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SPECIFIC LOADINGS AND RUNOFF CHARACTERISTICS
OF INORGANIC IONS
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ABSTRACT ; Inorganic ions besides nitrogen and phosphorus have influence on the eutrophication
of lake. The secular increase of inorganic ion loadings from a river basin by the accumulated influence
of the massive fertilizer injection in agricultural land and air pollution including acid rain are fore-
casted. The specific loadings of inorganic ions for ten river basins were estimated on the basis of
weekly observation data for one year. From the correlation analysis between specific loadings of
inorganic ions and area ratios of land-use types in river basins, most of inorganic ions showed high
correlation coefficients for urban and agricultural areas. But nitrate ion only become a high corre-
lation coefficient for farmland area. In the correlation analysis among inorganic ions, those except
nitrate ion have high correlation coefficients with one another. The seasonal changes 1n concentra-
tions and loadings of inorganic ions were chiefly ruled by discharge and slightly by water temperature.
In the period of storm runoff the concentrations of most inorganic ions did not steeply decrease
and those loadings increased fairly. Particularly, the increase of potassium concentration among the
cation group at the biggest peak of discharge during a storm runoff was recognized as well as mt-
rate and sulfate ions among the anion group.

KEYWORDS ; Inorganic 10n, Specific loading, Concentration, Land ~ use type, Storm runoff
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Table 1 Characteristics of watersheds of observed rivers.

Kl /NI &R % jiE WAl | HRMRIN | 2 WWE BE
AT (k) 330 0 120 6 24 5 17.6 34 4 6.5 340 151 0 12 4 72 8
ALTEE (A / kf) 281 554 541 902 1,068 1,939 1,668 365 1,807 346
i (%) 37 29 29 21 20 20 (9) 46 15 30
KEEE (%) 25 20 22 16 14 21 (66) 20 12 19
MEnRE (%) 23 32 32 30 27 10 (7) 24 34 38
R (%) 13 17 16 33 37 44 (13) 9 38 12
FHME (nd/s) 3.21 125 036 024 079 0. 086 252 238 047 165
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Table 2 Mean values of concentrations and specific loadings of inorganic ions.

B DL /NERIO | AR | BN | TEENN | BEETN [STRIRAI| 225 | WE) | NI
coD IGBE (mg/ 1) 43 48 83 13.0 5.7 16 7 91 5.2 86 8.1
HpthanE (t/kd/y) 1.33 154 394 492 4 39 6 87 2141 2.45 10.58 5.48
NH, -N FigEE (mg/ 1) 0 40 022 1.08 1.69 0.48 347 0 52 046 100 2.29
HtameE (t/ki/y) 0.10 007 0 47 0 64 0.32 145 078 0.22 1.10 1.36
NO»-N SEERE (mg/ 1) 008 010 020 020 017 0.40 0.08 0.07 031 0.70
amdiaag (t/kf/y) 002 003 0 09 009 012 016 021 003 037 0.42
NOs - N FERE (mg/1) 1.46 182 243 0 98 275 0 56 0 58 1.52 1.18 2.37
i amE (t/d/y ) 0.47 0.68 0. 60 041 184 024 0.33 0.88 151 1.86
PO,-P SESEBE (mg/1) 004 005 0.16 031 018 0 64 0.06 0 09 0.35 0.26
Hmtang (t/kd/y) 001 002 007 012 0.13 0.26 003 0.05 038 0.14
cl FHBE (mg/1) 21.8 28 2 305 29 6 323 40 58.4 14.9 26.0 227
mhasg (t/ki/y) 62 9.1 137 12.6 230 18 0 78.7 67 295 15 2
K EERE (mg/ 1) 62 6.8 9.2 97 9.4 150 187
Hamtasg (t/kd/y) 1.9 22 4.2 45 7.0 63 28.9
Na SEEBE (mg/ 1) 8.5 10.9 14 4 14.4 148 260 41.9
WtamE (t/u/y) 30 34 65 6.5 10.8 10.5 53 1
Ca FiBE (mg/ 1) 11.8 12.4 141 10.5 19.3 14.7 125
HmtsaE (t/kd/y) 37 40 6.3 49 13.7 6.1 30.6
2MEfG | TSBE (mg/1) 20.6 22 1 238 18.8 328 26.1 24.9
14 | WHEHARE (t/kd/y) 59.2 72 10 5 80 231 107 54.9

Table 3 Correlation coefficients among water quality indicators.

COD | NH¢-N|NO2-N|NO3-N|POs-P Cl Na K Ca 2 {5

CODb
NH,-N 0.789
NO: -N 0 775 0 814
NOs -N 0 342 0 206 0 649
POy -P 0 984 0774 0720 0 294

Cl 0 883 0 560 0. 667 0 555 0 876

Na 0.862 0673 0.938 0 407 0. 860 0. 965

K 0 844 0 617 0.912 0.462 0 823 0.976 0994

Ca 0 352 0031 0 497 0.896 0 331 0 886 0 759 0 796

2 {5 0 365 0 050 0 513 0.892 0.352 0 897 0772 0 808 0.998
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PO:—P, Cl, Na 8 LUK, AOBEOHHMmMELEE OHBEMNE <, e kBORBELEEAOHEBNS
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Table 4 Correlation coefficients between land - use types
and specific loadings.

ADERE | it | 48 1 | Kk B # | EE 1L & D A BHIIEBER & OHES
COD 0.809 | 0.686 | 0.058 | —0 677 | —0 276 | —0.741 ) . .
NH, -N 0.601 | 0.474 | —0.082 | =0 270 | —0 230 | —0 518 ToBETHAHH, LHIFIARE:E
NO; -N 0353 | 0230 | 0428 | —0.495 | 0.193 | —0.458 B4 OBNATR S OMERO®RS
NO;-N | —0011 | 0.007 | 0.569 | —0608 | 0284 | —0.192 . o
PO, -P 0.882 | 0.745 | —0.066 | —0 647 | —0.412 | —0.736 RAS - 7,
Cl 0775 | 0.746 | 0.140 | —0.794 | —~0.272 | —0 831 Table 2 O LLFEHEMRIZ, TWEHY
Na 0.827 0.884 | —0479 | —0 5675 | —0.756 | —0 850 D1 ffFaﬂ@(ﬁiHﬂﬁﬁTE!ﬁﬁﬁ’C% B
K 0.783 | 0.877 | —0395 | —0648 | —0.708 | —0.873 o ‘ i ’
Ca 0.316 | 0507 | —0.004 | —0.692 | —0 337 | —0.563 A, AEMEIS LU odif
24 A~ | —0.431 | 0395 | —0175 | 0484 | 0058 | 0764 W15 AR D D 3 DI 7 4 TS
Table 5 Ranges of specific loading of mnorganic ions
NH,-N | NOz-N | NOs-N | PO.-P | cCI K Na | Ca | 2/t

FURERS O ORBAT (t/kf/y) [007~15|002~04|02~19(001~06]6~30 2~1 3~11{4~1417~59

WBAOYD OFRBAL (ke/A/Jy) 01~33[(006~12{07~541]004~0.41(9~25|32~77 |5~12[(3~13|6~22
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Y0 ORBAGRFEEAE LTRRT 5&, 1.4~6.8 ton/MAtiEHkd/y & 172555, 2TOARRE MR IC
BLod L I-T3BY,
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BRAMBEWY , BEWB LoV TR, BEED COD (D—CODYMSI0EIIT, D—N#54 @i, NO:—NH 3

—264—



AT, NOs—N#7@)IT, PO«—PHM2@IT, KN5@IT, Na & Ca 3@l ChBINETABENE
WESEE % LB > 2, D—P, NHa—N, ClB8LU 24 4 > TROTOOENT & B B/ ik B IEE
HEBEY EE - T, BE, D—N, D—PELUD - COD koW TR T7TANDTF— 5 DEHTORBTH 5,
EN, WLENB LUE)NC VT, 1979~1980E DRITFE D19784 6 A ~1979% 5 Hic b Ao ENHAEE 4 =
BELTOids, o1 EROBKRD1092m &<, 1978~1979F DERIFH AR EA 1332m 0K E @ 1979
~1980FEDEMHLAFREL VNS HBKEHEANRIZLAETH 127, & 5T, 1918~19T9FEDEHRAB TR,
BEKBDDE b -» CTREME FERENFIN FEBESL LR 5 /KREEEPRMNBBD O EVIBRTH - 15,
INSERNCEIRES E, 9 DDA 4 VI H>0T, Wittt emBic 5» 3 HRBOF KX VRIINT
S5IHE, MM SIRBTREL Y 24 rESH 3BT 3HEE, mgE)lomEIc 2R, BE
HANDNFNT 2B, —Bic TRKEERAEEA T AT 2HE, FEMsHEROFE)I<1IHE, fik
F0 o RKBOEKEZGZFHRIITIHETH » 2o Na 2o 2 il 4 A & To 4IHEHOHIE DLW AN,
thEN, BT, ZENANOs—N&E PO—PO 2R, LEMNEBBNTIEI NOs—ND 1 HHDATH
- foo MHEHANNIC OV T NOs—N & K, HBEME) & PE#IEAINC 20T NOs—N, K, Na, Ca T
BINEFERE SN EERE % LRI Z@EEMR SN,

4. KEREERLBHROFHE/ LIS

INSOHEA + v OBELFHARED | EFRZEBLTENLERTA 5L, BKEBORES OBIFRIME X
ENTVBEHDOD, FhLUNITKEPTBOELL/KHOERLM (5~8 A) KEOFHMLEEMLALL 5,
8 1 mcERSRlOERBAEA 6 ~8 HADEZE, 9~11HOME, 12~2 An&ZE, 3~5 ADESicsnd,
13018 & DERTFEETEBHOE AT - 72o Na, K, Ca BLUF Cl KOO TELT & DEEESES Figure
2iTRY, Na, KBLKUF CaD3DDOFA A VB EALEDEIITE~BAMBEKRTI~5AMBRNE > T
5, 284 4 Y IVBEORKNENS 3 ~5 8T, w/MEIZ 9 ~118 LD # v & RBEHE(L 5 — v H5R

®
Cl Conc.(img/1)

K, Na, Ca Conc. (m

R.Sakai BN
R.Hanamuro & v
mm| mm mmy A L o
201 40 20F 40 20| A __4aca A 440 20 40
= = = oo S =
o i - P ~ E’ \"". ;/'é' a 9
16} 4 32 3 Ew. S Ee 125 Eef 132
. , o .
£ g E g v | & ¢
12 24 12 ; 212k Rl Y 12}
g o g of € o
Q © 8 © 8 © .
60 (& (8} | (3} SL‘Q 6
8} 1 TS s 8 o o 8108 BI85 © .3
-4 z - - 4 32
zn . g Flow z- &E
4 4to. L ¥ gtoag is 4foos 8
‘; o’ Flow| -~ .
01 H R.Bizen
rd o
0 Y 6~8 9~1112~-2 3~5 0

0 == (o]
6~89~1112~23~5 Op—amoirizs aos’
SuA W Sp Sa A W Sp SuA W Sp

Figure 2 Characteristics of seasonal changes of inorganic ions
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Figure 4 Relationship between inorganic ion loadings and flow of R. Sakura
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Figure 5 (a) Variations of cation concentrations during

storm runoff.
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Figure 5 (b) Variations of cation concentrations during

storm runoff.
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