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Synopsis

Transport dynamics of sediments, POM and solutes are complex phenomena interacting

each other in a river ecosystem. In order to know the effects of geomorphological changes

by floods on filtering efficiency of the drifting materials, we conducted field surveys on

longitudinal changes of water quality in the Tenryu River. Samples of water and

suspended sediments were collected at 19 sampling stations three times in 2016-2017 and

analyzed chemical parameters of major ion, concentration of suspended sediments. River

bed changes were measured as eroded and deposited area of each bar structure using

satellite images taken before and after the previous floods occurred just before the survey.

The results showed that variability of the hydrochemistry is controlled by temporal and

longitudinal factors. The attenuation coefficient of the hydrochemistry was related to the

river bed changes of the bar structure. These results suggest that beneficial effects of the

water purification function improved by the riverbed fluctuation by the flood.
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Fig. 1 Location of the 19 survey sites in the Tenryu
river (Dec. 2017)
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Fig. 2 Discharge values (m’/s) of Funagira Dam in

2016 to 2017. Sampling dates are indicated by blue

arrows (st to 3rd).

S = I;nx/ L
B = Lctot / Lemax

T ZC, LdTH ST OO0 0% BEEE, LI%H S o B ER
HE, LeodIHUR NI IS 1T 2 M8 0E O KR U HE FEBE, Lomax
IR FERE D 5 Bk D )IE %2 b DUt EEEEZ &7
F, HREOEE, Lo=Lan®BRICHD. W
MW OEBERE, B IEIRE ORI IR O E &1
imagelJ software (1.48v) Z W TITV, KM I &2
NENOEZEZF N L.

2.4 FRETEEAT
EPEIZB T DA KEHEB OFFHEZB) % one-way
ANOVAIZ X Y Ffi L 72. one-way ANOVAIZ k- T,
KEORKMMEHOFEEZNRD NG E,
Tukey-kramer test% SEht L 7=. /K& O 25 M Z B) O FFEf
DI=DIZ, i FIED KB DOZEA & & L5050
L ORI AR EIC L VFMm L. MO
FEmMERE, MEtAH I ICRERE, HiEE
WRETE %2 KD, HEHZE K L 3 5 one-way
ANOVAZ FEfi L7, & 61, FEBERIKIERER O
INEEYE &R 2 72012, HFIR N X & g5
PN X T DR M R BB >V T e & £ L 7-.
ST, WM T R b R OVEP N B S Bk, 2-
wayANOVA % W TR R & R RE D& W\ %
BRE L.
KRG E Oz A REZ TG 5 72 O IR A
A Z & OFKEEBBNCH Ptk 2 e LT
DN HRDT=.
Cx=Co exp (-kx)

— 702 —



—@— Istsurvey —®—2ndsurvey —0— 3rdsurvey

18 14
15Lumm»wﬂ*\r 13
o
~ 12 0e®® * ~ 12 'y \ _
o o
=i @11 "//\/' ‘\2
5 S “voe z
g 6....W 210 =
o
[_<
3 9
8
30 0 10 20 30
9 |
8
~ 7 I\
E \/\ /\\,/\/\ =
A6 g
& ) E
.. E°
= 4 =
= ©n a
£ 73 =
=} <
= 2
1
0
0 10 20 30 0 10 20 30

Distance (km)

Distance (km)

Distance (km)

Fig. 3 Longitudinal variation of chemical variables in the Tenryu river during all survey period.
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WK O RE Y B OFIE CH 5 W E O FEHMEIL, 3
BlH, 1EE, 2B OIETE < (Tukey-kramer test, P
<0.05) , RTOFECBNT FIRIZEEMETT S
i %~ L7z (P<0.05) (Fig.3) . WEODKR L &M
S 72308 B R T, TSRO EEE 2S e KA I b
THIS0% Uiz, SSix, 108 B4 & 20 B A
BOWTHFLETHATRERELRL, TO®%IX
2.7mg/1~4.2mg/|OFiFH & LB T AL OB 2R L
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Fig. 4 Longitudinal variation of negative ion variables in the Tenryu river during all survey period.
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, AAEM CTHEEICEZR Y (one-way
2[E1H, 3[EH, 1EHONEICHE
JE M D> o 7= (Tukey-kramer test, P<0.01) (Fig.5) .
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Fig. 5 Longitudinal variation of inorganic ion variables in the Tenryu river during all survey period.
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Table 1 Result from two-way ANOVA comparing channel morphology, sand bar area and sand bar area variations

during the three-survey period and between two bedforms

Survey period
Survey period Bedform xBedform

Variables F P F P F P

Sinuosity 1.875 0.165 1.864 0.179 0.965 0.389
Braided 0.365 0.696 204.666 0.000 0.365 0.696
Bar area ratio 8.408 0.001 12.888 0.001 2.380 0.104
Erosion area ratio 18.128 0.000 0.055 0.816 0.211 0.811
Deposition area ratio 15.571 0.000 0.585 0.448 1.488 0.236
Toatal area variation ratio 27.039 0.000 0.046 0.830 0.916 0.408
Deposition/Erosion 1.306 0.281 1.110 0.298 0.042 0.959

Sinuosity, Sinuosity index = Lm / L; Braided, Braided index = Lctot / Lemax; Bar area ratio = bar area / stream area;

Erosion area ratio = erosion area / bar area; Deposition area ratio = deposition area / bar area; Total area variation ratio

= total area variation / bar area; Deposition / Erosion = deposition area / erosion area. F statistic and P-values are given

for the main effects and survey period x bedform interaction term.
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Fig. 6 Area variation of sand bar by floods in the Tenryu river at between August 4" and November 29, 2016.

D HEIZHE < (Tukey-kramer test, P <0.01) , it FIZ
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>72H D@ (Tukey-kramer test, P <0.05) , ¥t P2
IMEMIERO b o7 (P>0.05) (Fig.5) . Zn
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o723, 208 HFAREI, mT TRV B )
L7 (r=0.717, P<0.01) (Fig.5) . CdiZEH
HEELT, 0.00ug/1~0.32ug/10> 55 B i FE & JH &

B L7z (Fig.5) . CAOF¥IMEIE, 18 B FRA M oF
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BT M AE R L (1EA : r=-0.56, P<0.01 ;

3[E1H : #=-0.47, P<0.05) . Pb¥,Cd& [FERIZ0.00png/1
~116pg/|IOM R CEB) L, FEHEIXIEIE, 2[H
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kramer test, P < 0.05) (Fig.5) .
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AR G o)1 X [ 4312 :J;ol/"C WO L D
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TIP3 FETE LTz,

éﬂﬁﬂﬂ,.\ M OUEEUEAT 1L, 7R A R & ON R
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Fig. 7 Area variation of sand bar by floods in the Tenryu river at between November 29", 2016 and February 9h,

2017.
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Fig. 8 Area variation of sand bar by floods in the Tenryu river at between October 10" and November 10™, 2017.
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FHUCAE R ZBEERITR S s> 725 (P>0.05, W IN A BB DSR2 & T HERR R I, FA R &
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Table 2 Attenuation constants (k, Assuming Negative Exponential Decay) for water quality variables in the three

surveys.
Date k (/km) -
Turbidity SS Si P Mn Cu Cd Pb
Nov. 9,2016 0.020 0.010 0.008 0.007 0.029 0.017 0.140 0.064
Feb. 19,2017 0.017 0.044 0.005 0.007 0.020 0.011 0.250 0.070
Nov. 28, 2017 0.021 0.046 0.004 0.008 0.032 0.038 0.194 0.137
@ Deposition (Double-row) @ Erosion (Double-row) Table 3 Attenuation constant gradient based on area
® Total (Double-row) Deposition (Aliernate) variation in water quality. Gradients are indicated by
4 Erosion (Altemate) 4 Total (Alternate) . . .
slopes of linear regressions of the variables on area
1.4E+06
K variations.
1.2E+06 o
~ . Variable Slope  Intercept R?
E vn
= 1OEF06 Turbidity 0.0042  0.014 0.78
S
g 8.0E+05 o o SS -0.5237  0.983 0.89
; o o Si 0.0003  0.003 0.04
3 605405 ' ° o o P 0.0013  0.006 0.90
= °
2 4.0+05 . AAA Mn 0.0127  0.010 0.78
@ o P A Cu 0.0325 -0.021 0.99
205405 F— o N cd -0.0407  0.248 0.10
A Pb 0.0864  -0.023 0.86
0.0E+00
0 1000 2000 3000 4000

Period maximum discharge (m*/s)

Fig. 9 Relationship between sand bar area variation

and period maximum discharge.
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2 TORFBEHMICTEB WV TILISkmE TIEAZ LM O
HBRHBE L, 2N L0 TR TIEEFIRMN 2B L 7.
e H FAE R IG T 2 WINE B & % Fig. 612 F &
7. AR TH 5 11.15kmE TR A 51X
BT3%% ), BREEMEAHEBEEL Y AEICE )
o7z (ttest, P<0.01) . FFIHPMIXHETH IR A ik
XHB81%EES L, RAEEHMESHMEMEIY A
ElCE o7 (ttest, P<0.01) . ZHMXWE &4
BIHSH [X R OO LD M 22 Bh i & bhd U 75 5, 15
WINEBIZBOTHBICEBREAKRE o7z (ttest,
P<0.01) . BWINEBENRDRKENoZ0E, K
AN A HEFIES M2 8] 0 £ 5 11.15km~11.35km
K TH Y, FD%2.6kmlZ I > TR A ELHUX [ 237k
fe L7z, F£72, 16.75km~1935kmXBIZ >\ Th
2.6kmiZ I > TIR A 5L X 23 ke L 7= HERE sl (X
i, 19.35km~19.55kmX [, 20.95km~21.55km[X
fi], 23.55km~23.75km}% U824.35km~24.95km[X [#] &
Wit il HEL L 7.

2[0] B A RIS 3 2 M A B B & Fig. 7TICF &
O ZHMMXE TH B 11.15kmE TIIHERS E#EX

MA379%% 5w, HFEEMAMFEmEML Y FRICE
Motz (ttest, P<0.01) . BEFIRMXE T HERH
X284 % L ELH L, HEEENERRMELIVE
BEICE o7z (ttest, P<0.01) . A HMMNXE &8
FIHD N X [ 0 SEEI DM A B i & bhig U 7 i R, S
WINRRENZBWTHBEICLEHENKRE o7 (ttest,
P<0.01) . MIVINEBEN KL RKE o0, #
FIRSIN X [ 20.55km~20.75km X [# (19633m?) TH
D, MR A HL & U THER E K A3 5. 4kmi#
L.

3[E H AR RS 2 N A Bh B & Fig. 8% &
Wiz ZEWINMNIER H11.15kmE TIXT75%0 XA
BEREMEZ 572, 6.75km2> 5 9.75kmMi A5 F T D 3km
KENIR B ER R L CHE L. AN X
BT D FEHREEMEE (6,815m?) 1%, HEFEmEE

(2,822m2) LW AEEICEL -7 (ttest, P<0.001) .
11.15km & YV FHOESIRYIN K TiE, 66%23=Z & =
MK TH 0 2 EIIN KR &L 0 IREB OB A K
TL, #EEBEEAEMN L. AN XIS
WTHLBMORBAEEENHBEOEELVAEICS
otz (ttest, P<0.001) . B mWAEREIL, 14.15
~14.55kmX [# (41,502 m2~44,137m?) <°19.35km~
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X (1,571 m?~3,142m?) <°7.95 km ~ 8.55 km[X.[H]

(3,844 m>~ 4,795 m?) T 7pinotz. #MOFEImH
AT EIL, 3EERAR R HZ < (15573m?)
12 P o e OVHER I B B b A IS £ 0> o 72 (Tukey
Kramer test, P <0.01) .

H KRR 0D 3t B BUARE & b N 8 B i & oD PR A RRAm T
Doz, BIEHA A I HE L7231 (201648 H4H
~11H29H, 2016411 H29H ~201742H9H, 2017
F10A10H ~11A10H) DOfllz, 201847 H (3000m?/s)
D KRR B T DM A E (201846 12H ~8
A1H) bEHLE. 2@ ToREMEICENT, A4
BT 225 19kpfiE £ T, AT A ER: L THIL
L, 19kp & ¥ Fit TIXEFIIMNAE L LT izizd,
R H AN X [E & RN IN X[ & 2 KB L T, ib N2
fhi & i & MR EZM A~ (Fig.9) . XA
WMXE T, RAEmEE S RODMNmEESELH
M KRR L OMICAE B2 EOMBBRIRE S
(BEmEE:r=0.98, P<0.01; RZHE r=0.86,
P<0.01) , #EHERIIAZREKREIHRH SR
Motz BHRN KFIC BV T H & BASM X & [F
BRIC, RRmREE & RN oA 28 B & 03 B M i K
L DMICABEREDHBBGRARE S (RE
ifHE : r=0.86, P<0.01; #ZL#&E: =099, P<
0.01) . AERMHEESKRE SNIZEHBIZOWT, HE
TR ERDTZE Z A, PITZENEI0.7402~0.9765
EREOBEOEURXE/RD N TcE . ZEBM
XM & FIED M X O FRZS B > 5 38 S L7 #R
EHRRXOME1X, £ Fi, 78.00, 267.08TH VD, &
L3 AMEOEPHRH SN,

3.3 MWMEBELKEDRERHLEDARK
BHIP A TR KERERRON, FE ISRV
DF DEAPHER SN2 KEEBIZOWT, B
¥ (k) #HH Lz, AL, SEIX23EOFHEICON
TkERODBZENTETEKEEHDODAZ T LD
(Table 2) . JJIIKF ORBEY OIRIETH 5L K
OSSIE3E H &R N i b AR B> 7. Wk OE
FOLEO—2>TH DS, 10 B RERCLN R L
<, 2[H, 3EE EIMET Lz, REHEHEO—DT
»HHPIE, 1EIH, 2FEIHIX0.007& R CfE7Z 7205, 3
Bl HDA0.008 L @ E LM EZ R L. E@RETH
HMné& Culd, 3FIE, 1EH, 2[EH ONE TR E D>
7. 2[ B K OBE H#ETIE, ZIEREShZR»o
7zCdix, 208, 3EE, 16 HOIE T E - 7.
PbiL, 3 H, 281 H, 1[EEONE TR & -7z, HK
W2 & DN T & A & KB H ~ RT3 2 2 4 ST A
T B0\, FFEIEDHAKIZ L AN EB) R &k
EOBMREFHE L7z (Table 3) . Z 2T, WMNZEH
21X, AEMNREREERODMNESHE L Lz, BB

W DOFEEE L 22 DB E OKT, WNEB) R & TEDOFHRE
BERARO L. —J7, WIIKFO XD K& ks
FEXHR LT HSSIE, AOMBBEBRENRD b,
WNAKDOEE TR THHSI, KEHBECTHDP, EL
B THDHMn, Culi OPbDkIT, WHINESEIE & IED
FIBEBAR AR bz, —F, SikUCdiE, ZhEh
IE, AOHWHEBBERIRD b7

4. EE

4.1 KEOEFHRUHEEEIL

KWFFETIE, T—F—R—rEHAL, IO
HEFEOEECHE) L b BB & OE K %
T3 75 Vatrr TSI ERRALE
(Volkmar et al, 2011) . AFEIL, KEOHEWZ(L
RREIE, AHHEO TR~OEETIZBIT 5 e
W, (LR OV E R O L& 45 =T
FHN 72 dREFETH S (Battaglin et al., 2001; Brown et
al., 2009; Coupe et al., 2013) . FRIZARWIEDOERIZ,
MR DA E AW REZ G L L 5 & L7z A,
ER R IENRAETETH D, KHEORKE,
G OREWZEAIE, AKEEBIZL > THR#ES RS
Z EMIRENTZ. Bertani et al (2016) (X, Po riveriZ
TKERORT T 7 b ORERIE BT D W2
{bEFM L, MEOFHEDHNRKEICEEL LITL
TWbHZEERLE £, MENM RWEZERITIE,
AR D E R & Rk N o 1 R o 88 oML A A
WL THWM TS 7 S UL, POMIERE S B
HLEZtaz@E L s, KREoFREE, 3EH
(174md/s) , 1181H (154m3/s) , 2[RI H (120m3/s) @
B2 <, i b TR D 7220200 B A O SSITIE )
S b DD, SSHDOHEHEY E TH 2 AFDMIT2[E H A
b <, Bertani et al& FIFEDORER 2R L7Z. L
L2035, 2 HEIEATICER L TR Y, o
ALY KR L OKIENMEWERESG T CTh o727
W, HHENICBT WM T T s OEEIZL -
TAHBEEM Lz & 138 212 <. 200 H &R
TIX, NOsiE{&<, EC, CI, NOsy, Na%3 B2 &
<, IETERO3EHEFERZHEAZRLIZZ &0
b, X5 BN DDOWRARS DA Lo TK
BNELL, TOMEAFDMbLEEMLZLEEZ BN
5. 07, EEMELESSOWEL, RENS D
S 723 B A2 R b i <, W T IRV 248
R L. 3EBERERT, ELOHK»SKH—» H
BICRELZERL TR Y, BAESLS ML T
LA T CHA A FEM LR, MoFEERE LY
BB ORERGE-TmEEZLND. MAT, L
WOERD THDSiILIRBHEN Kb RN
Eb, 3EHRAERHZ IR LR S 3 %
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BIZFEN TV HEEIND. SfFD (2018) 13,
T O RRIE 43 17 T PSRN ISR SR 5
ZEERL, KL DWINEBESEERICEGR

LTCWAZEERELTWVD. 2fEICBVWT, B
FEVX W IR ORI B2 D b DO F ISRV
BB CTH-7=Z &b, WINHIBIC X 5 BBy
OB FELTND I ENRBINT.

K FOREA 48R, HAICL> TRZRDMH
M Z 27 L, #ICNOs M ONNO2 O it 28 Bh 13 57 2 i 191
TR -7 (Fig.3) . 1HHEEKUREHBEEICBT S
NO3 D FEW ) 72 I ME 1L, AT AR S O BLD A B
AR N O A P OFIH, 0 FR R BR N 0 B 22 76 FH 23
BT L FE 2 55 (Baker and Vervier, 2004) . %
72, NOyiZ &4 m L THMEEE (0~0.20mg/l)
THY, 1EHKRO3EHRERFI TS AWK E X
A NHE TS CRRE % 78 LI FISREWE L7y,
200 B FRA R TIE A L7005 15km T it THREE2SEEN L
2. BREMTICBWT, NOJZHSLMhZEmibE
NO;IZZAbT % Z &6, 1EE KR O3E A H#HAERO
BUMEMNE, BEORBICLDILOLEREND.
F 72, NOr D RBATHIZRBEMNIE, ZHH B O ARLH
FEMNDIEEREZOND. F L5 1SkmfHE D A E
WIS/ E R BARN EWAT L TR TND Z &
5, TOXFENENOrBIRA L TEZAREENH 5.

MR A A EON, RENLESRE TH DM,
Cu, CAKUPbILii NIZFEwy, HEEBIEAICR T2
&R Uiz (Fig.5) . & L7 & ORI O HEFE
TwICITEAEEEZZER L (Arnason and Fletcher,
2003) , FIOIIHERE ARG &KE L OERIZE
\F 2 4L (Van Den Bergetal., 1999) <°JEE O % k
WZE o TRFICHENT 2 Z & T, ZFATHRIA~
WHT 5. AEAERBICEBWTY, FA#inbESe
BA A IR L b 00, TINRRK O FE A £
T IX MR A EIE T SR, WERAE LR
P-WMEIN, BENMRT L EHEIND (Vervie
et al., 1992; Boulton et al., 2008) .

4.2 HKBENKEZBBEARIZTTESE
BEAERFE CIx, U —F R 7 — L O RN ZS B & 23
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Y (Kondolf, 1997) , /KB & W INZE B & D BIfR
X, WIASK OFERE % E B AIZFEM L7222 D
ZAH. F, KEHHOBEERE (O BEHIHh
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(Wood and Armitage, 1997 ; Boulton et al., 2008), #>
PN O I BRIZ FEA U 7230 JH KT ZAS M oD [ B 4 @it L,
TEERRIEAK & LTI T @325, L
L, WJINZRWT, SFARPNEMMkEET 2 &I o
FHESCHIFR ARy CHREE D 22 Z L (Blaschke et
al.,2003) , M OUEBREEITIK T3 2 & PRI S.
—J5, HKIZX > THINOWEM R EH b & B
FEE DI S, RS EE T A BESND.
L7 T, KISk » THEBE A4 T, WA
EHIND Z & THMOIERBERENRIE T2 & H#E22
INb. Fo, MR S D i, WESEOK
B (Vv b, kL, FPOMZ) 720 Tidze <, B
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(Jaimetal.,2008) HIfFE SN D72, T b DRy
LOFE TR LI EZDL 2D, —JF, BEHRS O
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and Diplas, 1998) . SS130.7um~ 1mm i O 8 ) &
BETHY, WHRICHBEL TW®s (0.075Smm~
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5. F&H

AWFZEIE, KA FREICH VT, HAKIZ X 20
IRAE BN D3 Y I 0D 7K A2 AR RE ~ Mo\ F - R B 2 R4 L
7o BIMGRA ORER, AKEIEH OHERT T m o 21k
FENENRHFBNTH Y, WESSS, EeBEILR
TRV T oA 2R Lz, £72, HUKERHRR
MY, REmEERCRIDMNED R LA ERIED

— 710 —



FHEBRICH YV, HKFFOREDN N E RSN HIH
WHEFESND Z ERWLNE -T2 KEHEE Ot
Wi 7 1 DI & N A B RIS & OBRN S, B
R E S BBITIINEBFE K EWIE EHLNIC
TR LTWS ZERALNERY, HKEBRIZLS
WM EB) D KELZHBEREICEIRL TV D Z &R
WXz, HAKICE 2BMOEH L, EEMHEEE D
AT DA, 7Ta2EIROEH R Sy E
MRTDZENTRBINTND., Zoftlich, £Ho
2035 B ONBEEES5 T OO Il S0 AR ) 2 R ME AR A IS B R
T 5 EHL OEREIEREL AR LTV 5 TREMED
HD. ABIE, BEOBTHRERLESCKOKE T —
2, W) E G (ZEh5E, fHREEG) FiTES0n
72T — Z AT 24TV, ERMIEE BRI N T A — &
WZHEESWT, M OERBIBEEZ LEE L ITFEA S
B 5D DMK MBEFRICOVWTHRFT LTV FE
Thob.

Z& Xk

BoRep - 7 (1984) ¢ BT PR IE BB oD SR X Sy
BT 2 EEREIRTZE, TRT AR SCHE L, 342,
pp87-96.

mEE T - EER - AEOLEE - AW - TR

(2018) : REJINTR T 2 WE R ORI HE

S < WHINHTE D UE R REHE E, mUED KBS KA FERT
£, vol. 61B, pp. 739-747.

Arnason, J. G., and Fletcher, B. A. (2003): A 40 year
record of Cd, Hg, Pb, and U deposition in sediments of

Reservoir, NY, USA.
Environmental Pollution, 123(3), pp. 383-391.

Baker, M. A., and Vervier, P. (2004): Hydrological

variability, organic matter supply and denitrification in

Patroon Albany County,

the Garonne River ecosystem. Freshwater Biology,
49(2), pp. 181-190.

Battaglin, W.A., Kendall, C., Chang, C.C.Y., Silva, S.R.,
Cambell, D.H. (2001): Chemical and isotopic evidence
of nitrogen transformation in the Mississippi River,
1997-98. Hydrol. Process, 15, pp. 1285-1300.

Bertani, 1., Longo, M. D., Pecora, S., and Rossetti, G.
(2016): Longitudinal Variability in Hydrochemistry and

River: A
Lagrangian-Based Approach. River Research and
Applications, 32(8), pp. 1740-1754.

Blaschke, A. P., Steiner K-H, Schmalfuss, R., Gutknecht
D., and Sengschmitt, D. (2003):

hyporheic interstices of an impounded river, the Danube

Zooplankton Community of a Large

Clogging processes in

at  Vienna, Austria. International Review of

Hydrobiology, 88(3—4), pp. 397—413.

Boulton, A. J., Fenwick, G. D., Hancock, P. J. and Harvey,
M. S. (2008): Biodiversity, functional roles and
ecosystem services of groundwater invertebrates.
Invertebrate Systematics, 22, pp. 103-116.

Brown, J. B., Battaglin, W.A. and Zuellig, R.E. (2009):
Lagrangian sampling for emerging contaminants
through an urban stream corridor in Colorado, Journal of
the American Water Resources Association, 45, pp. 68—
82.

Coupe, R. H., Goolsby, D. A., Battaglin, W. A., Bohlke,
J. K., McMabhon, P. B. and Kendall, C. (2013): Transport
of nitrate in the Mississippi River in July—August 1999.
Annals of Environmental Science, 7, pp. 31-46.

Friend, P.F. and Sinha, R. (1993): Braiding and
meandering parameters. In: Best, J.L., Bristow, C.S.
(Eds.), Braided Rivers. Geological Society Special
Publication 75, London, pp. 105-111.

Hancock P. J. (2002): Human Impacts on the Stream-—
Groundwater ~ Exchange  Zone. Environmental
management, 29 (6), pp. 763-781.

Hartwig, M. and Borchardt, D. (2015): Alteration of key
hyporheic functions through biological and physical
clogging along a nutrient and fine - sediment gradient.
Ecohydrology, 8, pp. 961-975.

Jain, C. K., Gupta, H., and Chakrapani, G. J. (2007):
Enrichment and fractionation of heavy metals in bed
sediments of River Narmada, India. Environmental
Monitoring and Assessment, 141(1-3), pp. 35-47.

Kondolf G.M. (1997): Hungry water: Effects of dams and
gravel mining on river channels. Environmental
management, 21 (4), pp. 533-551.

Van Den Berg, G.A., Loch, J. P. G.,Van Der Heijdt, L. M.
and Zwolsman, J. J. G. (1999): Mobilisation of heavy
metals in contaminated sediments in the river Meuse,
The Netherlands. Water Air Soil Pollut., 166, 567-586.

Vigilar Jr, G. G., and Diplas, P. (1998): Stable channels
with mobile bed: model verification and graphical
solution. Journal of Hydraulic Engineering, 124(11), pp.
1097-1108.

Vervier, P., Gibert, J., Marmonier, P., and Dole-Olivier,
M. (1992): A Perspective on the Permeability of the
Surface Freshwater-Groundwater Ecotone. Journal of
the North American Benthological Society, 11(1), pp.
93-102.

Volkmar, E. C., Dahlgren, R. A., Stringfellow, W. T.,
Henson, S. S., Borglin, S. E., Kendall, C., and

E. E. (2011):

sampling to study water quality during downstream

Nieuwenhuyse, Using Lagrangian

— 711 —



transport in the San Luis Drain, California, USA. Management, 21, pp. 203-217.
Chemical Geology.
Wood P.J. and Armitage P.D. (1997): Biological effects (GHEX=ZHEH :2019F68178)

of fine sediment in the lotic environment. Environmental

— 712 —





