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Fig. 1. Sampling sites along the Toyohira River.
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Table 1. Date of Sampling Water,
Sediments and Snow

63

Date Sample
July 27, 1981 Sediments
November 29, 1981 Water, Sediments
March 4, 1982 Water, Snow
April 22, 1982 Water, Sediments
July 28, 1982 Water, Sediments

OWRA L Tth, Foaria 5 is

(8) WHHAEMT BHMONL L LOCEHRE AT 50

) EDBERE U CRET M

R AL Fig, 1 wiR3 26 Ch Y, LfOBMR L il L, 208580 CTHIY

AT 2 FHE ¥ ¢ (BIER 48.6 km) O L3HETH 5,

F o g « OFBHIIRA 4L Table 2 iR

L7z,
Table 2. Sampling Sites along the Toyohira River
Sampling Site Place Name Distance (km)

No. 0 Houheikyou Dam 0

No. 1 Nishiki Bridge 6.6
No. 2 Jyugoshima Park 20.2
No. 3 Monami Bridge 25.0
No. 4 Moiwa Bridge 28.2
No. 5 Minami 22-Jo Bridge 31.0
No. 6 Minami 7-Jo Bridge 335
No. 7 Ichijo O-hashi Bridge 34.7
No. 8 Azuma Bridge 35.8
No. 9 Kanjyo Kita O-hashi Bridge 38.0
No. 10 Hosui O-hasih Bridge 39.6
No. 11 Kariki O-hashi Bridge 41.6
No. 12 Mouth of the river 48.1
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@ TINK AR o T4 SR s
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SRR 2 ME Ui

BERES B~ v v (Mn), g (Zn), §f (Cu), 7 =4 (Cr), § Pb) BLUA F 1w 4 (Cd) 06
BCHD, BERETHHERAL T CH -7 Cu, Ph, Cr, Cd 33t % r L & — L7 5 A 2%, 10 £
Bimet, W Uic, BRI ThoBE SR b HBEIRE »=0.999 Ll OB 2 L,
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1L 7 4 = Table 3. Fractionation Range of
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BB U 308, % 2~3 3 Fraction  Size Range (#m) [mesh]
M, ORI, BEREE 2 mm © 7 4 A B8 aa >1680 ( > 10
Lichoxfvic, 2mm U ED L0/ N, FHY a 1680-810 (10~ 20)
W, T I E RSB, SHTNR BRI L b 810-460 ( 20~ 100)
foo TREHZ, Table 3R 2 3 A5 0417 - ¢ 460- 71 (100~ 200)

o (BUF, ZhaipiBEme e 45

TN, @BREARY OB R Z T i, X
w4 (192 mm, PEX 45 mm) 2 L2,

by ¥ B 5 A

L 7 LA € Fraction aa~d D427 5 AR 7 A 50, & OBEARE LRESfMERD I,

FAB OB OFI% Table 4 iR LI,

c) G E i

KW Xy, 105°C CRhami L, ERCs T THELRRLL, LT, LoRBOER L
EREE DEERRYEFHREE Lize —HlE LT, Table 5 1z 19814E 7 B OFCESCBR 0K S A 4w Lic.

d) FAR-BIEREEER

AR I~2g 2R L, P e~ (200 ml) AR, HESBNEMROMNEES ml LR 15 mlw
Mz, WEHIL TSR L Thy b 7L~ b ETd o D EMEGR UTce RIGAET Ui, BIEZEEE 20 md
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Table 4. Particle Size Distribution of the Toyohira River (July, 1982) (%)

Fraction (pm)

Station aa a b c d
No. >1680 1680-810 810-460 460-71 71>
0 13.1 9.5 62.7 11.3 34
1 230 37.1 38.6 0.9 0.4
2 63.6 21.4 14.0 0.6 0.4
3 69.4 21.0 8.2 0.7 0.6
4 58.4 138 21.9 3.1 2.8
5 121 10.3 46.5 17.9 13.1
6 40.9 19.9 34.8 2.9 16
7 52.8 19.1 23.8 26 1.7
8 30.6 195 418 55 25
9 2.0 8.3 54.9 25.3 95
10 0.1 0.2 46.0 41.9 11.9
11 3.2 2.7 46.6 38.7 8.8
12 0.1 0.0 60.7 20.0 19.2

Table 5. Water Contain in Sediment (July, 1981) (%)

Fr. Station Number

0 1 2 3 4 5 6 7 8 9 10 11 12

a 348 352 356 108 162 264 146 102 127 132 — 038 416
b 240 259 289 144 108 131 130 133 130 111 253 259 1.73
¢ 210 251 154 115 194 196 162 215 179 167 257 247 197
d 225 194 313 0.82 346 301 278 292 283 309 333 318 281

E—D—Fdhy b T L= 0B EAL, Bl E CHHL. kiT, 0.1 N-EEE 20 mé &z Cfoc gL,
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Crastf b4 n b 2y, MERRC L 2ET Cr 2MERT 5700, b hiciBrAvsBBErbhs
LoD HHA), THEOHE Tk L Cr DM - BULEROKE, Crofidkiig & A ER» b
Dote 4, WO EDN, —EOMEILV-S D E LT Cr 4R & Fl—O K el L,

(2) BEEFORLR O T G B

WRBOMEE, HSLETRS IR 207 B0a iy, Bt & 2o o ek cE i L,

WEES R Mn, Zn, Cu, Pb, Cr, Cd @ 6 JLHETH B4, HEEHE CHRHRAUT CH » o Cd ik HALY
— v YRIETEES KT 2 T, B 0.1 N-Mifit CLl~10 e MLUClELice 7 bV —Alk=7-
AT b7 U= sk I BEREVCT OISR S ARBI R r=0.999 Ll LB R L.
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Fig. 4. Distribution of Zn Concentration

in Water in the Toyohira River.
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Fig. 22~25 = Cu OPBE PP 53 A% R Ulce —fC, Cu OPE AT Mn, Zn & H~ZBEIRZEE
AR ERRS DRI, Fr, PEAEEF Co L, £ A0 6H8 6.6 km FHOHLE 1 LLBAGEE
DE— 7 ML XN, BT, TFH C#4 Fraction ORERICISEHRIE LIci-ES AN RS i, Tidbb, —iE
CRIBRDVINE L Fraction 13 & Cu @& A { fo o T AHIRDERD B e,

4) 7w (Cr .

Fig. 26~29 yz Cr ORISR A2 R Uic, —MAYC, Cr ORI B % 5413 Mn, Zn
F LU Cu L3 e b, FERHIE LW IES R AR L T0 A 2 B Shi,

6) (Pb

Fig. 30~33 1 Pb R PIECE RIS 4R Lico —A%C Pb s A Cu L) Ui x — v

BRTHIDED b e, PhIRESARCIFERN AR e, £A0bH 6.6 km THOME 1 ki
D & — 7 BEgE R, L% Fraction oRECHHE T HIRESHA RGN, ¥/, 4 B&ERVCPbi
I RRARAV N E Vs Fraction (& E a3 8D B ivic,

6) # 1 31wn (Cd)

Fig. 34~37 i« Cd DRRICERIEEN M AR Lice —fkic, Cd ORRIECEAIIE S Az Mn % Zn
LIS DMREE AT 3 2 — R EARD B I, ok b, Cd ORISR 4 405 25 km
TS 3 CREEAR R L, 35 km i THOE ~ 7235 b, BRI 11 % Cid 3 5 Bl 3 gk
Ahtce Cd DWWREESATIIIA O RT, 13 & A E5Ea4 Fraction OREICKHHIGT 5 EEE5A0 O %
L, Cd 04455y Fraction d>c>b>a OficE {fs » T B 2 EAHMB B I,

Cd e D ZEMi LB Cci, 198147 Ape 11 B, B4ED 4 A ¢, Fraction d, ¢ @ Cd §#%, 7

%L AT AL S, Tiohb Cd R ERRENN I VLD ERIEtAHD Z LR DLh, *
T BT b A F o LA B 2 .

CAPRSENAT < 5 — v 3 LOBHE T e ED LLKR L Y, TR Zn IR X B2ty 757 L Cu
5o LSBT,

3. AKESLUVEETESBOERIIDOHREH

Table 6 (ZIH DO KEA TS BRI O % $5S Lic, Maumee JI[ & Cuyahoga JIJixisysm)l|
DHCH Y, St. Mary’s JIRIIEBYFN OHICh B, £, HARDRIEE L LC, HHGW X AIEHY
JHOESRIEEE 4 b & Uiz & Hi¥ URUice BRNAT T, Mn, Zn, Cd 238H /0K EHRESIE
ELTRE RIS, Mo @EREORALE L CRTLATEE OV E0BbR5, bliedie, WPNANR
WA H Mn Doy 77597 F UV 33 pg/0RRIE L5 2 B, THIE s Qe oy 10 i
LTV 5o ATIO Zn PRI\ C, 2085 <, Cd BIEEPN O RIEA & il L e iy 2%,
BSOS & e L -C100 430 1 BT SRR o - T B 2 E0VR AN, Cu oy, HikAY
TR BRET D L EENRRS L, Cr, Ph IREEATI A B EEE2 R L Cw3B 2 & 23R
bihbe

Table 7 w7 2 Y # @ 57| (lllinois, Mississippi, Ottawa, Rideau, Skelton)l® o3P & A= 34
T O] 01 BT O BB R EE G BB 20) 35 X OF Taylor (196477 = L e 31 5 R ILEOFEEE DT
L7co BPIIARMIC st 5 BRTTR I GBI E L, B0 P/ OMEE & I U CA LRI In s T
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Fig. 26. Distribution of Cr Concentration in
Sediments in the Toychira River.
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Table 6. Concentrations of Heavy Metals in water

Elements (zg/kg) C;:Efg)
Mn Zn Cd Cu Cr Phb
Maume?4 1.6-16 10-96 e 5-39 6-15 16-56
River 6.4 30 9 10 11 30
Cuyahog?4) 4.5-900 54-1183 6-120 6-14 8-15 26-30
River 285 423 64 9 11 28
St. Mary?® 0.3-4.0 2-406 — 2-28 1- 7 3-7
River 1.8 46 10 6

Japan2) — — 0.02-0.1 e — ——
70 20 — 1.5 1 1

Toyohira 33-2384 2-440 0.02-0.93 1.3-7.1 0.17-1.21 0.09-0.37
River 312 48 0.13 2.2 0.38 0.28

Table 7. Concentrations of Heavy Metals in Sediments (¢g/g)

Mn Zn Cu Cr Pb Cd Source
U.S.A. —_ 68 17 15 25 — Nammingal®
UDA River 591 107 e 30 20 0.18 Mizobuchizé)
Mouth of River e 122 28 30 17 0.51 Shibahara?”)
Toyohira River 680 152 22 32 24 0.20 Sakai

Crustal abundance 950 70 55 100 12.5 0.02 Taylor?®)

LT EARDOND. i, RPUNTHORERE, Mn, ZoREREC LA NR . —J7, IR
2T W E S Y, MOWM R T, EGROGREEO e LT b B e R ition o &
R E i,

1. KETELROEE

APFIet 6T 5 B WTFNARO K EFTESIED 5% Mn, Zn, Cd B, £ 20 THH 25 km DL 3
fETCHE LS EAL, BEEZRLCSC &b, ZOffEEEVT, ZO3FEORBIRHERESE -
TB I EPRENI. ChHDHREGBTEPEIUBKCAS L2 ANKREVLDEBL LR S,

L. Rasmussen & K. Sand-Jensen®®) {38i1liEK DI BB WC, KEPHESEBANEL, HY
SO 5 bk (Fe) %Eky T Mn, Zn, Pb, Cu, Cr, Cd 7 B3 TR T Bic L » TIEBYG K X b,
WA FUDEAMIN AT B 2 ERFE LT 5, BRIARTE BT, FEOREMI-TwB LD EE
NBe T, Mn, Zn, Cd BEEREMA R 3THE 3 55910 km T & ¢, MBI L5
CEPMEE IR, FRIJHE LR S TRICAT T, BH L OXME S b, AFOK S bkE» kL
Bo Fio, WHBILE LKEORBINEDH D, HEEBRERKRBCKESEKFLTLD T EXRDLRL,
L7228 T, Mn, Zn, Cd 8235 3 70539 10 km TR CIzIE—iE L N A O+ 5 O, O REHHS
T, WIFGET KIS & » TN HHHRDR I b D EB L BN D,

ML D THRO BB OZE Ty, FBHTD HPE S5 A iGEER L3 7 & O R GIFER T
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%Kl%“&%ﬁ%ﬂié%ﬂ#k%h%@&%A%héoﬂmemm@éLTWMuWWMwﬂWL“m

THHEE R Cu, Cr, Pb, Zn 38 X C b2 SRR L, KEPEE OB A T &R Lich, &
m%@4x*mﬁ eI o T G LT\ B, Ml - MUEM S D w &, R BWVTh,
FILEEKIC & A BRESE, Mn, Zn, Cd xR E LT, Cu, Cr, Ph ¥ EII BRI E EIcER RN e
2T THURESHEE D B\ R L DR B EHEIC I AEAMNEYIC L 5D ThHHH EE2 bR D,

—7, K. Sakata 52 381l & e 0B PIhc s T, ffllxked o Fe, Mn, Zn, Cu OIEEZELD,
Bk, oKkH, SR o — RN 0 b, BAINREE LR LTw 5 EHE L TW 5, Fdﬁ%v:,
HAHFANCH B BRI AT B\ Th, #LEUKEED Mn, Zn, Cd © 3O ESRFIIEENZED & RE
MHAPL T B Edbh, FHYRET S erninwiR b, BRNRRFEALE L5 E kﬁ:f»/gﬁéhéo

2. EEFESROEH

—Hg, IR & CllfleieE EEQBHERAZ 030 E bt T 53080 KPFZE R R
BTh, EBFJRTD L 225659 25 km FROMGDEPKERBC, ALK HR#K EE2 B Mo,
Zn, CAdic X » CHEEEBRIN T B C E0RDb R, ThbidEe, HHIMCIE - IE SRRyl
b u‘;?@i»jc ELIoTWAHZ EMRER, 2F Y, MEMNESBIEE Y, Fraction a<b<lc<d O T
$, —icvwbh s Ik, WRONSRLOREESBEREROL V- EVRINI, MOTEHRD 5 b Cy,
Pb @ftflrﬂ%?kbf:ff\ Cr it Fraction d & ¢ @i B & RAUIET A LR LI,

L. T. Thorne & G. Nickless®) (3 o DEHFESIBRE DM, THROWMEEE & DA
Lo TOEBEEhD LT B 2% FROBGIATIIAR & FHEOKREMC LW ThRDERED T
FlewbrbEr bbb, Tichbh, RAJINCE VT LD S Epiic 230 T Fraction a, b 23K#i5 % 59 %
DRI L, ST e, A 10 DI 1w € Fraction b LT3k & b5, Likhi-T 75
Yulliph 3 M55 T » T, 4 Fraction d, ¢ ffEGE Mn, Zn, Cd §HERHA LT <F,
W OGP ATE AOIFRIKE & DRFIC LAFRDRPAES LGB b D LR SR 5,

Fho, WA S RN BHOIRE O STRORGIBOWRESE < 7o b D, BN OHIRMREER L C
WhHRHEEZBNA, Tiebh, HUE S 2B 8 €, RFJINHERICH2 IO 7o bt HR S MR
B Fraction d, ¢ A—HcHEBI L4 </t T B 2 L E L b b,

O X5, RNcoERBoC T, NEOKA, o BihctE 5 mEoEE s & Oy
B 5 \CIILEESECCE IR IO E O & W o TR OEBE T, ¥, AT B4 < OZE)IHHT
Pk, SRR e B Lo TR IR Tw B 2 LD bR,

=75, WIEEROBERBRE L, WENCHES LeMRIE 0P b I RE G IhTE T
Who 25, WIS BTGB IC R 5 7o 7 A B RAT o THHTICEE LT B i, Sl ki, et
BT ENRETHY, NREOSFEOMAIT LMY THS LTV 2 b DRE LB bitb, 200 [mesh] LIF
DHNEC 2\ T T I NEE O RESBONRAIECE L L LT, ZORNRE I - &
HEHEET AUERE D H B2, KAUREERL»D S, chEAFOEMT» B SR, LaL, KEDHD 200
[mesh] LUF R MBI —Bc AR T, Lo bHe - ENH 2 WIEENRLE K S B Ih s
DIREFI L LTCORZF KR ECZ EABD BRI, Lich T, FIEREROECE O3 % i+ 2
¥ Th, KPFECH o 4 BRIERZNEERE 2 Ve T s HESR SRR Ch H, Ty
AR OE S BRESTREIIR CE B2 bh 5,

V. #

oy
I

AT OKE R LOEECOWT, BELBELBIELBEMCE Lcfiztbh e hE L Bbhity, &K
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WRgEvE, FLURTE R AEE 3 2 BOF) AR 350 Bk Bk ¥ X ORI E P ERE (Mn, Zn, Cu, Pb, Cr,
Cd @ 6 L) DEEHAR & OFMMED R WS Lic, % OR5E,

() AREFRD Mn BB & 2055 26 km FHMA CAMK BE, BiSEAR L, DM 10 km FiiE
TRELTWAHZ LB IR, ¥, Zn & Cd OFEEESTE Mn & FHEOFIA LR Lz,

@) HEMEERESFIRE G, KR, #4555 2 km H5C Mn, Zn, Cd DBEECH Lis
R, A0 3 IR & b RTERIEEO IR %5 Li,

@) EEIRED/NZ S D@ E Mn, Zn, Cd, Cu, Pb D& FRAEMEARL, EHNED L A&V &
DERD S i,

@ BEofERx Yy, AINEEPESBEOBRD 2 B E BT 5 T, AP CH o 4 BRERE
PEBERE & 3 2 RSB S AR TECH b, OB TINARO R B AR R © X
fekBLBRA,
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Abstract

Manganese, zinc, copper, chromium, lead and cadmium concentrations in water and sediments
were determined for the samples from an area along the basin of the Toyohira River which
runs through Sapporo City in Hokkaido, Japan.

In the present study, the relationship of heavy metal concentrations against a background
level was analyzed, to see whether the heavy metal concentrations in the environmental samples
could be used as an available indicator of water pollution originating from outside. This study
distinguishes the pollution characteristics from each drainage source. Since there was a close
relationship between heavy metal changes in water and those in sediments, the marked distribu-
tion trend of content of Mn, Zn and Cd was almost the same for both. The heavy metal con-
centrations generally increased with the decreasing particle size of the sediments. Seasonal
changes in the concentrations of particle of smaller size, moreover, were greater than changes
among the larger particles. A method of grading or ranking particle sizes was devised for a
grasp of a behaviour of heavy metals in sediments, and by using this method of sieving sedi-
ments the authors discussed a simple and effective method for an environmental assessment of
river pollution.



