 & >HBED
aAvR~R P EEIZONE T = ) —NEEY, BREE
B, ZREFHERLEVOEBRENBRINEE (r— *EB
) 12200-290nm CTEET 319, HE260nm OBFEE I
B4, SR+ S0BErERTSE, BomEt
FRPCRERETH? tHEasnTwa 2, D EDE
BT260nm 2PEHFER E LTHEIN LT, > 70 pH
¥ HCl TpH 2 c#EL, Milli-Qk:273 7 LT
PR EEE Uiz, £LENE R ERE (BOD), COD,
EHTEYRE (SS), Y097 4 0-g (Chl.-a) B ¥
OABREBEER, BEOAEBESLAETRBEYS
& U Standard Methods™ iz # ST 4F L iz,

3. BREE

3.1 EFEIKERAANKOKE S LU DOM BHE
EFPEC B 4% (BOD, COD, SS, Chl. ~a) @
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19984 51999EN T TOELE Fig. 3iwFi+. 5 A»
56 Bz iFT Chl -2 OWEHS . 18ug- 15 TLEEL
7oo TORFBCIIEEOEBERERTH - LEDRS,
8§ B &9 Bizid, BO B DA Imm, 364mm OB L VER
BEAE i, FEREYE (5S) BENICF AR
BmLloR, B85, 8B IBOBNOEE X
B EPED S DRBEMEORLEN 1 » BBATE S
BOTHREL L bOTiRvd LS h 3, FAEE
FHRYBETH2 BODREMEZEL TENEETRL
Tzo —7, &ERYHEETH 5 COD OB IZED SBIC
PR ThOTrCENT 3ERERLY,

EFTEIA D 3 HiS GRS - DL, ¥4 1 DC, &
FlEI#E S - UL) k2208 AMMNA (ERI DR,
ZMNI:UR) ODOCEE * Fig. 4ic £ ¥, MKk o
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Fig. 3 Seasonal variations of water quality parameters
(COD, BOD, Chl. -, SS and rainfall) in Lake
Unmun from January 1998 to May 1999. DC: Dam
Center.

—&-bL
—O~0C
4 —&—UL

DOC {mg /L)
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Sampling Time{month)

Fig. 4 Seasonal variations of dissolved organic carbon
(DOC) in Lake Unmun water and rivers inflowing
to Lake Unmun from July 1998 to May 1999. DL -
Dongchang Point; DC: Dam Center; UL : Un-
moon Peint; DR : Influent river, the Dongchang
River, into Lake Unmun ; UR: Influent river, the
Unmoon River, into Lake Unmun.

66—

§8(mg/L)

DOC BEE, FROBEPCE->TE2iE, 6B
59 H gt%wﬁﬁ%i:b, WHAB®S L, 128
KBULERL, Z0%, TFE6H: CHRT 3EAET
LTz MAFIIAGZ DT, £ 2 @ITDOC BED
Py FREECRR >, R E b Effic DOCE

ERA Lol BNl (DR) &y DOC BE%

R L OOWE T AEAETRL, —A, ZEM) (UR) ©
i DOC BEMSACAKMITES L, #hbk, 11A—12
BTHULERT 38, BF—EQEOERRLIZ. DR %
BT, ¥IPY 3 MEE X UF UR Cld DOC BEESSI0A 1
BEEHEI L, SHEIAKBEOERND -2 L
%% 5 (Fig. 3), 2o DOCBENEFRERI
ZEEBORRLEESNS, 1272, DR, ThbbEEN
@ DOC BEIZIRA L Tz hie ), RO DOC BE~
OEEIUR, T 2bbEMCEECREALZLEEZ

o EFND S OFNIAFREHBIE & THAS RBEPEK
DOCEBECRIZLTWS LEAI LS,

AFERE B LTI, 1998549 A 1999128 » B
WT, WAFANAD DOCEBEDIFES B3ALD B
EERLT, 2T, ¥HARERECEET 2 DOM &S
BB ZNIEEREWL DTV EBbh 3, 5
A7k DOM D h538k DOM 0¥ 2 e+ 27
R E G, A

3.2 Bk EFAANIKD DOM HE

WA IHRB LU 2 DOWMAFNTER L4 7
W DOM S EFEEBAL TE S 7> DOM S ES 1

(FHE) % Fig. 5 ETRT., £ TOV Y7L BHTERE

B, 3xbb7IrYE Gk CHRAMBOTE
HBERL Tz, 73X MEVNRLE L, RTHEA

R, EEEWE, Bk, skiEdEnEoRE:

FELEDAE B oN, .

7 3 rPROFEELE, WP ORI S (DL)
HRT36% (0.88mg-171), &AL (DC) T39% (0.90
mg+{7), WAOEFINIEHA (UL) #RT40% (0.89

70

mbL
60 | goc

: mUL
BDbR

BUR

Percent of DOC (% ]
&
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Fig. 5 DOM-fraction distributions in Lake Unmun.
DOM fractions are AHS, aquatic humic sub-
stances; HoN, hydrophobic neutrals; BaS,
bases; HiA, hydrophilic acids; HiN, hydrophilic
neutral. Error bars represent+Istandard devia-
tion. DL : Dongchang Point; DC: Dam Center;
UL: Unmoon Point; DR: Influent river, the
Dongchang River, into Lake Unmun; UR: In-
fluent river, the Unmoon River, into Lake Unmun.
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mg-{71), REHI (DR) ©47% (0. 96mg 7Y, EF
(UR) T429% (0.96mg-I"") TH o7z, BFTA L /)|
KTEEREF R Dol EAMBOEERD, Y48
0O DCEBTIX21%, DL #15723%, UL H&ST27% T
HY, BARANKC BT 2BAEROEER b2 DT
bokdol: GREIN (DR) 24% : EP9 (UR) 26%).,
BEEME T OV Tk CE11-18%, 7)1 KX EH
14-21% % &5 %, BAEDEHE O TREK TS
15-18%, FJIAFIGII-12% % D7z, —F, Bikits
HHEOFIEELRIOUN T LEL, BEDE kR
L5, HNVE=Z SO X 5 R ERLEMO¥KS
& UHN A DOM ~DFEIXEL L EZ R,

Thurman™id, 7 3 > ¥ E iz KR A O DOC D
40-6026 % (5 8, WAk CIROBBELHEL TV 3, £ 77,
FANKROBETIE 7 £ »HEIES L DOC DBES0Y% %
59, BRI HBE L #HEL T2, David &
Vance'™ix, XE A4 MOMIAICE T T S 98
it DOC DF357%, 0% THot:BELTWVS, %
iz, —,#6“”@%@53&%&%@?@2}@6;U‘i}ﬁ)\ﬂ]ﬂ?ﬁ
® DOM ZEAAF 2 BT LT, WA TIREA SR, 7
M$?M7EV%Eﬁﬁé?%:t%%kaﬂL@E
BHROWE» S, FHEOHETHLEMHAL 20
MAFNAZ BT H DOM SEHAE L TR 8
AHBERND L FRLL, WAkEmIATiR7 s v
BLUBAMBOEEHCRESRENEZ T
Wolte WIAKTH7 L VvPEBBESLTWEI Lird,
EFY AT RMASEONBEESIZ £ 2 DOM ~O
FEBP2OTREHSND, CNIEEMS A=
BRLTHS RO AW TH S Z LicBEL Tv 58
Bhib,

RFTY LH 3 #1K i 181 2 DOM S ES O BEIZAL
% Fig. 6 iRy, 7 3 VB OFEELIRKC R b BV E
ERLI, ThIXSSBEEOSES FERMELTED

(Fig. 1), BILWERE X 3 ARHOBE, BE»s 7 3

YOEES FURPWACTENAAL DD EEL bh

70

& Spring
80 | O Summer
Autumn
W Winter

50

40

30 F

Percent of DOC [% )

20

AHS Hon A Bag HiN
Fig. 6 The seasopal variations of DOM-fraction distri-
butions in Lake Unmun. DOM fractions are AHS,
aquatic humic substances; HoN, hydrophobic
neutrals; HiA, hydrophilic acids; BaS, bases:
HiN, hydrophilic neutral. Spring indicates the
data in March; summer does from June to
August ; autumn does from September to Novem-
ber; winter does from December to February.
Error bars represent+1standard deviation of the
mean,
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UV/DOC [ m ABS emi'--.gC™)

%o —H, BAUBRIE 7 0BEELESARE T,
BERRDOM OEESNEFr A S ok L EbA
B0, MEAEYIE L, F IR Uiz, S,
HiE 8 -20% DEELEFL, FTEECESERRL
7zo BAYEREMERE CHEEENASHo T,

3.3 EMTAKRUTEATNAS UV/DOC K

FPIWIA L AR AR OHET UV/DOC H % Fig.
TIFRY, ¥k DOM O UV/DOC Hid16-21[m
ABS cm™-{-g C™], #/llzkeh DOM OF4 UV/DOC
Hi323-28 [m ABScmt«l-g C'] TH -7, DL Hi5
DK DOM @ UV/DOC Hii212-29 [m ABS cm=t-{-
g C7], # 480 DCH &z 3817 2 DOM o UV/DOC
HH11-38 [m ABS cm-/-g C-'], UL #155 DOM @
UV/DOC Hi313-43 [m ABS et/ g CY) Thot,
HlATHAEEN (DR) =2l (UR) @ DOM &
T UV/DOC Hhiiz, &% 23, 28[m ABS cm~1+/ ~g 1]
T, FHAROE S B3¥IK & 0 BVWERT L. #izk DOM
BAEAERIC & 5 DOM & PEfaRic X 5 DOM 206 %
BLEXONDY, EYREE, SEE SRS DOM ik
WAL & v BE OISR EEYThY, =
O UV/DOC KB EMES R T W3, $hbbAL
»5FHATE DOM @ UV/DOC Hobd Hsshic i ¢, 7
HEEEDOM O ZRBEVWEEL 6hE, H>T, &
ABENZKD DOM UV/DOC FI3#ADENE D &A=
CZBLEXONRD, EFIRIA L BATNKD DOM
UV/DOC LDBERIZ oW T b R @RS ESiT o h
770

7 L B OFG UV/DOC Hid k24 [m ABS
cm™+l-g C7] T, WAFMOFEAN (DR) &P
(UR) T#£%29 [m ABS cm~+{-g C'], 24 [m ABS
cm™-l-g C7'] OE%ERLIz, ZMCLEL T DOM
BESEREN] (DR) 0F 5 5b 3o Ey UV/
DOC L2 &R U Tl kAR O84S, UV/DOC |,

A

50

]

o)
=]

8

—t
o

DL DC UL DR UR

- Fig. 7 The ratios of ultraviolet absorbance to dissolved

organic carbon (UV/DOC) in Lake Unmun and its
inflowing river waters. DOM, dissolved organic
matter ; AHS, aquatic humic substances: Hia,
hydrophilic acids. Error bars represent*1 stan-
dard deviation. DL: Dongchang Point; DC:
Dam Center ; UL : Unmoon Point ; DR : Influent
river, the Dongchang River, into Lake Unmun,
UR : Influent river, the Unmoon River, into Lake
Unmun.
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i DL #1.5, & A80.0:(DC), UL O R TIERRE U T
10 [m ABScmt+l-g C'] TH-oire —F, HllzAkd

&, ®AJI (DR) #1511 {m ABScm—-7-g C],
EMJ (UR) #5T12 [m ABScm™+i{-g C] TH-
7ze '

34 FroaR NI T —ILL A BTRLAGEE

EMY LMD IHIE, ThbbEANME (DL) #ik,

A AL (DC), EFNE (UL) S CER s Wy
FADFNFuT TS AE Pig. 8 IKFET ARk
DEEXREWEELI5h3 DL#EL UL A TO 2
U NI ACHET S, FAMLTHBE DCHIED
70 b7 ARBHTFETOUEWEERL Twi,
DLHIEHOZ u~ 73 AR B TOR, HEEBIRAE
(BFE2005LE) cAshr—raBoohdz, 20
&5 2IEHTESFO DOM ITAiL 33 ¥ — 7 12, ¥
EBRMEREAK, TR, TAOMTAZODOM 7o
FZARBOWTEEINTWSEH (SH, RHHF—
%), BEHEK, £hb DLSO A EB L -0 EE
RTTHETH 5, .

Fig. 8 D7 9% b 275 A 5RDI-HFH (Mn) B
UERFEHSTE (Mw) % Table 21233, %8, DL
WEDZa= b7 ATHRBEAMfECHBRLZY—2
EBE L 72 ZPIEADOM @ Mw it 2 % 0K <

#3500

g —e—DI_
é DO
o ——UL
=
£ 82500 ¢
=
(=4
ow
o~
‘; 22000
L]
[+]
(=
o
£ eise A
s .
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o
>
D 21000

aosoq |
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Fig. 8 Size exclusion chromatograms of the waters from
DL, BC and UL in Lake Unmun from June 1998 to
July 1998. DL : Dongchang Point ; DC: Dam Cen-
ter; UL : Unmoon Point. Retention times for PSS
molecular weight standards of 35X10%, 18X 103,
5.4 10°, and 1.8 X 10° dalton are 6.7, 7.19, 8.00, 8.49,
and 9.63 min, respectively. The retention time of
acetone, which corresponds with the total permea-
tion time, is 13.04 min.

Table 2 Weight-averaged molecular weight, number
~averaged molecular weight and polydispersity
of dissolved organic matter in Lake Unmun

HPSEC )
Sampling ( Detector Wavelength : 260 nm )
Station Polydispersity
Mn Mw
Mw / Mn
DL 760 1110 1.45
DC - 710 1010 143
UL 760 1090 144

1,010-1,110g*mole ' TH -7z, FHFEH DCHEADS
FEIREHE» T2, WA 3tE (DL, DC, UL) T
HEBH G FREECOWTOEERZRIRENEN ST,
Mn & Mw Dk, 3$8bbREY T4 X—2F 4 (Mw/
Mn) &, DL#ETL.45, 4800 DC ©1.43, UL
ETLUTHTe, > T, EFHIA DOM iZbtEAve
SEHR Mw/Me<2)THY, ALE>ESFERES
BRYMOEEGERETRRE 2, EFEA DOM 04T
i, Chin 5258R&? L7z Fryxell #i7k DOM 0 FE#45
FB(Mn 713, Mw :1,080)%, Zhou 5 D& L
% Missouri /I DOM O 45-F & (Mr 1780, Mw:
1,188 DfECEL TB Y, FIY YA —3F 4 (Mw/
Mr)ZoWTbERRZEERLTED, BESE LS
LTz,

ZZTHEEPET L EIR, FROBE UVRREE
75 DOM ZHRELTDAEHTHARTH D, ¥
7V DOM Az UV 2RIRL 2 wHIB RSB St h
TV EBETH. FHETE A7 o M S ARE
D" & DOM 3 FESFH L —B L Wiisiks s 2,

4. % ¢ &

EMFLHEB I UHRATEN 2R E LT, BAE—E
A, BiE—IEREDZE G ICE S - EEE RS (DOM)
FEERL & - T, 8Aks X ¢mlADOM %7 3 V¥E,
BRACHE P L BRIERE, MR EENEMEO 5 o
L, DOM sEiqa3, BXERY, STESF 276U
7ro

EPTEIR & AN AR T DOM S i S E
WD Sk T, Wiks EuEiAk s i, DOM
Bar LTEERE, $4bb 7 vilE s Ekmss
L, HC7 I vPEBESLTWR,

BiZk® DOM S ESFaHESHI LT 2 EERTHD
Shic. 7EVMEOEERZEIETL, RioEXL
Tzo —H, BAMBOFEELZELEREE o, BE
HHEOEFEELIIRC, dAkMEPEYBOFEELIRER
EOEERLE,

WK OESNEBAE (UV)/BEEERE (DOO) K
DEIX 7 & 8, DOM, EAEEDIETHIIIL, 7 &
E D UV/DOC ik EkteE O UV/DOC H L b i
2IEREEN T,

B 74<DOM © & & F 5 45 F 8 i11,010—1,110 (g
mole™) OBHAIH oIz, KV YR A—v 74 (BEF
B TFR/ATESFE) 131,431 450 s/ & 2E
L, ¥Rk DOM BHERCE US4 XDSFne i
ZEEETHE LTSN,

(FRR=fT 2002299
(FERSSEE 2003 8 A27H)
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