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The analysis of the groundwater system in the urban
district of the northern Kyoto Basin based on
chemical components in well water samples
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Twenty-nine well waters obtained from the urban district of the northern Kyoto Basin were
analyzed to determine four physical and two chemical parameters, and seven major and one mi-
nor components. Correlations among the major components suggest that they were generally
originated from aerosol and soil. Shallow groundwater in the urban area was polluted with ni-
trate mainly because of the infiltration of surface water. Based on the geochemical characteris-
tics, such as total ion concentrations, the concentrations of chloride and nitrate, geological set-
tings of the wells, and compositional differences in major ions, the twenty-nine well waters were
classified into four categories, i.e., anthropogenically contaminated waters in the urban area,
deep well waters in the urban area, waters in the hilly area, and waters in the suburb areas.
Two paths of groundwater flow toward the south in the urban area were inferred, judging from
the similarity in water chemistry elucidated through concentration correlation matrix and pat-
tern recognition methods. One of the flowing paths runs along the Kamo River and the other
runs in the west of the previous path. The groundwaters flowing through the two paths would
be mixed in an underlying thick gravel stratum.

Key words: Groundwater, Kyoto Basin, Urban District, Chemical Component, Concentration
Correlation, Nitrate Pollution
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Katsura River

A

Fig.1 Locations of sampling wells in the northern
region of the Kyoto Basin. Symbols show the
categories of water chemistry; A: type I; @:
type II; @:type III; M:type IV. Attached
numbers indicate the number of sample
water shown in Table 1. Solid lines connect
the wells giving similarity in water chemis-
try.
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Fig. 2 Relationship between sums of total equiva-
lent concentration of cations and anions. An

open circle shows supplied water by Kyoto
City.
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Fig.3 Correlations between chemical components;
A: equivalent concentrations of sodium and
chloride ions; B: equivalent concentrations
of sodium and potassium ions; C: equivalent
concentrations of calcium and bicarbonate
ions. Open circles show supplied water by
Kyoto City.
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Fig.4 Histogram of nitrate concentrations (above)
and relationship between concentrations of
nitrate and chloride ions (below). An open
circle shows supplied water by Kyoto City.

Wem R

oW o BOE

lE A A+ -3 4 A+ > o MR E130.56T,
Fig. 4O REABERICE SN 5 X 512, 9B
MBRD NIz, Tz, REMBNAS RTINS L9
[N 15 3 B Dl i (o I (e A/ R S N VAR &
([NOs"1<0.06 meq L', [Cl']<0.4meqL™) &Ik
2% Wikl ([NO; 1>0.06 meq LY, [C17]>0.4 meq
L) O221ZRrE Nz,

WAL A ¥ EWBA S+ v O REI I E W IEK
1, 15508 (Nos. 3, 4, 5, 6, 7, 11, 16, 17, 18, 19
20, 21, 22, 23, 24) TH o720 TNHLEEDOEH VR
FHIvTRD, RO EB X Ok RX od iR
L3 5 TR E100 m RO K TH L, 215
WELOWN, A A VIR OS5 HHEA % v No. 5% B
WRRE AR RIZLT, BAFT v OYRREOR
DK F oY EREOHEEZHEML, ©
DOHNMEAE % RO T L 720 FEBEA + V1200
Ti&, [HCOs J/Z[Anion] , [C1 ]/Z[Anion], [SO.7]
/L [Anion] DHIMFEEME I, €N ZN32%, 33%,
20%Tdh > 720 — I, WA + 122w Tid, [NOs ]
/Z[Anion] DM PHMEIZIE%TH 5720 TD LD
2, TNOWHEEICAE T 5 I KOMEEAS 4+ ik, b
BREERFTDIDEEZLHITE, BENFELL-T
W5,

=77, WA A+ ¥ LA A A v OREEDS IR
#A# (INO, 1<0.06 meq L', [Cl]<0.4meqL™")
X, 143ETH -7

IN B4 OWN, TdEBIALE T 5 K250k
(Nos. 2, 8) H-o720 TNHDHFTOHEEIZFI100 m
VLR E MRS, W TH B o2 KO I i
Thbo

A & >~ AL A F v OREI LI V143
BoW, 8:KFEHE, Fig 2ICRENTZBHEA T Ok
BB R b, Fig. 2l 6N 5 X9
2, RN, A4V ORMEBEORISKVLE O (T
[Cation], X[Anion]<0.6meqL ™) &HWVWL D (T
[Cation], X[Anion]>1meqL™) 24 &N7, 1=
BRI, Kb D (k<6mSm™) LHWVDLD
(k>12mSm ™) 208Nz 44 oY Rk
DR B MR WEERHE, bl X O R
O I o K8 B (Nos. 9, 10, 12, 13, 14, 15,
26, 29) Thb, Thbid, EFEIFREWOM KWV
IS %o F 7z, Kilid M IR A3 5
n, BAKFEOLNOBCIROEEEZZ T TSI L
BRRT B, TNHDO8HKHIAT, MRS 4~ LR



FHIR DAL FD  GURRGEHAL B T s o 3 T AR D A 51

LA A+ v OREN LK VAEA O IZE TR
720

—Ji, A& ¥ OB EPEEE OB EAZEH D =V IRK
321K CTH o 720 ZDOHND15RF (Nos. 3, 4, 5,
6, 7, 11, 16, 17, 18, 19, 20, 21, 22, 23, 24) i3,
IR T A HKT, WEEA 4+ v LA+ o
mENICEWE SN LR LB TH 5,
F 72, 2ilF (Nos.2, 8) 1, W o H 7100
m DIEDHKT, WA+ > LW A F v DR
I E SRR ETH B,

213K O N D 5% ) 4308 (Nos. 1, 25, 27, 28) %
TR L 7237, A ARK O EWHERIX - 55
T ORRIMBIZALE L, s ELoRBINIE T 2T
KThb, TNSORBOTEEME, Bif+ >~ Tl
ANTTLAL I, BA TV TRIREEKES LV TH
%o ZhF, Ca-HCOB THII 2 755D 7 Wik g
WFARTHDZEERT, INOO4FHTIET,
1LY A & v LR A + v 3 e w14 o i
&Iz,

FEIES (FRNITLAF Y, H)T AL F Y,
RTIRTYITAAF Y, BN IAALF Y, REAKFEA
TV, WA A v, BXUHALW A 4+ ) (HEEA
Y EIMZIZ8E S HWT, Piper® b)) =7 ¥ A
77T hwER Lz (Fig.5). 72721, WA 4 ~
IR DHHED 7> Nos. 5, 261327 F 7HIZE&EEN T
Wi\, N ZT AT TTNIEEEA Rz
=0k, BRHC X o T, A 4+ U EHTE W
FEDBVEHAETEHEEINTVELDORH 72016 TH
%o BHMEA 4 v EWALW A 4 v L AR A AR L
ZRT VS E LTI A, WEEEA 4 v &L A 4
YERUE RIZEDT, NIV TFALT T T L%E
L7z MBIREE WCTh, MERA 4 3 kA 4+
VMBI RIARATRED H N2 AY, BREEA + AR A
v ERMBARFEA F EERA 4 v OMEREIEERE
10.4720.10T, HBBFRIZERD Sz,

AL DOENA T v OFEFED 5 KT OFEA L% 1T -
720 Fig. BOWMRERD X =54 T 75 L %E50%DH}:
TAGHE L7z, KEOLFRTX G Lz ARTIE,
KEOER %2, ¥ =547 75150 LD 5 RERHA
12, Ca-Cl#!, Na-Cl#!, Na-HCO.®#!, 3 X UFCa
-HCOM L MHR§ 52 & L5 %,

MIV=T5A T I ARIZ7a Yy N EN2TR
BoW, #5545 DD 72 55RK2%, Lit4H Ao N
@ Ca-HCO AN /33 S 720 Ca-HCOMNE, 154D

Fig.5 Modified Piper trilinear diagram. Equiva-
lent concentrations of nitrate ion were
added to those of chloride. Symbols show the
categories of water chemistry; /\: type I; @:
type II; O: type III; B type IV; O: supplied
water.
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