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A Study on the Dynamics of Dissolved Organic Matter Associated with Ambient Biophysicochemical
Factors in the Sediment Control Dam (Lake Youngju). Hye-Ji Oh* (0000-0003-2098-8485), Dokyun Kim' (0000-
0002-5369-569X), Jisoo Choi' (0000-0001-8316-7276), Yeon-Ji Chae (0000-0002-1185-7945), Jong Min Oh (0000-0002-
1104-5867), Kyung-Hoon Shin' (0000-0002-3169-4274), Kwangsoon Choi* (0000-0002-9358-0627), Dong-Kyun Kim? (0000-
0003-3801-8671) and Kwang-Hyeon Chang* (0000-0002-7952-4047) (Department of Environmental Science and
Engineering, Kyung Hee University, Yongin 17104, Republic of Korea; 'Department of Marine Sciences and Convergent
Technology, Hanyang University, Ansan 15588, Republic of Korea; *K-water Institute, Daejeon 34045, Republic of Korea)

Abstract A sediment control dam is an artificial structure built to prolong sedimentation in the main dam
by reducing the inflow of suspended solids. These dams can affect changes in dissolved organic matter (DOM)
in the water body by changing the river flow regime. The main DOM component for Yeongju Dam sediment
control of the Naeseongcheon River was analyzed through 3D excitation-emission matrix (EEM) and parallel
factor (PARAFAC) analyses. As a result, four humic-like components (C1~C3, C5), and three proteins,
tryptophan-like components (C2, C6~C7) were detected. Among DOM components, humic-like components
(autochthonous: C1, allochthonous: C2~C3) were found to be dominant during the sampling period. The
total amount of DOM components and the composition ratio of each component did not show a difference
for each depth according to the amount of available light (100%, 12%, and 1%). Throughout the study
period, the allochthonous organic matter was continuously decomposing and converting into autochthonous
organic matter; the DOM indices (fluorescence index, humification index, and freshness index) indicated the
dominance of autochthonous organic matter in the river. Considering the relative abundance of cyanobacteria
and that the number of bacteria cells and rotifers increased as autochthonous organic matter increased, it
was suggested that the algal bloom and consequent activation of the microbial food web was affected by the
composition of DOM in the water body. Research on DOM characteristics is important not only for water
quality management but also for understanding the cycling of matter through microbial food web activity.
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#7018 HEEYIES TYSL 4BY B 59
A 59 4= FH=E Sk I S Al =
2olEe I Sl vdE F4], &84 TR 2
A #3423 ZAE o1 5 o] 4
e A% F8 AFE BYEY =L T (Han and
Choi, 2011; Lee et al., 2018; Lee et al., 2019; Chen and Yu,
2021). 4% 71808 RS =T glo] g
49 717 (Biological Oxygen Demand; BOD)¥} 3}8H4 At
48 7% (Chemical Oxygen Demand; COD)9] 7%, 7]
29 Eall&o] R Al- A2 ¥WEol 27| Wil
1% F%e Bk AE2A Ago] Fo7t Bas)
th(Choi er al., 2004; Kim er al., 2007). B3+ HZ A& A0
2 A4 2] o) +ARAZ §UHE §718. 5
8] mlgEol ot Zaf7t o7l A WiRolA A&F QL
eHYo R FLT = Q= FEI|A (refractory) 7] &2
o] Z7igtol| wel 20199 109 “EFEAY AP
A” AAE E3 & §7]¥2 (Total Organic Carbon; TOC)
£ F71E84 #AERE A3t TOCE F71& 44

o 14 4

=
o T IA ¥ 4 75 il 5 712
9] TS ¥ 4= th(Choi and Han, 2011). ¥+ ofy
2} dte| 2ot H|ZE nEl Yl f71Edo] Eali=
= B A FEEHE &4 7724 (Dissolved Organic

Carbon; DOC)7} =4 A Ho|g9] 7|4 oixedez
A YA W AR AESAT BFE AT 7HA
7] W2el =9 -84 9 ety SHztA] 1y 7hs
3}t}(Kim et al., 2007; Choi and Han, 2011; Morling et al.,
2017).

5 71549 Bt #YE e v #
g2 FET oyt F71EY Al gt o)
7b @FE ek UV 254 nm, 278 A Z20tE 1Y (size
exclusion chromatography)< o] 83t X5 =7, 94 &
A5 o EAHE Bl A W A1 BE 2 A
F37} o] Fo A ot ol d HHLE f71E HAE W
#5t= St GRS A Hl2ol] BFAU 7L
2 74§72 pdd B4 EsE 220070
L A7} ok (Hur et al., 2006; Park and Hur, 2008). 32}
4 §3F o]7] W& v EZ A (Excitation-Emission Matrix,
EEM) 4] 7|32 H|13 T {7184 #4S 98 =
A FFSEH F stHE, of7] 27 (excitation, ex)d}
£ T4 (emission, em)o] FAE F Aol £7]d (scanning)
sto] §71E9 B S0 et 33 ARE dojd 5

o 2A 201 7F 2 347

9lek Ao] S|tk (Hur et al, 2006). BHEHH
9 g wel da BEe Aol skl
= MY (selectivity) & &2 & 3o 7182
0 34 2] F15atel, B BUBEA ol 24 7
I (sensitivity) 3 1l-¢- £7] fE Ae== A 5t=
Ad F712d 9 E49 {2 35tth (Leenheer and Croué,
2003). o]of wet &3 EEM £4-2 0|43 (water use) =
HolA o AT E2 H, 32RE YA &
e 7Y FAE ez frgay E4S A5t
L g #stA 8= th(Baker, 2001; Jaffe et al.,
2004; Hur et al., 2006; Yamashita et al., 2008; Murphy
et al., 2011; Shutova et al., 2014; Hambly et al., 2015;
Lescord et al., 2018). £3] 7|22 A4 £40| 753
Qoll w4 o §7] Bavl 42 FEo2y 79
3l =X] (W5 A A -autochtonous), SAHAIE9] e 5o
£t 2ol 93A9 2o oa) 7 ASAER (G
Y-allochtonous)E TTE = YA =Hol, =4 =A DOM
9] 71¥& &A5t] A - ¢ F2 2l W3l 23 DOM
SH #3}(dynamics)E EYE s FGFAL] F7Fol
2 49 1 09QUs 24akE 59 4T A7l s
T =3 Itk (Gongalves-Araujo et al., 2015; Williams et al.,
2016; Marce et al., 2021).
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4 HBE BA, o150 A7t 41 37
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AEEREEENESEEE TR
HIAZ 5 e FITRER, % 4 75 H3 9
o= 2 A A EAS 25 7
2017). o9 Z& /% 54 H3le 1%
o] 24T FAlo] AHAA B
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Fig. 1.

of AMH AFTTRER, dFE 7IE, 9% 173 m, ¥9I
10.0m (H|E&F5 7|&, 9% 288.2m; =°] 18.3m)9

E 7Hth Sy diE2d Bt o File WAH &
A meff A9 27t Q7] W] RejRdEe o
< 35t sHHst 52 Has) HFHOR b A
AL FA%e AL FH2o2 AAHEAT (Gang et al.,
2015; An et al., 2019). B 3= G349 FAREA] AR
2 A EH/EJ'EE 20199 6¥ THE 109717 o ¥ 23]
1Ao7 Y= vt (Fig. 1).

o]

et

E
YT+ FA=REA A Y DOM| B3

AES 11okst7] 8l Van dorn 7S o] g, YR
e AFARE Y55ke] 32HY @3 EEM 248 A4
SRt AR E A- 43U = (light intensity) S 7]
Z£0 =2 At I (relative light intensity)7} 12% 2 1%7}
HE £AE 235, 2E2H(0~0.5m, Al F= 100%)

B 3 ) 2HNA AREAT AR o G S8

(particulate organic matter)< A|As7] 3l @A A vt
2 0.45 um GF/FZ €A (Whatman, Inc., NJ, USA)E ©]&
sto] ojfsilon, dites WE AEHlE AddE o
24 AR Y HE(-20°C)stA

329 ¥% EEM 2¥EH (spectrum) F-7000% %33

I 36°

I 35°

F 34°

Study site.

=7 (fluorescence spectrophotometer) (HITACHI, Tokyo,
Japan)Z S o, SHE7| o A sEH o
o] FRE=E 254nmol|A S48k I gho] 0.05 o|sk7F W
SEE 33 2E42 343 & IN NaOHS} IN HCl £
HZ o]-&ste pH7E 3.00] HES X skt AAH
A BEE 200~450 nm2] 7)1 3H3 (ex)@ 280~550 nme] =}
25 (em)S Snm HA L2 ZASGT o|d, 290 nm
Cut-off filterE ©]-§3F] 290 nm % ©]3t2] W& Zpetst
ol B B2 2o 93 vhehbs 2heh 2= (Raman
spectrum)¥} o] &2 Q& 7= Fupol Aol 22+ e
4tk (Raleigh scattering)®] &35 A A oH, FA
Sl AREE 33 SRFE HIFAIR (blank) 2 3lo] A

29} T3 Yoz ZA3le] Aol ZHE AE9
gkl A Akl §mie] IS wiAlSHAT E3 Al
o] EEM &4 A] 83 A7l 9F= & & e dF =
Aeg &, 25, WZ (lamp)®] FH)S] T wiAlst
7] 99380 1, 4, 10, 20, 100 ppb FE] HUSFAIH 2431
(Quinine Sulfate Dihydrate)2 EEM £4], =% ex 350

=

R

nm/em 450 nm O 22T AET 4P AN 7187
&g ol gstel Amel ZYghe WS
3.DOM 4% 24 ¥

| X|H# (index) A&

gzd 9AzAA) 3 27037 4 x93 2AD 3
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Table 1. Summary of DOM indices used in this study, em = emission intensity; ex = excitation intensity.

Index Calculation method Description Reference
Value DOM source
Fluorescence Ratio of em 470 nm/ ]:(i“é 2&1\16123(;? dtif)riflzsé?a;rfizurﬁ:;ier) Cory and McKnight,
index (FI) 520 nm at ex 370 nm : &P sort org 2005
High Derived from microbial sources (e.g. extracellular
1.8~ release and leachate from bacteria and algae)
Value DOM characteristic
> 16 Strong humic character

important terrigenous contribution

Peak area under

Humification em 435~480 nm/ 6~10 Important humic character Ohno, 2002;
index (HIX) 300~345 nm weak recent autochthonous component Huguet et al., 2009
at ex 254 nm
46 Weak humic character
important recent autochthonous component
<4 Biological or aquatic bacterial origin
o region: eMmax (420~435nm) at ex 310 nm
Ratio of em 380 nm/ - represents more decomposed DOM Parlanti et al., 2000;
Freshness f region: em 380 nm at ex 310nm .
index (B:a) EMimax (420~435 nm) - represents more recently produced DOM Wilson and Xenopoulos,
’ atex 310nm 2009

— The higher the :a value, the higher the contribution

rate of the recently produced DOM

A+ ¥ EEM Ho|ElE ©]&, PARAFAC £4] (Parallel
Factor Analysis)2 3 DOM AES A&E3AT R
package “StaRdom”, R studio). PARAFAC 329 &34
EEM "jEZAE JHZAQ §3F 99 (i.e. PARAFAC A
2oz ZYste] 2 g0 it B4 L AF AEE Al
FaFE md2, §7820) 55 9L 54 ws ge
WEYsie Belst 4re) 4+ W FE, o7/
2} zho] 2elXth (Shutova er al., 2014). jEZYAZEE
B 5ol A&E PARAFAC AEELS OpenFluor B0l €
H| o] A (database)E F3 B AT=E W 7MY FARE 4
23 WA st 2+ Ao S Fofstg e, ol dX
R = sk FACA 8 B4 A =& a9 7t
A S Beste b AHEEE A5Y Tuckerd 5 Al
4 (Tucker’s Congruence Coefficient, TCO)E 7|&2=2 &
watsic.

E3 ¥F EEM AHEY AR HEFoE A
DOMY| 7|9, #43t A= 9 AA=E F71E &+ e
DOM XA] #-% 3R] & (Fluorescence index, FI); Y X| &
(Humification index, HIX); 414 x| & (Freshness index)S
Azt on, A I ghol e 842 (Table 1)°]l
A28ttt

£ wotelr] §i) 49 ARE £ $2 B4 2 vl
dlelol, §-AgBeaE 249 248 At

ZA71ZE B :

714 AAABSALR (http://web.kma.go kr/weather/climet/
past_cal jsp) G5 FA¥A Ho|HE &-&3t3ith 201949
Ak 7172 649 269 5E 7H 299 =, & A9 2~33
AL AZI(TE 15Y; 249)7} vt 717bo]| sig €t & &
TFollA= A7)0 TE FeFe] S Hot T3t
A vebd Bt opyet sHH O] o2 EQ FAREA
EAY A% o)F Fegeziy f4Y4E f71E 9 A4
A7t o] Fojd Ao g wedsto] 7T (mm)yS EAMY F
A d5Y BAg o= AT (Table 2).

E dF{ A= L2 (Temperature), £ZAH4 (Dissolved
oxygen, DO), pH, 7] A == (Electrical conductivity, EC),
%22 -q (Chlorophyll-a, Chl.a), 9%¥E (oF2AH A2,
NOz; A4Hd A4, NOs; =Y oHd A4y, NHy; Q14 <,
PO.), YA 7] B4 (Particulate organic carbon, POC)
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Table 2. Rainfall information during sampling period (June~October, 2019; 9 times) in Yeongju area.

Sampling date 19/06/24  19/07/15  19/07/24  19/08/12  19/08/29  19/09/10  19/09/24  19/10/07  19/10/22
On the day 0 5 0 0 0 1.5 0 3.6 0
Rainfall
(mm)  Averagets.d. in 0.0 4.3 18.2 7.0 4.3 9.1 12.3 20.5 0.1
the previous week +0.1 +6.9 +28.0 +9.6 +6.7 +11.1 +21.4 +34.2 +0.1

s.d. = standard deviation

P 7] &2 (DOC) 558 4 34 e EH
245k 2, DO, pH % ECY 7%, @A o
E 432 £47](U-51; HORIBA, Kyoto, Japan)E& ©]&3}
of ZAstem, 1 9 Chla =9 ¢ ¢ /7] &2
(POC; DOC) ¥ =+ #FFTE Aste] AU #4513

dre|gjol 9 F-AEETAE 7 24S Hd A =
EHE Van dom 57|15 o]&sto] B4 tifEE Z
o 958 Hakact. welziote] A4S, 4 250 mL
Jlosste] Z2Eet2 2| 8] E (glutaraldehyde) S ©]&, 2
L7t 2% (viv)7t El =8 1A% AR E APAR 24t
= Tttt 11 Al AujollAl Whatman
uclepore Track-Etch Membrane ZE| Z|o]] o] 3}A]
A& DAPI (4'6-diamidino-2-phenylindole) ¥
A 3}FA T (Porter and Feig, 1980). Bl ] o}
1] 7 (BX51; U-RFL-T; Olympus, Tokyo,
UVZE (420 nm) 3ol A GAE AZE A
JI3E 4= (cells mL™) 2 SHAFs}ATH
FE B4 AEE 94 500mLe] FF8 3.5
do] AR, 237 o] BFAsho] A
}5 A4S AlA, 1 mLe FAFA| & (subsample)S F
& u] 7 (E-600; Nicon, Tokyo, Japan) 3}lol|A 574 %
Sedgwick Rafter cell counting chamberg ©|-83}¢] A43}
P ABEYLE YRS AFHoR Ru HE 4
(cells mL™)E ZHAFa}9I T}

$EEYaE 24 2AS YN E2RER 9
& 5LE A% A4oie] BREFLE YE
WE OumS Ed o7 F FHEYUCE HF 5
£7} 4-597) HES 1Y 4
A 24 AR Aol AAg Mgl HES A
22 530l 1~smLo RANRE
(S8APO; Leica, Wetzlar, Germany) ¥ 333F& n] 7 (CKX41;
Olympus, Tokyo, Japan) 3ol A &3-7, A4F 4 22+F
o % B & 2202 5%, 4EEYIED (R
Sedgwick Rafter cell counting chamberg ©|-83}¢] A 43}
Aot F=EFIEY AL AsE MASE R A
S (inds. L2 #F S5k
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o

H Ao EAEAHL R Y R studio (ver. 4.1.2)9] &
H 7R E o] &3FHH(R Core Team, 2021). A F=
o] W& 4" PARAFAC 4&9 4 % AHTH=Y X
o5 HAst7] Al LYufx] EAHEA (one-way Analysis
of variance, ANOVA)S A A3} 2™ (R package “dplyr”),
DOM S437} £2)-sis} 9 4B 87 29l 22te] &
2 898 =&317] A8l prcomp FE 0] &5t FAHE
4 (Principle Component Analysis, PCA)S A A5} T},
olu), B2l 3kt 29l (F9F % $A)T AEIY B
7 ad@tE ol d - AEETAE 42 A AE
o] A QlA}(Variance inflation factor, VIF) 248 £3) ¥

7F AL AHsk B Bl AR AREA S Eol
A (VIF gL 10 o]HE A9 8HATHR package “VIF”).
ESE relweights &5 AMESI] A3 54T (Relative
importance, RI) £4& AA], DOM E41} &7 291 7t
3 24 Al ZH 3 AR @ 29)9] 7o =9 Fgt
£ 53 PARAFAC 4£3 DOM A 32ke] RI gho] 4+
30% W2 w2 374 2253 Adsiidt. o]F DOM
EA4 9 33 adE9 A 1,2 F4&(PCL; PC2) 5 7t 4t
HE=E 17 DOM E4o] Halgel W& 44 (3 =3
4 A AELYY ¥ 4515t DOM §4 &9
% PARAFAC &3 B=3H4 37 82 5 548
AE E77E HolHe SR E (%) = AHEst
o, ZF, 2 Holg % ALy FEFY B =
(logl0) ¥gksto] FA &40 AHE-3F3ATH

e 4

— ~—

=
=2
fo=]
P

4 fo ol p

(-

o s
o Y o

1.DOM &4 AlSZt H3t

1) PARAFAC Z2E 0|25t DOM d& 24

PARAFAC 290 &g 2A7|Zt & FFH frAREA
ZHE A58 Y42 DOMS F 774 4E (PARAFAC

AR C1-CT)e2 TEE T} (Fig. 2).
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Fig. 2. 3D plots of determined components from the 7-component PARAFAC model; these generated from 27 samples collected from sedi-

ment control dam in Yeongju.

OpenFluor Blo|EHo] 25 F3f B AF=E W
I} Hlaste] 2 AFtolA HEE PARAFAC A&
Table 33} Zo] A5t om, L] JREL TC
o] 0.95 OV OE B ATER W HEED oS FA
U C59] 7% 0.869] W& TCC & Ko 7|&0] a7
HE 9= PARAFAC &3} tha 2ol 5 7HA+= A=z
Ebyith PARAFAC A2 542 g2 2 & o (Murphy
et al., 2011; Shutova et al., 2014; Gongalves-Araujo et al.,
2015; Hambly et al., 2015; Yu et al., 2015; Dainard et al.,
2019), Y59 FAREA Y DOME 4712 F9A 4 (Cl-
3; C5)T} 3709 S AA G (C4; C6-7)0 ARo R LAY
o, A4 DOMY] ¢ 2% EYEZ (tryptophan)
A4 AG HEoR BNt FUA §718 F O3k
A doA HEEHAT 53] SAY oA I HlE
7t =& AR dYA glen, C59 BE F= He, FA
9 =225 HEEE AEo|th(Fellman et al., 2010).

Am ox
@ QY ox A

il
lo =& o

A ERET FAAY C4 AES He Y ol wet
5 Aol e Aoz A4 vk ok (Zhao er al.,
2017). ¥H, 4] WR=RE A dNd-EYER &
Al Cot C7& mA= EZ ALl s ¥
oz, ofnAt FrEot R AUBAE A=
o= EX o2 23 DOMY AA|o]-&E (bioavailability)
23t X722 oAATH (Fukuzaki et al., 2014;
Yamashita et al., 2015). £3], C6 AEL =325 §u5l=
dE 927 £ Microcystis aeruginosaZ5E HEH
HE Utk (Murphy er al., 2011). & QT4 = ol E4
o ulgo 2 7 JHEC) 7Y 2HE Pio] 2 YR
XA 8 7]E (Autochthonous OM, C1; C6-C7)3} &% 7]
57]& (Allochthonous OM, C2-C5)& E&3}3 ).

Z} PARAFAC A9 33 Zzk2] & (the sum of the
fluorescence maximum score, total Fmax in Raman Unit)<
DOM F#& uldtth. 2A71ZE F 24 0.01649 RU~ZF

=2
i)
&
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Table 3. Classification of Excitation-Emission Matrix (EEM) fluorescence properties with PARAFAC components and each description
based on the OpenFluor database. Seven components are classified into two groups (Auto-OM = Autochthonous organic matter, Al-
lo-OM = Allochthonous organic matter) in consideration of the characteristics of each component.

Excitation Emission
Comp. maximum maximum Description TCC* Group
(nm) (nm)
Cl 240 (315) 400 Humic-like; Terrestrial delivered Reprocessed components 0.99” Auto-OM
C2 270 470 Humic-like; Terrestrial delivered components 0.98" Allo-OM
C3 360 (210) 430 Humic-like components, similar to Ultraviolet C humic-like 0.96” Allo-OM
C4 290 350 Protein, tryptophan-like components 0.98° Allo-OM
C5 215 425 (360~380) Humic-like components, similar to Ultraviolet A humic-like 0.869%x Allo-OM
C6 220 320~325 Autochthonous protein, tryptophan-like components 0.96° Auto-OM
c7 <205 (275) 325 Autochthonous protein-like components, also referred as 0.95" Auto-OM

tryptophan-like

*Tucker’s Congruence Coefficient: 1 would be perfect similarity (Parr et al., 2014)

**No direct match within the OpenFluor database (=under 0.95 of TCC)

“Shutova ef al., 2014; *Hambly er al., 2015; “Murphy et al., 2011; “Dainard et al., 2019; “Yu et al., 2015; "Gongalves-Araujo ef al., 2015

I 0.03796 RU HYE DOM ZFo] EAX=g o, A
FEo wE F4of Agle] 7€ 2 7Y @2 ol
Z59H100% $=41-0.03796, 12% 441-0.03671, 1% 4=
41-0.03773). ¥t A2 & Hol= A7 Al whet ok
24 Jetdtt A & 100% $241-0.016486; 109
12% 4241-0.016942; 108 %, 1% $41-0.016525; 84 2
(Table 4). 3R ZA7|7F & DOM 3, AEE HETF
4 AHEFFEE FAEE Hugs i FAZCE {9
3l zpol= UpeEREA] 9ot (one-way ANOVA, p>0.05), 3t
AW F71EY W-F 719 B4 EalE B3 A0
| Ax 52 Ao WE FFY Aol o] & QIgE A&
EHIEY A A=Y TR IAE 7HAA e AL
2 EAE

F33 AR Aol KOl ool f4ld] M2
DOM Z5 &332 9| Zpo|= A g2 ALE Yeyth A
AHR = 693 7€ BE AN M @2 ¢S DOM

o

o] AZEeH, 5o 79 2 AL ek ol F
3t T3t AL WYt} o]3 8¢ 2~ DOM A&

[e)
the F7RHE RS HYOU S U EH A

I S
715 Aejsti FRF S48 B2 YEA gt (Fig.

PARAFAC A& (C1-C6)Y EAS 18sto] HEAEA
ARG F71ERE &7, A7 WE IFE A
24X % DOM? 8 7|¥E uorst Aat, - o
o] 25
S

o] Hl&o] FUT A2 ZAH U (Table 4). °JAH =
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Table 4. The amount and relative abundance of PARAFAC components (F..x) by water depth according to relative light intensity (RLI)
during the sampling period (June~October, 2019; 9 times).

Auto-OM Allo-OM

RLI Sa‘;’ﬁﬁ“g dexiti;) Cc1 C6 c7 c2 C3 c4 cs Total
b % % % % % %

10/06/24 0.00954  0.00406  0.00349 000407 000366  0.00464 000148  0.03093
30.84 13.12 11.27 13.15 11.84 14.99 478 100

190715 000923  0.00636  0.00583  0.00440 000390  0.00440 000385  0.03796
2431 16.75 15.36 11.58 1027 11.60 10.13 100

10007724 0.00690  0.00457 000221 000314  0.00268 000219 000146  0.02314
29.80 19.74 9.56 13.55 11.57 9.47 6.32 100

1/08/1 0.00660  0.00185 000243 000313 000270 000210 000265  0.02146
30.75 8.64 11.33 14.61 12.57 9.78 12.33 100

0.0 000832  0.00337 000350 000350 000346  0.00349 000286  0.02850
100%  19/08/29 ~05 2920 11.84 12.29 12.27 12.14 12.24 10.03 100

19/09/10 000584 000120 000134 000282 000270  0.00178 000257  0.01826
31.99 6.58 737 15.42 14.81 9.74 14.09 100

10/09/24 0.00672 000093  0.00116 000343 000336 000201 000156  0.01916
35.09 4.85 6.03 17.88 17.56 10.47 8.12 100

19/10/07 000608 000135 000131 000321 000317 000132 000033  0.01679
3625 8.05 7.81 19.12 18.89 7.89 1.99 100

11022 0.00584 000194 000158 000256 000249 000189 000020  0.01649
35.40 11.75 9.58 15.50 15.11 11.44 122 100

19/06/24 s 000999 000448 000321 000435 000388 000563 000106  0.03259
30.66 13.73 9.85 13.34 11.90 17.28 3.24 100

19/07/15 08 0.00941  0.00569  0.00557 000444 000381 000452 000327  0.03671
: 25.62 15.50 15.18 12.11 1037 1231 8.90 100

10/07/24 05 0.00668  0.00147 000216 000299 000251  0.00225 000120  0.01927
: 34.69 7.64 11.21 15.53 13.05 11.65 6.23 100

1908/12 08 0.00640  0.00187  0.00230 000306  0.00266 000199 000256  0.02083
: 30.72 8.96 11.04 14.69 12.79 9.53 1227 100

0.00465 000217  0.00243 000200  0.00194 000253 000267  0.01841
12%  19/08729 0.8 258 11.81 13.19 10.86 10.56 13.77 14.53 100

19/09/10 04 0.00611 000141 000154 000299  0.00282 000171 000257  0.01915
: 31.89 736 8.03 15.61 14.74 8.94 13.42 100

10/09/24 095 000662  0.00144 000098 000336 000340  0.00247 000174  0.02001
: 33.06 721 488 16.79 17.00 1234 8.72 100

19/10/07 s 000601 000115 000161 000318 000311 000148  0.00040  0.01694
: 35.47 6.77 9.51 18.76 18.38 8.72 239 100

191022 . 000596 000278 000182 000259 000269 000327 000000  0.01911
: 3121 14.56 9.50 13.54 14.09 17.09 0.00 100

19/06/24 30 001067 000338 000277 000482  0.00430 000426 000082  0.03103
34.39 10.91 8.92 15.52 13.87 13.73 2.66 100

1900715 s 001057  0.00899 000281 000503  0.00457 000382 000194  0.03773
: 28.02 23.82 7.45 13.33 12.10 10.13 5.15 100

1007724 )s 0.00585  0.00100  0.00182  0.00290  0.00258 000194 000152  0.01761
: 3323 5.71 10.33 16.48 14.65 11.00 8.61 100

1908/12 s 000670  0.00256  0.00325 000319  0.00276 000197 000241  0.02285
: 290.33 11.20 14.24 13.98 12.08 8.62 10.54 100

0.00472 000135 000174 000208  0.00208 000218 000238  0.01653
1% 19/08/29 2.7 28.56 8.15 10.53 12.58 12.62 13.16 14.39 100

19/09/10 )s 0.00600  0.00134 000126 000299  0.00293 000146  0.00130  0.01728
: 34.72 7.73 731 17.30 16.96 8.46 7.53 100

19/09/24 - 0.00654  0.00175 000112 000333 000338 000297 000158  0.02067
: 31.65 8.45 5.43 16.13 16.33 1437 7.63 100

1911007 - 0.00588  0.00254 000217 000310  0.00314 000202 000034  0.01919
: 30.65 13.23 1131 16.13 16.38 10.54 176 100

10710122 is 0.00641 000249 000196 000279  0.00283 000268  0.00000  0.01916
- 33.46 12.98 10.23 14.57 14.76 14.01 0.00 100
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Fig. 3. The tendency of temporal and spatial changes in the total amount of PARAFAC components (F,..x) by water depth according to rela-

tive light intensity (RLI).
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Fig. 4. The tendency of temporal and spatial changes in the relative abundance of PARAFAC components (% Fuax) by organic origin; au-

tochthonous organic matter (A, C, E), allochthonous organic matter (B,

C, F) by water depth according to relative light intensity (RLI).
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Fig. 5. The tendency of temporal and spatial changes in the DOM index- (A) FI, fluorescence index; (B) HIX, humification index; (C) Fresh-
ness index by water depth according to relative light intensity (RLI), diamond-relative light 100% depth; circle-relative light 12% depth;

rectangular-relative light 1% depth.
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Fig. 6. Principle components analysis ordination of component
1 and 2 (PC1; PC2) with vector loadings for DOM characteristic
variables, circle-summer; triangle-fall.
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Table 6. Principal component (PC) 1 and 2 loadings for DOM characteristics, physicochemical and biological variables, Auto-OM = Au-
tochthonous organic matter (C1+ C6 + C7); Allo-OM = Allochthonous organic matter (C2 + C3 + C4 + C5). These loadings correspond to
Fig. 8 and Fig. 9(A), (B), respectively.

DOM PCI pcy  Physicochemical b, PC2 Biological variables PCI PC2
characteristics variables
C1(%) -0.30 0.30  Rainfall 0.33 0.40  Bacteria -0.02 -0.09
C6 (%) 0.32 0.23  Light intensity -0.29 —0.46  Total Phytoplankton 0.37 0.24
C7 (%) 0.33 -0.11 DO 0.01 —0.48  Total Zooplankton 0.35 -0.24
C2 (%) -0.35 021 Chla 0.40 —0.29  Cyanobacteria (%) 0.42 0.24
C3 (%) -0.35 0.19 NO3;+NO2 —0.48 0.20  Chlro + Bacillariophyceae (%) -0.38 —-0.28
C4 (%) 0.22 —0.09 NH4 -0.13 0.29  Cryptophceae (%) -0.39 —-0.08
C5 (%) 0.02 —0.64 PO —0.03 0.11 Dinophyceae (%) -0.40 0.08
Auto_OM (%) 0.29 041 POC 0.39 —0.34  Rotifers (%) 0.16 -0.51
Allo_OM (%) -0.29 -0.41 DOC 0.50 0.25  Copepods (%) 0.00 -0.49
FI -0.36 —0.01 Nauplius (%) -0.27 0.47
HIX -0.15 -0.03
Freshness index 0.30 —0.06
C6; C7: C4
C1; C2; C3; HIX Freshness index C1; Auto_OM C5; Allo_OM
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Fig. 8. The scatter plot using the principal component 1 and 2 loadings of DOM characteristics (X-axis) and physicochemical environmental
variables (Y-axis) for each sampling period.
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Fig. 9. The scatter plot using the principal component 1 and 2 loadings of DOM characteristics (X-axis) and biological environmental vari-

ables (Y-axis) for each sampling period.

A - §EA §7]84 (POC; DOC) HE= PCl £ 93,
I 9] 7} (rainfall), 3= (light intensity), 8&Ak4 (DO),

NHs, POs ¥ POC 5=+ PC2 &9 93] A=t RAL
717t & 293ty E4LE Chla =% f7194 =7}
E2 A, YUEF F NO2+NO; F=7F Bd A7
(TE~98%)9t ZeFol S7FstH NH:s & PO, 5=9 5
7h 2% 9 DO7F fashs A7 (T8, 9~109)E F3
o] FEE = F3Fo] A UTH(Fig. 7(A)).

e &4 899 AS, T AEETIAEY
ZF (total zooplankton, total phytoplankton) & A&
g 274 AdEEE (%)= PCl 5, HH 2o
E%F (bacteria)T TEEFIE EFTE AHIRE
(%) PC2 =l s A=t 108 2A7IE A
ot FHEY A7e TE 4 AEEFIAEY FEF
o] £, 53 AEEHIE 2 W SX{+H42F
(Chloro + Bacillariophyceae), =¥ X 257 (Cryptophyceae),
9} 1 23 (Dinophyceae) HJH] F=F (Cyanophyceae)2]
Hgo] & 545 Hol= Aes FEHUHY. 4, 6~7
4 T A7)0l AE~27HY B 2AA]Z] tiH] H]2LF
o] Z& Aol oFstA Yetutth HE ol AEFY F
ESHIE EFdE AUFTEZ (%, Rotifiers; Copepods;

Nauplius)= ZALA)7]6] w2 ZAsko] E3ialA vrehy

q=
=%
!

S ol
—
3T

T
=

A oFokront, v got @&, |35 (rotifers) ¥ 47+
(copepods) FHHFH =L} 277 F-AY (nauplius) A&+

L A 232 Bk (Fig. 7(B)).
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