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Sediment characteristics of Dashidaira Dam Reservoir at Kurobe River and Toyama Bay, and

flushed suspension impacts on fishes
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Abstract

In 1985, a dam with a discharge gate was built at Dashidaira
at Kurobe River, Toyama Prefecture for the first time in Japan.
The dam sediments were first flushed out in December, 1991.
The sediments with bad smell, such as sludge, spread all over
the downstream of Kurobe River. After the first discharge of
the dam sediments, benthic fishes decreased year by year in
Toyama Bay. In this study, the sediments in Dashidaira Dam
Reservoir and Toyama Bay were collected in 1997, 2000 and 2001.

The Toyama Bay sediments which were considered to have
been affected by discharged dam sediments were collected on
July 20, 2000, November 19, 2000, and March 3, 2001. The
sediments in the dam reservoir and the bay were studied
chemically, physically and mineralogically for comparative
study.

The quantity of clay minerals, mainly smectite, increase
toward the discharge gate at Dashidaira Dam. The distribution
of clay minerals approximately corresponded to distribution of
the N, C, and S concentration in Toyama Bay. XRD data show
similar clay mineral components and patterns bhetween dam
sediments and suspended particles from the seabed at the offing
of Kurobe River mouth. The sediments in Dashidaira Dam
Reservoir and Toyama Bay contain relatively high content of
kaolin minerals associated with chlorite, vermiculite, smectite,
and mica clay minerals compared with sediments of the other
bays. Rainbow trouts in water with smectite suspension result
clearly indicated the damage to the fish. In the highest
concentration of smectite (10g/1), all 7 rainbow trouts died in
five hours. The fish’s gills were deformed and dehydrated,
suggesting influence of smectite particles adhered to the surface
of the gills. Furthermore, SEM observation and EDX analysis
of the flat fish’s gill in Toyama Bay clearly showed the presence
of particle-like thin films with organic materials sticking on the
surface. The volume of discharged sediments from Dashidaira
Dam Reservoir is clearly related to the decrease of annual haul
of benthic fishes in Toyama Bay within the past nine years
(1991-1999).

Key words : dam sediments, Toyama Bay, marine sediments, clay
minerals, smectite, interstitial water, benthic fishes, flatfish, gills
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g A bFEARE L TWA (M, 1996, 1998 ; Kareiva et
al., 2000 ; Mann and Plummer, 2000 ; Jackson et al., 2001).
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FlE A C B L - i o E &, FcHiittEs
BEGHD S BH, Fofuc 3PS, RS - GERS
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Fig. 1. Locations of sampling points at offshore in
Toyama Bay.
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Table 1. Characteristics of pore water and sediments from Toyama Bay, Japan.

Ke HE 8gF | KR SRR Eh EC DO | WT | &% | M%E | &%
me & H
No |PBB) i) | mg) | m| T BRR| 1] | PN | ] | mS/em) | g/ 1°C] | Cwt] | [weh] | [wes]
1 |20004E(36° 55.50° [137° 2580" | 50| —— — | — | — | 75 -180 39{ 11| 20f 0040| 0507| 0213
—1 718 _
2 | 208 |36° 5559 [137° 2594' | 36{ —— — | — 1 —{71]-130 306| 11| 21| 0037] 0.145| 0.199
—— | I B
3 |SRHEAT|36° 55.87° [137° 26.64° 8 — —_— — | — 177] s50 464 25| 24| 0.038| 0.170 0.121
4 36° 5531° {137° 2544’ | 77| ULk | 75Y6/2| + 55.6| 8.3 | -200 458 | 54| 17| 0044| 0934{ 0.155
|——120004F -
5 | 118 |36° 5548' [137° 2581' | 40| #MEAHY | 75Y5/2| + 24.2| 8.2 | -260 472) 1.3| 18| 0.011| 0488 0.149
o 198
[ ggg 36° 5552’ [137° 2595' | 18| Lk | 7.5Y 3/1 + 320| 8.1 | -330 464 | 39| 17/ 0013 0.442( 0093
7 36° 56.05° [137° 26.07'| 39| Lk | 7.5Y 4/1 + 46.6| 7.7 | -300 417| 28| 17| 0.024| 0658| 0.178
8 36° 56.17' [137° 2504 | 145| PRIE | THEER| - 41 74|-120f — | — |—1| nd| 0050 0031
. s age , LIVE _

9 ' 36° 55.10' {137 257.13 10 = U ZEER 5.1 80| 210 4715| 123 8| nd| 0078 0043
10 36° 55.02' [137° 25.24° 73J ";é’;_“’ 5G2/1 | +++ 212 76 [ -190 482 | 104 8/ nd| 0411] 0095
1" 36° 5494’ [137° 25.35' | 18| thHIEh | CEER | - 45| 8.0 0 477| 110 9| nd| 0072 0059
12 36° 55.32' {137° 25.24° | 124|4EHFIEY| 5Y 5/3 + 304| 76| -180( — | — |——| n.d.| 0.191] 0.057
13 36° 55.25' [137° 25.29'| 100 ﬁ’f’*’ CEER | - 121} 78| -60 4521 112 8{ nd.| 0.118| 0047
i BLYS | T -

14 36° 55.16' {137° 2542 | 55 ﬂf.f%ﬁ" 75GY 3/1|  + 21.2( 8.0 | -240 485| 98 8| nd| 0287 0085
15 36° 55.07' [137° 25.48' | 20| chEiRy | TFER | - 89] 7.6 [ -110 483 90 9| ndl| 0102 0051
18 36° 5540' [137° 2548' | 93|4BHBFIEL| 10V 5/2 + 335 77| 1601 —— | — |——1 0.002| 0.476| 0.095
17 36° 55.33' [137° 25.62' | 53| iE#BRFH|25GY 4/1) + 268 74| -150| —— | — | ——| 0.002| 0516} 0.077
-——-|20014F —- -
18 | 38 [36° 55.22' [137° 25.65' | 25| pEIEP | THIEK | - 72016 10 411 9.5 8| nd| 0062] 0054
vl W~

19 36° 5554° (137° 2573' | 72| " | 5GY 3/1 + 443 7.7 | -230 469 120 8| nd! 0487 0107
20 36° 5548’ [137° 25.79' | 52| #@HAEY |7.5GY 3/1] + 166 7.7 { -170 482| 107 8| nd| 0223 0.113
21 36° 5545' [137° 25.76" |  56|4B4@HIEL|7.5GY 5/1] + 15.1| 74| -10f — | —— | —1| 0.033| 1.682| 0.120
22 36° 5565' [137° 2581'| 60 Lk |10GY 3/1| ++ 738| 80 | -220 487 121 7| nd| 0448| 0.113
23 36° 5561° [137° 2601"| 33| LUk |15GY 3/t + 394/ 76| -160| —— | — |——| 0.014| 0865 0.208
24 36° 5§6.75' [137° 2591°| 77 mgﬂ’?; 10Y 3/1 + 59.6 8.1 | -220 505| 135 7| 0.005| 0579} 0.092
25 36° 55.89' [137° 25.80° | 100 @%ﬁ” 15GY 4/1| ++ 80.9; 8.0 | -220 500{ 130 8| nd| 0465 0.101
26 36° 55.82' [137° 2598" | 40 ’“’,ﬁﬁ{' 75GY 3/1|  + 30.2| 8.0 [ -140 50.7 | 11.2 7| ndl| 0.280] 0.081
27 36° 55.79° {137° 26.18'| 17 _.gulj‘;p CEER| - 00| 8.1 140 49.1| 152 6/ nd| 0038} 0025
zew 36° 55.98' [137° 2602 | 41| Sk 25G e 68.1| 7.5 | -300 46.1 78 4| 0012| 0.731| 0.189

BNRC EBL + 8@+ PRE L)
n.d.;not detected
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HTROONBRFEEE, BIRFETH 5.
5 HRFEPHO X RMREHHMT (XRD 5347
HRERECEE N A%, XRD AL DREIEL 1.
ST T B E S RINT2200 B X #REIHTERE 2 @A L,
CuKa % B\ TEEFE 40kV, BH 30 mA THWEIT- 12,
EHFMEE 0N ICE, BE L ik 0.3 g 2 A THRIC
L, 224 88 gl H-26F 2T 2um LI 0.2um
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L, BRkEETHIT Lz, $1, BELAEL ORI
SN, RERED 7 L Z r — v AE—ic L1z (001) EDRK
BHOE SRR A INA TSRO - EE (A L) AHEEH
HEHRE Lz, REWEE (V-7 oFs), FMigosRksH
4, Moore and Reynolds (1997) OFHEICHE -1, Kk, 7
OSAPEN—IFa2F4 M, TFLYI Y a—VILET
BEIETERW WD, INSEXBIL TV,

F/, BBIUS LRy O—HoREI T, BE
PEEIC L B XRD T E1T - 1o HEHs, Ca fafIE%:TT »
foEHMER (<2um) K2WT, BEEZFHBEL THTE
Totc. IBEHREETHIRS BTV WS D (100% RH), %t
TR 50% i TR s E2 oD (50% RH), % U CHIXHERE
0% TEREEH-HD (0% RH) W THFEIT~7.
B, ERIFEICTITY, [BEHEE Van der Gaast and
Kuhnel (2001) 124 - 7-.
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WLy AR (<2um) OFEAMEEID XRD 5
R, zhzZhoalBdicl, wiFns 144, 104, 74
DOREMWEDON, =F L 7)) a—EBEREL - FER,
BT HEEIREYS 15~1TA (XA 244 +), BA (Y o354+ 5
KU/N=3Fa 54 1), 108 (EBHELIEYD, 1A (WA
D VYD) OREIBEB SN, ThsionT, EXMINE
HEERD. FalicBnT, il S & sBESED
IO NHERYD O LSO EFENEZ TH D, Mo,
RAZHZAL, 2a54 - N=3Fa54 0, A4 VB
YDA EEE TH 5. HIcHE No. 5 TlE, 227454 b
DEFEMIMDORE LI I DE L L >TWV 3B,

2. EILEHEREY

2-1. ZiRE : LA D 28 7 ah SEELL o HER i,
pRIED, MRS, b LEEA T, IR~HEIKEEES B,

NACSI S-El ectronic

ED-XRF Water Chem. XRD
Si WT[C]
] e bo(S) W 245}
[ Fe (12 Stcm] [mgh] 1 9834k _
EHal o0 ff\_—j:h?'f k
K Eh Do(B 2
éCa [mV] [mg;I]) Jf_ 0O hxv i
pH (BEIEL) 4 1997412 A3REM
Clothers || 5. 2= . #rmE @ 20004 7F3BFM
KE 111
150 m
No.1 WT 6.1 E /
Om
e DOES) EEZ A
Eh DO(B)
290 11.9
ED-XRF pH7.8 XRD //
==
No.3 WT 7.3
EC DO(S)
66 11.0
No.2 N (j
e WT 73 Eh DOE@)
58 oy ] 280 "3
) ED-XRF pH7.4 XRD
Eh DO(B
290 11.:(; ) E-
ED-XRF pH 7.7 XRD
] | 24.
No.4 WT 6.7 341 m Fig. 2. Dis.tribution . map of
EC DO(S) 320m water quality, chemical com-
127 1.1 g, position of sediments and clay
Eh bO®) 5.7 m (T~ mineral concentration at Dashi-
250 e No.5 WT 6.8 daira Dam Reservoir, showing
ED-XRF pH 8.1 XRD EC DO(S) intensity of clay minerals of
188 108 (001) d-spacing.
LR Eh DOE®) The calculation method was
280 111 used after Moore and Reynolds
IT;?,‘,E ED-XRF pH7.4 XRD (1997).
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Fig. 3. Distribution map of mud
content of the sediments in Toyama

iy fEEE ORI L L - EbEskT, REREEER &
PIamoich, JT|KEEST (No. 8,9, 11,13, 15,18, 27)
(Table 1).

BILEHREYER O SREAE RS R4 Fig. 3 IR
SURHREGIAS No. 22, 24, 25, 28 126\ TZNZ 41 73.8, 59.6,
80.9, 68.l wt% L IEEICE WMEER L. ThicxtL, B2
AIOMHE SRRV IRVEN S 89 wt% LITF &{EWE (No.
21 TR OWt%) 2R L1, 1B, SBEOHVHIS FHITEH
ADKBATED, BEEROLIWHIB LS > TOWRIBHRTH
3.

2-2. MBEKOAERLR : BILEHERYEU O RMBEK DK
BRFESER A Table 11S7RY. pHBWEFN S 7.4~83 TH
TR Y WERL, RIE, B X AR S
W, =7, Ehidi@EAEDHIA T A + 2 %R L, @EicH)
TdH - 1o B, THEEIMGIZEER% O 2000 F 11 A 19 5
WKHIEEIT > T N TOMIETIE, —2005—-330mV &
JEEITEWEER L, HoOREEA L.

ECH, No.l, 2 TIRWEZR L LI E T NT 40 mS/
cm Pl MRS OEAE/R LA DO K>V T, 2000 4
TH208 &, IMEIEEMH D 20004 11 A 19 Hix 1.1~54
mg/l L EEFIRETHEDICKL, ZDH%D 200143 A3
FHUCEE L 2R IRV Fhoiis T s 78me/l Ll D%
RL7z, E£72, EnMEWES, B EA L ORETIiEREMNL
fo. JKIEE, 2000 2E 7 H 20 BT iE 20~24°C, 11 A 19 Hicid
17~18°C, 20014E3 A 3 HICiZ T~8CTh b, ZEZ(L%E
RL7AS, EhBLUDOIK>WTI, MEHENEHmSNL
B ORI & BED 3 A & ClIAEERENED SN

z gR#E ’
- | \
8 50
3 E L&

3|

50.0 wt%

J
0
n
0
©
(+2]

J/ [J2000411 A 198K
- e M 20014E3 8 3BR M
O ; '
[Ty
o o 500 1000 m
™ R’ —== ) )
137°125.0/ 137° 1255’ 137°126.0’ 137°126.5' E Bay.

2-3. IRIF—-SERHE X #8947 (ED-XRF 94) #5
8 Z LB No. 4~28 108 1F 5 ED-XRF #Hifrfs
BA Fig. 4 IT/RY. a7 ¥k Na, Mg, Al Si, S, K,
Ca, Ti,Mn, Fe ZLTSrO 1l tETHY, TIhEFNEKS
[cps] DRT=NTHOEbLLTWSE, TDH55ESIKH>VWT
1, Table 1z NCS THRMTIC L B EBMHERERLT
WAOTRITIIEES 5.

W ORI A I B VLTS, SiRELECETN,
BB+ D No. 9 & No. 18icBVWTEHW, —F, YWV IiE
THBEE DM No. 28 ICHB W TH KW SiEER L 7255,
Mg, S, Ti, Mn, Fe {3, fhoisie i LT [c.p.s.] DiEAHE
XHHYICEV, IS No. 28 (3R R A% <, Eh & —300mV
BRI TH Y, RESEEDOTBL wtB &E\. Feld
8934~17684 [c.p.s.] D% &b, KK No. 25 i1 T
BbE<, A+ No. 27T e W TR EWEEZR L. T
B, Si&FelloWTRHBEOHMEMLED SIS, SREDE
W No. 22, 25 DERHT BT Mg, Al, Ti, Mn, Fe D&HF &M
BicE <, No. 25t Tld Ca bEWMEER L.

2-4, EBR, KE THHSEEOTEEHSWTRER: CooHk
WA LB AR SRR ORI & 8257, k%, WHS
HEOTENNTIER % Table 1 & U Fig. 5~TIZRT.
200049 A 3, 4HICE, TWEEMHSEE LTHLIES 4
DOFERD A — b DBHRIEN TN A, ZDIMHIEEE 1 7 A
HFTD 2000 F 7 A 20 B &NHIZEEN 6 o A& @ 2001 ££ 3
H3HiB\WTIE, BEHPTER KR WHEHILZ DS
Ntz —75, PHISESER 2 7 %o 20004E 11 A 19 Hicks
W, BFROREHE 0 b L AFIEE WA 1 No. 4) T
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B

“3°’§"°2 D3IV L ER R EY B 88 3 28 &£ 88 3 =2k & &
8 8 8 88§88§0o000o9o80§3c8§8 8 &8 8
3 153
Counts[c.p.s.] n.d. ; not detected

Fig. 4. Energy dispersive X-ray fluorescence (ED-XRF) chemical analysis of the sediments in Toyama Bay.

ER, RE WESEZCBH LN BEREHFERICOVTI,
No. 1~4, 21 HSEEHIE <, 0.033~0.044 wt% %7~ L 7255,
BIIAIOLIPED No. 8~15 % F L & L1 15 ¥Er TR
HBRRLITTH » 7. RESERICOV T}, No. 2l ickid
LA 1682 wt% &S4ICE <, RIT No. 4 & No. 23051
Z1 0934, 0865 wt%B E WO fEER L, F Ao, doRiib~pg
FLOBOD No. 8 & No. 27T ICB I B RESHEENSE DL
{, ZNFN0.050,0038wt% Tdh 7. THESHEERI No.
1,2 23 28 D4 7FRICBLTIHEIIZC, Lhb 0.200 wt
% Rilt% %R Uiz, $RC, No. 28 [4BRWERSBEM L. RES
HREER No. 8 27 THEL/DEL, F0£h 0031, 0.025
wt% Tdh - 1-.

PUEow#ER» S, 8%, KE WEOVThoTHE SR
JUA OLPERHRR VB WTEL, HIEDA DA 7B
HmTEHWEBDED St (Figs. 5~T7). b b, S8
DOHEREYITIC 3R & & b, HEYOBEEETRET S
EE, RE HESECEENTVWAIEMHO M EN - 1.
F1o, BF, KE BHOVTFRICO>VWTS, MEEEER1
B¥ais LOMSIEER6 ¥ ARicks v Tild, BHFrtE
DKL, IHITEER 2 7 A&’ EBEHIEOHEDFE
HIRICEZ WERASED Sz, TOAmDEWE, HLES
ACBIETUEENGIFEICL 2D EEL ONBEDY, 5%
BREPLETH B,

2-5. X #MXREFIHT (XRD 2347 : ZREMNE <, Eh
A3 —220 mV &RILHIE ILBHER Y S B @ XRD [Eif /¢
¥ — v GRElNo. 22) % Fig. 8179, COEEH»S, B
ARSI 3, WRTFEMREAS 14, 10, TA DL D 13
», &G (9.394), AME (B41A), AHX (B344), BH
B (B19A), ~F1 b+ QB84A) BEFNTVLA I ENHHSH

Liiste, INSDEBHC T F LY I - VAL 12
FER, U3ADKHENMI68A~NY 7 b L8B4 E 14241
o 2B LI h Nt T O TFHEIEFED 143455 168
RICy7 b LIcbDERA 7 54 b, 42AD0F T{bD1
MotbDEIOSA PEBLUN—IF+251 b, 1004A%
ERMERE LY, T1ADbDEAA Y VHEMERIELK. K
BIeEEED 7 )V 2 — v 1200 [cps] ICHE—L71& &4 D
S O e & RTEE oMo SERR (BALS
L) % Fig. 9~12 IcK/RL 7. 3 No. 22 1icBVWTHET
OFLIMOEEENE L, £1, WERICH25 No. 24,25
bW, 2000 4F 11 A 19 BT L 72 No. 4~7 T b, 21k
Bl TS E RN E WMEER L, $iC No. 72T
EbE MEEZRL.

2 A7 54 rOEFRG, BHIEOFED No. 8~18 @
BRI SR L TV AR T, 0.0~25.0 (BT
L) EIEWAS, @O0 SIETERIT, KEMEL 135 HREIC
B> TE< 45 (Fig. 9. BHIFEDO K o LR B I L
BLEREOREOLE VN 22 TR A7 514 F&HEH552
ElRbEVEER L. F£72, No. 7 T 374, D No. 24
& No. 25 ThENEN 294, 323 & HEMEWEETR L.
72, 20004E 11 A 19 HICERELL 72 No. 4~7 Tid, 248~
374 &, MOFEHICH~NBEVEEZRLTWS, Hibt+ 4T
&35 No. 3, 11, 182 L TNo. 27T TIEAX 7 ¥4 b DG
FE oYY (RAVIIEEE Al

t, 7054 N—3Fa25(4 VOEFRRRAAZ Y
1 FEEE, BHIEO No. 22 THROEWV 46.7 27" L, @O
No. 14 T bEW 119 2/~ L7z (Fig. 10). 20004 11 A 19
BICHREL L 72 No. 4~T 2B W\T, 31.1~41.7 & HBHE Wi
R L, 200047 A 20 HICERELL 72 No. 1~3 & 2001 4 3
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z ZEFXSeEER o
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1
I0.030 wt%

36°,55.5’

[]20004£7 B20 B 1%
[(J20004£11 B 1982 EX

©
8 W 20014383621 N
08 s 590 10$m F?g. 5. Distribution map of

P - nitrogen concentration of the

137°125.0’ 137°125.5’ 137°126.0’ 137°126.5 E sediments in Toyama Bay.
| | |
4
ISy
©
lt_)_ o
©
[y2]
;)
7]
ln_ e
2
(2]
[(]20004£7 H208 £ Hx

5 [J2000411 8198 R
e 200153 538 B
b7} 500 1000 m Fig. 6. Distribution map of
2] — .

> S\ S carbon concentration of the

137°125.0 137°125.5 137°'26.0/ 137°126.5 E sediments in Toyama Bay.
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MEasl

36°,56.0' N

EWLE

36°,55.5'

[]20004£7 20 B 12X

5 []2000411 A 19838
3 W 2001438300
%c‘r)) 500 1000 m . Fig. 7. Distribution map of
c ~ sulfur concentration of the
137°125.0/ 137°725.5' 137°'26.0/ 137°'26.5' E sediments in Toyama Bay.
Intensity f
~ ¢ Smectite
A O Chlorite,Vermiculite
EG. :to o oL B Mica clay minerals
St 2 X A Laumontite
3 - N V¥ Hornblende
A\ Kaolin minerals
o x Quartz
g & @ Feldspers
3 ;° O Halite
(3]
AN

426 A

387A
3.78A

1 1 1 1 1

2 10 20 30 40 50
CuKa 26 ()

Fig. 8. X-ray powder diffraction (XRD) patterns of the sediments (<2um fraction) of
the sample No. 22.

N.T.: non treatment, E.G. : ethylene glycol treatment.
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| ] ] i%y | (
zZ| RAVE534FEHF R ’ U
b_ -50
8 i
E% E L& 8

]
I30.0
J

[ 5138 BE + 4 {08
(HE7zL)

bQ

5

36°55.5'

\ (1200057 A20 B R EX Fig. 9. Distribution map of
- 8 D2000$11g 195&“ smectite' intensity in the sedi-
o ments in Toyama Bay, by
0 Il 200143 838N using XRD method.
“?.. — Intensity of smectite (001)
© S 11 590 102 m d-spacing was followed meth-
@ - od of Moore and Reynolds
137°125.0/ 137°125.5 137°126.0 137°126.5 E (1997).
| l | |
4 4{[3:3'{ F '_ o
=) N—F%a254+8F R I so
u‘% 80
8 B
1
I50.0
J
RS A+ (TR
(HfrzL)
)
7}
i |
©
(sp]
4 [L120004F7 A20 B R EX " Fig. 10. Distribution map of
Q 8 12000411 8198 4RER chlorite and vermiculite inten-
=) sities in the sediments in
5;. .2001*3538&“ Toyama Bay, by using XRD
— [— method.
© S 590 100q m Intensity of chlorite and
@ Ry S vermiculite was calculated by
137°125.0/ 137°7126.0/ 137°126.5 E the same method as Fig. 9.
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|
W)
Z| BRBENITHEMEERER j
=) .50
©
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I 30.0
J
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(BBI7EL)
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©
o
[J2000&7 8208 M
Fig. 11. Distribution map of
. D2000$11ﬁ195;¥m mica group clay minerals
. . intensity in the sediments in
53_ .20015—3}5!359251 | . Toyama Bay, by using XRD
o J 500 1000 m method.. .
13 N 11 A Intensity of 10 A (001) was
Toe 1 ’ o] S| calculated by the same meth-
137°125.0’ 137°1255 137°126.0° 137°T26 5" B Sunes
| | | |
-100‘}% (
z| h AV ERR
> '
8 60
o] - B
® K ANy
1 25 e
100.0 'l\
J o % NS (27
REAE+LEE oSS 5‘) &
CIT TR 5\ )‘? 02
n \ ‘
:"_ 93 _]}; |
(‘g 20
0 EEH
ASHE
* : Fig. 12. Distribution map of
Q\j D2000$7ﬁ 208Hm - kaolin group minerals in-
= ten sity in the sediments in
5 []20004£11 8 19842 M A e
3 M 20014353 BRI method. . . . .. .
— — Intensity of. kaolin group
:‘% s 4 50 _ 1000 m mir?era]; (001) waz clar;culated
Ps . N R by the same method as Fig.
137°725.0' 137°1255 137°126.0 137°126.5' E 9.
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B 3 BIcEELL 72 No. 8~28 iTB W\ T, &EfEi% & 5 No. 22
ERRWT 21.0 B DEER L 72,

X oiT, ERENTEYOSHERSFERIC, BHIEO No.
22 T621 EfcbE<, Biptd No 3TI120 EFBEVE
A& Lt (Fig. 11). 2000 4E 11 A 19 BB L 72 No. 4~7
T WMEAR L, No. 7A557.0 LAFITEWEERL
tz. ADHAFHIEE 22 - TV BILEER T, No. 22, 24, 25
AMcEWEETR L, Fh & 0EEOBE)IFOME T
BEWEERL .

A A Y IS LTk tho ks 8 & FIFkIC, No. 22 T
1350 £ bE <, Eib1d No. 3 T158 &k bEWEER
L7 (Fig. 12). 2000 £ 11 A 19 H<HRE(L 72 No. 4~No. 7
KBV TT721~1186 L IS WEEZR L 7. fthoMimsiT
REEER Y EEIRC, ADHAKHIIEE - TV AL
HE T, No. 22, 24, 25 ICBWVWTENEF N 621, 286, 315 &
EWEETRL, 0k 0 EEOBHNEIDME BV EE
~L7e.

3, BERARICLIELES LS LUEILIEHEDORLT
L DS

Ca BRI & RSB AIT> 70, BB LOHLES
LHERIENE (<2um) OFEAMERNC >V T, XRD
R L Fig, 131CRd. WFhoRkEic>WTd, 100% RH
WKHWTI88R (RAZ Z4 1), 150,1514 (= 3Fa5
4 +) 142 1434 (7 o354 ), 1003 (ERFERLTE)

Intensity

150A

<
N
<
—

100A

EWLE
X ¥INo.22
100%RH

50%RH

0%RH

188A

15.1A
143A
100A

HUES L
ERER I fR 4

100%RH

50%RH

0%RH

CBLUTIA (WA VEE) ORESED SN
CH LIRS SRR OmE L b, BEOKTIMEST
:1%&(1%77%h)®ﬁ%ﬁmﬁﬁﬂﬂ,BQIMA

2002—7

ELA,

(N—3Fa54 L) OREH LLAMED 7o — FIERE~
Evz Lt

%72, XRD ORE/ 7 — Vi, SRBORBEHERTY, Z
DR OMS PIFIC b N ENOHFHSENS. AOHICH
WHBILEEHLES LRy — v REET S &, WY
NOBEICEVWTHEEL LTV S, T, X254 &
N—3H*a54 +OFEEERKT 5K, 100% RH 25
REOETICHE > TEILT 24, Z0@&khd 50%RH Ik
BREIOHEDIE, AELL—HLTVE IhoDER
i3, BILEHEREY & LS AR IE & b, JRHC L
AU E OREHSIYHBR D 5155 T EERL TV B,

4, RAVHA4 MBBEBTO= 7 AFBTERBR
B1IBAA 7 54 +BEOMERK 0,055 10g/D) 2RV
= VR ZBEERICOVWT, KEB L UEEMORIERR
% Table 2 IS7RY. 1o, EERKTR, EFLTORREO,
05 BLY5mg/l TD=Y<ADL S ONAEREMBHESL &
Of ED-XRF 43#7ic & % * 5 OREDOTRAHER A Fig. 14
IR

AAVIA PEANG VT Y bo =T, TIL2TH 24
B b AEE LTV oicxtl, 24794 FRESKRGE
W 10g/l T, FEERBALS 6 BRI T ITATEIR & W D RER A

oL

= < Vermiculite
€ Smectite
(O Chilorite

Bl Mica clay minerals
/\ Kaolin minerals

Fig. 13.

X-ray powder diffractions (XRD) patterns of the sediments collected from Toyama Bay (Sample No. 22).
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AAD R R EANTLILN
HFEROISDILERK

Counts =
[cp.s] X 3
6000 - -
3 ¥
¥ :Ség
4000 - afl =
3 @
20001y X : S 3
¥
2 S .
0 2 4 6 8 10
Energy [keV]
ZADBAN05 g/IE AL
HFEROISOILPE/R
Counts -
[c.p.s] é
6000 1
4000 -
20001 32
X'©
X0
0 4 6 8 10
Energy [keV]

ARADBAK5 g/\ZEANT=
HEROISDILFHERK

Counts —
[cps] é
6000 -
4000 1
o] 3
lax ¥ 3
2000 ESo 50- 8%
X
0 2 4 6 8 10

Energy [keV]

Fig. 14. Optical micrographs and the ED-XRF chemical analysis of the gills of rainbow trouts after smectite
suspension experiments.

Note that smectite attached to the surface of gills which are dehydrated and deformed under high concentration.
The exposure experiments show that is responsible for biological effect, not just the suspension concentration. The
micrographs of experiments at 0.5g// (middle) and 5g/! (bottom) concentration indicated damage of gill tissue of
The damaged gill tissue have shrunk, sharpen and separated tissue by dehydration.

mucus production.
(Rh) ; due to mechanical element.
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Table 2. The Rainbow trout breeding experiments in
water with smectite suspension.
SEFEGmrT]
RAD A RE
By(4) aka—)L 05 g/l 5.0 g/| 10.0 g/1
0o 7 9 7 7
30 7 9 7 7
60 7 9 7 7
90 7 9 7 7
120 7 9 7 5
360 7 9 7 0
840 7 9 4 0
1080 7 7 4 0
1440 7 7 1 0
DO[mg/N DR L
AR FRE
B avka—ijL_ 05g/ 5.0 g/l 10.0 g/I
0 8.9 95 8.8 7.9
30 10.1 9.6 9.6 8.5
60 84 9.2 94 8.2
90 6.8 8.2 8.4 13
120 6.2 8.0 8.0 6.5
360 84 8.1 85 71
840 8.6 84 8.3 8.0
1080 8.8 85 8.8 75
1440 8.6 8.0 7.6 6.1
REXBAKEFDO KR
pH Eh DO EC WT
AADSARE [mV] [mg/l] [uS/ecm] [C]
avka—n 7.2 280 8.9 91 13
0.5 g/l 8.2 230 9.5 117 12
5.0 g/l 94 110 8.8 3an 13
10.0 g/l 9.9 110 7.9 674 13
REEHE T FH(144093 8)D KR
pH Eh DO EC WT
AAD2A ] [mV] [mg/] [pS/em] [°C
aveko—jL 1.7 230 8.6 125 16
0.5 g/| 76 170 8.0 216 16
50 g/l 84 160 78 528 16
10.0 g/ 8.9 160 6.1 743 16

Bohi. DOIK>WTiE, HEERD, WIhOEEIIEL
Th 6~10mg/l 2R L, BFROHEBIEITSITITbh TV,
F1, ECHVTINOBEOKETS, EMBERICIL~N, &
THRHITIE 15~2 EREICERLTBY, X272 54 MEEL
FEREMEED SN B,

T, ThEFNOBEILBT = Y2205 DM
gAML, I bo—LObDICKL, B 5g/l TiE, =
5 DIEMHESCIGEL, BRI RESBEIEBRDON
7z (Fig. 14). ED-XRF ic & 3 = 5 BHDITENIM S, B
B0S5BLU5g/l DBHETHE L=V 22D L 5KH
WKHBWT, P, S, K, Ca Fe BLU Zn 28/ L, @i Si Hstg
MLUTOB T EMHS I -7 (Fig. 14).

—%, BlUBAOAEMTHEBIN /I ES A DTS IKDOW
T, SEM L & 2HZIER % Fig. 15 /Rd. —fkic, @23
£ 3 ADx 5 ORMETFEETHENFRIBDONE VS, A
EH TS Wi 5IEOE 5 A DT FI2ld, —h #Hk T
HE-TVB 609, =5 OREAMMKFTRIEshTY
BHONHEE N, £, 5 DOEEROICEVEE
THEbHhTWiz b (Fig. 15.A), 1~2um OE—RF2 T

2002—7

Counts
[c.p.s.]

0.0 2.0 40 6.0 8.0
Energy [keV]
Fig. 15. SEM micrographs (A, B) and the EDX spec-

trum (C) of gills of flatfish collected from Toyama Bay,
showing smectitic adhesion films attached to the
surface of gills, the same as Fig. 14.

The covering.films hinder oxygen transfer into the
gills.
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FRENCHEL TS Z EMER s (Fig 15.B), Kh
DRHIDESHITDWT, EDX M EIT - 16ER, 242 44
PO TH B Na, Mg, Al BLUSiOE— 7 BBH LN
7z (Fig. 15.0). 8B, BNy 7739 v iz 5 OEHEY
DR ERL, P, SBLUClLIZEEKIC—RIcEDd LN BT
FETH5.

% 3

HUSE S AR OB LB h O LI 0 8BRS %
OFetE, KPDEEYE S RPEERICEZ 5 EBcAELT
EEEIT.

1. HFEY O

1-1. W UFEY LR OESS  TthaE0BLs LU
Wtibicowti, BELARME R & OGHEREY, BT
EOKERD» S, WEKHIZ  OMEIMH 5 (FIZITEE, 1998 ;
Z8, 1999 ; 4ui1l, 1999). —f%ic, BHARDOELIE, KEvOKER
FHBEOBRBICKEZIRET 2 &5, kbt gimc
g s Wb s, Hic, TRESHORLSETcolt
SLPIHA DAL, A SHIR IS D - THEMEIC 5 B, f
i, BEAPEERNELT 3 &, FICE-TAL 54 b,
NKEBER, ~—3%a54 8, A4 Y V5, £¥TH4 0
18 E DO ZIRGENORE LTINS 5. B DT & S fg
A4 UHEBERL, SEENCEAAY VIR E T4 A
Kansd (B, 1998). &%, BELASETLTHA ) v EmH
ERENTH, AFEPCIERG 3ELEEE A LEBHIE W 725
(K=, 1975a, b), @JIlicBIF B R4 7 54 + DERKIZDE
Lo UL, FalicBuTid, KRR, MEMEEd
57:9, KEDRIGTHIMEREINPTWEEZ SN B,
1k, KPIcBWT, WMAEYICX D BB ISR S ks
TSR SN B C ENMEINTWS  (Tazaki and
Ishida, 1996 ; Tazaki, 1997). # 7z, BE)IDFENIZKICTERE
PORAHAEANTER, FETTEEHL, 20ZL2BEL
&l A, ¥ ACHMERCEBOMEYE ALSI O
AR E fute, T OEBREERE, RS EHIE L ok
BOT, MAYICK > THEHORESEEE A, $tEo
AIBRIA AR T 2RMHEM 2 RIE L TV, 1B, 0
EEERIC > VW TIRBERTHE S 5.

1-2,. BIEHBYORBE . ARic Ly, B0z
LABEMICE W TERENS <, BEH)INAE DM & R
WIEBLTEWEE SRS S LaLl, HEbsiTbhns
Panicsnt, B, HoREER, BETERKS BRI
R P 5B LEZ SNTBY (K, 1977), 7 LH3%
K- T, BEHEEYORENSEL LI ENEZ NS,
51T, 0.2mm £ D RIRA/NE WRIF I, —BEEREREEIC 75
5L, zOREVHEFFSN, +oEC T TERShBH, HE
Rk, EESE M ENMADIEL, T, KT
DG 1D > THEBIAEEIC 72 2 EAH 2 (kB
372, 1979). £-T, Hbic k> THLE Y a8 L UFEA
T Lh Sl S NACHERRY), BEIE CICHERS L 221, B
P E R - HERE L e 0TI, BEEMICEEHRE L2 C
EERRET S, i, COBHMITEMOAE S, B

RERIH L5 45 L CELBICE W 2 R O 8 449

RORE, WHSHEROLAHBBICEOTHEEMICE L, »
2, EBKPETHITH O, ~Fofbl HERYOEENEE
HonAHETbH B, £ LT, T OMIZEBHECH L
OB E b—Fd 5.

RAA7 54 MR, 2: 1 DKy 1 B L TH o
BRHCSRIERG A 4 ~ LKA TFA2ET 5. DDtk %
FoR2A 744 M3, 4 Vit oty es 3R
- BB eRd. T4b5, HLUES Ah SHEREIC G
EN/RAA7 54 MiE, pH 7 FHEDRE) %8 2812558 L
TV 5%, pH 8 FHED#BEICH 2 &, HIKDBEEA 4 v B
mEmnros, K - B 5 CEBEKEES, 2000). E=Eo
AIOFE N, RAELTHOBIKEBKPBET 3KETH
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Fig. 16. Ratio of clay minerals in the sediments from
Dashidaira Dam Reservoir and Toyama Bay to
compare with 4 bays (Tokyo, Sagami, Suruga and
Osaka).

Note that the sediments in Dashidaira Dam Reser-
voir and Toyama Bay contain a large quantity of
kaolin minerals.
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Fig. 17. Variation of the annual haul of flatfish at
Yokoyama and Tomari Fishermen’s Cooperative
Associations within the past nine years.

A : The decrease of annual haul is related with volume
of discharged sediments from Dashidaira Dam
Reservoir since 1991.

B ; Annual incomes from fishing have been decreased
since the first discharge in 1991, according to 6
fishermen'’s reports.
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