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Abstract

Dynamics of dissolved organic matter (DOM) in Lake Biwa (Japan), Lake Baikal (Russia), and their wa-
tersheds were investigated using a three-dimensional fluorescence spectrophotometry (Excitation-Emission
Matrix, EEM). The significant relationship between the concentration of dissolved organic carbon (DOC)
and the fluorescence intensity of humic-like substances was found in the upstream regions. However, such
the relationship was not observed in the lake, suggesting the alteration in the properties of DOM via the
photodegradation. The changes in the fluorescence properties for fractions based on molecular size were
allowed to understand the changes in the characteristics of DOM in the lacustrine watershed. Assuming the
first-order kinetics of the DOM photodegradation, the relative contribution of allochthonous source to the
lake DOM was estimated to be 50% in the surface layer and 75% in the deep layer of Lake Biwa. The
source of DOM, which was determined by the carbon isotopic analysis, was consistent with the results from
the analysis of fluorescent properties.

Key words: Dissolved organic carbon; Humic-like fluorescence; Carbon isotope
composition; Lacustrine watershed; Photodegradation.
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Fig. 1. Maps of Lake Biwa (left panel) and Lake Baikal (right panel) watersheds.

AEHT, EEW. S
¥ L OWHRAIINZ BN T
BHEL L7 (Figurel), £REUHEE X OVHIEFIEIZOW
TiX, BERoo@EY TH DA (Yoshioka et al.,, 2002;
Mostofa et al., 2007a and b; Yoshioka et al., 2007), DOC
BB, HOGTREE, [RANAIM, B RN AKLRL BT Tk
[ZOWT, O E LU FICFERT 2,

DOC R I L OaOEIIE D 72D OFEHE, 4T Af%k
HeAHE (GF/F, Whatman) TA L., #8631 7L E
VIZART, o E THRERAF L7, DOC AL,
HCIRME T CHEBRRE IR R A PR s LTtk AR FER!
(TOC5000A, REEUERT) T, #OBFMEL, = kooHE
Jey R (F-4500, BNz
YERT) TRIE LTz, SO E (FI) 400

1%, 7~ UL (Determann et 380 a
al., 1994) 572012, i 566
ETHROLNDKD T~ HELO

3

V—J A EY 7 by 2T
(LabView, National Instruments)

IR TEEAE L, ZhTatmm
FExRBR LT~ HAT (RU, B
fil¥nm™) TERLE, Tvr#
Lo v — 7 mREILR K E Ok
AT LTS 20720, =
WOLHOL /3 IR TRIE LT

Ex wavelength (nm)
w
S

g & 8

2.5 300 325 350 375 400 425 450 475 500
Em wavelength (nm)

All sites, where water samples collected, are not indicated in these maps.
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Fig. 2. Comparison of the original (a) and Raman (b) normalized excitation-emission
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matrices (Yoshioka et al., 2007).
Sample was collected from the north basin of Lake Biwa (2.5 m depth) in June 1999.
Bars beside graphs indicate contour intervals of the fluorescence intensity in the qui-

nine sulfate normalization (a) and the Raman unit (b).
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Fig. 3. Changes in the fluorescence peak position of hu-
mic-like substance in water samples collected in Lake Biwa
and its watershed (Mostofa et al., 2005).

Arrow shows the trend of the change in the peak position
from upstream to the lake, via mid- and downstream
(Mostofa et al., 2005).
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Fig. 4. Relationship between DOC concentrations and fluo-

rescence intensities (FI) of the humic-like substances in wa-

ter samples collected in Lake Biwa and its watershed (modi-

fied from Mostofa et al., 2005).

@: upstreams, O: downstreams, A: midstreams, <: chan-

nels, [1: Lake Biwa

Regression lines are as follows.

Thick solid line (FI = 0.0012xDOC + 0.00059, > = 0. 89) is

for upstreams, solid line (FI = 0.0013xDOC + 0.0036, r*

0.78) for downstreams, broken line (FI = 0.0023XDOC -

0.0576, r* = 0.86) for midstreams, and dotted line (FI =

0.0028xDOC - 0.12, r* = 0.49) for channels.
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Fig. 5. The changes in the fluorescence peak positions of
humic-like substances in water samples collected in Lake
Baikal and its watershed.

X : downstream of Selenga River, O: upstream of Bargzin
River, @: downstream of Bargzin River, 4: Bargzin Bay,
/\: surface layers (<10m) of the central basin of Lake
Baikal (CB), A: deep layers (>100m) of CB, [I: surface
layers of the south basin of Lake Baikal (SB), B: deep
layers of SB.
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Fig. 6. Relationship between DOC concentrations and
fluorescence intensities of the humic-like substances in
water samples collected in Lake Baikal and its watershed.
O: rivers, @: downstream of Bargzin River, A: surface
(2m) layer in Barguzin Bay, #: surface layer in coastal
zones, <: surface layer in pelagic zones, A: deep layers
(>100m) in pelagic zones of Lake Baikal.

Solid line shows the regression for the river samples, FI =
0.00139xDOC - 0.0455, 12=0.93. Broken line shows a
possible mixing line for Bargzin River and surface pelagic
waters.
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Table 1. Peak positions of humic-like fluorescence found in
ultra-filtrated water samples.
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modified from Yoshioka et al. (2007)
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Fig. 7. Size distribution of the maximum peak position of
humic-like substances (Yoshioka et al., 2007).

Peak positions:[], peak A;H, peak B ;M, peak C;H,
peak D.
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Fig. 8. Changes in the DOC concentration in the upstream
water of Nishi-Mataya River under light (O) and dark (@)
conditions (modified from Mostofa et al., 2007a).
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Fig. 9. Changes in the fluorescence intensity of hu-
mic-like substance in the upstream water of Nishi-Mataya
River under light (O) and dark (@) conditions (modified
from Mostofa et al., 2007a).

The unit of Y-axis is not Raman unit but Quinine sulfate
unit (QSU).
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Table 2. Summary of specific degradation rates for the photodegradation experiment.

Parameters a: HS-like fluorescence a: protein-like fluorescence b:DOC
Samples First step Second step First step Second step Light Dark
Upstream

Nishi-Mataya River 0.016 0.0085 - - 0.0018 0.00046
Kago River 0.0089 0.0066 - - 0.0026 0.000066
Downstream

Yasu River 0.020 0.0056 0.0049 0.00095  0.0011

(Mostofa et al., 2007a)
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JID Tk, PERAFEC0.0018M) " m?, AINAT) 1 FRAH
T0.0026MJ 'm?* & 72 0 (RS T CTOfE & kT 5 &
FAIEI, 405 L A0RFITHR Lz, BRI T IR DR
DAL, H - ES HDO5MTEH DOC O He iy il
ERIRIFE A EED LMo T1-2 L2y, DOC D43 i
WCBWCESRITIZFEA LG LTE LT, MEMIC
LBGENRE-E L Wb LBz LN, XL
FREOE E— 27 0%, TP FRaEt o 2 T Sdv, B
FAETORWD LTS, & O Moy s B B BT e Ia st
HF—EThole, TNHOZ &G, BT
DFJIZKHICE ENDEFERWIL, RIKIZE 0
DH0 L%, HOLRED R R D Z LR
. IR R D EFEHY S TRtk cfmE T
ZAMREME A RIE L T,

Mostofa & D FEER T, KR & AR % X875
ZEMTERWVA, Moran B (2000) 72 EASRL TV
D&91z. b &b &M E ROV AN
N3 5 2 & THHRIEOWEICE L, Y
SIREVMEE S LD &V D BIRNRIBREE CIIiE Z - T
WaEEbins,

SRR DT T VA VT, DOC JRJE & HS #fk
F— I REDEERT ZENTE S (Figurel0),
T ZC, EEEWICHAT D EAREI EPPHITL )
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Fig. 10. Changes in DOC concentration and humic-like
fluorescence intensity during photodegradation (Mostofa
et al., 2007a).

NM, Nishi-Mataya River; KG, Kago River; YR, Yasu
River.

The unit of Y-axis is not Raman unit, but Quinine sulfate
unit (QSU).
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Fig. 11. Schematic diagram for the dynamics of the dis-
solved organic matter in Lake Biwa including photodegra-
dation model.

M, estimated river water flowing into Lake Biwa; O,
2.5m; A\, 10m; <, 20m; A, 40m; @, 70m depth in
Lake Biwa. Lake Biwa samples have been collected and
analyzed during 1997 and 2000.

Broken line shows the relationship between DOC concen-
tration and humic-like fluorescence intensity found in
stream waters. Dotted, solid and thick solid lines show
photodegradation models for Kago, Nishi-Mataya and Ya-
su Rivers, respectively. Black arrows are the estimated al-
lochthonous DOC. Gray arrow is the refractory fraction of
the autochthonous DOC estimated from Yasu River model
(those fractions estimated from photodegradation models
for other rivers are not presented). White arrow is the la-
bile fraction of the autochthonous DOC seasonally pro-
duced and degraded in the surface layers of Lake Biwa.

DK DR D DOC B %K 5 & 0.81mgCl!
(68 uMC) LHEE S HL7z CRFIED, 2006), Z D DOC
REEIZHIY 9~ 5 HS BRHLE B — 27 R % Figure 4 12 &
DEBEMBARIIO FROEBUFERR LHEET 5 &
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Table 3. Contribution of allochthonous DOC to Lake Biwa DOC estimated from photo-

degradation models.

55k DOC DHF 51X, #
J& (2.5m& 10m) T48-58%.

Degradation Allochthonous  Autochthonous Relative contribution of RSB (A0mBLZE) C62-76%
0,
parameters used DOC refractory DOC allochthonous DOC (%) L S (Table3).
(uMC) 2.5m & 10m > 40m layers

Nishi-Mataya River 63 24 56 73 - "

. DOC O i 3 [l fiz 44 #8 AL
Kago River 54 33 48 62 1

. (8"C1E)
Yasu River 66 21 58 76

(Mostofa et al., 2007a)

0.091nm™ & 72> 7=, Z OO DOC IR L HS FREDE
SR & FEOM)IIK A, EEEWICIRA L, N W T
JorfiR%EZ T D HDEH x| Table 212 T T2HIGMI
B D HS B4 & DOC 0 B4y iR B 5 % 1 - T,
EEW OB A ORIF L BREIC SOV THEE L7z
(Table 3, Figurel1l), V2 Heofifisfi B EHDOE N X
S THRERITOCT A 2 M EEWINAKH D DOC D H 5,
54-66 1 MCI%., Wi % 52 7o 412 5% - 724 K DOC
ThoEHESNT, ZOWRE L, KFE20mIEDE
KJED DOCHEE (FHI8T uMC) & D3, 21-33 u MC
ML BRI CAE SN B D DOC O 5 B EEs iRk
DGy Th D LHEE ST, £ LT, K OKiR2.5m
& 10m) THEEHMICEBIT 585 (40w MCRRE) X,
FEEAN THRE SNT= B 43 RPED DOC L HEE S iz,
JeoyfERRR 2 B8 L CHEE S - BRI A Ic BT

DOC ® " C i, FEEM
T-25.9 — ~24.8%0, WA T-27.5 — -22.4%0 TdH >
72 (Table4), FEEWN TIIXLTIN/NEZ WY, BETH
WEBC A & BEMA B > 72, Tabled [ZIT72W 3, EH
B O F ISl AT 2 %210 DOC TlE, -27.2 —
=25.5%0 & WIS HAL TV D (35 - &, 2006)
WD 5 & RKE)N B0 BN FiitsTH Y |
N TO—RAEFESEL O NHITEEN D D D2 X
ST, BCHMNREL Rolednb LAy,

I T, ARMIEFEEM O S CE & LT -2T%0 & |
EEW O B ARG EBHOME LT, —REEN
TER 7R O RRERE A kR (POC) fiii & LT Maki
5 (2010) 2MRIE L CTWD -22.7% & WO A= R
A NR—L LERAET ML » TEBEH OB A
WoOREZHEE L-, ZORBE, BEMODOC ®
49-T4% 3R Tod 5 L HEE S (Table5), ZEHi

Table 4. Carbon isotope composition (5'°C value, %o) of DOC in Lake Biwa and its watershed.

1999 2000
Samples June August December April May June August October
Lake Biwa
2.5m -25.1 -24.8 -25.1 -25.5 -25.0 -25.3 -25.3 -25.5
10m -25.1 -25.8 -25.4 -25.4 -25.3
20m -25.6 -25.2 -25.8
40m -24.8 -25.5 -25.7 -25.8 -25.5 -25.6
70m -25.5 -25.5 -25.0 -25.9 -25.6 -25.8 -25.6
80m -25.9 -25.7
Rivers
Nishi-Mataya -27.5
Amano -24.5
Echi -25.4
Yasu -22.4

0 - & (2006) LY

Table 5. Relative contribution (%) of allochthonous DOC to the Lake Biwa DOC estimated from the carbon isotope

composition.
1999 2000
Samples June August December April May June August October
Lake Biwa
2.5m 56 49 56 65 53 60 60 65
10m 56 72 63 63 60
20m 67 58 72
40m 49 65 70 72 65 67
70m 65 65 53 74 67 72 67

80m 74 70




I Mostofa : FEEIIIS L OVSA BV & Z DK BT D IEF AW O hhE 13

I, SR A (T HEE TRV A, 5-8 H OFEJE (2.5m
L 10m) TH ¥ DOC D F5H-1349-63% TH V. 40m
PIVE D YK JE TIL 19994 8 H 00 40m & 20004 4 A @
T0m%Z BRVNT65-T4% & KE L 0 b WMEA R Hh
7o JElT, ARIEETF A O E BB LT HEE
Z{T- 7275 (Table3), SUCHIC X AHEEMIZ L & 1F
F—8 L7,

BEENSEKEICE T2 EFERYMOBRE

Maki & (2010) 1%, FEEWH O DOCEREL L VED
SUCHDEMEN D, IWTFHEEY & W5 oy Rtk
(semi-labile) & #EAfEVE (refractory) O 7 — L AZikB
L. X OICHES Sy R IEmi oy 2 R JE AR 2 R JE CHT 7
WZAERE S Dy & KB THRE N DSy 72 EI25y
FTELE L, ZORE., FREITBWCRUEHNTET-
WZAFESND DOCIE, f& LT10.2, MC, [FAINLARHH
JfC-22.4%0, FRJE I K E TS5 DOC
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MC, -26.0%0 & HEE ST 5, Maki & (2010) 134+
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D L-23%fRE L 70D, T OEIE, Maki b (2010)
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