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Geochemical characteristics of sediments in Nagara River Estuary
Barrage region, Central Japan: Evaluation of heavy metal

pollution

1 1 1
*Subuda , Shinichiro Ueno , Kenichiro Sugitani
1

( Graduate School of Environmental Studies, Nagoya University)

1. Introduction

Heavy metals are the most common and serious
pollutants in natural environment because of their
toxicity, persistence and bioaccumulation problems. The
excess occurrence of heavy metals in sediment can be
attributed to either natural or anthropogenic sources.
Heavy metals that released from these sources tend to be
absorbed onto suspended particulate matters, furthermore,
incorporated into bottom sediment as SPM precipitated.
Sediment acts as carrier and source of heavy metals in
aquatic environment, and reflects water quality.

The Nagara River had long been recognized as one
of the cleanest rivers in Japan. However, in 1995, for the
purposes of flood control and water use, the Estuary
Barrage has been brought into operation, and the natural
environment of the Nagara River has changed
remarkably. So far, the studies carried out by numbers
of researchers and communities which were mainly
focused on downstream of the Estuary Barrage, and the
upstream area was not studied that much. However,
unpublished work by Hiramatu (2009) suggests that by
the Barrage (the Nagara River Dam) and inflow of poorly
treated sewage waters cause the environmental problems
at its upstream area.

2. Materials and Methods

We collected systematically 70 sediment
samples within a stretch of 30 km along the upstream of
the Barrage, from 2009 to 2011, using Ekma-Birge Grab.
Sediment samples were dried at 105 °C for 24 hours and
homogenized. These samples were fractionated using a
series of sieving process according to needs of further
analysis. The grain size distributions of sediment samples
suggest that the fraction <180pum would be a reasonable
choice for further analysis. Major components (SiO,,
TiOQ, A1203, Fezo3, MgO, MHO, NaQO, Kzo and P205)
and minor components (Ba, Co, Cr, Cu, Nb, Ni, Pb, Rb,
St, Th, Y, Zn, and Zr) were analyzed by PANalytical’s
Axios series X-ray fluorescence (XRF) spectrometer.
FLASH 2000 organic elemental analyzer was employed
to analyze the C, N, H, and S.

3. Results and Discussions

Compare to the upper stream, the content of finer
fraction, and that of P,Os and C,, in sediment increased
at the Barrage area. Meantime, the high C/N ratios
(C/N>10), suggest terrestrial organic matter likely to be
responsible. The major compositions (SiO,, TiO,, Al,Os3,
Fe,O;, MnO, MgO, CaO, Na,O, K,O, P,0s5) of the
sediment are in a great agreement with the upper crustal
average of Japan. Concentrations of heavy meals are
shown in Tablel. Compared to the upper crustal average

values of Japan (Togashi et al, 2000), these elements are
enriched or depleted to various degrees; Co (x1.5-2.2),
Cr (x0.3-2.1), Cu (x0.2-2.1), Ni (x0.5- 1.7), Pb (x0.9-3.6)
and Zn (x1.5-4.2). The enrichment factors of heavy
metals differ from site to site, and some samples are
remarkably enriched in Zn and Pb. According to the
location of these enriched sites, Sakai River, Sai River,
and Kuwabara River, these three branches likely to be
contributing to the enrichment of those two elements.

Tablel. Heavy metals concentration of this study
with literature values

Element(ppm) Co C Cu N Pb Zn
Minimum 15 26 1 15 11 80
Maximum 41 141 41 55 53 242
This study 24 57 18 28 23 142
Average shale' 19 92 45 68 20 95

Mean sediment’ - 1 33 - 19 95

Crustal average’ 0 35 25 20 14 7

Upper crustal average 0fJapan4 15 84 25 38 16.9 741
Accretionary & metamorohic rocks” 21 155 31 82 17.9 78
Ni Quaternary i rocks® 15 7 26 27 13.2 64

ITurekian and Wedepohl, 1961; 2Salm'nons and Forstner, 1984; : Taylor and McLennan, 1985;4
Togashi et al., 2000.
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MNHIE, B S O Y EDOH T ATRA
NEZLND, Fiz, AW - EIH - RN

OWKEITFIFER S 2R T 2 &0 b,

FAR o JFIRE T & o THE IR D E 53 13 T K
IZ E D RKDBENE L AT TN D L HEE
Ihd,

AWFIETIX, F 2 L TSR A 21T
VY, R T HOKIR - KEOFFHIZLE

FOKRPLERH SN DI e AR E Lz,

2. A&k

BIHFR AL, 2008 4F 12 A HBIEE TEH
LZF®EA 1 HERBL WD, HOEHIZEIT 5
FRAIE, JKIR - B, KR, KIE, pH, &
RAREE, DO, 7 nwu 7 4 /b a ORIE &K,
FEAITIE, 2009 4 11 A 25, ZKiR, pH,
BRSEE, WMEORIE L HRKEITo TV D,
B LERKIE, 427~ ICP ITX
D EUA A PRESHT EAT o T2,

I HERPBLUEER
O « KEDFEHZEAL
RIEHIZ BT 2 KIEIX—4FE 28 L TKE

35m LIZETIE, KiRDS 6~TCLio>THEY,
A THREKEIZH6CThH T, | ADHKD
DIZEKBEN LMK E TOKIBIT IR Y,
RIEIEER A, TEBRIL, 3 A T E Tk,
Z O, WAKIHHAEND, 4 ADGREN
WMEY, BREEFRL, REKD REKRE
Mz % 8 HITh - & bl epkE Rk
b, BBOWEX, 4 AbHeicKkTL,
12 H ClRiRZ 2T 5, AWHIE 4 A2s 12
HETHRBEBERSND —HT, SEROW
BIEHE L IRVIRE DT, AZ=WHI i E 03
g, 1 HR2H 3 H MUETHET S 1
BB THDZ EBbnoTz,

DI 31 2 R E E DR E /A T
1 AIZRENLMEE TR TH DA, 9 AIX
WAL T ERT 5, 9 A ORTFm: A E
IR T 85%7EN, BEMETERL, k&
T114%E 725, Fiz, WETHH 30%F/ET
Do AL, AN ERAE TEEED/NE
R THHZ EERLTVND,

@KL

AL E LA EKEICFEATND &
2o H, BLILdLEITRMARME CH D
ZEnn, BRI DR E AR HE TR RSO
WIS Ko TN R 5 Z &0
%\, FTo, WEHTOBBRENS b, HIE
FH G KT L KSR 5 KR — T % Wl RE
PEITIR VY, 2 2T, A O LKL E b
W & KRR E T2 2 737 — v OFEKIBIT
BILC, ARINCCEHEZAT o 72, AL
A RT3 72 <, Bk & R KRN, e
FKPRH DRI R & e &E 2 7= LT D,
DT LUE, AAEEE L OVE TR A T K
A & HUF K 2 R I 72 LTV D 2 &
RTRREBZOND,
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ARGEAIITA I FE DAY 40 5 DKL A FF D, £ D
BERERNEH 40 B L EL, ZOKEIZLIETRANRII
DFEEIIRKE WV INOKES N, KEDELR 5
K DN T OIRAIRAE £ H1i2 T X i, KD
TRALRC, R HL Z2 WK O KIE T ED
HFHAFTMT LN TEDHLEERT-.

& 2T, ARG TIEEREE I & AINC BTk
oA L BEOSHEZTHE L.

2. Mk F ik

2-1 ABHRE

AEHWITCIE, WIRICE D T 11 #HSITB W T, &=
(Om), HJ& (3m), EJE GHECH> S Im A:¥i5) 2> H WK &
R L7Z. & BIC, B8R 10 FAFJINTBWT, i)l
KOFEEIT -T2,

2-2 A F VG

BRAE LTI T 7 AMEIERK (GF/C Uy b~
V) EAVT LT 4 FZ— [RC-15 0.2um W
VR UTRA) TEBL, A4 ra~ 7T 7 (ICS
—1500 XA AT A) 2L EESF LD
11-7-.

2-3 BEST

GF/C Tl L7-3EHZINpiERE L L Ty~ Y
ds &, %A 7/ dl0 00 %, [E4H (Autoprep
PS@Liq BEFNEE T) (2K Lo, AR IO 0B & 2=
FHATHA RS E, 7 =1 U/ b5nl THIH
AT/ o T R, ERLE% T F=F UL

Iml (ZFIAME L, LC/MS Z W CEIED ST 21T o 7.

BTN 1L S 0AKE T — & 13 Gsharp (A
AEFHERRES) 2 AW Ta v ¥ —MOER %
1772~ 7=

3. HER
3-1 4 A V45HT

WA D T A OA AR E & PiE TR
YJ—Thol=Dlzxt L, e it CIRENMEL, /i
TEWE WO TR RE— 25 L 7o T,

8 H b RRAMEMm 2 R S i=n, i1 4
DIFEEZEIT/INE L, T HICHA TR kL
TWAHEFB R ST,

TN DWW T, A6 B A A IR E ORI
JI, BB A A REOBEWNIZNEA LTz,
3-2 BE

WMNTOREDO DA EHD &, AL TIRIREE, B
TEEBEIC > T,

AREHIATRIE K P D RIEIREIT 7 AIZH~X8 AD
N, BRI 2 EREE LTINS
EZEAMLTEHY, 8 DB CII IR D E W
FAHD & IR E DR WAL O LI3H) 2. 5 fF L 7 > TV =,

LMD FEAFINAFIITEBENTEAEEENT
B P, B OF AN 1T i A w1 B o K
NEEN TV

WARFICEEN TV RIEOREGNT AL 8 A%
fELTEY,7 AlZBERERHB ST
A2 0% 8 AIZIFBENMEF LTV, —F5, 8
AlZizrexoru A MU CORBENEML TH
7=.

4, Z5

A F 2 DKF3 A OFAERE R HKE S EFTO
WMAKIZEIKIBEBS S TWAHZ ERRENT.

F 7o, GRS CIXEEICA F L, BIEOAYL)—
ROMPR LT, ZiUE, AT HWJIKE L &
<—E L TEBVFIIKDTADFENTRNEZ Z 5
ni-.

BA L DOEENT A 8 AT T L
TELE I, &1 Av > O R A Bl 2 5t TH
DI, IRAIZIHMANRED Z & &, N TofE, JEH
DEALTET-DEEZT-.

—J5, 8 AlcEimLraexae 47 A 7 BicwWw
LHLFOEERAH SN0, Eaxo o
BERAMIZLIEbDEB LN 2O L HIZEH
REHlOZEN 7T H & 8 A DEIEOMKDEVE LTHL
NT=OTIERNWhEE 2T,

N O IR DR E SRR —ERN R BT,
EMRBIZEN D D ONE D DFENMEE AW
MWHBREITO TETHD.
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1. IL®IC

PENBIN IR IR ERD S%oDEAKMTH Y . EEIZ
V%, Synechococcus sp. % EIR & LTceay 7T 2 30T
U7 RNES L, EHEORERIKTE25 &I LT
Wo, HRBIZEER L 2B REA LR AKET
Synechococcus sp.x £& L2 7 /"7 U7
D e REL 2 BE D 5 3 S S AL, AERE R DRERE & D
MEMEREm SN TWD, Bay 7 /"7 7T 0
BRI RBRANE 2T ) N T U T OEHEE
BREEICBRL TV DNE I MEMDTZDIT, AHF
TR T /AN TV T NELSTDEEOME
7K SR AR 2 N L | HORBARMER I K 2 Mfagt
Wehar )AL RENOEaLT 2 N7 T YT OH
FERFIE 22 G~ T

2. ik

201147 A 16 AH Y8 A 16 HIZEAATT « Feril]
ICBWCHBUIGEE R ER AT 7=, WiKk%E 20 um F
ARVAYy a2 TRELEE, EHRT T AT v 7R
v ZIZAIL, BRBEAZRINL ., HEE T 8 Ffilhs
# LT, 55 %. GF/F T A7 4 )V H — T3 I8
AT, WM T T 7 bR ETRREY A L.
7 b, HPLC (X 5 0E ST 21T 72,
2HE 77 7 b FREE L LT Chlorophyll a(Chl a)
VT IONRITIVTOREER LI T ) A FOD
Zeaxanthin *EEBOFE LD 0T /) 4 FD
Fucoxanthin(fE D Z L GHEM 7 Z7 7~ L O
HmaE i ~7c, £/, —HOREHTI DWW TIE, =0k
PEASBEIC K MR A B 2 e o 7,

3. MR LB

2011 4R 7 H 16 AR 8 A 16 H DM KB DI v T
JA RGHNG, Ea vy T T T Y THEKD
Zeaxanthin, B.f-carotene & F:# H 3 D Fucoxanthin |
Diadinoxanthin, 19'-Hexanoyloxyfucoxanthin 23 Hi &
., Bas T RN T YT EEENEL YT T
Y7 hNThHD I EDRERTE T,

EHRS & LU CHHBBESCRE (1 mg/L) ORMNC

I AR E - R R (R IROR - BREE)

R - PR — UK - ARR)

Ko THERRKICEa YT ) I T VT ORISR H
07 /A RThD Zeaxanthin JEENHEM L=, V>
sy & LT UEEKE S U U ASCB-glycerophosphate
DIRANTIE Zeaxanthin J=E O FE R ENITED 4
inolz, GRS X D MBEEHICE TS, =
FRKST DTN K > TOHMBBEL D EEM R FRD & 4L
oo TOZEMNDEAFOERHOY 2T ) T T
U TIEERMS DERIREFTH D 2 & DR
Nice ZORERIT. BEFEOERBRICK T 2IKRED
RAFRBIRRE =R LA T 5,
EHESyELTOT I /B (arginine, glutamine)
WHN T3 Zeaxanthin OEEMMB R SN2 0o, 2D
e DT 8y T ) T TR R RE R
INTVLHINHDOT I VX, oy ay T
IR T VT OHIRIZIEF LG L Enbhol,
EE#i > D Fucoxanthin (33T ORBHIRMNS
RIZIBW T, BRI (8 FEH) (ZA E R
WOLNRNoTe, ZOMEND, HEOHIGHT
X, BRI 2 YT )N T U T DEFRRY D
R EPIEFICEm LS . BREITEMZ LT =
T 3T U T RO Zeaxanthin HYEFU(HEN
THZLEIRBENT, OB ERRAER
N, ERCBFA a7 AT U TELEDO R
ThiZenfRINT,

4. FEH

vay 7 7T U T, REafEliER, AT
—VEOERRMENZO @k EEIcE > Tl
POE] WMEWZ ERHLMNE o TWND, 5.
EBRIC BT A ay T ) 75 U7 OFEATIYIC
LR FRLEOMAEERL, HAMICHRE S
nNTWavray 7 /) 77 7T EKEICBT D&
RERA~DEBERRDONEND D,

5. B
ZOWFIIE, AR 23— 24 AFEERRER A Y ERF S
(23657017) D Z%T7-, ZZO#EEELE
£
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AIBEYMEOIYEI AT HODHT

1. IEC®HIZ

I IR 2 FAE, I 2 72 012, 0 2 A L
THRT HALLHEZR & O EERTEEM A 5, £ L
T, ISR E S DMIE &1, BRI 7 K B-oAE 1 & 5%
JCRDOBYIELZERT D HDTH D, HERDRE
TIAGEICR W TS, KPEG IR O R I 8 27 i
PEREOERE KM LT 2 - 7 -~ A7 E kst
Gl LI b O E ST, BIETIE, JA < I
DERBRREL Vo TBLENS, ZZIZERL, BE)
EMELE L TWAHETOMBICHG A RS, o
etz L2 aiude 670 (B 1995) , EEEMITTA
NI, AR CTH Y, - MpfGEERE 1B HIC

BESNTWAUYtEI I TUH (Cottus reinii) M3
AR LTWD I EWITHENE & FEIFZITW, b IX
INTHEENTAFAR—ERTLTHICEEY, BT
JINTH b U CANE - PEIRZAT 5, £ Z°C, AFE )|
WNOM EARICER LA Uiz, £72, 2 2 CTIIAM
D IZER U C, BT N TS N B % 5 2
TWHDONERLMNITHZ EEZHME LT, MZ
T, AFEOERSR, FEINRBIENY, bl ThH LU
VEINTVHERETDH LT, A5%O LD BV
BRI 2R %,

2. ¥ A
EEWICHAT IO 9 65 N THEEY O OFE N
WICRE L T4 2L, 201045 H 4 A~2010

*i5 HE - (FERK-FT)
fhEthE (FEAK - BLT)

PR - BT
PR - BT

, DHBRERER (ER
ff

, WEREIETS (RER

11 A 26 HOM, &)1 3 BT SFR&EZ1T -7, i
BRI, )N O E 2

S HPRIZ T TOMA T, 3~5 A¥ Efd%E HWT 20
DD T v F LFREEITO, &R KK - BE - g
FEAEF L., AEXEICH D N THEEY HE) O
mS 7R E b EHAIL 7,

SHERLEER

KGR TH HLE)TIEF A0 5K 12kn « & E
141 m O ik S E il ETE TnhWieolokt L, 1
JI - F@E) 1 - KBTI ey F ik < Easib
S TWe, £ 2T, /ME(£K~39mm), F17 (40~
59mm) , KA (60mm~) |Z531F T, ENF DO EE &
JIBEWTHE S O & - BHE - BEZ KR L, 20
fiti R, ETOH A XOERT, 45em LT D S DBt
EEMZ D2 ENTE, 130cm LLEDE S OREEY
WM ET DN TERPSTLZEDHLNIR -
7o — 5, WEEHORIEN 90 FETH-THM ETE
TN Z & &R TET,

AEIERL D 7 > & X B P L i~ E 2
FWCAERL, EREIT) AP THDL Y EINY
T OBREHEAT D 2L, T~z vy &
NANPBEBIZBEITES L9, 072< &b 120em
LIN D@ S OWEY O R & D)5 2 &
NHEABETHA S,



EEHIHEEMBKDBKICZHFBICE I METR

O H N ENRE AR AT

1. [FC&HIZ

FEEEMOJEIEREIZ Mn R0 As DIRERINFET D
ZEE B n RSN TE R (BRRIED, 1985).
REBOEALIIFRENSHKI 2 cm T, Mn * As DI
FEIXENENE% « ¥ 100 mg/kg (2T 5 (@ERIE
7>, 1985; Itai et al. 2012), Z OREREIL, LMD )A
WEIPRIC A L TR0, IBIEE T D Mn - As O
BIX, TN 4350 FUBIONT3 P lHEES
TS (ERAIED, 1985), Mn + As (FEE(LE TR
REICHUR 72 38 C. IBITMIBREL T CIXERE D IR
HT 5720, ITFEBHlE L TV A EEOERESR
{B1Z (Yoshimizu et al. 2010), Z L5 DIt DK
~OEHERET S RREERH 5, L7z > T,

REBOREERE L ABEIIZE LR O BRHEE

{LOHEENLETH D, AR TIL, EJRDOER{L
OB e D 7 A T 7 RE A ERELL . [H
BRAKDALFHEERIC S & D%, Mn & As DEREPLHEL
7T v AEREE LI,

2. MBEAE
2012 FF > 1 A EEETAALI O 7 His (A: 39 m, B:
78 m, C: 89 m, D: 91 m, E: 98 m, F: 67 m, G: 73 m,
BT BRBURE) CIEJE 2 7 3 L ONH K & £
L7, a7 ehE, %E 12cm £ T% 5mm [HFET
AT A AL, LA BER RN A L CRIBRK
R U7z, MIBRAKIZ, BLG CHEBEEMEIC L2
D% Mn + As ORIRESHTIC, ERBEBEIC LD
D% As DFEHESTHTL 1ﬁbtoﬁﬁm¢®%@%
B EEEILX ICP-MS T, As 0L RE X
HPLC-ICP-MS CE®& L7, a7+ Mn &
As (AIBHEED b D) 13, ¥ = T 2 TIET U E
=7 LR TR L. ICP-MS TE& L7Z, Mn
& As OfLEIREIL. Photon Factory BL12C (238
T X MRUR IR &5 (XAFS) &2 W Tt Lz,
JEJEHF D Mn & As OEREILH T 7 > 7 21X, M
PRAKHD Mn = As DIRET 07 7 A4 V& E LT
Fick O % —ER]Z AW TEH L 72 (Roberts et al.
2010),

3. MERLEER

JEJEH O FTEE Mn D)
TohER, 7 HS T S S OEBIZBWT,
EREPED ST, Mn O X RIS

BHa 75 A VERETL
B 72
T RS

WEST (BIERIBET &)
W, SAnfE R 2 AF5E )

(XANES) ZfRtlr L7-fi R, IREEORDO BN S
&S (A,B,D,F,G) TIE0-1cm TiEMnO, 723 3ZhL
MW ThH-oT=N, RERORD N7z 2 #HR
(C, E) TI3&FEE (0-05cm) Th Mn* BERT
Hol-, TNHORERENS, C, E AT 5 H
REHB L TETHRRREICHL B2 bND,
AIENHE As DERIEL S 1 7 7 A VA FRIT LTS R, 7
AT THRRREBPRD LN, As O
XANES % fiffir L7z H, 28 0- 1 cm TIXE@MN
H L, 1-4cm TIXZHEEBOEIESNEM, 512
RE T EMRE D & BAKEMINT2 D & 5
MAR LN, 72720, C, E#STlIRED g
DOFENENR<60% &K<, R1E 0 o & bk LT
BITHIEREIICH D Z LR STz, C, E Hisx
EBITAKENGEL | BFBE OB D v
ICERITTHBRENER S - LRI D,
ﬁ%ﬂ#@Mn7m774wQMWLtF%
éﬂﬂ;ﬁf%% 0 -2 cm /)i%r@t 7#%&)%%
2o T2 5, Mn It — 727 2852 - F i iaiik
THEEZLND, EHA~OHEIRT T v
Z &, 3400 — 16000 mg/m*/year Td> - 7=, HEEYLIK
7T w7 AQEEHL, BBAKFOE—{[EE X
RE—Z IR EBRLTRY . B — 7@
fmﬁ ZE, E—I0BE 7T v 7 ARKEZWER
NROLNTZ, E—7FEIX, F>A = B = G>
D>C = ETHhVY, #EWHK T T v 7 ADREKKT
HoT-DIITDHBETHoT-, ZNLEDOFERND,
B BIAK~D Mn W7 7 v 7 2%, BERY
RENDEITHERRE~OZ(IZE b2 ) IRERBE
DWW T WEBIZEEIMT D2, RERBNHKT
LEHERDTDEEZLND, As IZOWTIE,
MIBRAK T D — 7 TR Mn & Hlt U CHRWLE
WZHN DR H 50, SIS0 v — 7 %
FEDOMKALEIL, Mn D7 — A & —F LT\, &
RO RIT, SBREBWMOERFEN/ET L
D, JERLSMA~D Mn* As A7 T v 7 X
DEALTHNCE N TH D, BAEITERIRERA T O
HLRENBHEELOOHDRMICH DN, S%EME
{EDRETT D E, LVEBIZBWTHLIRERDOE
LA L. Mn & As OB 5 & Pl
hb,
RBHEBETIZI Mn & As S0 17 THEICET D
SRy Ai O FFE. B BC L DR, feEiREIC
LRSI OV T L EEEREBNTT 5,



BEEWNCLOREOERZRAV-REDY— FNV ) H#EE
(22T

kP B BRIEER, iR (R R EEE MR
Bzttt o2 —) . HPCE B ERBEER2EEE 2
=), BEKEk, #EET ORLT 7 7Rt RAEZ
BERRE) . WUk CRAERF R

1. [FLHIC
EBEWTIX. W75 7 b O/NRLORE
EHTOLFEOBEMMAHER SN TEY, 20X ) 7kl
M7 7 N OBRFERBIEZARIZ X DN AR D5
BHEGATE RV ERHLNERS>TWD, L
L. W77 7 v OREMEDZELIZONT,
ZORRTIBED & Z AL LTI ARV, WY~ Z
YU N OBHEBE~ORERT L LT, EEIZY
i DARARMAL D [ENF (2 — R 7 iR 08 D,
FEEEW AL O EEIKTEIL 44m TH Y . VR TOM
JREATH LD ZNEEZOND I END, BEE
JEE D — R 7 BERER il 21T 9 2 L NEHETH 5,
Z ZTA R, EEWMICBIT D HARME (K5%)
ORFEHA L UTEIIP, AN TR (PRE)
DOREME L LT, Rikyh & RamspihoaEr 3 il
L BERBIMOREF L UTEERL  #hiE & A
RELTEREL, SHADOEIEZHWT, #BEO >
— KRR 7 L LTORT v L 2R 5 7= D[
JRkBR & 1T - 72,

2. REBHBLIUVEIRBARAE
AL, By, 2, B, B X
O EROWL #7812 1) T, 2011 4E 11 HIZEE
FEEEmL7Z, BIEIX, =7~ =Y HNT
T, BRELL 72 RIEDOREH 1em 230 L, M
WA BRWNZ%, ATV — 723k e LT,
Z ORFE EAKROEK S TITo 72,

YRR L, EIERVE 30g Z IR A ICERIR L, A
WA & 4T > 7 E _EAK%E 150ml %, 20°C. 12h/12h
(BHREEH) Crega21TV ), 48 BRI, L7z

R

RansFid

1 BEMHEL/ #BOREEMN

B EKRZEINL ZNEREE Lz, Z0#(EE 57 H
MR L, REOR A EE 2T,

FRESMITAT R s, R TRER . (RER SR - FRE
IR - ikl (IREA R IR IR IRE 0.5mg/L LLT) @
4 ST 3 BB oM L, MEOREF K. 7
R )b a i, WAFEERIRE. ORP, pH ¥ X UL
B EIT - T2,

3. BERBLUEE

JEVRA 5 ENFE L 72 WA OIS 2R 1 IR LT,
BIRAELITE Ik b REREAZ W EYRSEEIE, K
R R CTH - 72, BRI #E Ti. [BlR AR
DIRBE RS T, FREMFITHAIE L O RER & 72
o7, ZOERUFHIIE Z MBI A D & RTOEME
THAES>REE>EEROIAICZ < | PR REE, (K
FoTE ARBRE R TIE S AN 90% L LA ED,
R FHETSH 78% &, I/ MIBTIEOAEBME HD
DEIGDIEFIZZVIER L e o7z,

Wiz, BEEMOFEM IOV TRIFE D Z MK
e R CRIBNC T 5 & R & B TFipC,
FRWE > O AW >EEBOIAIZZ < . ik, o
VR & [FRRIS, D AE > kil > EEBE D NFIZ 2 WO iR
L) BRI E O FIS T, DABRNE L [BlF
THEIRER L ol L L, IKER S - §7E Tl
Figh L B, DABNE < 2T,
FRENZWFER L o2 2 e b, ERICEENT
WA BB Y — RiT. EIROEELR CWERRY ik 0E
WIZ KD ERT AEERE N R D Z LR S
7oo ARWFFETIE 11 BICBRIM L2 KR Z W72, 4
Bix, BOAICERIEZE M L, SRIFO R OE N
IZ LD IEREE OB OV TR EI T TV E
AN

R REEHD. BERMEIEL (cell/BIRER)

REEA | FR-HE | FXCRE |ERR-HE[EBRR- R
RIiEW 1,600,000 1,340,000f 1,090,000| 2,520,000
Z501 193,000 301,000 123,000 405,000
RF 304,000 122,000 285,000 517,000
/48 588,000] 1,540,000f 4,370,000f 5,030,000

R AWIIEIT. BREIAFIER OHEEE: DB KERRICBIT 5
I OSEE & 2 ORBIN T OFHE ) (FFZEWIR : FRk 23 4
~254F) O—ERL LCHEBLZ, T2 LTHELZET,



BEENRHNEICETAELADMOIHEZDFEHEL

*IE S (FA

REEBEWIBR BRI 2 TE > 2 —), W+ (F, 3 -

Wb 2B AR —>K), KWt GARTR « %), KHEER, A
mf, BARY (GEREEWRER AL 2 —)

1. [XL®IC
ERMEA I, A2 1 Bl AR/ D, K
RIS OFEEET 2 U HIBE I DT IC3W CIR AiE R
IREEDMEK T %, I, TRIEENZI1T D 2IEBR RO
FESRIRAED 2 mg/L K VKL 72 2 BIGEEITE Z 5 K 9
2720 AEREEA~ORBENRE ST D, 191 4RI
VSEEEA RO TGO LA Thioploca spp.
PREIRE R SN0, I CrIvkiE 90 m #RIZET 5
BUFEME L TR Y WIEROEES LOfRIE L LT
SNTW5, E72, 2007 4 12 AlZi3A B lory=
E DI — TR O LFPHI CHTE L T D O K
O AR LAY R F T ER AL I SN
20505 D5,
AWFFECIL, EEREIEAO T —RREHI BT 5
JEABI O 3ARER & | FRARIETR OB A S TS0
LB Z BINHKE m (HEDOHEIZHIT A RBEDZ
B b ONNCT 52 L2 B E U CEM L-fED
FERIZOWTHET 5,

2. MELHE

2011 45 A25 2012 4F- 3 A £ ClEEmA . RN
F—iR o 3 HuS (N4 - A, K91 m 3 HY90 : FUi
¥, 7KIE 89 m ; D80 : ZZE) I, K75 m) BLUE?2
WD 1 H (e : B/IMAM, KET73m) (BT, =27
< A=URRRE BAOES 15%15 em?) TSR 3 [BIE
BEE L2, $£720 2011 42 10 AB L2012 42 HIilZ,
FECOHAITINZ CTEH—HED 3 His (F100 : Z2E) 17h,
AE100m GRS ; BOO : A, /K 87m ; HY70 :
FURR, 7K 65 m) [ZRBWTHEIREEE LT, Zihh
DIER%E BA 025 mm OFF TSV &% 10%5/10~ Y
VCHEE LTtk FUARBEISEE T CIEAEBi 238 - [FAE L
LT, F7n, SEELFRRC, ZEBAKET 07 7 A
Z— (F-Probe: Seabird Electronics, Inc.) T | 1 m FEF
CORAARFRIREZPE LT,

3. WREEE
DRI ESRIRE L, AREOBIIRE R B\ W Cida
PEERHIIATD 2011 4F 12 H FRICHRIRE 720 . N4 T 2.65
mg/L.HY90 T2.70 mg/L. D80 T 5.60 mg/L. Ie T 545 mg/L

=%

Th-oT,

N4, HY90 |28\ Tk, =AY IR (7 v~F T
AV H Stictochironomus pictulus) BRI IRRAIAIRK] 218
LT 00~103.7 filfk/m* Li&h -7, LAL, D8O, Ie
IZRWTIE 5 H~6 HIC 14.8~593 ik, /m’ T, #Dtk
BN, 9~2 A2 D80 T 251.9~311.1 Ak, m?, 207.0
~2519 Bk m* LIHE—E & R DA S I, AR
OINHN 5 AEETH S Z L EBkirta—E L7,

KR L B DL REE L OBREAD & AT
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