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A Biological Study on Pollution of the Sosei River

I. Water Condition of the Sosei River

By

Satoshi INOUE** and Tetsushi ITo**
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** Institute of Applied Zoology, Faculty of Agricul
ture, Hokkaido University.
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Fig. 1. Sosei River
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Table 1. Date of Survey

1 MAY 17~20, 1957
2 | JUNE 7~ 8

3 | JULY 19~20

4 | AUG. 19~22

5 | SEPT. 27~28

6 | oCcT. 24~25

7 | DEC. 17~18

8 | FEB. 10~12, 1958
9 | MAR. 29~30

10 | APR. 22~24

11 | MAY. 21~28

12 | AUG. 20~26

13 | OCT. 20~25

FEEE & xR, AR, W, pH, HERE, 7
TR, WHEERE g~r B ) EERR, R
U'B.O.D. Th b, {LEH O FELESR C56) 18
BL7, BB pH ix D, Clikt—LE D.OK
UWB.O.D. XV (75— NHANIEZFRT—k
5, KMnO, 5#E3 0.01 N Bk Ths, X B
0.D. i 100 cc BRI Z AV 20°C AT 5 AR
WERTH D,

& 3

(A) iR - KB

A~ HEOFFIRTE NN ORF~Y 5>, &
1M~13 [IRTIE 5ORT—¥ 3 VIZDWTRIFEL
KR - KRDO P L E 2 RTR L 72

FEREHIL L8 1~10 [Eik 10a.m.~3.30 p.m.,
2 11~13 [EiX 2~3p.m. Tdh 3,

MESNFEEARIE 40 (88) D st 112
RT3 23°C, RMEABEESE (2H) @ St. 112
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Table 2. Average Temperature of

Water and Air (°C)
Air Temp. | Water Temp.
1 20.3 9.2
2 18.2 11.8
3 23.4 19.5
4 28.3 21.3
5 17.0 12.0
6 11.2 7.5
7 4.2 1.9
8 -0.3 1.5
9 0.8 3.9
10 14.2 6.9
1 16.4 10.6
12 23.0 19.4
13 12.8 10.4

FRHL T IZ R 238 % 50 ER0BLADRRF — &
BH LU TERLAZERZ L% CRES, 19
59) 5~6 H»ifE, 7~8 AHNE, 9~10 Ak, 11~

3 AX%, 4 A BFECHYT %,
(B) FoEZoH

”

IR & PTE LA I o Tt ok, B
IZHHEMEIN O FHOTUE L SE L, JIE, K
1957 4212 FOFEMTH B SROYIHFEIL 0.82

Table 3. Current Velocity, Width, and
Depth of the River at Each Station

stadion | YIS G
1 (A) 6.6 0.26 1.17
2 13.2 0.23 0.56
3 7.2 0.27 0.89
4 7.5 0.36 0.93
5 (B) 7.2 0.24 1.21
6 6.0 0.59 1.05
7 (C) 9.6 0.60 0.79
8 13.0 0.50 0.73
9 6.7 1.05 0.76

(D) 8.0 0.80 0.60

10 8.9 0.90 0.56
11 (E) 9.4 1.25 0.37

Average 8.0 0.57 0.82

m/sec TH VIHIEIH 16 FFTHDBFTIZIENS
MR v S 22 &2 %,

() pH

pH KU R pH ORIFEHERITE 4 TR L1z,

pH X St. 6 LIAREERMEE 72 Y R pH 37 L
AWM EBEMARS N, ZOMEITHTHS
A St. 6~7 (TR TR KA B S K EOZALEI B
AEEZ L ERTIDEELZLND, 7 HIZaEN
RRTAH VYRR U ARRETETH D, St 7,
8, ST LIELIE pH MEEL TWb, FAFMA
LVRIZAKENEAT DA EODDICL B LYY
TEROKDBERNZ 2T L VBCIRERIZ /2 B Z & R T
Lo EBbhid, R pH IR AFMETSH D BERX
ST\l St 6 EEE LT LETO 28Iz > &
KD,

D) BEEBFE=

B2 NI BEFREROERH L X 7 — Y a Y HUR
L7zbDTH b

St. 1~5 |THZ 8p.p.m. Bl ED D.O. pidh-27,
St. 3~5 (TR TINBIBO TRTEA DD B D. O. 1112
EAEET LT, AL TFAATRAT S St. 6 LU
BIIKFZD.O. ST 5, St. 7 LV TFHTIET
KDTBANIDNZ (S T DO Li- T 0k

Fig. 2. Extent of Variation of Dissolved
Oxygen at Each Station
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Table 4. pH and R pH at Each Station

pH
Station | MAY JUNE JULY AUG. SEPT. OCT. DEC. FEB. MAR. APR. MAY AUG. OCT. |AVE.
1(A)]| 66 69 7.2 68 68 6.6 69 69 69 68 68 6.8 7.2 6.9
2 6.7 6.9 7.1 6.9 6.8 6.6 6.9 6.9 — 6.8 — — — 6.8
3 6.8 7.0 7.2 6.8 68 6.6 69 6.9 6.8 6.8 — — — 6.8
4 6.6 6.9 7.2 6.6 6.6 6.6 68 7.0 — 6.8 — — 6.8
5(B)| 67 7.0 69 6.7 64 6.6 69 6.9 68 68 6.8 68 7.0 6.8
6 6.8 6.8 7.2 6.5 6.6 6.4 6.7 6.8 — 6.6 — — — 6.7
7()| 6.7 6.8 7.4 64 66 64 67 7.3 6.4 64 67 66 6.9 6.7
8 7.2 6.8 74 6.8 64 6.7 6.6 6.9 — 6.6 — — — 6.8
9(D)| 6.3 6.8 7.6 64 64 6.7 67 6.7 64 6.7 6.5 64 6.7 6.6
10 6.2 6.2 7.3 6.6 6.6 6.7 6.4 6.7 — 6.7 — — — 6.6
11 (E)| 6.2 6.2 7.3 6.5 6.6 6.7 64 6.7 64 6.7 63 6.4 6.7 6.5
R pH
1 69 7.0 7.1 6.7 6.8 6.7 6.6 6.9 67 6.9 — — — 6.8
2 6.7 7.0 7.2 7.0 6.8 6.7 6.6 6.9 — 6.9 — — — 6.9
3 69 7.0 7.2 70 66 6.7 6.6 6.9 68 6.9 — — - 6.9
4 6.8 6.9 7.2 7.0 6.8 6.7 6.6 7.2 — 6.9 — — — 6.9
5 6.9 69 69 7.0 68 6.8 6.7 7.1 6.7 6.9 — — — 6.9
6 69 7.1 7.2 7.0 7.6 6.9 7.2 7.1 - 7.2 — — — 7.1
7 72 7.1 74 7.2 75 6.9 7.3 7.1 7.2 7.2 — — — 7.2
8 7.5 7.3 7.4 74 71 69 7.1 7.2 - 7.2 — — — 7.2
9 7.2 72 76 7.2 7.2 71 7.3 7.0 7.3 7.2 — — 7.2
10 7.2 7.0 7.3 72 72 7.1 7.0 7.1 - 7.2 — — — 7.1
11 74 7.0 7.3 71 7.3 7.0 69 7.0 7.3 7.2 — — ~ 7.1

ReThH D, St. MR TENMIMEBEOREADHDZ &
HHED, St.8~5St. 10 iIZRTEW D.O. BERTO
ETEAAIEREL L THR BB T 25 Ebh b,

Fig. 3. Extent of Variation of Saturation
Point of Dissolved Oxygen at Each

Station
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Fig. 4. Extent of Variation of B.O.D.
at Each Station
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Fig. 5. Extent of Variation of KMnO,
Consume Volume at Each Station
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Fig. 6. Extent of Veriation of NHs~N
at Each Station
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b, THOEIELL RORBEOBMAD D, %
LTETHORT—Y 3T 30ppm. #8255 &n
Btz FHHEMND A B E St 1~5 & St. 6~11 12
KBIHK D, BAMIT St. 8 TR TABRI,

KEOEREL

1057 455 J~1958 44 AOTERE A S, BT
1958 4E 5 HBBIIRF—Y a v R BH LT 5 R F—
Yyavil, ZAF—¥ 3 VEIZEE 3~5 HEELT
FEWRE LAk, FREAIIE 1IRIZRL T
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Table 4. Seasonal Fluctuation of pH HF T B.OD. R LE RO EICE HERIMELZ &
7 2o DY S T (°58) DfER &
Station A B C D E | Ave. HIERD BT A LR - A (58) DFEE
- - e = &-—BY %o
Spring ’57)] 6.8 6.9 6.8 6.4 6.2 6.6 D) KMnO, EBE
Summer 7.0 6.8 6.9 6.9 6.9 6.9 KMnOs BB EEORAPIZOVTRLAEDA
Fall 6.7 6.5 6.5 6.6 6.6| 6.6
Winter 6.9 6.8 6.8 6.6 6.6 6.7 Fig. 9. Seasonal Fluctuation of Saturation
Spring ’58)] 6.8 6.8 6.7 6.5 6.3| 6.6 Point of Dissolved Oxygen
Summer 6.8 6.8 6.6 6.4 6.4 6.6
Fall 7.2 7.0 6.9 6.7 6.7 6.9
Average 6.9 6.8 6.7 6.6 6.5

WY, 57 EOE PN, M TH OO0 ’?\\\ ):\)Sg‘Q\’O{
ke AN SR\
. ‘ \\o/ EXN /0
D.0. F1X D.O. % OEHEITFhENE SN 40F \ / \\\ //o
/&U\%m Tz FEIE TR LI, L \/ g

CREERUMSHICHEA LESFICES LT 20F
%, X St. A R B ETFABGHD St. C, D, E - . , L . .
BB SN T B, LR EE AT L Spring('57) Summer Fall  ("58)Winter  Spring  Sumer  Fall
L CHR SN RO FHENAE L O TEFRI
J:?ﬁ%ﬁt??ﬁ%ﬂﬂ)ﬁfh‘%ﬁiji-% 72 BFEDOMEENRD %,

Fig. 10. Seasonal Fluctuation of B.O.D.

S EWED D.O. % i pH FEE 57 EO Eh bRk~ '“"r'" y
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b bz, L/ \ )’/
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B.O.D. DFAE 45 F /20T B.O.D. OEHIE ar / /
St. A ROV B 73R 10 BT R L7, BnbRiC " \/
2-—.
St. A
Fig. 8. Seasonal Fluctuation of D.O. - o————o/
p. p.m. 1 1 1 1 | ! A
1 Summer  Fall Winter  Spring Summer  Fall(
2r Fig. 11. Seasonal Fluctuation of KMnO,
Consumption
101 — St A p.p.m.
- 7 ¢ --=-5t.B 3 /,
R \ —-=S1.C
il 6\\,\ f//l KY\;\ v ~=—Su.D 8#
- \ —=StE |
\ \ . ]
r o\ '\0/7'/ \{\\ P 6 //c\
L . W / -
i \\‘// '\\\, Y7, 1r A\
Y Y - / e
2k Y Yo 2t s g

. 1 1 - 1 r] i 1 1 1 1 i | 1 1 1
Springy?57) Summer Fall Winter (*58) Spring Summer Fall Spring (" 57) Summer Fall Winter ('58): Spring Summer Fall
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Fig. 12. Seasonal Fluctuation of Chloride
p.p.m.
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WIRDRTF — ¥z VIBOLER & i 5 LiEHR
BT~ 3 vOELLL Y DEHMAEMA L IR
v, TLTHEBROLES SERURADV, X757
EOFITEIZIE L TET L T %98 *58 EDOFKIE %
NEETL TV, it pH, D.O. & FE:OER
TH b,

B0 BhE{L
FERIREIIKIET 3 &0 5 TR b L ICFERED
Bzsib i 5 3 TACERE L, Bl b0
St. A. FADKGA S St. C, JIIELEL D St. E #
PFEOXNGRE Ui, FHERENT BN RIT70KE &R
TEHTHD: (FEHEOESM), FABTHE O
PUTH S TR L. HEOKEDOEITE 13 Bic

R L7 THoto,

pH WIFEE 4, KRR DR FRICE S
D LBRRPIIET T . ZFOBWEIERAT —Y 3 ¥
4 6°C THD7,

D.O. Bt D.O. % (3 St. A THEIALYT~K
BIZIETL St. E m;éf A RBEREICET LT
KA %o St. C TidEllx St. A EERKED D.O.
2 BHEEITRD LFHR 3~4 BER DS, ©D
HBEOLFLT 9p.m. EIZIZ St. A & FHEREITK
LT3, St. E i St. A o950 D.O. R
L St. C i B&fEZ SRL W St. A & St. E O
Eloo|TH Do

St. A K¢ St. E AT B.O.D. ®HFZEALIL
Y RSHIT St C TR T Bl KDk
D RRICRRMESE RT . HAARBE-2ENTY
St. A X8 St. E XU h% Vv, T LTHYHITIKE
T BN H DIz St. E R TYHIZ LR D
Dz, M - PR C58) 1k S8 D 4 HOHWE T T K
® B.O.D. HFELEHE LG LK IRREK
AL 9pm EWINTAHI L& LT3, HEEEFED
FETIE B.ODAZA D T FDMD D DITDNT
B TARRADEE & BHRT &Bbnd St C it
THRICERKRMEAH D TURIIKEL T b TORF
Nz gIE DA & 2T E 4R 0OKRCH D EBD
N5,

HFEROOFEMIE St. A RO E 12 RTIRFEY
7o\t St C IR T ARICInT 2 2 L 3o LR
720 St. A AR BHIEL St. CATHITKRE, St. E A
HbHECEFZERLRL,

NHN (3 St. A ICRTUTHEH CTHRETH Y, St
E R TURE—~ER/THOCHIZHPEMIALR
7o\e St. C TR CEE B A A FRRIZE L <
BINT %, LA LY FTEHCKRTT %,

KMnO, H#E8iL St. A RO St. E LR THEE

Table 5. Topographical Features of Stations on the Diurual
Fluctuation of Water Condition

Sution | Date | Weather — & em | Average Current
Air Temp. (°C) | Water Temp.(°C)| pH
A 28/V ’58 Fine 19.0 11.0 6.8 1.80
21/V ’58 R Fi‘xrlew 22.0 o 11.5 6.7 1.25
27/V ’58 Fine 23.0 17.0 6.3 0.35
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175 < St. CIZRT R LY
FKE S B A H D7z, FEDTH
J7E St C 1% St E L VIRV A
BT St. C ARDE WV EE R
ED)

BED CH P PRI TRAE
#IRL, (SROBH TV St A
BUOTESE N7z St. E TldkE) it
BINEE LT\ AT AKDOFTAL &
DUKE N EAT D St. CITRT

Fig. 13. Diurnal Fluctuation of Water Condition
at A,C, and E Station.

EAKBEIAERETH DOl HADKYE
RN TH D7D T D%
DEAUT T KOTADETH S &5
Zbb. RLYFIRETHZ &
W, TAROKE T LAERL T
DD TTFARARIEAT 2 %03k
EARDIETIZ Lo TABDOE AL
HEGERENZ B LB b,

E =

BRI OTHZUT DT AR « 92
# (35), i C45), EBE . H -
(52), - R C58) 2l FnF
NALFR R OHIRE SR s BT 170
T\, 1951~52 SEDFRET 1L %
DO EEBERIED DB A s
Th\ & L, 1957~58 EDF

BETIEHEAEREED KT

KALL ZDKETIZEH T Ao @z

HPTIDN EBRNT Do LI EOEMN D, KEILED
EHEALTWB EBDbILD,

A - B C58) AR 7 212 v TSR TSRS
ER (B 6 Ll L TFARMABONKEIL Y
EAERTHDLI ERRLT WD,

HOEZ LI NS RALTINT pH XL TEB TH
Dize RL DO IZOWTIE St 7 BUSIZASER T
9, B.O.D. z2oWTid St. 5 MBIZTREHRTHS L
St. 3 BOr St. 4 bAHFEA G B, X St 6~9 (T
RTBEERD Z 2E—FEDmh-D7A, St 10 R¥
St. 11 IZRTIE 5p.p.m. UTD B.O.D. DK%
2o

7 B EEE RO E B0 KEIRRETH
Do O BKBZ -BRTIBS MNCTERIH B T L R
THDTHB, BOD. IZOWTADE St. 3 LT

— St A ——5tC ————=StE

Table 6. Standrds of the
Bill of Public Prevention
for Pollution (Japan)

pH 5.8~9.0

D.O. Above 5p.p.m.
20°C

5 Days Below 5p.p.m.

B.O.D.

ZORFREBL TED, ZOMELBIITKDOFTAD
FBENRbIT5H, X D.O. i St 7 HKRIZRT
5.7 p.p.m. BI85 2 & 2%\, NHeN 129\
V& St 6 DUERARAB Rz /8> T %, KMnO, %
BIISVIHENR D 4ppm. 2L THB0 St.
6 LIRTH Dl ZOKIZ St. 1~2 {2 JLTIIERNIZ
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Table 7. Limits of River Water
Quality by Royal Committee of
Disposition of Pollution

18].33.50.1,_)'5 Days 4.0 (p.p.m.)
4 hours 4.0

N/80 KMnO,
N (Organic) 0.45
Suspension 15.0
D.O. >.7

HBA St. 3~5 i B.O.D. DAHEMESNTH D, St.
6~9 1T TITRTEESMNZH Y, St. 10~11 BAE
FHAT B DA B.OD. A AT B HIHH D
720 FEDT St 7~9 2R LTHEEE .

2 8 [k EanyGYe IR s B2z AR D g5 Hi i
BKBEDRRE 5 BRBICER L0 THY, BIN
X A0 7 PN IEERSO KEOMFIE T H
%o

IRSORZIOTHAERELHZET 2 L ROWML
Thb,

pH T4 TDRTF — ¥ 5 Y R TOEMITHCTIRA
RIZHY AA ROKEREIZHDZ L ERLI

pH (2B L T TFARAIL & B KB D EAL A Bz
HETHD1

St. 1~5 ® D.O. 134T 8p.p.m. L U* 802 B+
7800 T IR Y T IRIBIZH Y ACA BOKET H
Ao BRL St.3~5 AV 8.6 p.p.m. BITOD Z &M
D7 St 6 2 HRWTE 7.5 p.pm. BLTFIZ/RY A
T DM LWIRIBIZH Do St 7 12 v TE—
37 B MTHHAEIZIE 4ppm. LTD C #, £
(i 8 pipom. BLED A-A iz B, St. 8 DILDEHE
HTEVIREBIZH B, St 11 IRV TRIZ 9.3 p.p.m.
PlEOEBRIREER L2 Z EAH D72,

B.O.D. DEHARFRIL 5 p.p.m. THh DHELHEHNDIR
HERHITR L7 St 1 KU St. 2 TH D, 4p.p.
m. BUF RO CHADMAILIEEEZZ B AL 3
p.pm. ¥z 2HE& (&%) 23 DOT A HDHk)
TEEICIRBRIZ > B, St. 3~4 13 B $D EEd LV IR,
St. 51 C #D D LB S0/ RIS H D Rz
KB, St 6~9 1 THNC C RTEVIRBEIIED
TEWIRETH B, St. 10~11 TRV Tid C koI
VIRBEIZ A B K EIT Sp.pom. DEMANOEE D H
Dfze

WFERIT St 1T TIRIZ 30 p.p.m. Zi#E2 21K
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Table 8. Average Analysis Values (p.p.m.) of River Water
by Royal Committee of Disposition of Pollution

River Conditions | 159Gy 3Davs | Np,
Very Clean 1.0 0.04
Clean 2.0 0.24
Fairly Clean 3.0 0.67
Doubtful 5.0 2.5
Bad 10.0 6.7

Chloride | D.O. so"g,Hﬁrl/'%so o,
10 11.0 2.0
25 9.3 2.5
30 8.6 3.0
50 6.6 5.0
>50 Low 7.0

Table 9. Standards of Preventive Committee of Pollution, Maryland, U.S.A.

C Lass I} A-A A B C
pH Month. Ave. 6.2~8.4 5.9~9.0 | 3-8~ 8 | Below 58
D.O. Month. Ave. Above 7.5 | Above 6.0 | Above 4.0 | Below 4.0
(p.p.m.) Min. Ave. of Day | Above 6.5 | Above 5.0 | Above 3.0 | Below 3.0
o are [Momn ave | Blow 057 w25 [Below 60 | abme 60
B.O.D. (p.p.m.) Min. Ave. of Da; Below 1.0 | Below 3.5 | Below 7.0 | Above 7_0
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HEOZ38h L IRBIZH 2 50 p.p.m. #8825
BAIREE Tiddov

NH-N OBHENDHD & St 1~2 1 fd T
B, St. 3~4 1375, St. 5 a7 EEIREBICD
Bo RLUTABFLIED St. 6~11 1L BEUIREEIZ 3
D72 '

ZOZERAT =Y 3 YOKBEEFEL TABET
KRADFENHECE LN T %, KIETHHEF
BRI ER T LBEEB R EN T B, EDT
St 1~2 WETEBTORIEIZH D & LT, R oE
D ENSIFEFRRERERBD D Z L1705, St. 3~5 1L
NREOTFKBAIZ L 2T LVIREEE &1, HIZ
St. 6~11 (T KED FTRIARL 2 DD KT
357 7 U POBENEIZ L O TEGIREBIZ/E DT

Do
PEDTRINEXBIZ LD TRENT B EROAIL T
8%,
FHYgX. St 1~2.
TSYDFRERD H IR,
FHGX St. 3~5.
FHRD AL LD TREBIZH R Eho0H 5K
5%
5 g X St. 6~11.
St. 6~7 ZRED TR AL THREEFEL
IKTF9 %,
St. 7~9 (L EKDTAE T3 755K AR R
BT 3K
St. 9~11 1TAKEZAE T L 7-IREEIZ B B AYKTH
DRENBOLND,

St. 9~11, FHZ St. 10~11 TR T—IMKED Ik E
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FhhTwDEELBRSB, KL D.O. FOMMSH
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A D F5 BRI & AW TR § 2 ST B EL
R & LToOKE #LHERNIRIE L,

(1) pH i EFTIE 6.8~7.2 R LEATAK
TSR ERD 6.2 88 L LTz, SFROFESZLWK
T LW LEHMBOREB I 9 740 VL a7,
RLUFOBMPIIIEEACH DO THREIIRT 250
Tliinno7 GE4D,

(2) D.O. 3 St. 1~5 DFRO T K & HRD
s St 6~11 DOXIBAY 8p.p.m. KU 802 LR
ELTHBCIR g shie GE2RRUEIRD. FH
FUZIEELZE T LRSI % 23R BTG QX 0y
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B L (ESED,
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ERTLDOELTUE FAYTH D GETED. KL
EMENE L BRCEENL, #BRCED L,

(12 XD
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pp. 41~46.
2) WEEAE C57): EBHEEE, B
3) Klein, L (°57): Aspects of River Pollution.
London.
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Resume

Chemical investigation of the Sosei river was
carried out from May, 1957 to October, 1958
for the purpose to determine water condition
as the environmental facter, which influences
on the relation between sewage and aquatic
animals.

The Sosei river is polluted by sewage of the
city of Sapporo receiving sewage effluents. The
stations of the investigation are showed in Fi-
gure 1. The topographical features are given
in Table 2 and 3.

The pH varied between 6.2 and 7.2, having
an inclination to acidity by the inflow of the
sewage, but this does not much with the situa-
tion considering from the general standard of
water quality. (Table 6 to 9).

The saturation percent of dissolved oxygen
at stations from St. 1 to St. 5 were above 80%
and they always had over 8 p.p.m. of D.O.
But it decreased at St. 6 which received some
big amount of effluent of sewage. They were
almost below 80 % at stations from St. 7 to St.
11 and did not recover. These stations had
very little D.O., for example 2 p.p.m., so there
was very high pollution (Ffg. 2 and 3). D.O.
had seasonal fluctuation, very few in summer
and much in winter (Fig. 8 and 9).

B.O.D. at St. 1 and 2 were always below 4
p.p.m., showing clean condition. It exceed 4
p.p.m. at stations from St. 3 to 5 occasionally,
especially it reached 10 p.p.m. at St. 5, which
had influences of a little amounts of sewage
being recognized as doubtful codition.  After
polluted by big effluents at St. 6 to 11, B.O.
D. increased much and it always over 5 p.p.m.
at stations from St. 6 to St. 9. These stations
were in bad condition so far as the aquatic life
is concerned (Fig. 4).

The examination of NH,~N and KMnO;
consumption showed almost equal feature
throghout the stations. The chloride increased
after the inflow of the sewage, but the seasonal
fluctuaion became more remarkable, which in-
cresed both in winter and in summer.

The diurnal fluctuation of the pollution was
observed at the station which received the se-
wage and it became worse in the afternoon,
though there were not much fluctuation in the
non-polluted and polluted stations.

By the results of chemical investigations, the
river is to be divided into three zones, as non-
polluted (St. 1-2), weak-polluted (St. 3-5), and
polluted (St. 6-11).

The selfpurification was recognized but it was
so weak that could not set up the recovery
zone.



