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WHICESBLTRNREL TWLIELEZ LN,

ZOWETE, EEBRFMOEFBENO LHE~THE, 8L EEEOMHERY % RN
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BEELRTEGMEELED (4002 v ¥ 2T ; #935 . mF) ICIRET 2EEERTA, FhUHT
LB X AL ORE RE VI W2, Q804 v ¥V alTORBEMETR L T 545
AT FIZIE, ERSR), HEENTWET—F & ERFT 2B LV,
TEREKLL D, BOHNLHRABIIOCTHEL, FAXESIRE ()47 H, RIX-2100)
#H\wT, V, Cr, Mn, Co, Ni, Cu, Zn, As, Mo, Cd, Sn, Sb, W, Pb, Bi, UDEILEE
JERBE L7zo WESMIZE0kY, 50mAT, WIERY & &% GO Ekb#EERE 2 A v/
BMEREIC L o720 72, CARENHV—HEEE, —ROZEEINETSH HBUHE LTV
(BB —RRIC X B5R), B F ¥ DActlabstHICKIEL T, ICP-MSTELEDA 4T o720
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A A3 _AS A1l A4 A-18 A-19 A-20 A-21 A-23 A-26 A28 A-30 A-32 A-35 A-36 A-38 A-39 A-40 A-41 A-43 A-44 A-52
V (ppm) 44 38 156 19 46 45 9 51 83 115 57 146 151 46 148 84 91 107 60 169 51 7% 10
Cr 22 18 101 18 36 29 25 37 42 72 31 69 117 27 115 78 8 1 48 56 40 72 203

Mn 800 1400 1890 2570 1120 1240 1080 840 1340 1640 1630 2180 1670 800 2130 1060 1100 2160 930 1050 1000 1380 1520
Co 13 9 23 9 1" 8 9 6 n 15 8 24 24 9 25 14 12 13 9 16 9 12 20
Ni 8 7 38 8 12 6 5 6 9 13 8 21 36 4 54 30 19 12 16 n 1 10 23
Cu 17 12 53 B 32 24 28 19 21 24 19 128 184 15 70 36 32 32 29 3 21 19 68
Zn 86 75 142 150 136 85 123 120 113 83 103 -3648 831 79 203 186 141 124 144 110 124 103 189
As 65 108 13 126 189 88 56 61 102 67 48 247 292 12 403 156 111 78 17 85 7 45 179
Mo 28 33 23 18 35 33 3 24 3 39 38 22 22 62 18 25 35 56 26 85 26 4 56
Ccd 08 1.2 1 1 14 1 14 11 08 05 04 342 86 01 18 2 0.6 0.2 1.3 1 13 13 17
Sn 08 45 32 363 6§73 2562 455 501 1063 763 133 2636 933 106 106 275 161 1202 107 165 107 233 242
Sb 27 14 114 06 07 - 08 25 - = 19 08 06 0.1 55 36 - - 36 14 36 - 5
w 74 04 1.1 4 19 447 - 103 294 1 23 - - - - 29 34 175 14 - 14 5.1 -
Pb 32 23 27 32 52 29 27 28 28 18 29 2024 210 17 80 63 34 26 30 28 26 23 42
Bi - 1 22 38 14 18- 32 12 43 71 14 - - 44 ~ 1 11 55 04 1.3 04 2 2
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(1) ESBTRRE (BALE)
REMLESBETEDREL LTiE, V:19—169pm A-28 A-30
V (ppm) 78 77
(90ppm), Cr: 18—203ppm (25.7ppm), Co :5.6—25.4ppm Cr 34.7 49.2
(8ppm), Ni:4—54ppm (18.6ppm), Cu: 12—184 Mn 1410 860
ppm/, N1. ppm llc.bppm/, Lu. ppm - g, 15.3 15.6
19.0 . Zn: 75— . As:12— Ni 215 25.1
(19.0ppm), Zn : 75—3648ppm (59.9ppm), As . 1.2 Cu 1o 168
40.3ppm (6.82ppm), Cd :0.1—34.2ppm (0.295ppm), Sn: Zn 2860 728
As 22.7 28.7
0.8—264ppm (4ppm), W :44.7ppmELTF (1.5ppm), Pb: Mo 12 12
17—2024ppm (17.2ppm), U : 1.8—15.4ppm (Zppm) T gg ;;; °~3§§
5 (Rl)o B, FNENOTEOBRFE (LETYE gz 3; 32
©) REROHIHE Lz CRODMIE, BERIOWI W 0.1 02
W OB G BT R RESRIBA L > TRE RS o 120 1%
BErbic, HARMEY KB 2 RBSSBERET > Helopb) 67 30

ZERRLTVE, £DOHTY, HARFMEINT2BEF CGCRBE/BARME) X, #hth
BARfEL LT, Zn 661, Cd:116f%, Sn:@ 6665, W:30f%, Pb: 118 2>Twh, E72,
A EINAHE & RSB0 2B O X ESBITRREORR L LT, AfiTIASnewW
2%, X THECu, Zn, Pb, AsBIUCIFE L FIN TV EELBETONS, —7F, CANEL
FENTVLHBA28LA30ICDOVTHE, BBTHE LM, ICP-MSTHITETo7, BN
oM, BT RR (K1) LiIZRRFAILT, #hEh332ppmE83ppmTH o7z (F2),
CDE) BEACAHREZ, 15445 AWMTHOR TR EILRMENOMBIIL, % 72K8E
RAEBFGLIL - BIEEGL, B X RIFESMEILMHEOM)IERY TRERE SN TH5HYW, &2
I Z OMDTEFDOIHHES TR LT 555, Fl 213, HglleBE 13308 A-284%67ppb, A-304%30ppb,
AsIZA-28%%22.7ppm, A-307528.7ppmT, AsiZHARMEZ B2 TWw5 A, Hgld HARME
(60ppb™) R, HHVIFFNUTTH 5,

HARYICINE, BRO—ZANOTFROTRF OBMEIC L 2 EEEITFEIREOVIME,
Cr : 50ppm, Ni: 24ppm, Cu:47ppm, Zn . 177ppm, Cd: l.lppm, Pb: 26ppmTH %, F/2%
ZETIE, HERBOBRE LTALN T A2EMERG TN ORI#EEY O ESE TR
B (0B OFHHE) 1, Cr:682ppm, Ni:19.3, Cu: 26.7ppm, Zn : 79.5ppm, As : 5.4ppm,
Cd : 0.7ppm, Sn: 2.3ppm, W :0.8ppm, Pb: 182ppmTH 59, TN HDOTRIEE, HIEXH
DETHE L2GROEEETH 54, BARAFEICIZIDEVETHSL LI LI,

(2) ESBTRDORBRER

BERLROSTHREL R, ENREEOMBNZEMEHL 2T AHNT, BESH
KEERL7Z2e BT, BRI RIC L o TESKE (R% B, Zn, Pb, Sn, W, CADKTLH
2 BT 5,

H3EZnigEOSMAETH 5. O 5, BRNARGTEO I HEREY F OZniEEE 13 150ppm 2L
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3648 ppm

831 ppmi

Zn (ppm)
o 100k
® 100—-150%%
@ 150—200%%
@ 200—-300%ki#

o;____*:jkm & soont
B3 AIHIRBDZnizE

Pb (ppm)
o  10%k#H
® 2030k
& 3050k
° 10 k' @ 50—-100%%
[ & 1oomt

X4 AHEEHOPLIRE

Sn (ppm)
o 25%%
® 25-50%ki#
& 50-100%%
@ 100—200%kH

o) 10 km
& 200ut

X5 SEJIHERESOSnIEE
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TThAED, LR TIIRREZRTHIBIFLET 5 2 Wb D 5, FIFPmHOI LR T,
e H3650ppmDIBD TEVVBE 2R L7z, 72, ZOTRTHILBRVIEEILE <, #830ppm
Tholo BT, BILTHOMANLIETH, ZniBEId200ppm% 2 TV 5, PbIZDWTH
FEfEREM I ATE N, BERINARTRS0ppm T TH 5, X TIEZORES—RYICH
W (M4) o, FOHT, B HE O B TR E T2000ppmiZE DB VEZ R L TW 5,
—77, SnigEIZoWTIE ([5), ARONHESF AR TRIEL, FOMIIH260ppmiEE TH
%, ZOM, RFEOHFFEHELTD, 100~200ppm D &EVME L R T HIEAFRD b B 25, T T
IRV (25ppmBLT) o 2B ARG ER O S BE HSE AR R B A T 2 Mg &
KE—BELTWD, B, TR TEEENIISnEEIRWDS, FIFI R TTH D E#E Tl
260ppmBEDFHWMEEZR L TW5, KOIIWDRESMTH 5, H5OSnRE L & (- MEiA%
RLTW2, T4bb, REONARSY LR TEOEENE (#45ppm)s L72A5> T, Kii
W HEREY TIESnE WORES A OMAFFLL T i v L), 72720, ZRORFH

45 ppm

W (ppm)
o Bk
® 5-10%K#H
€ 10—20%kH
0 10 km @ 20-30K%
E— & sout
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Cd (ppm)

o 1ki%
® 1—-2%%
@ 2-5%%
@ 5-10%%
o 10 km
IR & 1out
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T B3 TIiESniB BB VAT, HICWIREILE o Twad, MIT7ICIXCADBESH &R
L7zo FHINETICOWTHE, FTREBTENLDERPRPELLED00, —fKIIZIE1~
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DFEFEANARICRIELEALBEL TRV E2RIBLTWS, bARAIC, IHEY
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BHY, ZORT, CofilFEOHERW T DCu, ZnB L UPhikfES, MSkmBEHNS L Zh
ERNY I TTY Y FOMEISES 2R L TV 5,

BER o & 912, FHINARKO EREH~TREICBVTIE, ESBLROKRE RIEELLIIR
OoNeholz, LL, RELY LS EEOFEMNOMOFOKRLFOECBILERE
BT A AT, EEINTOE (TS lkm LR EOH L) T, Cr:43.2ppm, Ni:
17.9ppm, Cu : 63.1ppm, Zn . 336.2ppm, Cd . 1.65ppm, Hg : 0.785ppm, Pb : 33.4ppm& %o T
BY, TRBOETRIBE LD bEHMMITE . ABFZRTIE, FHHEIFEOFEHIRIL T
WA, ZOMEESEICT L% 51, FHIRKORTOHCERRECRBREIT I
LTWwWhZ kil b,

(8) E£ETHRDIEE

AHNOWMNEERY P OREBELREEE, TRCL>THRRELKEBI TSI L
BRIz, & 2T, BB 2 B TTRORFICOWVTIRET %,

9, HAHEIERICBWTCu, Zn, Cd, POFLE L EIN TV HICOWTIE, ZBIcE
Bailk) THFLH L Tnhnicn, TEHEALZEICIHZEBIEIEZIC OV, —F, AT
2iE, SEoHIL (REL) »EELTEY (K1), BITHROPKS X HEARER KL
(X)) RBIETHHEDMN~DHALZ EIZE T, INETENTIMERYPICEET
NB YD ol LB LA E . FENZROHT, BUTHOMAN LA TC, Zn, Pbis
ZLEGENTVEY, THIZEAHEINE EDCu, Zn, PuEIOFELEESND, T,
A B THICZn, Cd, PO RIRE TR S NA-BE E LT, fFHEL (Zn), €F -
WL (Cu, Zn), KRAXZEHIL (Pb, Cu, Zn) ODEBICLBbDOLEZDNS, INHEI
iF, WA MREZRE) ROSREKRT, © 2 HRG (ZnS), 4L (CuFeS,), HER4E
(PbS) BEDEETNTWVE, ZOHT, & VMBI —RIICCIPERF I TEBY, KT
SUHRBEEINAZLIMLNTWAEY, Lizd> T, MO LK CHIZZnRe CAEEI MBS T
BVWORINGEADRACER L-bDEEZLNSE, LA L, RIS NAMIHEREDHA
TIISEEIE L (BUEA-28 : 280ppm#EFE), ZnSRCASOILEEFRMBERZHE L T\,
—7, WHKOKEDERE LT, ZOMNETIESOXEBENE L, BB TH160ppmIZET 5,
A OFEBENARG TS0 REN 10ppmL T W L LB TH L, T, KX
D& BEBALROGIC & o C, HALWATREEA 4 VB (b LD EZ LN,
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ZnS + 20, — Zo* + SOF . (1)
cdsS + 20, - Cd&# + SOF (2)

AHFETE, WIKPOESBLRREGHE L TCWRWA, (1) BLU (2) Xkl
ARFNZZnRCAH A 3V E LTHEHBLTWA I il b, 2B, HIOEDTORMER ) #AEK
FUE, 1986EE I KRERICERL, TOROAETEHBRENCy, Zn, Cd%k EHHK
HENTWE, D010, BONNBEAKRERRIRE S Wi, £ORINE, RHFFETORE
A28 A-SODHMICNIE T %o BAEDMEMmBREIBB L THBY, 7h ) EL+HMELD2
BRESELARXPRA SN TR, BA-282> 5 A-301C 21 TIHERY F OCAREDS K & <
BOL T2k, ZORBILEZHRVFNTR220THS ),

LZAHT, HRTEA I A4 7 A RERAEE LCLO704E 1 [BRH BB 1R 95
S, ZOHEEMEL LTI, CAZKF1.0ppmEl T, CudSKHLEEH125ppmi T (0. INIEER
WERE), AsOUKHEEEP15ppm T (O INEBTERE) Lo Twd, ZOMkER,
eI EOWE, HEFRMFEISTRMREEEL T, FLh Lo BETHEE L EH
TEBDTHbH, APEMIBL TR, HFICEHNZHOFRTHILONTCu, CdB LAY, 18
T OB TIRASEENE V. 25 BUEHI 3 5 0. INME BRI 2ok i O CAIBE D 52 13
ToTwiwngs, HONREOER i cld, Biko X9 12cd : 8.3ppm, 33.2ppm,
Cu : 119ppm, 168ppm, As . 22.7ppm, 28.7ppm&, ZHNHEEIIEV, —#&iZ, EEBTEIL
IR OMAERICRE LR TV 2 L2268, WK E A L CESREE & UHRY AR E
BECHAL, BHREREFISRITIEbENBE, WFRICLTY, 4% - omE
LEEEDDLLENRHS I,

AEINAROFNHEEY TIEISnEWHF L EINTBY, Ih5 ORELE BRI IZAER
EBEFOHLTVAH, 2L, SneWATEREH L BEEZ b DOI L 2R LT 5, FdH
B BT FHHT I ETICERSER & LTOWEINDTHFEREL Twb, BEEEBOWHLIRE:
RELTI, RTII A PRRERE CICET A8~ VER {(Fe, Mn) WO,| REER
(FeWO,) L lfonTBh, ZNITEAXE (Sn0,) 24T 5, AR - K2 X hid,
TR HADAEREHICB VT, WHEFOMEEOSHAIBIZY v 727 (-2 X) #RA
BRICHL L, TNOSOMEICEH~ Y TV ER (“IREG—AXA) F—HlThsb, L
Ao, BHNOMNMERYHOSNE L UOWIE, EREHETOZASHERICRELETSLDD
EZRTEIVTHS ) ABRTRDSnEWREFBEVIAE, FHINEKEO/ABE S &85
THY), BAETTOL IAPWHIIIZHMO N TR WD, ThOTEOBEEEPLAT,
fFEIZSnPW % B LR AEIE R ICHFTE L TR A T REMEA RV,

LAL, SHLBELBELENTNERYFICED L) RBETHEEL TV B 2T T,
BB CERELA TR, B, Mt B L OKBILWOTTHEELTWEDR, T2, H#
BYTOEWRYE O#E (B21E, Fowle and Fein®™) ki +8Wic X 2IR%E (F 21T,
Undabeytia et al®), &5 3EEP< > VALY ~OEED 2 K120V T LR T A LEND



LBERE, ERNXROMIMERYOESETEI M 113

59 THIZDWTIX, Tessier et al? HH \/‘fcﬁfﬁ*ﬂ-qﬂ DEEBTLZROBRMBER, AHYIE
BT 2 RBUREE, TOCH X OTNEOME, & %\ XK R EHFEIC X 2 WEo i E
REEFAE, LOBLRICRDLbDEEbND, |

51 A 32k

1) $EEET, WEHEET, BEEMRE, $HAE=, SRRk, HHER, £H £ WIERELOEEES
i (3% SEEEMIONOMEOERETOBEEBSM. HEfts, 21, 173-182 (1975).

2) ZHE 8B, ABEEE, LEE, HAEE  2ETETNOLERRORELOESRSM. #HELFE, 24,
6570 (1978).

3) £M B, HAEZ, HABE  BETNEETOBRERSMOEE. BKFEHRE, 45, 296—303 (1984).

4) BRMRE, &R B, HAY—, MR- BHEBINCBI2ESBORRLEE 1. mIKR
TOEERSM. WEkE, 19, 21-30 (1985).

5) SMERI, HMEERE  RERFRE, HENRROWINEENOESRETESA. REMEES VFYY
L34, 10, 199—204 (2000).

6) Mo R, BT WAENIKROFNELNESEFES | GAGWHE, 31, 174—186 (2002).

7) HH ®, BEEAET, BESE, #HUD—, HAEER AIRELOESERESH (FIH), BHE
BHAAEI, BN ORECRIZT I, BokeaiE, 35, 99109 (1974).

8) W H, LHER, NORT, HAEZ, HAER  HILBXURTAIIEREOESRORME. BA%
MERE, 43, 225—229 (1982).

9) BEA | PRMEEALAKEKEMESER (2003).

10) BRAFERFERS | FERFIAMER 205501 BXURESE, 412p (1984).

1) 43F B FEEE T T ATRAAIEC & 2WIHERD O, HHLE, 36, T41—T45 (1987).

12) b %, B B, FERE, 4% B TROBESMNY — L O —BEROIIRILFH.
ek, 25, 81—89 (1991).

13) HEME . [F— 5 TR -BRTEOFESBHER]. 77 A H il ¥ —, 402p (2001).

14) SARERE . DkoRERE]. AREEE, 306p (1993).

15) FHZET | BMEES, WAHIOKELTINERDOTESH. BREMBERERFREBE LRI,
p57 (2003).

16) ®HE &, B B, SRS BEMEERD S RATEOBEICOWVT, EHRILE, 11, 66—67 (2000).

17) FAER, W8, #HREGE . (9] SiEkEE, 640p (1975).

18) RFEHER T HEEA ST | http://www.fusokensetsu.co.jp

19) FINEESE, MR, EUBEA  THOREHVESEICOWT. #E(LE, 29, 456—62 (1983).

20) RS, BREA  ERERFILSERERK. VREER BRERFOERE], RRRKEHES
60—73 (1977)

21) Fowle, D.A. and Fein, J.B. . Experimental measurements of the reversibility of metal-bacteria adsorption reactions.
Chem. Geol., 168, 27—36 (2000).

22) Undabeytia, T.N.S., Polubessova, T., Rytwo, G., Morillo, E. and Mageda, C. . Adsorption-desorption of
chlordimeform on montmorillonite : effect of clat aggregation and competitive adsorption with cadmium.. Environ.
Sci. Tech., 33, 864—869 (1999).

23) Dong, D.M., Nelson, Y.M., Lion, L.W., Shuler, M.L. and Ghiorse, W.C. : Adsorption of Pb and Cd onto metal
oxides and organic material in natural surface coatings as determined by selective extractions : new evidence for the
importance of Mn and Fe oxides. Water Res., 34, 427—436 (2000).

24) Tessier, A., Campbell, P.G.C. and Bisson, M. : Sequential extraction procedure for the speciation of particulate trace
metals. Anal. Chem., 51, 845—850 (1979).



114 ' ‘ 1

&
'ﬁ&l&
L1
#
bad
I\

Distribution of Heavy Metals in the Stream Sediments of the
Ashida River System, Eastern Part of Hiroshima Prefecture,
Southwest Japan

Mamoru SENO, Hideyuki Miwa
Graduate School of Science and the Humanities
Kurashiki University of Science and the Arts,
2640 Nishinoura, Tsurajima-cho, Kurashiki-shi, Okayama 712-8505, Japan
(Received September 24, 2004)

The regional distribution of Heavy metal elements (V, Cr, Mn, Co, Ni, Cu, Zn, As; Mo, Cd, Sn, Sb,
W, Pb, Bi, etc.) was investigated by using X-ray fluorescent spectrometer and ICP-MS for the stream
sediments from the Ashida River system in the eastern part of Hiroshima Prefecture.

In main stream sediments, systematic change in the concentration of heavy metal elements from
upper to lower reaches was not recognized. Local abnormality on the concentration of Sn and W,
however, were found in the stream sediments at middle reaches. On the other hand, branch stream
sediments are generally rich in Cu, Zn, Cd, As and Pb. Of them, the concentration of Zn, Cd and Pb are
much higher. Especially, the concentration of Cd reach about 30ppm in maximum, which is comparable
to that of once reported in the stream sediments of the Jinzu River, Toyama Prefecture, being well-known
as Itai-Itai disease. Consequently, it follows that some of branch stream sediments were heavily polluted
by heavy metals.

There exist many Cu, Zn, Pb and W mines in study area, where had once operated. The high
concentration of Cd in branch stream sediments seems to be originated by Zn deposits composed mainly
of sphalerite with minor amount of Cd.Furthermore, the high concentration of Pb and Cu are likely to be
responsible for the metalliferous deposits. As for the local abnormality on concentration of Sn and W in
main stream sediments, corresponding mines could not find. Therefore, potential vein-type deposits of

Sn and W in surrounding granitic rocks may be their origin.



