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Behavior of dissolved organic matter in the two rivers
inflowing to Lakes Shinji and Nakaumi

Yuichi Sugitani', Hiroaki Somura' and Ikuo Takeda'

Abstract: Dissolved organic matter (DOM) in water samples from the Hii and Iinashi Rivers,
located in the eastern part of Shimane Prefecture, Japan, was fractionated and characterized, using
resin adsorbents, into 5 classes: aquatic humic substances (AHS), hydrophobic neutrals (HoN),
hydrophilic acids (HiA), bases (BaS), and hydrophilic neutrals (HiN). Subsequently, the ratios
of these 5 classes in the dissolved organic carbon (DOC) content were examined, along with the
determination of seasonal variation of the fractionated DOM, the ultraviolet absorbance to DOC
ratio (UV:DOC), and the estimation of the DOM fraction from the regression line of the UV
absorbance curve at 260 nm (E260). The results showed that the major fractions of DOM were
AHS and HiA in the target rivers. There was no significant change in the ratio of AHS and HiA
in DOC after a 100-day biodegradation examination of the river samples. In addition, seasonal
variation was observed in the DOC concentration and in the AHS and HiA components. After
biodegradation of the water samples, some of the DOC concentration peaks decreased and the
variation trends became slightly smoother. In addition, the AHS component tended to be higher
than the HiA component throughout the year. The relation between AHS and HiA did not change
after the biodegradation examination. Moreover, the concentration of refractory DOM was the
highest in the upstream water sample of the Hii River, while there were small differences in the
concentrations in the downstream water samples of both the Hii and Iinashi Rivers. The UV:DOC
ratios obtained from the three target sites were similar and became smaller after the biodegradation
examination, but the change was not statistically significant. Finally, the AHS component could be
estimated from E260 of the sample before biodegradation using the relationships between the two

parameters.

Key words: refractory dissolved organic matter, seasonal trend, water environment, brackish lake

' EAR A IR R B Faculty of Life and Environmental Science, Shimane University, 1060 Nishikawatsu, Matsue, Shimane 690-8504, Japan.
“EF##E Corresponding author (som-hiroaki@life.shimane-u.ac.jp)

ZAFH 2016 4F 12 A 29 H, ZFH 1201743 H 23 H

47



o — « 3L - KBRS

i C & [

WK B RO R R R e Dfzdicid, ZC
ISR AT ) O/KE R R E 2R T2 T e VEE
Ths. KRB IUHEIE BRI OREICAIE S
BMIAT, 2005 4 11 HICT LY —)VERIcB W THE
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Fig.1 The target watersheds and water sampling points.
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Table 1 Land use and soil types in the target watersheds.

Hii River linashi River
Catchment area km? 911 210
Land use %
Paddy Fields 9.6 8.2
Upland Fields with orchards 2.0 0.5
Forest 83.0 88.0
Residential area 33 1.5
Water 1.0 1.2
Others 1.1 0.6
Soil type %
Ochric Gleysols 7.2 8.0
Andosols 13.6 7.5
Cambisols 540 66.6
Fluvic Gleysols 10.0 5.8
Regosols 12.7 8.5
Acrisols and Luvisols 22 33
Others 03 0.3

Source: Land use data were based on digital national information from the National Land

Information Office in the Ministry of Land, Infrastructure, Transport and Tourism (MLIT).

The data were developed based on the 1:25,000 topographic map and 1:100 subdivision plat
data (version 2009). Soil data were based on the 1:200,000 Fundamental Land Classification

Survey soil map prepared by the MLIT.

F) ICBWTERkETIT- 7. BB R Tl 2009 4
2 AMNS 12 HITMTT, Z2FYIEFRRBIBEZA 1H
BokZito7z. B VmEEE 13 Bl -7k,
FIKOY > 7V 70, FIEBICIBWT 7 A R—
41000 ml (77 X7 ) Z2HWT, JEKEEHHOEF RN
FRICHIODDFEZ NG ST 5T,

BEEERMO SR

DOM 7y ik i, [EN7ERIENFZEAT (2001), Imai
et al. (2003) ICE->TITo7z (K2). 974b6, EM
et (B0 e — o0 R DE T K257 1)
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PEDEWIC KB H) ZFAL, 57 BRI H 7T D
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3 R M BE R LB 72 16 U 72 1 5 A il A8 (Whatman
GF/F: 07 pm) TEBICAMZIT>z. AIRIEFERIC
BER LR 2 L7z 500 ml D5z DEHF R8T
JVHIC R LT, &Y TIVIEAiEE %D DOM 47
HRRKER (LT, DOMeeiore) & EHAR 17140 DOM 43
H R (LLT, DOMater) 0 728 500 ml Jff 2 A1 HY
DT, REIRGREROA8Y > 7V, 20°C I
RO TCHEATT 100 HiE PR LTz, AGERTIE 100 H
ki L CONT TV 70 i ST Y72 5% 00 et
DOM, 100 HRiFE L CE R ENT I ->TWVB A
B 7 57 it DOM & LTz,

DOMeciore 35 KT DOMuser FHD A1 1E, FEA A1
s (DAX-8), sHEEMERG A A > A Hukstlls, omifL
PEREA A > Bk s 72 FWT 5 D (BKPERE Aquatic
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neutrals : HoN, #17KkM: % Hydrophilic acids : HiA,
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(Source: Imai et al., 2003; partially modified)

B2 S A OB X, Sy BUKMERR (AHS), BUKPEPMEYIE (HoN), BUKMRE (HiA), Mk
e (BaS), HBUKPEFPIEYIE (HIN). BUKMEE) HIF (& HiA, BaS, HiN THiK (Imai et al., 2003).
Fig. 2 Schematic diagram of the procedure for DOM fractionation. DOM fractions are AHS: Aquatic humic

substances, HoN: Hydrophobic neutrals, HiA: Hydrophilic acids, BaS: Bases, and HiN: hydrophilic neutrals. The word
hydrophilic fractions stands for HiF, which comprise HiA, BaS and HiN (Imai et al., 2003).

HL W) & Bases:BaS, #i /K% o P ¥ B Hydrophilic
neutrals : HiN) 12778 L7z,

DEZOY Y TIIVEENTN, KR EG
(Shimadzu, TOC-V) 7% [T DOC & & 7% HlE L,
PITFDOFIEIL A~ 5) I K> THE D DOREEZREL
7z.

AHS = DOM2 x(elution volume)/(sample volume) (1)

HoN = DOMI - AHS - (DOM3 - B1) )
Ba$S = (DOM3 - B1) - (DOM4 - B2) 3)
HiA = (DOM4 - B2) - (DOMS - B3) 4)
HiN = DOMS - B3 (5)
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DAX-8 717138 7K#% 0.IMNaOH TiAH SR 97
JL® DOC &, DOM3: DAX-8 #1 L@i/KkY > )b
@ DOC i, DOM4 : DOM3 7[5 A A > A Hufsis
SINSEK LTz 7L DOC JEEE, DOMS : DOM4
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Table 2 Basic statistics in DOC concentration (mg 17).

Location Hii Upstream Hii Downstream Iinashi Downstream
100 days
biodegradation Before / After Before / After Before / After
Average 0.63/0.52 0.72/0.55 0.72/0.56
Standard error 0.075/0.070 0.044 /0.033 0.052/0.050
Median value 0.58 /047 0.64/0.53 0.67/0.48
Standard deviation 0.26/0.24 0.17/0.12 0.19/0.18
Variance 0.067/0.059 0.030/0.015 0.035/0.032
Minimum value 040/0.33 0.47/0.40 046/0.37
Maximum value 1.42/1.23 1.11/0.77 1.13/0.99
Number of samples 12/12 15/14 13/13
v, JERER 260 nm EUTRIELZ. MEKE  BLTWwZ. Co20i7r7T, 04 R TS 82.8%,

% 260 nm & U7zFEE, BEEOWIZEXD, BukMEig
DERDEEZEZOND T/ =)V, XY -l
REVIVHZFOILEYSS, ZEEFERILEYD
M K £ DY 200 ~ 290 nm I & % C & (Buffle et al.,
1982 5 [E V7 ERBEMF 2% T, 200D), {7 240 nm DL R T
B A A IR EDE B ZTRT N E (FWED,
1997), £ 250 nm D OERINEILEE & DOM I
WFIFEOFBERE%RDH B T & (Ogura and Hanya, 1968),
I 260 nm OWHERE (LLF, E260) (& RDOM I
[T % & (Tambo and Kamei, 1989), H%FHN 5.

BRESUVER

AFEEKYO DOCEELEDEES

LN R, ZEGIRR, &AL FRICB T
%57 WD DOC 2 [ D B ARG &2 & 2 1R,
DOMeetore H> )LD LR 1] _Ei7F-H DOC 21X 0.63
mg I, ERBITEHE I M 072 mg 1 THY,
M CREGAER (MEHNAEE) FRLNE -
Te. FTomK -« ByIMERH RAEZR E S FIRRIC SR
DFEFNES NI 5Tz, DOMake B> 7V TCIE, 3 Hh
& E DOMeeore K 0 115 DOC I8 FE MR & 72>
7z, 7x¥5, 2009 4E 2 H 25 HICER/K 7z DOMaster D
DOC {%ﬁx?ﬁ‘ DOMobefore c]: b%b\{@%%bfc fC&b, %
At EZ BT AR L o7k,

AL H 1S 350F B DOMbetere B> )L D 4% [ 57 E|
& (KM 3-a) ZH2E, FAEHAICKSHERORENE
Rond, 3 e H BRI 7 O AHS & HIiA D

51

LR TFR T 777%, LI R TlE 84.5% D
DOC J g % 5T Uz, Imai et al. (2001) DS 7 i
HAWNTIrolziliAmICHE VTS, AHS & HIA B
DOC RE2IAD 70% L, LTz MiEEINT
BY, FEREOMEMDER SNz, AR5 DN
#lE (AHS: HIA) 2R L, I EFR T, 511%:
317%, ZEGYI TR T, 46.0% :317%, BB T
T, 492%:353% &7 0, 3 Hipi & AHS DJTAVK
XVEIETH T2 BN R DMt S LR TH
T AHS OE|E N DX, HoN OE|E AT 2.6
W5 3T%Eh o118 TH 5. EHi/K -« #H]Il7Kk DOC
D EEYE X AHS TH D, AHS  HiA 135750 % :
25% (Thurman, 1985) 9, #J57% :30% (David and
Vance, 1991) EDEDDHD, TNODFEREELGL
TWa., @7 A2 (Imai et al., 2001)
TlE, AHS:HIA 13 39% :37% L fiisENTHh, %
LR Z e, ZHRBXOEHREL IS AHS O#EIE
MWRE o7z BEWRAFIIEGE (5HD5, 1998)
Tld, AHS:HIA 13 37 ~73%:23 ~ 35% & it & hn
THED, AL BEBEIZEZOHIFANTH .

COEBIZ THIKOEFIC K-> THEZD, RV 0/A
JELEWB BB E, O/A JEDJTH AHS DE|E
V& <7% (Cronan and Aiken, 1985) T &b, 3 i
BRI KD BRIRR K TR FE KD S O
MEANDZFENRENEEZSNS.

F 72, BiKE DOM (AHS+HoN) & #i/k1%: DOM
(HiA+BaS+HiN) DO E|&1X, ZHHI EFRA 56.0% -
44.0%, EF) TR 54.6%:454%, BRELI| R
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Fig. 3 Comparison of (a) dissolved organic matter (DOM) and (b) refractory dissolved organic matter (RDOM)

fractionations. Average percentage with standard deviation. DOM fractions are AHS: Aquatic humic substances, HoN:

Hydrophobic neutrals, HiA: Hydrophilic acids, BaS: Bases, and HiN: hydrophilic neutrals.
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Fig. 4 Seasonal variation of DOC concentration before fractionation, and aquatic humic
substances (AHS) and hydrophilic acids (HiA) in DOMbefore sample.
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Fig. 5 Seasonal variation of DOC concentration before fractionation, and aquatic
humic substances (RAHS) and hydrophilic acids (RHiA) in DOMater sample.
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RO T 3 Sz LERB &, A B 18.3%,
LRI 234%, BRELI247% & 720, REIH
RERKEV. SEYIFRBICEWT, SREEIEH
< RSB RE O H BV NEWICE ST 570
fiil: DOM DG Eh->7zDIE, BEOIEEDE
WNE oIzl EETSHE, ALNRICBNTE
RIEMEHIKD K5 75 557 i DOM %2 58 & DIV
EMTIRA LT BREMEND D V2%, Fiz, BE
EOWZE (ENEREINIZEHT, 2004) TlEiR])I| DOM O
ORI, AR, R, AE=, NEF) D 4 7]
NPT 31% &t SN0, LHR)IBKCEREYI
DFFHHETEL, o fAENZ W) TH B EEZD
N7z. DOM O K7 7% 8% AHS Tl&, ZEGHI L
i 20.3%, 2B IR 162%, BRELIFER 172% & 7%
0, ZE) | LRI RN RERE M7, Xk,
HiA Tl& AHS X0 & PR @< E )1 EiR
38.2%, I R 35.9%, BREY I i 29.5% CTH -7z,
KIS EBUT AHS OJ7H HIA K0 & #5075
BT BT OMZE (ENTERBENIZEAT, 2004) TE#H
HENTED, FAEOMERITH -7,

ROERRIERE | AF AR AL (UV:DOC L) DLEE:
UV:DOC FRiZ7KBRIC K >THZRD, ZTDEKIE +
BEFEORBHE NS EERRDOEDETZ DN

55

KELEGBT2D EHETNTVS (Buffle et al., 1982;
McKnight et al., 1994). ZZ TR BXCEREY I
W E260 &7 ET DOC 1S 72 HWTZ Dbz R H

L, HupSmoEZz g L7z, DOMuoe 3> 7V TR,
BRI iR A 302 79 (mABSTem™mgC™), 2EFI|
THRAY 329 + 6.8 (mABSTem™'mgC™), fEL I R
325+ 94 (mABSTem™mgC™) &0, 3HINTARER
FEZ ot mES (1997) OWFFE T, HRME
Hi7kD UV :DOC EbAY 30 (mABStem ™ mgC™) & iR
INTED, ZHUTEVETH Tz £z, K
DOM EAEMICH B IEETH D, )17k UV:DOC
1323 A 558 (mABS1Tem™mgC™) #2 & (Fukushima
etal, 1996) LDOMEEINTID, ZOHIPFANICINE
ZEERTHH T DOMares 2 TV TUE, I B
/N 272 £ 52 (mABSTem ' 'mgC™), B[ FHiAY 28.6
+70 (mABS1Tcm™mgC™), L)1 P A 271 £54
(mABS1lecm ™' mgC™) £720, DOMbeiore V> IV EK D F D
W MEZE R Uz, UL, WisDdH 3 t EZTT->
TAE R, Ao makERii# 0 UV I DOC I HiEHN A
HEAREROENT EEILER ¢ (1) =2.012,p=0.069;
EOYITRR t (14) = 2.108, p = 0.054 ; @AY R ¢ (12)
=2050,p=0063), O, @SS (1997) L[FEkk
Thoiz. HES (1997) X, B rifBlUCEEIAD
PRAWY> 7V T ik Binii% O UV . DOC LD
ZAEDHME Ciahr otz DIE, FRH - FoE i C AR
PoKHRIZED DOM O, AP EM&AE UV:DOC
LEDARN I DNEIE 3 E N, UV :DOC LED sy
WKE 72 58 B ARBEI IR o T2 =D TR VI EHESR L
TWV5H, REERIIHSH TRV, iz, ENER
WFZEHT (2001) Tld, FRMDEFRKICISUOTHE ) fiftalk
%0 UV :DOC HUCHEHN A EAIGRRD S NEh o7
EDD, A ED RRERATR O R E &2 R
JeEHEEINTIH, AHZEREHRE ORI ThH -7z
LERNNBXOBEYINCITS, Eofritmigo uv:
DOC LD ZE{ L MEN BRI EHT (2001) & 5755 HH
&, SBHERLHENNETHS.

UV:DOC DO ZHiZA b (K 6) 2% &, DOMecore
P IVTIE, 3 AR 4 HicEWMiEZz R L7 AIChiI T
LIRS IDZ, EHIC 8 H 10 HichLE—
BNz 3 DS 4 QXS HRESRHEHTHO,
4 A% BDIZKHDORIEZ R ENEE S RHHTH 5.
X7z, 8 NS 10 HIZMKmDZWRHATH BT 2%
EIBE, TNHORHNC, £ HBEOFRERHEE
M50 DOM DIEHMNZ 75T EMEKNEEZENS
(McKnight et al., 1994 ; #5555, 1997). —3, DOMater H
> IV Tl DOMbeiore 1 FEARZEBIAV NS WMEA T, 4R
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Fig. 6 Secasonal variation of UV absorbance at 260 nm : DOC ratios. (a) dissolved

organic carbon in DOMyefore sample, (b) refractory dissolved organic carbon in

DOMateer sample.
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%57 (HIiA D) OB Gk, 2005) T &
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ZEhvRENT.
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£ 3 A (DOMoetore) DEEIEBIOCIE (E260) EVSFREAHEYIDOBIR.
Table 3 The relationship between ultraviolet absorbance (E260) of DOMbcfore sample and DOC

concentration of dissolved organic matters.

Hii Upstream

Hii Downstream

Iinashi Downstream

AHS y =13.927x + 0.0494  y=14.178x+0.0338 y=11.154x+ 0.1119
(R?=0.95) (R?=0.72) (R’=0.67)

RAHS  y=10.986x + 0.0406 y=18.9727x+0.0958 y = 10.247x + 0.0671
(R?=0.94) (R?=0.77) (R’=0.74)

HiA y = 3.8327x + 0.1394 y = 4.0211x + 0.158 y = 5.6218x + 0.1384
(R?=0.14) (R’=0.041) (R?=0.19)

RHiA  y=4.4662x+0.0885 y=>5.2021x+0.1063 y=6.0093x + 0.0628
(R?=0.20) (R?=0.067) (R?=0.28)

AHS: Aquatic humic substances, HiA: Hydrophilic acids, RAHS: Refractory AHS, RHiA:
Refractory HiA, y: Concentration (mg 1"), x: Absorbance.
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