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Figure 2 Flow changes of three periods: (a) snow melting period (1989); (b) flooding period (August
1875); and (c) stable period (1971-1972). ¥: the date of sampling

H. Tachibana, K. Yamamoto, K. Yoshizawa, and Y. Magara,” Non Point Pollution of
Ishikari River, Hokkaido, Japan” Water Science & Tech. Vol.44 No.7,1-8 ( )
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Runoff characteristics of chemical water components

Water quality is affected by the characteristics of the water's area of
origin. We tried to clarify the runoff characteristics of chemical
components from the relationship between specific water flux (Q/A)

and specific runoff load of chemical components (L/A).

L/A= C (Q/A) 4 L runoff load of chemical components in g/s,
= C
Q: flux in m3/s, A: watershed area in km?,
C, N: constant coefficient

L =C Q, C. concentration of chemical component in mg/I

When n>1 (increasing concentration of chemical component),
the water component is of washout type.
When n=1, the concentration is stable.
When n<1, the concentration is decreasing and is of dilution type.

Smith et al. (1977) Wat. Res.
Stevens et al. (1978) Wat. Res.

-6 CQ LQ - L=kQr
-DN PP n>1
-DP  n<1

(1978)

BOD, COD, TN, TP, SS
L=aQ+b

- SS 2007/3/15

- k, n
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C n
T

LIA=C QIA "

c = C (QIA™

R

C.

Osamunai (St. 3)
R n

Naie (St. 6)
R n

N

Snow melting 15 0.92 1.86 313 15 0.95 1.97 1016

Ss Flooding 7 0.98 2.32 1830 7 0.90 2.07 3020
Annual 23 0.89 185 1220 21 0.97 168 810

Snow melting 15 0.82 0.65 0.978 15 091 0.86 150

BOD  Flooding 7 0.97 1.02 3.85 7 0.96 131 6.94
Annual 23 0.79 0.57 0.83 21 0.94 0.87 1.96

Snow melting 15 087 110 3.85 15 0.92 141 126

TOCy  Flooding 7 0.99 182 374 7 087 145 321
Annual 23 0.80 0.66 2.19 21 0.90 1.04 10.4

Snow melting 15 0.40 0.65 0.299 15 0.84 0.91 1.43

TOC: Flooding 7 0.98 1.02 227 7 0.97 1.02 2.60
Annual 22 0.62 0.38 0.411 21 0.93 0.72 1.36

Snow melting 15 0.83 148 6.91 15 0.76 192 182

TOCss  Flooding 7 0.99 222 45.2 7 0.85 153 279
Annual 22 0.83 116 5.74 21 0.85 129 12.0

Snow melting 15 0.96 0.54 2.18 15 0.96 0.75 4.14

Cl- Flooding 7 1.00 0.67 3.17 7 0.98 0.80 3.74
Annual 23 0.91 0.49 113 21 0.96 0.76 4.03
Snow melting 15 0.63 0.59 151 15 0.70 0.36 0.420

50> Flooding 7 0.91 0.85 771 7 0.98 0.72 6.42
Annual 23 0.89 0.48 2.24 21 0.95 0.62 491
Snow melting 15 0.95 0.64  0.130 15 0.97 0.80  0.250
4.3Bx  Flooding 7 1.00 0.70 0.169 7 0.98 0.81 0.264
Annual 23 0.96 0.72 0.122 21 0.98 0.78 0.239

Snow melting 15 0.98 0.77 5.58 15 0.99 0.82 5.13

Si02  Flooding 7 1.00 0.78 102 7 0.96 0.83 9.50
Annual 23 0.82 0.67 4.60 21 0.89 0.65 4.35
Snow melting 15 0.49 0.43 0.041 15 0.72 0.87 0.099
NH4 "N Flooding 7 0.86 0.56 0.040 7 0.86 2.10 0.770
Annual 23 0.50 0.64  0.050 21 0.55 0.66 0.088
Snow melting 0.15 0.59 0.72 0.176 15 0.93 100 0332
NO;-N  Flooding 7 0.99 110 0.62 7 0.98 0.95 0.450
Annual 23 0.90 111 0.538 21 0.95 123 0.800
Snow melting 15 0.64 0.60  0.204 15 0.82 0.91 0.404
TIN Flooding 7 0.99 101 0.650 7 0.99 1.03 0.660
Annual 23 0.83 0.89 0.389 21 0.90 1.01 0.761
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Osamunai (St. 3) Naie (St. 6)
N R n C N R n C
Snow melting 15 0.92 1.86 B8 15 0.95 1.97 1016
SS Flooding 7 0.98 2.32 1830 7 0.90 2.07 3020
Annual 23 0.89 1.85 1220 21 0.97 1.68 810
Snow melting 15 0.82 0.65 0.978 15 0.91 0.86 1.50
BOD  Flooding 7 0.97 1.02 3.85 7 0.96 1.31 6.94
Annual 23 0.79 0.57 0.83 21 0.94 0.87 1.96
Snow melting 15 0.87 1.10 3.85 15 0.92 1.41 12.6
TOCr Flooding 7 0.99 1.82 37.4 7 0.87 1.45 32.1
Annual 23 0.80 0.66 2.19 21 0.90 1.04 10.4
Snow melting 15 0.40 0.65 0.299 15 0.84 0.91 1.43
TOC:  Flooding 7 0.98 1.02 2.27 7 0.97 1.02 2.60
Annual 22 0.62 0.38 0411 21 0.93 0.72 1.36
Snow melting 15 0.83 1.48 6.91 15 0.76 1.92 18.2
TOCss Flooding 7 0.99 2.22 45.2 7 0.85 1.53 27.9
Annual 22 0.83 1.16 5.74 21 0.85 1.29 12.0
Snow melting 15 0.96 0.54 2.18 15 0.96 0.75 4.14
Cl- Flooding 7 1.00 0.67 3.17 7 0.98 0.80 3.74
Annual 23 091 0.49 113 21 0.96 0.76 4.03
Snow melting 15 0.63 0.59 1.51 15 0.70 0.36  0.420
S0,>  Flooding 7 0.91 0.85 7.71 7 0.98 0.72 6.42
Annual 23 0.89 0.48 2.24 21 0.95 0.62 491
Snow melting 15 0.95 0.64  0.130 15 0.97 0.80  0.250
TOCr  Flooding 7 0.98 1.02 2.27 7 0.97 1.02 2.60
Annual 22 0.62 0.38 0411 21 0.93 0.72 1.36
Snow melting 15 0.83 1.48 6.91 15 0.76 1.92 18.2
TOCss Flooding 7 0.99 2.22 45.2 7 0.85 1.53 27.9
Annual 22 0.83 1.16 5.74 21 0.85 1.29 12.0
Snow melting 15 0.96 0.54 2.18 15 0.96 0.75 4.14
Cl- Flooding 7 1.00 0.67 3.17 7 0.98 0.80 3.74
Annual 23 0.91 0.49 1.13 21 0.96 0.76 4.03
Snow melting 15 0.63 0.59 151 15 0.70 0.36 0.420
5042' Flooding 7 0.91 0.85 7.71 7 0.98 0.72 6.42
Annual 23 0.89 0.48 2.24 21 0.95 0.62 491
Snow melting 15 0.95 0.64 0.130 15 0.97 0.80 0.250
4.3Bx  Flooding 7 1.00 0.70  0.169 7 0.98 0.81  0.264
Annual 23 0.96 0.72  0.122 21 0.98 0.78  0.239
Snow melting 15 0.98 0.77 5.58 15 0.99 0.82 5413
Si02  Flooding 7 1.00 0.78 10.2 7 0.96 0.83 9.50
Annual 23 0.82 0.67 4.60 21 0.89 0.65 4.35
Snow melting 15 0.49 0.43  0.041 15 0.72 0.87  0.099
NH,™-N  Flooding 7 0.86 0.56  0.040 7 0.86 210 0.770
Annual 23 0.50 0.64 0.050 21 0.55 0.66 0.088
Snow melting 0.15 0.59 0.72  0.176 15 0.93 1.00 0.332
NO3-N Flooding 7 0.99 1.10 0.62 7 0.98 0.95 0.450
Annual 23 0.90 111 0538 21 0.95 1.23  0.800
Snow melting 15 0.64 0.60  0.204 15 0.82 091  0.404
TIN  Flooding 7 0.99 1.01  0.650 7 0.99 1.03  0.660
Annual 23 0.83 0.89  0.389 21 0.90 1.01  0.761
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Table 3. Daily runoff loads of chemical components during three periods (snow melting period,
flooding period and annual period).
Osamunai (St. 3) Naie (St. 6)
Snow . Snow .
. Flooding Annual . Flooding Annual
melting eriod eriod melting eriod eriod
Period P P Period P P
kg/km®  kg/km?  kg/km®  kg/km? kg/km®  kg/km®
/day /day /day /day /day /day
Q (x10°m*/kmP/day) 6.9 19.5 3.9 6.7 13.6 3.2
ss 276.8 20100 467 695 10125 386
BOD 16.3 736 115 14.2 60.6 9.2
TOC* 20.8 463.9 231 315 232.9 29.7
TOCe* 4.90 44.30 10.4 121 34.9 10.4
TOCss* 15.2 509.6 14.3 13.9 1815 16.7
NH,*-N 1.19 1.29 0.562 0.93 2.47 0.801
NO; N 2.40 11.0 1.50 2.25 6.65 1.31
TIN 3.83 11.9 2.09 3.38 8.63 2.36
DN 4.36 4.27
TN 0.58 0.81
PN 5.00 5.23
DRP 0.030 0.024
DP 0.078 0.054
PRP 0.203 0.456
TP 0.385 0.687
PP 0.475 0.752
cr 476 89.2 20.1 51.1 70.4 26.3
S0,” 29.0 175 405 139 137 50.4
4.3Bx** 221 4.56 1.08 2.71 4.83 1.47
Sio, 69.1 78.0 470 535 169 413
*TOC = 0.375 COD(Cr); Flooding period and period.
**10°%qg/km’/day

1
Orsamunai (5t 3)
0g
O Snow melting period
0.6 B Flooding period
=
= 04
0.2
0
¢ BOD TOC,; MM TIN 80,0 S
85 TOE  TOOs NO, N €1 ddEs
Campanial
I
0.8 MNaie (51.6)
0.6 O Snow melting period

B Flooding period

@ OB TOE NESN TIN LI
A5 TOO ToOe Nog N O A B

Campanani

Flgure 5 Ratio of snow meting period and looding pesiod o annual pericd




Table 4. Average concentration of loads of chemical components during three periods (snow melting period, flooding
period and annual period) The values in that table are calculated by flow weighted method.

Osamunai (St. 3) Naie (St. 6)
anw Flooding  Annual Snow Flooding  Annual
melting . . melting ) .
Period period period Period period period
mg/| mg/| mg/l mg/| mg/| mg/l
Q (m%s) 274 771 152 684 1394 325
SS 39.9 1030 121 103.9 743 122
BOD 24 3.8 3 21 4.4 29
TOCr* 3.0 23.8 6 4.7 171 53
TOC* 0.7 2.30 2.7 1.8 2.6 33
TOCgs* 2.20 26.1 3.7 21 134 53
NH,"-N 0.17 0.07 0.15 0.14 0.18 0.25
NO;-N 0.35 0.31 0.39 0.34 0.49 0.41
TIN 0.55 0.34 0.54 0.51 0.63 0.73
Ccr 6.9 4.6 5.2 7.6 5.2 8.3
S0~ 4.2 9 105 2.1 10 15.9
4.3Bx** 0.319 0.234 0.281 0.404 0.335 0.463
SiO, 10.0 4.0 12.2 8.0 124 13.0

*TOC = 0.375 COD(Cr); Flooding period and Yearly **meq/I

CONCLUSIONS

We studied how non-point pollution relates to the characteristics of
runoff loads of chemical components of the Ishikari River.

Non-point pollution greatly influences the water quality of the Ishikari River.
In other words, chemical components are present in great
quantities as non-point pollutants on the ground surface and in
soil.

Because of the land area used by people expands, pollutant loads rise
when the river rises.

For the Ishikari river basin, preservation measures are necessary to
control non-point pollutants, so as to maintain the environment of the
basin in its natural state,

and improved agricultural production methods are necessary to decrease
non-point pollution.

We must rethink our approach to water if we are to preserve it
successfully.
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P-4 el & Hek B S RHATROME (1997)
L=C- (QA)" (L:kg- km= -« day', Q:m’day, A:km) A: 1AM R 3

35 1| B
n [ oo n =] &

TOC 1.2 082 055 | |[TOC Ry T T
Doc 11 091 o070 | |DOC 13 074 056
POC 15 062 0142 | |POC 1 034 027
55 28 062 058 | |ss 18 040 2.2
Si0, 0.8 083 41 | |sio, 08 090 49
4.3Bx 09 0898 048 | |4.3Bx 10 088 040
Cl- 0.8 093 50 | [CI 09 090 56 |
TN 16 065 o0o78 | (TN i OUesT 0161, |
DN 14 072 0064 | |DN 1.2 DE4 0102
PN 23 o052 oner | |PM 14 035 0027
NO —N 18 083 0009 | |NO,-N 15 076 0031
NO,—N 07 046 0039 | [NO =N 03 011 0008
NH'-N 09 035 0015| [NH'-N 10 027 0013
TP 1.5 055 00058 | | TP 12 061 00170
DP 09 049 00046 | |DP 02  0.67 0.0084
PP 1.9 054 00019 | |[PP 1.1 0.36 0.0076
DRP 11 055 00017 | |DRP 1.5 065 00031
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Methods- . = .
Quantification of the magnitude of the

hysteresis
Clockwise rotation type Anticlockwise rotation type

S,/(S;+S, )represents magnitude of the hysteresis

S,/(S;+S, )=Nutrient Load Hysteresis Coefficient (NLHC)

Methods-
Classification of the characteristics of nutrients

load L by modeling with power number nin the L

=CQ"and H
n<09 09<n<11 1l<n
025<H | D" | c” | "
01<H<025 D c §
—01<H<01 D C |
~025<H<-01 D C r
H<-025 D C r

H: Nutrient Load Hysteresis Coefficient, n: Power of the flow rate
D: Dilution type, C: Constant type, I: Increasing type

++ to +: clockwise rotation type, none: little hysteresis, - to --:
anticlockwise rotation type

26



Results- Classification of the characteristics of nutrients load
L by modeling with power number n in the L = CQ" and H

Components

Classification

S.D.

Turbidity
SS
NH,*-N
NO,-N
NOs-N
DN
TN
PN

DP
TP
PP

0.29
0.27
0.28
0.28
0.15
0.14
0.10
0.27
0.25
0.38
0.26
0.29
0.42
0.54
0.44

Hinuma R And
Shirakawa R.

L-Q

C=K Q -
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Sebangau R.
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H. Tachibana, R. Igbal, S. Akimoto, M. Kobayashi, K. Ohno, A. Mori, T. ltakura, H.
Takahashi, K. Utosawa, N. Sumawijaya, S. Dohong, U. Darung and S. Limin Chemical
characteristics of water at the upper reaches of the sebangau river, central kalimantan,
indonesia TROPICS 15(4),411-415,2006

Average C.V.

mg/l _mg/Il

Q 1925 0.49
pH 384 003
EC 5266 0.04
TOC 39.82 0.09
DOC 3756 0.10
POC 226 036
N 077 014
DN 076 015
PN 001 111
NO3--N 001 1.09
NH4+-N 006 044
TP 001 030
DP 000 035
DRP 000 013
Na+ 079 038
cl- 071 023
Sio2 1523  0.06
TN/TP 14586 0.37
TIN/DN 0.09 044
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Sebangau R. Ishikari R.
N n C(=10"C) N R n C
EC 8 0.91 1.07 64.6
SS 5 0.92 0.62 0523 21 0.97 1.68 810
TOC 8 0.93 1.06 474 21 09 104 104
DOC 8 0.87 1.07 467 21 093 072 135
POC 8 0.60 1.01 1746 21 085 1.29 12
TN 8 0.98 1.06 1.037
DN 8 0.98 1.05 0.897
PN 8 0.62 1.97 0.139
NO3--N 8 0.12 0.26 0.0002 21 0.95 1.23 0.80
NH4+-N 8 0.29 0.28 0004 21 055 0.65 0.086
TP 8 0.65 0.52 0.0010
DP 8 0.70 0.72 0.0009
PP 8 0.10 0.26 0.0002
DRP 8 0.98 1.18 0.006
PP 8 0.31 0.2581 0.0002
Na+ 8 0.40 0.40 0.079
Cl- 8 0.78 0.87 0415 21 096 076 4.03
Si02 8 0.85 1.06 176 21 089 065 435
1 -
Log(Q/A)m*/s/km? Q-ToC
-3 -y e -1
-1 f
=Q-TN
S
<
2 g
<
~N
Q-TP =
5.8
A
/K‘ -4
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