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The effect of main flow velocity on stress responses of Vallisneria spiralis L.

Kelum Sanjaya® + Takashi Asaeda® (Saitama Univ)

Introduction

Aquatic plants play an important role in aquatic system
in terms of ensuring both biotic and abiotic relationships
within the system. They are source of foods, provide
hiding places, create a habitat or provide conditions for
breeding. They are the primary producers in the aquatic
system and circulate nutrients within the system by
converting the basic chemicals in water and soil in to
organic matters which become later, the foods for
secondary producers. Water movement has been known
to be important factors that regulate the growth and
distribution of aquatic plants in lotic systems. Vallisneria
spiralis is a submersed aquatic plant which has been
tested for stress due to water movement, however,
information are lacking on their physiological responses
for different water velocities. Therefore the objective of
the present study was to assess the physiological
responses of Vallisneria spiralis to different flow
velocities.

Materials and methods

The present study was conducted in a closed flow system
with 5cm in diameter transparent tubes which were
modified to generate 4.3+0.4 (low), 7.55+0.66 (Medium)
and 14.2340.74 (high) cm/s velocities. The turbulence of
each microcosm was kept minimal in order to observe
the effect of flow velocity. Three plants with 8-10cm in
length were exposed to each condition. The control was
maintained without a flow within the same system. 5%
Hogland Nutrient Media (HNS) was used as the nutrient
media. Well washed river sand was used as the substrate
for plants. Temperature was maintained at 25C and the
light intensity was maintained at 100-110 pmol m™s™ .
The system was subjected to 12h: 12h light/dark period.
The experiment was carried out for two weeks period.
After two weeks, the strand elongation, photosynthetic
pigments, Fv/Fm ratio and H,0, were measured.

Results and discussion
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Figure (a) represents the carotinoids concentrations and Figure (byrepresents the Fv/Fm ratio in noflow, low,
medium and high flow treatments.

Though the strand elongation was not significant among
low medium and high flows, the highest strand
elongation was in high flow condition. Total chlorophyll
was not significant among the treatments however the
carotenoid concentration was significantly higher
(p<0.05) in no flow treatment while Fv/Fm ratio was
significantly lower (p<0.05) in no flow treatment. This
denoted the stress of plants in stagnant condition. H,O,
concentration in no flow treatment was significantly
higher (p<0.05) compared to low medium and high flow
treatments. H,O, concentration in low flow treatment
was higher than the medium and high flow conditions.
Carotenoids act as a scavenging agent of reactive oxygen
species such as H,O, which are harmful to the plant
body. When reactive oxygen species concentration
increase inside the plant body due to stress, scavenging
agents such as Carotenoids concentration increases to
reduce the toxicity of reactive oxygen species

Conclusion

According to the present study it was shown that the
flowing condition is relatively less stressful to
Vallisneria spiralis compared to the stagnant or no flow
condition. Further experiments are needed for comparing
the stress response with the space for upright growth in
no flow condition.
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Stress responses of Egeria densa (Planch) under low oxygen

Mahfuza Parveen, Takashi Asaeda, Md H. Rashid, Saitama University

1. Introduction

In aquatic ecosystem soil flooding, waterlogging and
eutrophication changes soil physical and chemical
characteristics, which leads to high respiration rates and
low dissolved oxygen (DO) in poorly mixed water.
Aquatic macrophytes specially submerged macrophytes
are frequently encounter low oxygen environments
during their life cycle. To understand the physiological
behavior and stress responses of submerged macrophytes
under low oxygen concentrations (DO~0mg/L), an
experiment was conducted with Egeria densa (Planch).
2.  Methodology

Approximately 10cm long plants were placed in 500ml
glass beaker on silicon sponge clups, which acted as an
anchor for the plants. The beaker was placed in a 2.5L
AnaeroJar (Oxoid AG25, Oxoid Ltd., Basingstoke,
England) after deoxygenated the water bubbling with N2
gas. Anoxic conditions were prepared with AnaeroPack
(an atmospheric gas generating system, Mitsubishi
Company, Japan), which can reduced the oxygen <0.1%
and generated 10-15% CO,. Anaerobic indicators were
used to check the low oxygen level (<0.1% atmospheric
0,) inside the jar. However, low oxygen and high CO,
under anoxia is a common phenomenon in natural
conditions.

3. Results

Total Chl. and Fv/Fm values decreased when plant
exposed to low oxygen concentration. Chl.a/b increased
in low oxygen, which acts as a stress marker for plant
when plant exposed to stress condition. Indole acitic acid
(IAA) is one of the most common auxin found in plants,

which related to growth of the plant. In the present study

IAA concentration decreased >60% in low oxygen
concentration. Simultaneously H,O, POD and CAT
activity also increased in low oxygen concentration,
which suggested that oxidative stress induced in low
oxygen concentration. We can assume that the observed
H,0, accumulation in the tissues may promote the loss
of leaves, since high H,0, accumulation has been

identified as an important mechanism of leaf senescence.
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Fig.1 Total Chl., Chla/b (A) and IAA, H,0, (B) values of
E.densa under low oxygen concentrations (mean + SD)

4. Conclusion
The present revealed that low

study oxygen

concentration  reduce the  growth, chlorophyll

concentration and induce oxidative stress of E.densa and

can survive under this condition until 10 days.
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WRCBITD T 77 F Ui £ < oK
BWTEISNTEY, RO T T707 b
FEOEBIZONTHL,. ZNETELOREND D,
LML EOFRESEITHEA 1 EREO S ORI E
Thotz, Forld EEMOWKNDEH ~ KK~ &
Wit~ LW < HEHE)N O FEB R OIS TS T
7 NUHEE 19794 4 AD 34 4R 1 FILLE
DORETEML CE e, A, 777 hok
BFETE T T 7 Ao T 1999 FEs b 3
JE L CTECRY 15 FEMOE - 7T Z7 7 kg
HREDEEZFINIE E OO THET 5,

2. H

A HLRE, W OFE L ERE), T v 7 b
Y OFREHFIL 1999 £~2013 F£FETD 15 £,
JRRIE LT AR ol B4E LTZEHT a2 H
W R W7 7 s o OFHRITIAK 1ml & EH T
Z 7 b CRHEMRICERY | R SR O
—WOOHE VKV FERLI-, BT 7 7 b
11K 40L &2 NXXX25(40 u m)D T T > 7 F v Fow
T 40ml (2 E TRME L. ZOWK 1ml 277 7
b FHEARICER Y | R O RME RS O FHE A FE
L7z, &5, @77 07 b3 A ., U A
VR REBRIC DWW TR BRI bR A FEE L 72,

3. BRBIUEBE

W LEIZ BT D77 > 7 b i, did
HAM IS 1 SRR S LC 39 8 49 FEANHE L. &
LE< BMERBE o MEIHEAOHEEERD
Uroglena americana(CV-Y{EFE 257y m3)TH Y | 1
~ 5 A AT HEL L 720 B OFHAHIH H I 186 ]
BERBEER o7, KWT, BEHEEED
Rhodomonas sp. CEEIEFE 170 p m3) D 104 [a],
Cryptomonas sp. (CF-¥J{5F% 1,700 1 m3) D 65 [2]DJIF
Thole, WIZ, 87727 FTiE 32 J& 51
FEPSESFEL 200 SRS 25 EHIE. VATV
\ZJE 9 % Polyarthra vulgaris 7 270 [8] & [ % 8@
CTE L&, IRWT, XY 24D Bosmina
longrostris ® 64 [A], §§E R D Codonella cratera

D 63 EDIETH Tz, BT 707 N LR
DEAE LD T 15 M % 5 FITEEFE L7oRE R,
R LIRT LI, M7 T 7 b id. 2009 4
LI, e GHiE#ICIR T 5 Cryptomonas sp. D& 5
BN U, EEaHiEE D Uroglena americana
MEL D ZERROONT, £, BT 77
k> T/ NV R D Codonella cratera <V L3
¥ Polyarthra vulgaris O 5 [RI50H B MME ) %
~L. IV allET b Bosmina longrostris X°/7
VIV apETH D Nauplius O 535 1%
DIAEIC D D Z e ERH BN RS T,

W LT 2 3 W TR BB I S e /) 22 7=
FEEASOP A i 1) 2 R RIS DUV TR L 72 S R
2009 FLIRE, FEHICTHRAEL TWLOMHT T 7 b
YR T T 7 kDY A XX 2003 AELLAT L He
35 EEEW & RIS/ NI H D Z &2
HoMNERoTz,

Alal, AR R E AR L L C OB SR A Rl
L7y, RIS & o TIEHiia AR AR AR 3 K &
SHERLEHEbHY, S%IE B - W77 7k
VEUTOFE TN A A Th DR AR R, BE
REFEREE L GHEL W& 20N EE X5,

#® 1 EEW )W BT 2777 hro
S EH (1999-2013 47)

EEHBEBINRD) IZET58 - VTS0 o ORMEE

Phytoplankton 1999~2003 2004~2008 2009~2013

Total

Cyanophyceae 4 5 6

15

Chrysophyceae 59 58 73

190

Dacillariophyceae 70 72 87

229

Dinophyceae 0 1 0

Cryptophyceae 70 62 37

169

Chlorophyceae 26 39 37

102

Total 229 237 240

706

Zooplankton 1999~2003 2004~2008 2009~2013

Total

Rhizopoda 19 33 17

69

Ciliophora 37 28 52

117

Eurotatorea 131 126 141

398

Branchiopoda 25 27 15

67

Copepoda 21 24 15

60

Total 233 238 240

711

SCHR

1) e A R A R R T S
W~ 7 7 b OMBARTER L UK #AE
O R AR BT, B AR K AL B A W) 5 42 5K ,49,2,65—
74(2013)
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gAML B IKIE  (BEKIE) THOZRDB - TR
0. WY ORELZ T TWERBNEZ D, £,
H AW~ D53 % 5 A T2 FE D i WK A A D 72
O, MEHE XV bmE RS BES RSN D,
Sl DL TIEEZRIZ A AR & O K DFAI
R OWFMRBOMIERH 2D Z L & KK 6m DIKfE
TSR ES TV TV OWETHY | fELONIE
NA T NO2 —NO3 O XA HE X FUNOy S EE
ENDTERMBALTVD (JEFEDH,1986),

AWFETIE, F R ERPERT 1A THLT T
By I AROSICER Lic, 7FHEy 7 ARUSIEE R
2% L7 I U (NHOH) & NHy 235t L C A
Thode FTVUNH)ZERH L, 20 NoHy 05
DPIREFZND)Z L L TRIAS LT 55D T
HbD, ZD NeHy 205 No ~DOiAKFZIGED & X
NO2™ DiEstiZ £ 0 Apk L7z NH20H & NH4' 23 i
LTHO NHs B ESNDZ &b T FE Y 7 AKX
ISGOFTH D, FHETIE, EZFIC NO: BNERT
L7207 Ty 7 AR L D BFEREDIEHIC
EETWDLAEEMERH 5,

AWZED HINE, 7T E v 7 AREDOEE TH S
NH:0H & HREHATH 5 NeHy OEREE/K T O 55H)
MOTFTEY 7 AN EHERT 2L ThH D,

2. Ak

NH:20H, N20 : #135 T NH2OH X O N2O #Hll &
HAFEIKE 70 mL S A 7RI ENENEE L,
NH20H #|7E A#FEKIZIZ NaCIO IR = i L
7=d L EREICRELIF -7, N2O HIEHFEIK
IR~ U CERIRINE, EREICR DR,
FEBREE CIE, R Z U L 72 30EKIZ N WA T
XAH 40 mL ARV | R OMRBIC L7212, <
LA H A7 v~ k7' F 7 (Shimazu GC—
1D KV EE Lz,

NoHs : 35 CT50 mL 7’7 AF v 7 U U PIZik
BOKZBRIL . Ak, p— P ATFAT I /XX
TATE RERERIN LGS, BEaIEiy
> 7V 50 mL % Sep-Pak C18 71— KV v JIZi#K

BKHPRBIZBETET7TFEYIARKGIZET 28R

CERES - DIETF (BRK) - #A8E (T E) - 6% ® (BIRX)

L. BAESETRLRY . KBREICTRER - =5/
— VIR G WO T W BE L . oy ot ot KR
(ShimazuUV-1800) T 457 nm 2 THLE 2 JIE L
7o

3. BRLEEE

2014 FO OIS D IR T IEEZE R O
& H 2 b % Fig. 112”3, 2014 F1%, 8 A6 9
HIZ NO: OB MR S T-, 512, NH:OH
B8 NoHy b Athod A & Fb~ T e sy i B Tl
SN2 e, FEHOTIE, EF0 NO2 OF
FEIZfEW, Ty 7 ARIGHIEEIL L6 O & HE
BZans,

FHEOERBRICBNT, ZTNETREICLHZE
FREOLLNEZ LN TV o7, Ll K
WFZEIZ X 0 BEZC NO2 A& 2 HiEEEICHB W
TT Ty 7 ARSI LD EHERED BE2&E
ERI-L, PO BRI UEEE LTTFEY 7 R
FORPELS BboTnabntEZLND,

Fig. 1 .02k 1T 2 EREFEHEORH 21k
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1. 1IC®HIC

b &I, FRIREEREICRBWTT E=T b
MBI KD NH, 72D NOy ~Dfgfl, & b IZHEAEER
FRLAREEIZ X D NOy /5 NOy & Ak 5 it fs
DZETHD, MELIT, HKIRERRIZRBV Tl
PEHEESUEARER C & 2 20 IZ K> T NOy 23 NO, i
ML ZE N0V R T Ny H AR LT 5 & W) W
172 NOy O RALRE TR Ch 5, Z OBZEBRRIL,
KEINGEZE Ny WAL L TCRIMNTBRET D &
Mo KB OEFE ORI 2 > R e LT,
BV AVUTESREIH 7 r X & LTIERIC
EETHD, MLICE VAR L2 NO,y . NOsIE,
EEIZ LD Ny & L TRAMTH S LD, DD,
SO KEREE BRETT-OICITERE N, T A
ELTGRIMTIRIET 2 Z &N TE DL & BZED 2
WEESLETH D,
AHFTETIX, YA TH DA & (BARRZ Sk
TRWRET) DMK DEH#F{bRE. 72 WEP & 27
D (i EE e SR K R 2418 (AT 1t (BR) 1Y) ) R
BN K DK DERERE~ DB LR T 57
DI EHBLNC X 2K OKEBHE L O=ENE
Bzl L CRET LT,

2. MRtE HE

- E LA

B T8 A 7 V(70 mL)IZ K 2 A C&
HL, A< rQml)ERML, EBRETN. Y
Z(40 mL) T&HAZ>< V| N.O % ECD—GC
(Shimazu GC—14) CHIE L7z, £/, A L7ziik
® NH;'. NOy . NOs &gl ER 2 Hun T
FTNENER LT,

- LZEIEME DO RN FEER

B CTT R7—v 72 L)IZiHAK%E 700 mL AL
72T L2100 mL Z RN LEREICRE BIR-o 72,
FEERE T, 5O DO ICHHE LIZN, & 0, DIREG
7 A(300 mL) CRAHAEY | AT CHRBGITIE VIR

SAET TR L, 12h, 24h (1 H1%). 48 h(2 H1%).
60 h(3 H#%)?» N,0 % ECD—GC(Shimazu GC— 14)
FHWNCTEE LT,

3. WRLEE

AWFFETIL, BARRATE 2 L OGKBIZHB T D%
Ftie. BLOWEP 3 27 ARE#ELREIC 5
R DRABIZOWT, EMBRNC X 52 b & EN
FEE AL CRFEITo 7,

Fig. 112201444 A 14 A5 201541 A 14 A
FTOWELE 1 m OKEORAZENERT, 6 A4
A5 7 H 7 BIZHhT T WEP ¥ A7 A OR#IC &
» DO 1% 2mgOy/L £CTLEF L7, At kv NH,'
BELOTIN OBDBHERTE - LDt BZED
—HDORIEP RSN D, L. 8 A 19 HIZIX WEP
AT LOBENC XY DO AIEFITE L 38 mgOL/L £
TEHA L7, 8 H19 H25H 9 H 5 HTNOy DA
RSN o T2 Z LD BAHELEN R I NS, F
72,10 A 24 B 6 11 A 20 HIZHNF T NOy DN
RSN, ZHUIMBIZL b 0EEEZ LN,
2V EME DR ERICB VTS, 10 H 31 BT 30
ugN/L/day, 11 A 20 H 21349 33 ugN/L/day & &g
ERLT, TGO Enb, WEP v AT LAOBHE)
2LV DO Z=y ha—T 52 LTt - E AR
HEL, WRNCEREZIRET D ENARETHDL EE

2 Hid,
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=
250 £ 2 1200 w0z
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VA O JEEJe FR i CITA BN D 3 i PRV
e (DO) PHE =D, ZOEJED DO HE &
(Sediment oxygen demand, SOD) (XA EW D ERE
REREHICREREEL 5252 L0, BER
FBIEL L COFEENEE > T\ 5, SOD OHIEIE
CERT v N R BUGICRRE T DB E LB
WMUFERa T 2 EREICFDIR-> THET 2=
WEBRIEIZKBI SN D, Ll BIEIET v o
— OB WIMCE M, BB IXERFIEDOSHENES
KD a7 O FNEORIEND . BIENE S
TRV, £ 2T, A TIL, SOD % fEfE Izl
ETE D FIEOBBERF LT,

2. ERAE

B 0 & EEWIR I W T RIRELFER
s (Mo ZHAWTER=2 7 (W llem
R & 50cm) AERE L7z, BRELL7- 27 O EKE
Y Br& |76 DO JIlE & > —F » 7 (Presens)
IR VAT 7=NEE 1.28em £RIBH T 7 A1 T v
TEJRRE N HIRE Tem (il £ TOIREHR L7Z
ZZICHER2Um DA T LT 4 H—TH
W L2 B0 B FAKZEMZHEA L, BUGOMKE
KB CTEERE L. (N TVIE), DO BED
M2 i dE g #E & o Y — Fibox 3 (Presens)
EFRHOTHELE, v he— LT, AL
TP EAKDOIZ AL T AN S D& HE L,
RNATNIEE ORERO T2, 8 L oK 2
T OEEKEBE LD OEETIERLIT- -
(EJ_ 2 7)., SOD OEHIFLL FoRizit -7z,
SOD (gOy/m*day) =A[DOJ/dt X (B _L/K&/ETR
KA X 24/1000

A [DOYdt : &K t (hiCB T 5 DO EE
(mgOy/L) & 1k 72> & 3R o 7= 31 L i #r o 7 =
(mgOy/L/h), JEVERMEA : NA TIVEKHEM =

0.000129 (m?%), B /K& A7~ B LAKOERE (L)
. 24/1000 : HA7HARAREL

/MR,
=iH HE (FEERA)
BRI )

0 EE
HEE

HMBIZEITIERRBOBRRHERE

sz

3. BRLEEE

BrHCRBLEEREZ, KRRaTEE AT
METENZENEEE 25C. 10 B[E) L7-s 24,
Smyi%WImk0%m%m%wT&otop
FKEEBH L7254, SOD DIENEEREL< D
_&#h%éhfwé F7o. KR TR
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M DIFENTE D SOD DFEZDIRNN - 72 & HESR
ENB, HoT, A TAETIE. KEPEALE
WO A PERR U7 IRTE — B EOKR O FRE 23
SOD ([ZXBEENTNE EEZ BND,

BRI T A Tk E VT, 5 FREfRG R
L7z& Z A, SOD i% 1.07 gOy/m*/day TH -7z, =
AIEE 2 HORBREFHICE T 5 (041
g0y/m*/day) @ 2.6 f5ITHYS 325, EEWEE il
DEJE - KEDOEZZBETIL, ZOEDERN
B OGRORERT 5 L1FEZ S0, Z
&0 ERRMEBEAKD SETTIRE TIEH T 51 4

VT DOREIZHEE L, SOD ~D A 5122\ T
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1. [FCHIC

7 U ERIT, B-cyclocitral & 1X U s & L Thk# 7245
PEEREY (VOC) ZpEEL, £D VOC 1%, 7 i
HEIZH L, EERIEEEZFSZ ERHMLN TN D,
2008 4 & 2010 ARI2iE, HATIHSIC W TH A
o TR MBS A A LTz, — 7. 2013429 A 1TiE,
FEAIA C Anabaena mucosa 73ME 5 U721 Microcystis
DEEREE 20 HELEE S EEmBERN R 6,
AWFFETIZ, T o BEOBEMBEBIEE. MO
pH HIE & & & ITHERHIE T X 72792 72 B-cyclocitric
acid 5 L O OBEE(L AW & & T VOC DI 21T
-7,

2. MHEERE

WRHSREEI LT 20 (ITFTA EW)),
VR BL G N AL LU WD A 7 ML (F] B)
WmRBIG N ER LeH a0 A 7 A8 (7 C) 2
D7 UEEABRIL, pH IE, BAMEIEILE &M
o, VOC OREZE T2, VOC I, 7
W& GFAICE Y AL, =—7 Vilit#% GC-MS
THMT LTz,

3. R

LIZ3 MR (A, BBEIOC) (281757 o
fFAE A 3% 1121% VOC R EE  pH 35 & Y Microcystis
DO % R~

Sep. 6,2013 C

Sep. 6,2013 A

Sep. 6,2013 B

O Microcystis B Anabaena crassa O Anabaena mucosa

12013 45 9 HARKHIO 3 HiSlokiT 5 7 v defi
DIFFE

WRBIRZE Z LW Wi A Tld, Anabaena
mucosa BMESE LTV DD IEEBIR AR LT
WD A J1 KR B Tld, Microcystis 73MEYE LT
Wiz, BelbZME9 C Tl Microcystis DAMRIED
N4 % & & H1Z Anabaena crassa HHE % Tz,

i 5% (RN

£ 1 2013 FEOMBH CTRE L= T i o vVOC
DOFRE (ug/L) . pH 3 X O Microcystis Dffifia %k

A B C
pH 9.3 8.7 6.2
B-cyclocitral ND* ND* ND*
2,2,6-trimethylcyclohex-1- ND ND* 25(0.15)
en-1-yl formate
B-cyclocitric acid ND* 52 (0.31) 120 (0.71)
2,2,6- ND* 11 (0.08) 170 (1.2)

trimethylcyclohexanone
B-ionone 10 (0.05) 120 (0.61) 150 (0.80)

4.5x10*  2.0x10°  8.5x10°

Microcystis cells

() FENRE

VOC (ZB§ LT, A TiZ B-ionone 72T 3R 4, B
& C Tk, vin 5 B-cyclocitral 23R H S 725>
72723, B-cyclocitral OFILAERY) T 5 B-cyclocitric
acid 3 L O 2,2,6-trimethylcyclohexanone 23 iR T
M Eh, pH O F bR Sz, FFiZ, C T
B-cyclocitric acid & Y 2,2,6-trimethylcyclohexanone
DIRERENZ PRI TH o T2,

4. EBE

2013 FEFABLHNC BV T, IWBEBLR N & TV
A A TlE B-ionone 72T R Sz, EFE L7 X
1 (B) TliX, VOC REN < . Microcystis 3%
S LT-, ZEORER, B-cyclocitral 23 S,
B-cyclocitral (ZX}9 2 Sz EDY Microcystis &V @&
Anabaena NWE®RE LT B 2 bbb, C TiX
Anabaena crassa DEFRFENE -T2 H OO, FHIZ
WEPEIE L. 300C Microcystis 1 XML T 4 HIZIZ
Microcystis D& &L 732> 7-, F7=. 2,2,6-trimethyl-
cyclohexanone N Z &I S N7 &b
B-cyclocitral MDE{kiL Baeyer-Villiger %! CH#1T L T
WD ZENREI NI,

BEE SR

Arii et al., Appl. Environ. Microbiol., 81, 2667-2675
(2015).
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BE/KIE 2 & DIREAD ZFRALIKFERLA Z & o
ToAR N RAUR O IE, RS9~ 2 “Rfb R
FEWRHELIZT D200, TOERNERIZEE
Th D, Cole H(1994)%, %< DWHENKE~D

PALIRBE DO 72> TWA Z EZHE L TW5D,

BB LAEMEFEN & E - TR B O T A
WIEPED T DI IR BINSNE L 70 BN E DIRBEN
RED BHEAE S CTOIUIEE OMITBIIRER B bR
FOWIIREND Z &I/ D, ATl BHE
LB AP S, EOAEWAFEMORER, En
COD (L MR R &)1 BLR S 5 TR PR
CRWT @R FABINTHZ LT, 22 TOAE
WIEPED 1= DIRFEPRIT OV THRET L7 R o s
T %,
Bk
FEBMINIZER T 72 20 OBLHIN
4 A 20154 5 H £ TOFF 15 [l R F#E
B A F2h LT, IRIEESR/NT A —Z OMIT, 2014 4
5 AL, Bl TOPER L (Gaarder and Gran,
1927) & & 0 AW R ORIE % & o THEM L
776
BRLER
BIEIZ X0 RAED DAL AR A e X
RFEHF T, 0.42~4.8 (mg/L/B) O#FHICHY . F
W EBINTTEL, MENLAFIIHT TR
EEhzpr Lz (M), FPEBEETIIERT
4,800+1,000 (Mg) DHEREIRRE N FHEIKFEIZE D> T
WnHZ &b,

15 B OB 31T 2 KK B bR FE 5 EIE,
430~14,000 (patm) ORI & W (5 ERAL R 45y
JE 3,600 patm) | B L 7= 3 ToOFR MK _EELRE
SIEIIRK ZBAGIRFE 7 E (K 400 patm) % k[A] >
TWz, T72bb, FEEBES ERK[BILRED
AT L L TCORNVRT v LB H L, &R

IO\, 2013

1254
)

VR

SETAEMEED-ODRFIRIZDONT

B HRERR - 5 78

IVETRE (R i

=

(RRR)

HFEBIZBWT S KRG BRI E D EMEFED
TODRBILTIIRNZ EARENT, FEBAEIR
KRG~ E R SN LR EIT, RFEHBRE T,
2013 4E, 2014 45, &N 2014 4 5 A5 2015 4F 4
A ETT, ZNE 730480, 540+60, K TN 570+60
Mg) & RS bilz, ek, ZIZCRHAE SN
Pl b 3 i O EE (160g /% 3 /m*/4F) 1%, Raymond
5 (2013) 3 L7 SR OE 5> & 0 257 Jif s
JE (76g IRFE/MAE) O 2 fEITHY T 5,
BGENS RS D2k b C L L7
FITAEM T 2,600£900 (Mg) TH Y, ZH 7T TIEF
BRIZB T DEWEEE E7snENR, FEE
\ZB T DRI B DI T v Zinb | KT
DTS DR T, W)ID S D ER KR DFEA
(2,200£100 Mg/ £ ) L HEFE Y 2» 6 O E A
(1,900£1,400 Mg/4F) (2 &b, FEWBIZEBIT HEWE
FENRMEFES N T D L RS bz,

FHBICB T AL ERE (2014548 ~2015558)

40
= 35t ]
S
o 30+ .
g 25
= I |
-B 20 - §
S
8 15+ 1
o
g 107 ¢ + 1
o
5 5L [ .
¢
0 | | |
2014/4 8 12 2015/4
Month
References:

+ Cole et al., Science, 265 (1994)

* Gaarder and Gran, J. Cons. Porm. Int. Explor. Mer, 42
(1927)

+ Raymond et al., Nature, 503 (2013)
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MBIZHTEHREKDE pHBRZR

* IR (RREER) - BT R #d%)

1. FL&HIC

IT#E40 1400 7 NIZAKGE K 2 ke 3 2 EE R W RE T
IZBWT, pH2Y B L, pH 2% 9.0 8 % 5 BN
HZED 17 Atk o127z o7 (X 1). KD
pH OBREERNET 85 LT THhoHmw, EHMIC
Dlzo TREEELRI-ERVIRME 2> TS,
F7o, KEFKOE pHALITFPKEE & 720, #oK
5 ClIMiiR % 2 2 C pH i 21T 85 #4572 <
o TS, EEHTIE, €% U CAmEHIIC
KON T 70 NOoBENEY, EWEN EATS
—F, ERMOREEZRD Z L DOTE LKEND
STERT D X O/ 7=. EEWOE pH Bi54T,
KREDHAKIZ LD COMMUTERT L HD EE X
BNTWD. LL72ens, ZHEEND NS
DTIEZR. ETKEORRE TR pHALE T 575>
EIMB Mo TN &G, RFETIZZO
BREWNDDHZEEENETS.

2. BRAERUEN
(1) BihFh4s

SRS EEE W R I S O ) 1] 7 7 ir & AR 1
AFTTHRIEAKS L <ATESAMIE A 2014 F2AT
Sl HEITEZ AR EKER (AAQ-177) Z AW,
Kk, 7ww > g vEot, pH, WAFRERE (LT
DO) %AWE L=, 7=, s#H LT KERBOKE
B RIZ K D KET — & Zfiffr L7-.
Q) =T7TL—rar

St.1, St.4, St.7 DFRJFKZ LK LIz, TRAKEHZ,
7 =R T EHANTE=T L— 3L, pH DI
MZ L ZHE Lz, ZAUC X v illko pH 2ME T4
HhEERL (K2)., =7 L—yaitkoT,
KD COL IR EE AR D CO, IREE & PR AR 72
STk (pH B3—E) =1E-7Tz.
(3) —ER{bER SR DfRHT

CO, DFFFTIZONWTIL, &7 vV s LW, pH,
7KiE7)> 5 CDIAC (Carbon Dioxide Information Analysis
Center) 23292 CO,SYS (Lewis * Wallace, 1998)
% VT pCO, ZFHR TR 7.

1 FEEEHRR AN

3. #R

EpH & 72> TW=7 HD St.4 Tix, 28 o=
TlL—va il kv pH 2 9.84 05 8.09 £ TIET
L, —iE&Zz->TWwWiz (¥3). £7, pH85 L. L
OEmpH BRSNS TH~8 HIZhF Tix, pCO:
2% 10~50 patm &K<, SEAERKIZE D CO2 RIN AN A
ETHDLHZEERLTND (X4).

10
98
96
9.4
92

g 94
88
86
8.4 -
8.2

8

T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240

AR5
3 St4llBIFLHI=TL—varitksd
pH ORFRIZAL (201447 H 31 H)

(@) 10,0
95

so 1 Vw

N Mg

7.0

0 0 00 0 0O O @D omDoo
= e R e R B R R R R
(b M @ O @@ OC M O O0OC @ O0C OoC @O
}vm&ohmmg:g-—nwm
3200
2800
T 2400
£ 2000
2 1600
d'1200
2 800
400
0 . T
R R A
CEEREREEEERERS

X4 JKEFAKD pH KO pCO, DEH (2012 )
LT B TR R OJF KR B T — 2 £ 0 7EX)
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H;BD TP-Chl BEADBIEIEEEIZD T

BA F(BEHEBX - ZERX)

1. FLC®HIZ

Thinemann, Nauman D JCERAFFFEIZ 33 A BB
W72 7 b EBED NP XEICET BAF5ET, B
KEOHLHFETHY . < OB ED b T
&7, FRIT 1970 LR, BREBMIROIMBER
DB G BEAED NP XEICET 5 EEN
RS, Z D% OWRERRRBHEOREL
BL7z, ZOEREB(LHIF TIL, Sakamoto (1966)
WL BDMBOWMTZ 7 bk NP BEROB
ZE0s, EEAMR L LT, MR ERBLOMAEEIC
EBRANHREICRI A S, BRAKZEDOFRREZRE LT,
DORETIE, ZOEBKREZAVHMBERBLRERE
EEBEL, TOERIZH> TS H E CIHBRESE
HNRED 5N TVW5D, Sakamoto (1966)iZ L AHEM
777 brré NP BEFROMAIL, 50 FERTDH
BREZXBL7ZbDTHY | HIERRE(LAREIC
HEHDOOH BN OMBIC ENBEEA TE 205
BRDHD, TOREND, HEIL, HFTBIBEDOM
BAKEBRREREEZ AV, BRLEEORN 1
HTW5D, AHETIK, BEBIIC X DKEERD

TN-Chl, TP-Chl BE~DEEIZ OV T RETER %
BET D,

FICWE REE AEEEHR O EE WK E LIRS
Rz, HBICREREER & RBRRETOA
S F K O BRI ERE R &2 AV Tz,

3. #R,

WH7I 7 bk NP L OBER~DERL
HRBEFARDLTH, BEEPBEEFIZR o TEE 10
EHOBEEBEWENBARTRI»OIEoTLEF
(4,5,6,7 H)® TN-ChLTP-Chl B8{2 (X 1) %, 50
AT Sakamoto (1966) & th#3 % & | FEEMTIX TN
12k 5 Chl B BHZE TRV DS, TP 2% L CTiX Chl
DEEBRICEL | T b AFRERAR 6N,
777 N DBREENT, —RAEFEIC X HHE5E

CRRIRR - 0fE - ERRIC K DTHB DT A THERE
S, BERbIZ X BKIB LR L BEERREDORZEIL.
TNONAT U RBE  EHEEEZ 20T L
bbb, TOEMENG, KR, BERE (EhiC
FRBKIEZE) & TP L-ULh b OHi%F Chl & & EH
Chl ED 2R L2E Chl fa%k & L TRET LTz &
A FIOKBEAERBR X2 AN, &
£ BEW TR LETICHEY., MIZ YT 0
EDDEENY 2 00H D, RBFFRIL. IRBE(LAE
MTT 0 N RA A RCOBEREEDHD
LERLTWS, SHBROERIFEBLETH D,

TNvs Chl-a (2000-2010) f’ TP vs Chl-a (2000-2010) 7
I
(’ 7
100 4 ! 100 4 4
B o
o
- -}
_| L]
L ] &
IJ.
10 ! ++~.A‘ 10 4 -‘3::- A
= &
E
= e
E 7
= It ,
= ’
o 14 7 s 1 1
r  ee® ./
4 ® ® i oo, e
® aHasumigaurs .’ aKasumigaura
o8 sl s eBiva(N)
+THwas) v +Biva(s)
01 - amoto(1386) | g 1 ! 4 Stlamotof1965)
0.01 0.1 1 10 0.001 0.01 0.1 1
T-N (ug/L) T-P (ugm)

X 1. 4 ¥BOYIEEEKD TN, TP- Chl-a BfR.
JBRIX Sakamoto (1966) D EBIR %R,

40 4 40
" Ju Jul [ Jun |
30 1 30 4
-
&
a n =
20 20
s
=
¥ N
[ r i —
10 1 T e Y 10 A . =
Ty :
! '.-.‘“ - A mia gl
i A e []
v -“ﬁ“‘- " l“' i".
LI B T g u® L Y
0 0
10 15 20 % 0 o 5 10 5
WT(T) WT Differnce (0-15m)('C)

X 2. EEHALHSEMIZBITS 1980 £LIED 6
A& 7THDORKEDOREIZFE Chl FEEOREK
B (&), 0~15m J8 DKIBZE CR) ioxtd 5 BifRk,
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3C02

SUREBNBOMERIRICEZSFZE DO RIEREN

JeEERE CGRAR)

X C®IT

KNI 1T 2 268 OFAIL, KIEKIR & JEE
KIBOEEARAFT 5, ITHFE, KBEEBEIC L - T,
WOKIEDS ERBENC S D03, FEAKIR & KRR
O EFFRE U ThiuX, 2IERNEFERET D,
— . EEAKEO EABERBKIRDO EFIZBWDO)
VAR, BEESMEIE L, KEKOBmELSE
ORENFEET 5, BARONREMN RGN CTH HE
W CIX, BUEMOEBKIRD FRERRE L, £
FICAEBRNIEAET H 015 L, ME T, EE
KIED ERBAELEAKED ERRI Y /S, &
TEERDMEIET HENR LR L TN D,

AWFFETIE, EEAKEOZENCER L, HEEM L
M ARG L LT, WG oORHE I 21— 3
VEERT D, R, RKED O IEE~OBGE IS
B U 2179,

WmEET IV

TNIGET L OREMFRAX, 7 VRA 7R E
FK Tl A e LT8R, ke o=, Kl
OB - B R, REFBRATH D, EEW L
i 2 A 1A 500m, 1B M 2.5m DF%
T CHEIL FEEGRAE A IRESIEIC LV R,

FHRHSIEIL, 2007 454 A 1 H25 2008 4 3
H 31 A& LT, WIEREZHRET D202, 2006
F4H1AMNS 200743 A 31 HE TOBEHRA
fTotz, BREMEE LT, MmCOEHET T > 7
ALENT T w7 AEREET D2, ERERRE &
MK SR G, 5167 A X ADKRERET — 4 & v
Too BRI Tl 25 [ OPEA) I & 22Dy R
i T CIE 4 B O WA & 1 DO W) 2 2 &
L7,

SHERRLEEE

FHREAERO—F L LT, R & I o 5 g
AT IR T 2KIBROEE Z~d (Fig.1), HE
HOKIE T 51.25m TiE, AEHNZ 7.8CH b 8.5C

-
ury

—~105
O
= 10
b
3 95
o
§ 9
KJ 85
& 8
(1)
= 75
7 1 L L L 1
41 6/1 an 101 121 1131 412
Date
(a) FEEWM
15
14 L —5125 10125 - 151.25
s
Qo < 20125 --- 23125
o 113
8 112 e N
%111 lb""r W l
e A
g M 1 ——— =i
(o] —— — T el - W
=109 r;-:a?;-_-:'________'_"_':_"_"_'L'_'L'_'L'_"_‘L'_'L ______
10.8 : : : ‘ :
41 6/1 an 101 121 1131 412
Date
(b) th

Fig.1 : FEEEW & M 00 SR EB A 1T D LI 36
(T 2 KRB O Heg

IEEE T EA Lctk, ShEF RS Lz, Kl F
91.25m IZB VT, 7.8CHh 5 8.1CHIIE T LS
L7ctk, REKR LIRS Lz, —F. tmE<ix,
7] CEnEALE T L7256, KO EFRRMED
S72, Kl F 51.25m TiE, 10.9CH» 5 11.3°CHHT
FT. K04CESF LA, Kl F 101.25m LY F
FTE, KEDOEFIT 01CLLFThoTm, KUEE
i X 2B OEREKIR ERET, A2 0.03°C
FEIE (100 421 T 3 CRE EFOWEE) TH D=0,
INEY BKIR EFEMEVEIL, AFICERE LR
B LIS VIR FAT 5, FEEH &t mil & T
JEAKIRD EFRITENREAET DFEKE LT, W
DI A — VR E DEARHI AL 5 WEBIEE 722 & D)
HBIR DB, JGERMEOENR ENRZET B,
ZND DB SOWTENT 21T 5 72,
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* I B (HEZE0h)

1. [ZE®HIC

AIED Y AFEREE 2D LT, HREMO LD D
IR b EERBEO—STH D, AT, H L
IRUEED ZIR 7 BB T2 U PR R ORHIRY 72
JBENZOWT, EERIC L BT L7=ARIZ SN T
WET D,

2. MHETHE
AREFIVTIE, TEHOBRRIC X 0 ERRANE Fk ) HHE
FE A~ LG S, HERE T COAALFRYZRBUSIZ X
DIEEESND, BRI O THEFEYIRI A 5 DR
FIZX DG S, RIS L 0 B Bk~ EEE SN D,
HEFE) H DAFEIB I B\ T kDO IR A 70k
{BIC LB KBILERDERN I Z B LRIRHZ, U U RE
TUIEET D LD EHE LTS, DIl
FHOMRRIIEEE, VU . SRR 2 MBI ST

WBWT, UToLHIcRHIEN D (Inoue and
Nakamura 2012)
c, 3¢, 1 ~
¢ 8[ _¢D:0 aZZ 4¢k(7FC0CF kB (1)
69 —gp, LCe ok € C ko Cy =k {Cy—C (o)}
a[ zP azz OF ~0~F ad ™~ P de P P (2)
IC, _ IC, 1 C (e
¢ at - ¢D:F azz ¢kOF COCF o kde {CP Cl’( )} (3)
ZZ T, Co, Cp, CHFENTNESE, Vv, Ak
JE. D.o, D.p, D.ATENENNESE, U2, AMEROYLRL

3K, 3 B 2 1R & L7k - HERE R A B OFhE.
T DFEEE, QIXREIFRR, kopld —AMiEk I Lk 4k,
kel AW FRORESEEE R B ol ) AE DER O
BUKHTOY & TAffigk & ORI, kXY
EHRETER, kLY VWA EEEEL, Cp-o0)iFz=-0lC
B LMK TOY REE RS,

3. BRLBER

FOHED AT » THRBENNCKTT 5, K - HERE R
VBT D Y UEESAA DI, BiRoIEE K
FRET U X 0 R ST, -1EED .7 em s 5
5.0 cm s~ LUTBEAD U UENESH OISR ORET
ERLIELOTH D, THSITEERHEALT ecm 'O
BB OEHIREINSAE L LRV, FHEEA5.0 cm
STOEM T COREF AT IR TH D, K-1
B KDY PEEESAR XS5y AN HEE 72 05T
ICET D012 L, HEREMTH O U R AR N EE
M7 AT 2 DITIFR2 SEERRIFRE S5 Z & by
%o ZAUIKTTOIHUCEET DRI A r—L L0 b
HERE I 1T D AL 72 BOGZ BE 3 2 IR 2 4 —
IVDFTRRENTZDTHS (Inoue et al. 2000)
B1-2127K - HER R (z=0mm) 3 X OHEREWE

SEEFERISHIEIMN 5D ) VA ICRE T S RIBRER

HORFET (B R)

(z=10mm) (ZBTDILHT T v 7 ZADRFZE O
Faosd, K HEREWRE (z=0 mm) (Zdh0)DIEIT
HERERCn e BBy A o oIkt L, L E (z= 10 mm)
DT T v 7 AR bR — R IR & 7 fE %
LD LMD, H-UTTOROEIN AN ILESEE R
JERS DT 5 Z L bR L TR, ORI K
HICHABND D THD, T Einb, HEEEINE]
(CHEHURSEAIC S T2 Y i TdEOHN)
MBS UEE S DR ) (2R RO~ & i
ESh, ThEH 7 7 v 7 ZOREDRRNTH S 2
LIRS N D,
SEH
1) Inoue, T. and Y. Nakamura (2012). "Response of benthic soluble
reactive phosphorus transfer rates to step changes in flow
velocity." Journal of Soils and Sediments 12(10): 1559-1567.
2) Inoue, T., Y. Nakamura and Y. Adachi (2000). "Non-steady

variations of SOD and phosphate release rate due to changes in

the quality of the overlying water." Water Science and
Technology 42(3-4): 265-272.

2
1 L
€
g 0
N initial
AAAAAAAAA 10s
4 —1min
—5min
—100 min
—1500 min
2 I I
0 10 20 30 40
SRP concentration (umol L)
BJ-1  PHZEGIZPE © SRPEREL /I DA
2.0E+01
6“8 1.5E+01
©
£
£
% 1.0E+01
% ———————— calculation at z =0 mm
<
o 5.0E+00 ——calculation at z =10 mm
&
0.0E+00
0 50 100 150
elapsed time (min)
B2 HEED T T v 7 ZADkEEZEAL
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1. [FC®HIC
YR OB RBACIC X - TERH O KIEFEE 5
(WbWbT7TAa)RNHEAEL, TOMBEBIEAT
BIMEIZULA TR T U TICL VSR IND.
NI T VTS ROBRCIRR 2 HE T 572D
JEITBERMIIC 72, U R EH SUIHEIEIE O
7 A REEDS S S D EARER ISR D .
7}<a§ﬁ¢jﬂ£ . BER & W R & IR MR
WAL, IEMESR - BRI Lo

f%ﬁ%@%%@ﬂﬁwﬁiﬂﬂ ETHDH. N
KEMRFTIEIZ LV REBEHEORED TX
7~ ST (Jeon et al., 2015) .

AW TIX, KEMHOEME RE AT =
~Z (W-motion) Z# HW=dkE#FA L, 74 =
INFEAET DM O KB BB DV TRl 72 TR A
ReiE+5.

2. MHEAE
TREFHALIL6x 10 m* DI T, BER\|ILINTZ
MTHsL., TAaANBELZSA2IHENH10H19
HE CREFRMAARTOTEHM CERELIT- -
KEIEZ AT LB T4 D VN TE L 2D
0)}“)13@3%$7 2 ~Z (W-motion), 22D EME >

EEFETHR I TWD., BBy b1 OB
@i?o@ﬁﬂa1ﬁ&7o@ﬁ BT, BRI
MO@XT/VXX%—wﬁﬁT%Wéth

, Bt > N 212145 DOPt/TiEM & 145D A
T/VXX%~W%@T%%§%£.£T@@
RO K& X(X50x200mmTH ¥, FEAHRO I X 5mm
Thbd. Bty MIZHLEN0.9E 1. 38md K
RICRE I, W-motion)X0.4& 1. SmD KIEIZEH
X7,

FERC TREFERLD 4 DO H A (St. 1 JEAM,
St. 2 ; WAL EWOLoM, St. 3 Wi, EED

BXE SAVTEFT, St 4 W 0) BRI E IR,
Kil, pH, EREEE, EHRLV U OREE A
PR Flo, BEOERIICEIVDOA—F —%
s LI fFER 2 E L.

3. HRLER

k ﬁ*jilfl gj L\T:/$1|3
FEEL-ODBEERE~ADEA

ElIT& D

% Jeon Bong-seok, & M, & FEE (MK - B

X 1 FREFERIC 51T D St. SHiLS GHD, HEE O
é%?éntmv@%ﬁ_iémwwﬂaﬁﬁ%%b
7o FRENRE I TR - 7220084 D5 4H,
K@ DODOYR EEIE10 mg 0, LA LICHERF STz a3,
TS 2> & B+ em D K% TDOR FE 3 i sb TR < 72
5 E (07253 mg0, L) OISR ST,
—J7, HE{EZRE L2200 0E, FEE D
DOV 13672511 mg0, LT, {EEEOE K
bR STz,

R ODOSEEE N E < 72 - 72 HH [ZW-motioniZ
X VBB H3E LR NIERIR T TEIENT
e EEILNS.

JEJEE TR 25 2 LT L0 g nd 7l %
IR RBRBEICAB SE, VroEtzibn s
b s nG.

Aug 21  Aug 31 Qct 20

Sep10 Sep20 Sep30 Oct10
Time (Date)

Depth (m)

Oct 20

Sep10 Sep20 Sep30 Oct10
Time (Date)

X 1. THEEEEmIZRT DSt 3HA (G50, FE X
NPT ORFEIZ X 5D0D$A ‘ﬁ/\%ﬁ (a) 20084F,

(b) 20094FE. DO HEATL|EImg0, L.
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BEEHALHET-HKREIZE T 5 ABERRDOEERN

) ATMEARE |, AR, Hm M2, RAELL S, BRI 8, RIS 8,

L AUTREN - BREER R, 20 UTHEORE: + T, 3.

1. [FL&HIC

AR BB T, IR (LR X D g iRk
RECED | MEOEEFEEOMEIT AR I N T
%o 1987 A& 2002 A4 EHHIE S (St.17B)

OWEE _EIZ W TR 0.9mg/L & Fiék L,

2006 FIZIEBIAE 1 H~2 AICBIHl S 5 2R i
ZHF, 3 ARIENA D U TRESOEIFEEFR M
W B EOFEENREL VD, KREHELO B
IZDWT ZAVE TMn, Fe0P 72 EIERE RS> O ENREIC
DNTIEFE LRI NTND A, ARy OBEhEEIC
DT OIREFNT D720, ABFSETITIEE - KM
BT AEBREOTREREZHOLNCT LI L%
Higl U, (KERFRL LSRR 2 8L L, B FK
M OVERE by DA 24T o 72,

2. MHEFE

JEEEEHE 2014 4F 10 A ISR RO BRI SR T
& HEEEM LA E M g (St 17B, 7KK 90 m)
TABELEIESR L NBIEORERES AT A (27
WS EHICE LT H AT L) AW CHHERER
WCEREL, WSRO I 21—y 9 VER (152
A ICHW=, BELFERTIE pH, /KL, BFHE
FEEZHE L, B EK (St17B 85 m JEikKk 2.21)
235 25 mL 90 12 HR 2 & ACERE L TRSER Y &
O IEFFPEIZ DWW ToT LT, JEE 2 7 I3 5E L 72
B4 & BB T % 00k 2 HEFSJE Bl (Layer 1:
0-1 cm, Layer 2: 1-2 cm, Layer 3: 2-4 cm, Layer 4: 4-10
cm, Layer 5: 10-20 cm)IZ453fff L. 32 1UERE 0k
e ONEIBRK FR DAL RSy (TOC 0 #r, H30k X AR5AT
72 ) LHOEHE (3D-EEM) ([ZOWTY R 2 b—
voa CFERRRIR L BT Lo, S 51T, KB
B & ATALEL 72 L C Py-GC/MS % W TRV R AL ik
WM OZEENZ DOV THHT 24T\, [ENLERBEAF TR AT (I
O B REERCR) & e U CAR e T L 72,

3. BREEE

DO fi% 10 mg/L 75 0 mg/L (2~ (12 T, H L
KB 5 B OV YRR 2 20T L 726 SR % Fig. 1
IR, MniE DO EPME T2 LEHMBEED

152 HEIZIZ 48 mg/L FTHIMULIZIE—E L 2o T2

g S um B
FEEWABRAN, 4. BUTHK - 20 TR

14 60

50

40

30

Peak A, C (QSU)
Mn (mg/L)

TOC (mgC/L), Fe, P, DO (mg/L)
(=2

20

= i <
0 20 40 100

120

140

Fig. | FEEWILMIHIKEREE S I 2 L— 3 VERORER
O Peak A : 7 /VREEERHOLIRE, @ Peak C: & ¥ /37 EERHOLIRAE
A DOC, A Mn, [JFe, B P, > DO
23, Fe OIRHITIHERR TX Zenvo Tz, PIREIIEEREE

I7N5 26 H B £ THIINL ., DO EOAR T IZ VD
L7z, E KD DOC i34 2 mgC/L Fiith Ofif THE
B L. 7IVARBEERE L O X7 B e E o
TR (Peak A, C)iX DO IRE DK & iczh i
12QSU, 9QSU IZ EH- L7z, v =2 b—v 3 v Ehk
#%. Layer 1-3 OB/KF E— 27 A OEOGIRE IR
ATE Y EH LN TE T L, Peak CIIETOME
TIRTF L7z, JEEIX 7 VARBRERE L E O E § 72
HHETR T o 5 ATREME SRR STz, F 72, Py-GC/MS
CHERE & B AR ERAT 7T RE C db o 72 B R AR )
(MRERM D ZRL) OERREEVIab—va v E
BRATTE Tl LA A2 B8R & L C Fig. 2 [T/~ L
72 Xylene, Pyridine % U" Methylpyrrole I3 & CTHi N
4 A\ % /R L, Benzene & Toluene 133X TCDET
63-91%\ZJHD T D70 & JRE T OAREREIREDZEAL
TRl CE 5 Z L MR TE T,

140

Benzene E Toluene Xylene
120 4
. Pyridine
S
8
& 80
£ e
o s
S 604}
1
<
40
20
0 :.' | AR - Z1
Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
Fig. 2 Py-GC/MS% W2 ERBE S X = L—3 a3 5B (152A )

AT O HERTE BB AU 2 600°C TG L 72 & & OB iR
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kg B O(RBIRA - BE - #BET), ERES (BRK - e - MELT)
By vy (BIREOKER), e 7 (BIRERERAT)
TINETF (BIRK - Bt - ELT), HHE & (BIRK - B - #ET)

1. FLHIC
THEBITEBEEDOA NV ARRIZBRIND
&, ERRRENEIE T 5 £ THZAZ M U CEREDR
WERED, TOB, =3 X—ME0 7 DI R
DHSEAHIC 22 0, BENICanT i, B, 7o
A Ul EOFRRIRPERT D, 2 ORI
iR TTHE O L 72 5728, WFEETHEN Y~ b
VU ORBCER LA A VTR EAKSE
AT DAREMENH2I2H Y 95, L, K
HoHBNORLAKSE O EBITREHE B2 E T
bHbHA, ATFLUTL—IETOERIIR#ETH S,
% ZC, AAFZETIE Cline (1969)D Tk & HE 27k
DL 100 uL CTHAbKFEZ2 E&T 5 FEEH
L, AMEGROMFEEIT 7=, £72, FHITBHRE L
TeFEEZHNT, BERNERICBWTEEBEE LK OH W
ZHE LT bR BIRERABR 217, HBNA ofi
fbkFELERLT,

2. MHEEAE

- fEVEE B E

By b & WV TEEE 200 uL BRE U ARE
FERRS L 0.2 mL & AN 7-RBRE DK E T
v FEZELIAL, o< D ERBIZMLHLE, £
D%, WREETIT 15 2ME L 0.1 M HCIS mL %
WML T lem O~ A 7 2t /% T 2 LN
(2 667 nm (Z351F WL EE 2 HIE LT,

- FRAESZER

<l H >

FERITHEH L7~ ¥ (K 20 mm=* 1 mm)
1% 2014 4% 11 A WIANICSRE T ARG CRREL L, BRI
KEHNE 2 —NT4HBa T v a=vT%
1Tol2b D& AW,

<fFA B KO FHEE R O\ F Gk >

H AR OHFEK (35 psu) & H 7 A AH(ADVANTEC
8L GS-25)% AV T A L ZRB/K & IV THI S psu
AR L7z, FORPUEKICER T A ZBER L TR

fFikF BV LEMRFEK E L, ffbKRFEORIT,

ZTOEFREBR LR KRE T T ALY o PIZE
0, ALK FEIERERR 2 N LT 30 mgS/L & L7,
Z D% 0.3 MHCl % AV TEESE - HifbKFEOROD
pH % 8.0£0.1 I272 5 K O IZFH#E L7, ZOEK
3By~ bV 2 ANLRIO 100 mL D7
FAY T 80mL I L, KAEAE DT A8
THER LIz, Z0%, =N 25COERENT, K
AT A YA, XL, Zov)y
VERBHORME L, 24 REE R | AREEEZ IR L,
Al B KK O H BN O K E DRE ZIT -T2, 2
WENL-- b DI, 24 BEEICKZHEIT > 17,
3. BRLEEER

T~ h U EED SR D RIEER ORI,
FHGEEA) 20 mm) T 58 100 L FRETH S, £
Z TR Z 200 L & U, BEVEE EEEIC L0 Rk
D EEHLH A MR L2 AR, 0.2~50 mgS/L D&
THEMED BVREBAG DL, ZORERR?)
120992 TH -7,

Y~ F VI RAMEKTTEE LICAER, REH
FRitE & I BN ORI K EREN E5H L 1.4~4.2
mgS/L M InTz, F7z, FHTIEEMRZICEHT K
(HsHHiz S i b AKSE D 1.0~3.7 mgS/L i S
77

—J7, WifbAKFEZTM L 725230 mgS/L)Tix,
72 &b 1 RFMITE AP U TN b Ofii bk 3
DRNZEFFNTED, 6 REfEI# 21X BRI b AK TR
PIRALTWD Z ENDDoTz, ARFFEORE NS,
REWNZBIT DY~ F VI OBLERK L LTH
ROBMEFIC LD TIHRL, BEEE + BN
DOWALKFEARRIC L DI & D Briz 2250 237
EULZ,
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BETBIZBTAT)—234 FIREEKE

* THAMT, WA, Bays, WA, fEERE, TnR, =5E o8, & R
B, ek B, Rk, REREEER GROBK - B, dBRERwE, BRIE, AARNEE (L

ERY « HIERBRES)

1. [FC&HIC

SETEL, HRBOMDITICE> TRV ES
Nz 40ha OFETH L. BHETHLTFBOMEY X
FEEAL - HA{EBAEATEY, ZOIFEAER T
7 U — b THENTWD. WIWIC XL DKDAHIT 2
AROKEEZE L TORTOI, ZOKIEKBREE X
HICTdh 5. 1988 HIZ[HE D SERAAFEX, 1993 4F121%
T DY — VKPR EE IR S, TIB AR
HIEENDFEMAATON TE . L LMD, i
BTV = A FEEPHEEL TS, 7 —
VHEA REG| SRR T AR, REET
%D 2 LT Ko THEREW) 2 A8 L R SR DG % iR
T 5. HERRW) CIRECEREEN R E L, Hig EAKEE
WIOBEFEINE Z > TV 5. IS AKBEAEY OB
T AV ORI RBLOTE AL O M, BRI LA
LIBTCME DOAER R EZFHE R LIEE L 2> T D,
BAERRBLED O DEREOEADEEH I TV,
AGHHTIE, 201246 H2v5 2015 42 8 HITH T
THIZ I BIOBEE CHE LI KET —F BI04
RO RRFEEAR (TC) , BEXEGAHE (TN)
2 UEAER (TP) OZEIZHOWTHET 5.

2. Bk
BHETBICB TR 7Y 7B X OFAEIL, K
W& 2 X O T2 T - 72

KB A& L DOM AR PO DR E OHE
IR L, OB L0 RIBRKZ R L 7.
WARITTHIFHC TE D XA XN T ) — 7 D HEK
Lz, R & MEKIT A%, NHy, NO,, NOs,
PO ZILER LT-. & DICIBTEATEMIR Y % iRt
T 57T, ZIRTTHENEHEE A Fb- PARAFAC
%% M- (Aqualog, Horiba) . ZOHIEIZ LD,
K TN DIESCRRE A B> 2 HiFH O kL R & it
HWFEATB W CHlEFMICH N EREZRET S 2 &
TS D Z LN TE, S BICEEL BT
PARAFAC IZ X > CHEZRV G ol —7 0L,
FOLRFE 2 FE o 728 % O DOM 3 2 MiH T& 5.
TAVON,PE 201444 AND 12 A28 Hh%
BB LORE LB aEOT 430 TC, TN 2 H
Mot ordEE  (Micro Corder JM10, J-Science)

<, TP Z K5 (1991) OFETHIE L.
3. BMREER

HETIRIZB T 2 7 A OHhiE 2 2012 4 6
~7H, 9~10 A, 2013 4 4~5 H, 10~11 A, 2014
HF4~6 H, 9~10 H, 20154 5~6 AlcHHNT=.
ZOMDAXT AV OREIED 2\ TIE A T
BY, BICEMOT 4V LKA ORI X HE
BIZOE Mo 1z,

WK T 00 NH,', NOy, NOy, PO IR FE 1L, #HEh
nd~4610 pgN 1", nd~423 pgN 1", nd~52 ugN1', 5
~101 ugP I OFEPACEB L7=. HFH (1983) DO
KILX 7T K D & RETIRITERER D 5V T
FEICK Dy ENTe. T AV OBIGE & AESEICHE D 5
FIOEEFIII - Z VAL - 7208, RIEAKH
D NH, & PO ITHEF AT IEOMBIZ R L72 2
EMDT AVRIEIT LD 0fE - W HERE I,

gk, [EIBR/KIZEIT D DOM 1 5 DDy A3 F
SNz : JERERE (Ex/Em =312 nm/405 nm), #5449
AR (255(363)/457), RU T b7 7 gk (282/
339), F 1 £k (276/304) , IERHIARRYE (408/504) .
K% 3@ L CHEAK D DOM 5y D 5 BIGHEEE, #%
ARG, RU 7 N7 7 URRWE O TR I
DGy &~ m <, FRICEIZEVE S H o7z, —
%, MEAKFIZBWTIE, 7AYo KLY O
WRENAEDLEMC NI T v 7 7okt Fro v
BB O EREN IR R D AR D o 7.

FEEROT AV D TN I, T 4.0% ThHh-o720
2R L AfRIZ 4.5% TH Y, BT AAKO SRR
Motz —7, TPIZOWTIE, FEEAAERD 0.20%,
FHERA 0.14% & FkafR D 3@ ot Fiz,
CIN IFfk ks KO HAEMKIZIZE A EER R LI
o7y, CIPIXTABMKRO G REN->T-. Zhb
D EXD, TAY ORI L Y BHRIFER LIC<
<, VoOFNLERT 5 EHLEINT-. ZOREE
X ERE U727 A 3SR L 7 BR o S i Eh R
ZEfET S ETHEHETHLEZEADNS.

Lk, TV =B A RPKEIZHZDHEBEHL
MZT B ET, 7TAVOFEEL X OHRFEN S
T HUEKDOKE R TITS BERH 5.
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RERILFIENZE T SR KD DWEBETED 5 & BhRE

* LA, MERE, ZImA GUREE - ABR)

1. [FLCHIC

HE R O NBEERIZ I, HEI & PRI B O
FE 2 R EAE T D, HRIX B 2R bR T &
ToTe N2 FEAK T OVELE RS T ZIAK I G
U, WIREFRICZE LR - a1 A3+ 5, 2
OUEHTHIC Z 0 | WA T 2 EET LAY
&g (Ca*', Mg™") &IRIRLSFE (HCOy, CO5Y)
DO BYBEREMOKRIVITI BNEMRFIN, 7
8T %, IRERAL TR RN S AL MW <l pH 23
9~10 L @< 720 | V8 L2 Tt 5~7 LK< 72
LDl KEbLWEHETRKE S Bipenll

ARG T, Elc s 57 7 F 7 4 K (U, Th,
Pu) 725 NI ET VA Y B4R (Sr, Ba, Ra)
DA L BREICEET 5 2V E ORI A . Kk

oo RIS A & Bl S TR T 5, AT

bIONBRAEZITo 728, o (hra) -
Yy AU (eran) S TORRELBNT S,

2. BHMKPOMETRDSH L ERE

(1) 72574 K

U R T R R DS A S 7= I CREE 1o |
<\ EYE L7 i L v IR (R D, A
ORI RIFRE TH D 7=, B Tl U 28K
IR S, BETIHARNSRES TN D, R
FRAL BRI FE S i WIS BV T U IR EESE IR
UOL(COs); " 2T L CREICIRTET D, — . IRIE
L2 ERE I FE DR EE I CIR RS R & L CIRfEd
5 U DEIGI/INEL | Z DO ORTFRREE DMKV &
EZzobhb,

# 1. HH & 2 OFRAAIINEB L OVEETO U (amol/L)

K- WA SCHER

[RERATR YA

EW (AU 2,300 - 2]

T W (baa) 390 6.8 [3]

Yoy W (=) 290 - (3]

EmdeceE owe

FEWE (1 2527 L) 7.2 24 [4]

SALS 14 - [5]

EW (7 AV D) TIE. Th & Pu b EIREL TR
TR, TR iE, —ReKkETEEAETR
Th(OH)s. PuO, & UL CHEAME~BATT 223, KER{LT
FRRENEWE 2 TIIREBE No X Uik s’
R L CHAFT %,

(2) ETNVH Y THEER

TIF A REFWIT, ET VA HEeEIE
IRIEAL R DR ST B W TIRIBE CTH
% (£ 2), ZTNHILHEN CaCOs ITHEERE S,
FESZEBICEGFT D COSR SO LB AT 5
72O TH D,

—J7. RIBACFREDN S L T omMET v Y
A& RBEEIIRD TRV (FF2), 20X 9 72550
THMET VDY) EERITIRIELILEIE RO %
BEZITH UL, COPR SOS DN Ca®
& DULBIAUC K VIR 20T, WMET VAU +
HeERBTIINOEA A EDOLBIEKIZ L - T
bHEVBRESNT, WIAKIZREIND,

2. BB JOEECTOMET VA ) TS BIRE

Ba (nmollL)  Ra(fmolL)  SCHK
IRERALSFTE e

€ /i - 2.2 [2]
Y I 44 - [7]
IRERALF TR RS
B 33,000 270 (61, [8]
W 90 0.18 [9], [10]
3. &EXK
[1] ¥H 5(2014), FEKRFZE, 1, 49-63.

[2] Simpson et al. (1982), Science, 216, 512-514.

[3] BHRHER).

[4] Gavrieli and Halicz (2002), Israel Jour. Earth Sci., 51, 243-251.
[5] Ku et al. (1977), Deep-Sea Res., 24, 1005-1017.

[6] Chan and Chung (1987), Earth Planet. Sci. Lett., 85, 41-53.

[7] FFEQO11), FECRFRFFEAM - BB ZERHE L 3.
[8] Moller et al. (2007), Chem. Geol., 239, 27-49.

[9] 7K (2005), FHEBI T HARES.

[10] Bruland et al. (1974), Jour. Geophys. Res., 79, 3083-3086.
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FECLEVEICKIBBEDHRE~DEZE

- BELALD L EREE - BRLAILA

* POARTER (&

FLERIEAT (HARHT - JKERBE),

ISR - 1),
R g B (RS -

{EERE (& IRSEK - T)

AR

A HER CRPER - EmFT)

1. [FLC&HIC

LB LD AERER A~ O AR T L~ L
OEMERBRT —Z 0 b E I S D FRIEEMEIZE DN
TIThbhTWb. —FHT, BEL~LOERFERIT
IFEAETERSN TR, w47 aXAaeR Y
a X L7 EORERIEIL OECD, US EPA ZER3AFK L
TWDHM, FERRFEDZ X0, L ~VLiER & Bz
BWCELHEL VDT RARA U b (5 BNE
HOENTWARWEDORENRS D, F1z, AWRHEA
TER7ZRE OB LY, FL~VBRE B DHER
DRELENDZEHLEN. 20D, ZhbEEBEL
7R3 D BT OFEEE & EEE L RTRE R B AR L
IWVCOIELZ ED DVNENH 5.
AR TIE,  TBEFO#EMRBRGE R & B T
5] ZEEEMRLLEMRA 7 0 a X AR

Al BREA, R ki OEMEIC oW
LoV T OFREEE & O %175 7.

2. MEERE

Tl L~V AR &R 2 R D 7w, ARHERR
BR/EW)CTd D Pseudokirchneriella subcapitata (1 2
BV XE) & Daphnia magna (XA I 3) &~
A7 aX LS Lz, AVIAYFELA
FIVaOYMEEEZZENE 05 mg C L', 20
inds. L' & L, COMBO #5#li & v\ % = & Ciflin
CTEHEHIT LT

AW TIIZEBRA (7= raFA4r), BREA

(YA RNYY), RF 2kt (RF/=avA K) %
BB & LTz, AL I8 Y XED 72-h ECsy (HEFH
SR 12172 DUREE) & A A I ¥ 3D 48-h ECs0(1/2
DK T E 2R IR DUIREE) DIRWTT Ol % d i I
L, 30 Ao~ A 7 v a X il aiTo 7.

HEL L TOxT L RARA 2 M PRC (principal
response curve) O canonical coefficient (AL I 4

FELAAT IV IOMEARHBENOFE) &L,

A x v MRIEIZE o TRHBX & OEWZ 7.
3. #&R

v A7 aXLHARIZBNTE, 7z=heF4
> 0.02ug Lt (AA I P =300 48-h ECs) (ZHEL T
LALIAYFELEAL IV aoEARERE
(PRC @ canonical coefficient) (2% 2 H & 7z 2
Wieolo, [ARRIC, YA RU S5 pug L' (AL
ﬁ?#%®nhﬂh)% ~A 7 aaX LRI

B ERmtEnznot

$Ianf FlZonTiE15ugl! (AL Ihy
FEAD 72-h EC)p oA A I ¥ adNII A AREEM
IZKIT D ECyp & FIFREE) THEZREARTEERIRE~D
AN ENTZ., F2, BHOZEERTHHIRA
A RE TR IR E A B Lo T,

4. ER

v A/ aX LR TE 7 == beFF by
AN AR DEERERRE SN o T
UL, EREEEhREIC X3 2 A AR B & 3B
BOHMREOBIPHMMICR 5720 ThHD.
BIzIE, AR BBRETCIESugl!' TALI BV
FEOIHRN 1212725, LnL, £4Ivra
(2 K DA FITHAANCIR < , K H TS E N
110 L FICA2 o7, 2012, 43 V0 adlEfE
TTIEY A Y oM X2l o EREhRE
DOEENPBRH IS hoTe B ZHND.
I an A FIZOoOWTIHRIEE TLAE Y
oz, ik, |7/ a1 Figkd 5
LU IHYRE LTIV aDEEENFRRE
T, WHENEC XD ICHEBEN R EEEELZ T2
OIEEEZLND.

ZOXD, ALFEWEDIERANZ—2 (DAY
L§§<1/Eﬂ3?‘5i))) DENNZE T, L~V ERE
LUV TRERNE2 D Z EnbhoTe.

-
—
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