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HYDROCHEMICAL OBSERVATIONS IN THE ISHIDA
RIVER BASIN, SHIGA PREFECTURE (PART 2)

By Ryuma Yosuioka and Masaaki IToH

Synopsis

For the investigation of hydrochemical features in the Ishida river basin, the authors de-
termined the chemical composition of the main and tributary river waters collected weekly from
July 1982 to June 1984. They showed the difference in chemical compositions between both
water samples, and also studied the variations of water quality and discharge along the reach
of flow on an ordinary hydrological stage in summer and winter. Few studies of dissolved mat-
ters response showed that the simple relationship between the flux of dissolved matters (F: ton/
year) and discharge (Q: m?®/year), which takes the form

F=aQ"

where a4 and n are constants, and determined from observation data.
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Fig. 1 Location of water sampling points of the Ishida river basin: O, fixed sampling
points; @, temporary sampling points; A, headwork.
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Table 1 Frequency (%) of water quality patterns in the selected sampling points during
the period of two water years
1: period August 1982 to July 1983
2: period August 1983 to July 1984

T Fixed points
B D H Ta Tb
Patterns Period ~ ——__
A Mar.~May 1 11.5 9.8 15.4 19.6 17.6
” 2 9.1 11.9 10.5 23.8 13.9
Jun~Aug. 1 0 0 0 9.8 2.0
” 2 2.3 7.1 5.3 9.5 2.8
Sep.~Nov. 1 1.9 0 0 21.6 7.8
» 2 0 2.4 10.5 11.9 16.7
Dec.~Feb. | 0 7.8 9.5 21.6 11.8
» 2 0 0 0 11.9 5.6
Total | - 13.4 17.6 24.9 72.6 39.2
»” 2 11.4 21.4 26.3 57.1 39.0
B Mar.~May 1 3.9 3.9 39 3.9 3.9
» 2 2.3 4.8 2.6 2.4 0
Jun~Aug. 1 1L.5 11.8 11.5 3.9 9.8
»” 2 18.2 14.2 21.1 0 16.7
Sep.~Nov. 1 5.8 7.8 25.0 0 0
» 2 13.6 11.9 2.6 7.1 11.1
Dec.~Feb. 1 3.9 2.0 0 2.0 3.9
” 2 11.4 11.9 5.3 4.8 5.6
Total 1 25.1 25.5 40.4 9.8 17.6
» 2 45.5 ! 42.8 31.6 14.3 33.4
C Mar.~May | 9.6 11.8 5.8 2.0 2.0
” 2 11.4 7.1 0 2.4 2.8
Jun.~Aug. 1 13.5 9.8 13.5 7.7 11.8
» 2 4.5 0 0 11.9 0
Sep.~Nov. 1 17.3 19.5 0 5.9 19.6
” 2 15.9 11.9 18.4 9.5 5.6
Dec.~Feb. 1 19.2 11.8 15.4 0 5.8
» 2 4.5 4.8 13.2 0 2.8
Total 1 59.6 52.9 34.7 15.6 39.2
» 2 36.3 23.8 31.6 238 11.2
D Mar.~May 1 0 0 0 0 2.0
» 2 2.3 4.8 53 0 2.8
Jun~Aug. 1 0 2.0 0 2.0 0
” 2 0 "0 0 0 2.8
Sep.~Nov. 1 0 0 0 0 [
” 2 0 4.8 2.6 2.4 2.8
Dec.~Feb. 1 1.9 2.0 0 0 2.0
» 2 4.5 2.4 2.6 24 8.0
Total 1 1.9 4.0 0 2.0 4.0
» 2 6.8 12.0 10.5 4.8 16.4

|
|

Water quality patterns
Nask  Cl 1: 1982.8~1983.7 51 Samples

E Ca HCO@ @ 2: 1983.8~1984.7 42 Samples

Mg SO,
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Th HIE TII8SERDOA P2 HREL B -THE (33%)

Na-HCO; BOHB®Z, B, D, Tb HAICHBVTSEEIIMNBLBRI L, H S 200 EEZIT
EF OB A DD, Ta HSTIRMCKH 8 BRIML T,

Ca-Cl RIDIMBRIL, 8UEETII0~4% (5 HIT) H-7cDhs, 8IE/IIG~16% & 2 DHBIEIT K&
(I ->Tfee ZHRAMSLHEIC2 Y2 ) — P 2EA LIcdic Ca, Na, HCO;, Cl, 8i0; DR AS—KF
FNCEWEERL TR C &tk B,

824EED Na-HCO; BUOHEIRIZ B, D, H #fA & FMICH LN ->THD L (60%—53%—35
%), M Ca-HCO; B Z ML TS (25%—25%—40% ). 834K D Na-HCO; RO HBHKIZ B
H136%, D H124%, H #i532% & 18 D 8AUEREICHM LT B &D #iS TN {8 - TWB. ZDHER
KON >TBHDT Ca-HCO; BTH- T3, H itk 582EED Na-HCO; Fl & Ca-
HCO; BOHBRRIINTSB TH - feds, 8BEETRWSLLEFP LTWE, ORI Ca-Cl o MBI
£BHDTHBo Na-Cl RO THICT D » TOHBREOEALITERE & &1 THE CEAZR LTV,

WiT, HKE 24— Y OHABOEORIEATH L S o Na-Cl O HERR AR, ZHEd, TFE
BLBI~SHIKE D - o Ca-HCO; B Zhid, 82FEFETIY, B, D, H, Tb HSic BT, £0OKES
126 ~1LAITEAR LTS, 8MERTIE, B, D #HT6~2H, H #Hi5T6~8H, Tb 5 T6 ~I11
HigZ {HBE LT o Na-HCO; B B #i COMBERSUEE TR I~2 A, 83EETIZ3I~5A
EI~NARZSHBEL, D #ETREEREE b I~11FIK, H HSTIR2EREII6~8H&12~2H,
SUERIZI~2 HitE {, ZNZNHBE LTV, XD Ta HHTRWEL L S 6 ~117ic, Thb #iHT
IZBUEEIX 6 ~11Fic, 83E/EIZI~1TAKRS S HEL TV,
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WRICE SIS KE « MEOBRZEH (1984« 6 « 15—16) L RH (1984+12+ 1) © 2 [ ithicbh
Fig. 1 DR MR TIT - 7o Fig. 2-3 1T, XM B MBIz & 785 PO-P, NO;-N, NH,-N,Cl
DORE L HBEOL, VHW)IE 1km S0 OFNINDOHA « HE (4Q/4L) EVHMJIIE 1 km %7-D
OWBEBMT O US/AL) 2R U [4Q/4AL 75 AS/AL I[IRET B E > DEB B D].

%79, PO P BEOMRBRICE B HBE(LRAREL, Fil (Fig. 2) OH4E, RHETFEED S 0.036 mg/l O
BERANEAESEHL, T4 Fig. 3) OHASRERE,S 0.1l mg/l OBEERANE KX EH)
L, ZOBEOBAEPCHRETERS, SKBIcE > TR > T (B, H HA TR & Hil
Z(ﬁgf'aﬁcfl)o

NOs-N 20T, Eficid B A # (0.2mg/l) 5 C #HRictdr-T 0. 1mg/l BEEML,
i G #ME T, TOEEHEL, H #8050 FTRE K SB35 2T, ZOBEBERIAELE |
0.9 mg/1)o i LD SHME G #AE TR 0.3mg/l BE OEZRLTHY, HH#SETIE 1.05
mg/l & XIEIILED, ZOKE L 0.3me/l BEK, ZOBERBLLTHS,

NH,-N 0oESHOEE T, At H #igT 0.147mg/l LOIBFEERLTOBLMNZ, 0.02~0.06
mg/t OEZEEB LTV, XHOBAIIIREHTH 70

Cl OFHDELOBHRTIMICTIC Ui~ T, Z20OREIMMN (W 3mg/1) U, NO;-Nopzh s %
LB T BTN B, KEPDBFEICIE, REBVBEEILRASNIL,

maR, Eilicid, F #is (1. 77md/sec) 5 K #if (0. 26 m3/sec) i - T, 1. 5md/sec DR M
HoNte COXBTIHRD OAI~HATEEIT 0. 29m/sec, Z L THELEBLTHRHELTHW LRI
1.34m3/sec TH-7zo LT, T #S0HE 1. 77md/sec ICHAR 0.29m¥/sec i -8 (2.06
md/sec) POTFEHLICL > TANDOHH LU TIF & (1. 34m¥/sec) 25[< & 0.72m3/sec L7155, Th
K S OME 0.26 m¥/sec DZF, 0.46m3/sec BREL T -0 EELONDB, G-H & -] KETH
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Fig. 2 Variations of water quality, discharge and 40 [4L (inflow and outflow per unit
length of reach) along the river flow during on ordinary hydrological stage in
summer (June 15-16, 1984), and changes of 45/4L (drainage area increase per
unit length of reach).
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Variations of water quality, discharge and 4Q /4L (inflow and outflow per unit
length of reach) along the river flow during on ordinary hydrological stage in
winter (December 1, 1984), and changes of 45/4L (drainage area increase per
unit length of reach).
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Z & Tl3, PO-P, T-N (=NO;—~N+NH,~N+NO,—N) & Cl BB LUHER, BKDOEELILES
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Fig. 4 Secular variations of PO,-P, T-N and Cl centents, and of discharge and precipitation

LT5,

THifA (H) TO PO~P RBHA S 0. 23 mg/l OWBERTEBHLTHY, TOBREE B HiR kD 2
BREELE TV, L LE20BILoRHEIR B #HELiT\S, 4k, H #ificEs} 5 PO-P OF
— 7129 BEICHB LTV, T-N B 0.07~0. 75 mg/l DRBENTEILL, ZOZLiEIZ B #iySkb
HINZ D, BAD/ 2 — VBRI LUTVBZ EDsbinbe Cl I3 4~11mg/l DETEILL, ZTORHHIZ B
HEELUTO A, 834 4 AEN» L 7 A LEFEI~12AD CIBEOY — 73 B #iS CRBASIhTHEn
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6. BEHROAHR

FH SUHOBH~RAT 2BEVEOARER (R XEE) 2H~<57bic, LID5 MHATHE 1 EHK -
FHARIWETT - T BKBEOAMENZORKD | BEORBEERL TS EARBL, ThERETSC
L DEMMY ORMEEY BH Uiz, Fig.5 KitRkde T-N(NO;—N+NO,—N+NH,~N) & o Bf%
%, ¥7c Fig.6 LR & POP 0ZhEOBRE, ZNENR LI B, chon7 vy t BEMAD
LARSCEROFSE GB L EEK) TH5 (Table2 BfH), T-N XU POP OAHRONK & HED
K E OMICHEBRBERDORD 12> TR Edbh . TN ODEBHEOAFRIIMBICAX CEKELTY
AL EMTESEND. T, MBICHLTO T-N OAMEIZ PO P OEMRICHE L TNT VN
WEIThH3o

NS DOBRERERIITED LEEERD 5 &, Tabled Dk I3, KICIIRLTHIEND, BED
1eHic, K, Cl OfEisPET %0 CCIWBODARER F OBALR ton/year, Hi Q O£ m3/year T
H5o MRARNEEBHICE XL TE,

F=aQ/*
728U, a & n BESIWRNCEERERTHS. POP OER a 13 1.22x107, T-N dzhid 5. 34
x1077 &80, PO-P DOFEH 2 12 T-N D2 hIcH~T 2H/IS VEIRIE -TW5. K & Cl OFE a
3, £heh 3.31x1075, 2.28X1075 L73h, PO+P DEH a IKHRT4HAZ V. T/ n OEEAS
&, PO4-P 131,11, T-N §20.976, Cl {30.929, LT K i30. 714E72 5T Be 2D L3I n DIEDK
&M, POFP>T-N>CI>K DRI - TWE T L3, A—OMBHNKEN LT, chbOBEDRD
LOREZH, KSCST-N>POP OIFIKIE - TNB T E2BWKT 5, Tiibb, ROBINCLETh
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Fig. 5 Annual discharge of 7-N load as a function of annual discharge of water. B, D

and H are the main stream, and Ta and Tb are its tributary (cf. Fig. 1).
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Fig. 6 Annual discharge of po,-p load as a function of annualdischarge of water. B, D
and H are the main stream, and Ta and Tb are its tributary (cf. Fig. 1).

SOERAOHEROINPTEIE, K>CI>T-N>PO,P OIFIKIE S0

Table 4 [CIERIEHT (4 ~118) S RBH (12~ 3 B) KB 2 2WEWHE, Cl, NO;-N, NH-N, PO,-P
BIUBEYED OARRELARREER U, 12720, BEYEOBIAI H #ii (6l 8km?) T,
BEWBECZNEEENL LDy 79 4 — 2O BBEOTOME (23 4km?)® T, ZhZhREEZT -
bDTHbo BEOHEIZI9824E 4 H~19834E 3 HD 1 KXEMOAHTH 5,

H #ific B 3 2B E, Cl LU NO-N 0f#HRIZ, 2KXEBCBOTRERELED SN
s, NHi-N BXU PO-P OARRBROEILIIKREN -1,

Wi, HEHEESHICBY 3ARRELTAHL S, 120, Z0HBOBAFNAEERIDT,
BB CHET20MBRETHA 5. MBI THANRICKERELNL LNEVDIR, BEEOLBEYHE,
Cl XU NOy-N Th5b, REED NH,-N, PO-P, BIUBEEORAFYEEZRI LY, TNTOR
FCONWTENA LN, THDDE, SUEEORBEFEWE, Cl, NO;-N BXU NH-N OBSEH o LA
Bz, BEHOZNLLDASRERRL, —F, ESHORERNRIKA S SEETRT OIR8MER D NH,-
N, HEED POP BLUBEWETH»70
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Table  Annual mean concentration of the Ishida river basin

Sampling points Na* K* Mgt | Gt o HCO; | SO+ | S0, | NO;N
av [ av | 0 av (1] av ] ¢ ‘ av ¢ av ¢ av i 1 av [ av [
B Manswan | 4509|0302 11|00 | 33| 06| sx| 0| ns| o5] es] agl 6s] 4] 03] 02
80702004 10002 3| L0 5703|343 45012 58| 11| 03] om
D Manswan | 50 16| 04 02 13|04 41| 15 58| 27 17| 43 49" 11 66| 16| 03| 09
312003 07 12|04 |39 27] 69| 26| 81| 81 46| 17| 56| 17| 03 0l
H Mainswean | 510 12| 04102 | 13102 | 29! 12| 60| 10| 10| 30| 47, 08 651 13 03 0]
3910 02 02 | 11 02 | 5] 08 69| 18| 10| 34| 44| 12| 57| 13 03 |0
To Tibuay |59 13] 07 04| 14104 |38 17] 79 23 04l 52l a8 w8l )03
£ 15) 04 03| 1204 | 54 i002] 01| 38|39 99|42 14 61| 19 03 0
To Tebuary | 57| 13] 061 028) 16 03| 49 18] 27| 26| 18] 49| 58 130 68" 15| 0403
47150804 [ 1308 36 8886 3419 58|51 7 5,9‘ 17| 03] o
, Catchment
. . Water-Temp| Discharge | Number of | o .
I NOz’N Nm-N PO{ -P pH (oc\' {mglw:) samplcs Pﬂ'lOd &l:;)
v 1] av (1] av ¢ av () av ¢ av [/
B Manaran |0 00| 005 007 o0 65 10| 108 86|15 |19 | n | ST
o0 0z 00200t |08 | 6 02| 13| 64 13 09 | | B
D Manswean (0002|0008 008 003 0o04loms| 69| 10 B 15130 (18| B+ |
0000001 007 017 |05 (01 | 70) 01| 120 65036 (22| B |
H Manswam |00 00M) 005 005 00W|00K| 66 09| 124| 62 30 |28 2+ | sa
0001|0001 006 009|001 (0 | 65 02125/ 69 29 |26 | B |
T Tobuary | 00020008 005 007 0008 0009| 69| 10| 128| 77 0gsloot| m |
002 0008 04| 004|001 (0 | 74 01| 129 63 0sé|0n| B |
To Trbuary 0002|0002 00k 0030008 05| 69| 10129 %5 01 |01 | B | )
0001|0001 09| 02 (0 02 | 71 01|09 61 lon|on| B |
Unit: mg/l ~ av: average o standard deviation

ass
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Table 3 Relationships between fluxes of chemical species (F) and discharge (Q)

Csl'}x;xéliiccsal Regression equation Functional formula Ccooificliet?;nd
T-N log F=log 5.34x10°740.976 log Q F=5.24x 107 Q0.7 0.998
PO.-P log F=log 1.22x107°+1.11 log Q F=1.22x10"° Q.11 0.905

K log F=log 3.31 X 10754-0.714 log Q. F=331x10"% Qo4 0.895

Cl log F=log 2.28x 1054-0.929 log Q F=2.28x10-% Q.92 0.997

Units: F (tonfyear), Q (md/year)

Table 4 Fluxes of dissolved matters and suspended solids through the Ishida river basin
(H point and Ishidagawa dam)

Dissolved matters Snow season Snow free Total Snow season Snow free
and Water year | Dec.-Mar. Asiasl%n to a Dec.-Mar. season
suspended solid (ton) I? t;n)ov‘ (ton) (ton/km?/month) | (ton/km?/month)
Total dissolved 1982- 1983 1530 2220 3750 7.37 3.54
matters 1983-1984 | 1120 2400 3520 5.40 5.79
Cl 1982-1983 261 325 586 1.26 0.78
1983-1984 202 482 684 0.97 1.16
NO;-N 1982-1983 12.7 15.1 27.8 0.061 0.036
1983-1984 9.6 16.7 26.2 0.046 0.040
NH,-N 1982-1983 2.84 2.79 5.63 0.014 0.0067
1983-1984 0.20 3.36 3.56 0.001 0.0081
PO,-P 1982-1983 0.05 0.27 0.32 0.0003 0.0006
1983-1984 0.12 1.64 1.76 0.0006 0.0029
Suspended solid* | 1982-1983 458 1754 2212 4.89 9.37

*QOkunishi et al.®

7. 8 b b

Pk, BREOBEESCE T 3KEOBHEL, HRICE &5 KE - RBOE(L, KEORERLE
SJUAHBRIDVWTRN e CHEERETZLRDE SIS,

(1) FHRJAROKEICIZ Na-HCO, B, Ca-HCO; %, Na-Cl B, Ca-Cl B 4 HibiH 5o BUEED
Na-HCO, B HE#%i3, B, D, H HfE THRICF I Uik~ T (60%—53%—>35%) L, MiT
Ca-HCO, M HBERIIHML TS (5% — 25% — 40% ). H #iickid 3 82 4 dD Na-HCO, B
Ca-HCO; BIDHBIFIZMNTSH TH - 1203, SHEETIIN63B LMD LT3, OB R Ca-Cl BOH
RICXE5DTHB. Na-Cl O FHiICteds » TOHBRROZALIIWERE & 12i2H UBAZRL TV,

@ BHEIDOEKE <2 — v OHBEEO SRS S5 &, Na-Cl BOHERIANR, XMed, TiHl
EREES S ~5 AIKE 7o Ca-HCO; Bl Zii3, 82EE TR B, D, H, Th #Hic BT, ZOKRH
226~ FIcER LTV, 834EETIE B, D #5T6~2H, H #iHTc6~8H, Tb #iHT6~
NAKRE HBIL TV e Na-HCO; B B #HiSTOHBERIISUEE TIZ I~2 Hic, 83EETIE3~5
HE9~1HIE AL, D HATEIHAERE S I~11AK, HHSKTISUELRI6~8HL12~2 4,

— 11 —
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BMERIF I~2 AILE K, TNZNHBE LTV XD Ta S TRFEEE S 6 ~11Hi, Ta #HT
38UEE L 6 ~11Hic, 8HERERI~PIRE L HEL TV .

3) AHINOWRICEDILS PO BEOEILIIAXL, F-2OMAHEOHAZIKEIcL-Thd
AREL T &5 To NO-N BEREINCIE H #5850 5 FHICE > TAE L - THA S, KKz
H i TRAEER LTV, B0 NH-N BEIZ H S TRAEERTH, SHCETHRETH -
fzo Cl OEMIOEALORBRI THMICTIC LA - T, ZOBEREMN & 3mg/) U, NOs-Nozh&
EbDTLILUTV B, FIPOHAICIR, RETBERLRA LNV, HRR, Eficik, GH & 1]
XMTH 0. 3m3/sec/km DIRERDS, KHFicid, 0.1~0. 7 m3/sec/km DIREFREMSA HNTzo

4) AMIO B #ik e H Hifickir 3 POP, T-N BLU Cl ORERLOBBEHIEEmE LT,
B #I Tk PO~P ORECE/LOHHEIZ T-N 0E£NERBHOEFRERELTVWASD, H #ETO PO,
P, T-N 34U Cl oFboEIR B oz h & X {LT .

(8) T-N BXU PO,P OEMEEIMELOMICHEEABEENRY 2B, ThoORBEHOARRIINE
BICKEEKEL TV B, HicdLTo T-N OfA#HRIZ PO P OAMRICHELT/vT v F MK
Vo EIHBORMIC L ZRYOFRENPT X, K>CIST-N>PO,-P DIEICTE » TV,

(6) H Hifics s 2B EWE, Cl BXU NO-N ORI, 2K CEMICBOTASEERRRN
M5, NH-N XU POP OEMEOEIIREH -7,

(1) HBEH RSP 3 LENREINS &, BEEORREYWE, Cl 8LU NO-N ki, K&
BERAH OGN BUEEDLEFEYE, Cl, NO-N BLU NH-N oBESHOLEHER, Koz
NOXYKREEMHEETRT —f, 83EED NH,-N, 82+ 84EKD PO-P L82EFOBEWMED LARNR
DIEZEEHO TR ED - 120

8 B 4

AP B AERMHAORRIREICL > TEBEIN TV S [KEEORECET 2] BF 58 RES
c RERABEHFRTHIRSRER) O0—RELTH-7230THY, BRSIIEHOBEELET.
BRERTOIK « QKICEEE R > TORZOIS B S HPPRKESH  ER, RRPRNAE
Kl KU EBERK « QKEER1TIL > TO 20 R RICE 3 ER L ET . $-BH0%
HICHBRIE %S U Sb - AR EERAEAGHE, TAREREYESRE B GHARENHE
#H) OWEK, S5 ZOMAERET ZIZHIDERL TOLLNHEE U & 5 REHFADS 4 CBHO
BEELET,
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