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GEOCHEMICAL INVESTIGATIONS OF SALINIZED GROUNDWATER
USING ENVIRONMENTAL ISOTOPES
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Geochemical investigations of salinized groundwater in Motooka area, west of Fukuoka City,
Japan were carried out. The measured tritium concentrations in the shallow groundwater system
are higher than those of the deeper groundwater system. From the results of hydrogen-oxygen
isotope ratio plotting on the mixing line of meteoric water and seawater, it was inferred that the
deeper groundwater is affected by seawater. '“C isotope dating of a shell that was collected at the
depth of approximately 2m from the core samples of B2 indicated the age of about 2000 years.
Accordingly, the salinized groundwater in this area was assumed to be originally below the sea
bottom. Further, it was found that the geochemical properties of salinized groundwater should be
utilized as the index of the environmental isotopes as well as characterization of the water quality

using Piper diagram.

Key Words : salinized groundwater, geochemistry, fraction of seawater, Piper diagram,
tritium, hydrogen-oxygen isotope ratio, *C

1. [3U0®IC

—RIZ, BRI BT B TRk DK IEERS B
ERERE DB, T2, HKEERR OEN, 6
TN TR TH DD, WETHEINTE>T
b, FEENS EHKE QBRI L o THiEK/Lih
TAROKEHRBEIZRRS. LT, $AEHTF
KRB U TV AHIIC BN T, BERKBLUKE
WOBFE ATRER 2T T 2 720121, Sk b FARDK
B AR 2 R R IC BT B Z E M E L B,
HK K OHER{C BRI RR D BRIRIC DWW T, Y
W, HOKBRERE T O F L HYAD B - TN HRTH

PRS2 DR, KL FR DL ERML AR % 1F &
NEBEL, FOKREENEA & 2 RHBE T35
TEBHZEERLTWS, —F, Wicks et al. 21, %
BERNTH KL Rk O K E W R % Calcite,
Dolomite, GypsumD/K-FHAMEIEMAIC L HIAM - T
KieB L OGHBIERIC K > THA L. Price ef al.?
13, SAKMEHTKIC B B RERSL DR - IS
DELDIEH, HTKANDHKDEABIGTET B4
HREOHIR L ERER 21T > TN 5.

AT, HTKOEARCPHER S TV BEMH
FERICH THoK U= k%, FHEAREFEEIc LS
ikt CBUERINRIC L B 7 0 —F £ 2SR THIERL
NI L, JOMBOKERROER ZEEZT S,
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2. REMBOMEESHEHEBBLUONHAE

B FAK DA AR & Uz sl BT
W THD., ZOHBICBITSEKEER-1IIRL, £
FROK U RE 2 R-1ITORT. COHIRO HHFIH I,
MRS, KH, MWl THD, HIHESEETHERT
5 ESERKICIE RSB SN TN,

SR ELUZEHBE, K, pH, EC (Electrc
Conductivity ) DO ( Dissolved Oxygen ) ORP
(Oxidation Reduction Potential) , CI, NOy, SO,, Na,
K, Mg, Ca, Mn, Fe, *H, 0D, 6%, 6°C, *CT
H5. P OSC, “CIZDOWTHEHB2OR—U > 774
CTNVHORBE R > THFEWOBRE10mB L U30
mOH FARIC DN TDAHIE L.

(L 727k DK, pH, EC, DO, ORPIZDWTIIHE
W THIEZTTVY, Na, K, Mg, Ca, Mn, FellDWT
WETIRIEE, CF, NOy, SOSIZOWTIErA 70
NG T 40—, SHICDW IS EARE: S Wk T
L—a EEd o, oD, dfolkonTidy
T = WNBTHEB L UH,0-COLnkic L o 7. “COHl
T, BB VOV R R R R D Y — D S
T LRINESRER A EAWTHEL 2. 7B,
HCORTE B L UT OREEEIZ DWW TiESheng XubH® @
XHkESRI N,

HlE X N-EREIE 0 (%) TERLE.
6= [ (Rx-Rs) ~Rs] X1000 (D

Z T, RIZAMEE (DH, 0/Mf0BLTECMC) L X

BRUSH, FNEIRED SO (B9

-1 PKERE

Motooka (18 Feb., 2000)

Sampling site  Depth(m) Symbol
B1 10 B1-10
B1 30 B1-30
B2 10 B2-10
B2 30 B2-30
B3 10 B3-10
B3 30 B3-30
B4 10 B4-10
B4 50 B4-50

K:SMOW) Z&ET. WERKE (2o) 1&, 6DIZDOV
T+19%, 0%0IZDWTIE+003%, 6PClzDWTit
T02% Tholz. BB, BEFRAEBLRIT A0
INT T T4 = EBRITBNT, HBEOEWY
TINZDOWTITEBROFER (500065 Zfr->THiEL
7z, HCOyIREIZDW TG A > BIUE1 4> DY
BNT AN SE L% Nz,

3. BRBLUER

(1) BRGCEEOREN T
H-2i3EXREEOHENMERLTNS. BRUEE
FEEE FRIZFIZImBET, 7R3 A—U 75N
DIKEFLEZTZNLEDICP - < O & EMSIEICHIEL 7=,
BUIZREXK20m, B2IXFEER15m, B3 TIIHEN15m
TRELEBQUEEENE(LLTHBY, Bl, B2, B3&b
ARSI RE N EHEN T WA, BATIHEE2M T
0.5mS em™N510mS em ' 2VEIC_EH- U, TORENGHE
OMAHEETRHRN TN S, BEIUCEEIT30mEGEN 5B
Eeom{TiiE TRLICKEL /2D, 60mFETAKICE
LT3, BADHEEIMDOEBEZISEEMIZ05 mS cm™
THY, YWKOEEL TEHRLTEL 2. ¥£72B1,
B2, B3DERBEHDOMIZ2~10 mS cm™ T, & ZORE
DEZERTH TAKIZEBEAKE L THEHATS Z LI TE
fan, INSERHEN ORI, MERREE, KH,
MTHD. EIULEE~DFE L L TRk 0¥
BHEZONEN, BiRT 2 (6) OUCIZLAMBINR
EROHEEN S, TTRIOHIRIIBETH>20T, B
EICTEE L TWBEAKA, #RKDES L% E->T
Upconingl, BWKERGLEZBDEEZSNS.

2) RANR=FA Y55 AL BB

B1-30137)V A U HBIEREER (Ca(HCO;),B]) DB
KICHEE N, v > 7 )L (B1-10, B2-10, B2-30,
B3-10, B3-30, B4-10, B4-50) &7V U Jk s R
(Na,SO,E7z1E NaClED) i nz (J-3) . ka1
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Ct
ci > Sea Water

B-3 SANR—FAYT T4

FRELTE, E0H2 7Ly astsEsl, KiC
SOANO;DEIS L7z 7z, BI~B4OHERIE, H-2/15
BRI K TH S Z EIEHATHSA, B1-30idHD
WA EREST, CGHOEIRENo. B130DHHE
WRERETHYD, MotKoOERIIEIEREETH 5.
—ITIRER B DI D DEULERE L O BG4 > 33H
AREIIREVWEHERIN, WHY SMEHL TWBEE51T,
1 7 ASHRSIC K O Nat S EE D - F=Ca M
i & DB HEBUKRICHHINZRD EEZ5N5.

(3) EKESBLE

TR KHICE ENSHKES L ERD HIITFOHT
IR S N BOKIBE GERVOKIBE) SO BN %
B1-72.59,

A ViDBRER, WKEBOKORELFEOERIC
Lo TR ERS.

mi,mix = fsea 'mi,sea + (1 - fsea ) ‘mi,fresh (2)

f o TREKFDEKRDBEE L My My Mgt
RERA L BILFEE, HKBIOHEADT 4 ViDk
E (neqL") ZRLTNS.

HKREB I X DM E LRV HEDILZERIBICE 51
A VDR EM, e & U TRRD L D ITEE B,

m m

ireact mi,sample T My T mi,xample

- (fsea .mi,.vea + (1 - fsea ) .mi,freslr )

My sampreV T > TV THBRITHIE SNIZRETH 5.

€)
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£-2 WKESL (meg L)

B ]—30 Seawater{ Sample Mix React Fresh
water
Na' 485 1160 2653 1 -149.3 136
K 10.6 0.7 5.7 5.1 0.1
Meg'' 1102{ 1380 596 784 16
ca” 214{ 1230 128 110.2 28
cr 566]  308.0 308.2 0.2 12.8
(NO; )HHCO;) 24 10.0 26 74 28
50,7 58.6 18.2 324 144 24
% seawater 100 534
B2-30 Seawater| Sample Mix React | Fresh
water
Na' 4850 2210 235.0 -14.0 53.9
K 10.6 0.44) 5 4.2 0.2
T 110.2 1450 52.8 92.2 112
Ca® 214 82.8 174 654 144
cr 566.0 272.0 2722 -0.2 59 4
(NO; )HHCO,) 24 53.37 9 454 19
5o, 586 514 294 218 8.2
% seawater 100 420
B3-30 Seawater| Sample Mix React | Fresh
water
Na’ 485 1530 169.5 -16.5 375
K 10.6 04 3.2 =29 0.2
Me® 110.2 72.2 372 35.0 6.6
Ca?* 214 54.6 144 40.0 116
cr 566]  189.0 189.00 0 313
(NO; HHCO, ) 24 48.4 135 34.9 18.1
50,7 586 424 218 20.6 6.4
%seawater 100 29.5
B4-50 Seawater! Sample Mix React Fresh
water
Na' 485 1180 116.5 15 88.8
K* 10.6 0.4 1.2 0.8 05
Mg®t 110.2 23.8 14.2 9.6 7.0
ca®’ 214 8.6 108 24 10.2
cl 566] 118.0 1178 0.2 84.1
(NO;)HHCO,) 24 7.9 15 -3.5 122
50,° 58.6 198 13.6 6.2 10.2
% seawater 100 7.0

WK OBRE LR, Y TV HOCBEICEDWT
W5, CHEREEFEENTIA—Y ELTREINS.
ClZHED WK DB & IR &7 5.

m Cl™ sample -m Cl™, fresh
foea = 4)
mCl' sea mCl' ,fresh

WAKUADCHEDN NG EN, m =0 EFEXTES,

Cl™, fresh

RVEH R A GiNOR SN AR

£3I MNIFULRBE
Sampling Site Tritium conc. (TR)
B1-10 0.8
B1-30 less than 0.3
B2-10 44
B2-30 less than 0.3
B3-10 4.1
B3-30 0.5
B4-10 1.1
B5-50 less than 0.3
m._
fsea - CI~ ,sample ( 5)

566

Clidmeq LT TERIN, H7K35% DIBEEII566 meq LT
HD (2L, BHEROCHBEISHER O o TH
FE g ERELR) .

FR-23HKQ)~G)EHWT, HTKFIZEIT2HEKD
E&H, (CZERNCHS LS LFERORZEHELEE
DIEHDTH 5.

FH Dreactld, FIZIZB A ThHIUL, B14 %8
HUROSPBLRTTEONIC & 0 -+ T D SIAHA~ B8
L7zl &zERL, — TN SEMABEL-Z &2
ZUTW5S,  mixtdl TR OEKES 5 BRI E
BHINEBEEZEL TS,

728, X THEHEAHFFOEEIOmOM FKE,
IKEHOCTOFENNS W EE X, SRBOKERE GEh
DFresh water W) ERKEL 7=,

B1-30 (534%) , B2-30 (420%) , B3-30 (295%) ,
B4-50 (7.0%) DMETH/KES MK /257, B1-30
TId, 1493meq L'ONa*B LS5 1meq L OK DA
SEMEANREL, 784meq L'OMg*H X T1102meq L'
DC*W, BN SWHABEL, Mg”, C*DHN
342meq L'E< B0 TWA, ZONT U ADER, F&
U T A BSOS L BB TH U EEZ 5NS.
PlE, Bt A 2 ARHSRIT & B FK DK E TR
DWTITHKE LY E N OA A > THIED B> TS
ATHUERG A A > DR SN U KE TR 23 U 50
b 5.

(4) FUFOLBE

R FT LI K DM TIKOERIEENL, BKFO M
F LIMBEZRD, HTKORINE—F% RS
DIRNFEEEDIRNEZ AR THRN TS EREL
FZRHCAIRE 735, UL, BHEOH F/KIZN DD
RO FANEEGINZHDT, HEEDLIIFER
DHDONEDEIBEIGTREA L TWa0nEDH HEE
FEITDHIENEEE2BD, FICHUKEHTR TR (2)
OHFKEAILTER LI D IS ISk DR 8% %
TR TH S, MUFTLAL DM IKOFENRHEE
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B-4 kF - BeRFINKLL

B OMEHEFETRITA SN, T, FERSY%CK
L, BHETICBITHEKPO b UF T LRBEIISHZE
;B EPHMEINTHBY, PIFILIE>THT
KOEREHEET 21213, FHELEBEE L RTNIER
SIRNEHEML TS,

-3, ERETEXICAICRT DRI T OBEER U
FrI ABEZRL TS, Kakiuchi ef al2i2 kiU, &
SEPERELB L O > RIS BT 2 HKEE KD B F7
LBEEIF03~3ATREHRE LTS, T 2T Fke
DD NI FULBEET,, EBE, B1-30, B2-30,
B3-30, B4-50IZB1F 2HKER B LOE ZTOEH b
T LNBEEZRWT, HKOEENZNEEOH R
HO MU FT LBEETORICHE > THRL 2.

TR TR meas . - TJEH fsea (6)

cale .~
1 - fSea

272U, TRywstd, B1-30, B2-30, B3-30, B4-50iBIT
HEMNUFTLBE, TR\ IEKESOHEZ PR

LU72B1-30, B2-30, B3-30, B4-50iCBT5 MUFUALR
EThH5.

ROWTHNTT,,=1.85TR (1.85TR F0.3TRE34TRD
BWNTEME) & UTEHELMEE, #21EB3-30TR
TR peas =0.5TR, Tyeu=1.85TR, f,,,=0.295TH % D TIR g1 =

—0.065&72 0 fLdDB1-30, B2-30, B4-50H TR, 1TT
AFAER L. LENST, YA FAEERLEZEND
HZEW, WRKPOEKD NUFILBESLTHN
7185TRIZKETER EVWD T &IT/e 5. £ TN
TR LK FKITIEA T 5 £ TN ek 2 8
THEEZSNDDT, ZOMBTOM FAPOEAKT
WERUFILABERZIFOIREZZATOELX AN E
EALND. T,=0TRELTHNIFULRBEZRE LK
fEE, B1, B2, B3, B4& OGS KOS RIHT
KEDERNDENWHTKTH S Z &I N,

F-4 C-14T L AFRBIERE

Sample  Depth(m) O°C “CEMC) +- Libbyage(yr) +-
plant(root) 02 -139 11145 053  modemn

shell 19 092  76.64 046 2137 49
shell 28 033 5557 034 4720 49
shell 37 -1.9 45.39 0.29 6344 51
shell 43 009 4444 03 6514 53
shell 527 333 4114 028 7134 55
shell 99 -1.86 4137 0.28 7090 55
water(W) 10 -1644  76.36 04 2166 42
waterW) 30 -1045 3811 0627 7749 36

¢a.2000 years before

B-5 B2OBESEK GES L URI20004E8M)

(5) k3K - BESERAIALE

B-4137K RN B RFNAR L & OBSR 2R T
TCRIC BT BB OTRE1Ioml L OV IE R AR L
ZHD, INHHTKOEENEKTH D Z EIRE S
N5, —F4, B2, BIOBHE30m, B4DHEESOmit FKIZ,
FIK-HKEAR EITH O, HH1 3 BENE O H
TARFEGBOMEIZT T L TWS, ZiUdH FkM
HKOMEEZ Tl EEZENS. B130IE, KK-
HKESHRED 0 *ODEMIZE 5Ty 7 FLEAER
Ty hEN. TOMBRICDOWTIRIEKICK M8 s
EBIZ, B FMBIZETIIKRE D bBERMAK S
W) EOEMREAL D EL, BEORMERENAED
FRERTH D DI N0 0,

(6) “Clck BB ERDHE

— I EYIRTeR E SR E DR TN/ <z
DT, HEHONCOEATEREEBITHAT SR,
F-4IB2O I T7TH T IVINS I 7= HRB L UBE

- 209 -



BIZH DR~ T HEWOEEIOM, 30mEHKL,
C-UETHERZRE LEBRERLTNS, BEKN2m
THE L 7z g DERBIERER DN S, $K20000F810D 2D
SR TH o> 2 ZEDRI N, FENAMLIET
13, 60004 ST000FRTICER S NI TH D 2 &N
bivofs. LENST, 2O TRETE -2,
TN DT L DIRLIIZREIE L, FDHRMERR
ERT LD HRERBHABOKEL, ERBEREMNER I N
mEEALNS. BB EERL B2 &L EWh
5B 5N RAKOERIE, HREE10m TRI20004E, HE

30m THIS00OAE TR Zn L T . FIEDERICEAL T,

FEI0MIEKER D EHI2H D, UpconinglZ £ 53
KEBKEDEGDD, BIKOHPDERZRTHOT
Wit Bbng, BEOERIIBEAMIEFEOHEO
WRAERITIELS, HEHRERHC B ICBE L TW i
KPEICH > THURAD SN TWHIEEENH 5.
BI-51Z 13492000 /1 & BRE DOB2OW R AR 2R L T
N5,

4. £&8

AP TS NZHEIEULTO LD TH S,
FUFULIBEL T, 2BIICREL XLVHES,
WRKOEREHETE T D Z LdTERM - W, R
PO R DA 3R FAKD AP TKE D B
UF LRBENES, B FKOANEHWHTRKTSH
Lulfp AR Nz,
KFEBLVERRNARLICBE L TIE, HkomEND
IRWHERK T, ZOREARK TH S Z EAVREEN

7o, FREFK-HKEARLICT Ty FENHTIKIG,

WKOYELZ T MK TH S ENREI N

B1-30V3/81 )81V U S LTOSETIE, 7WVAh
U RHEE R (Ca(HCO:)LAD OuoKIZHEI N~
M, Kk - BREFMALORESR T, FK-dkiE

B L 0 §BONTFICY 7 MUEEHRIC T Oy bEh-.

HKDBAE EBITHEKOL I IREAEE G LE
KOS REI N, DEDHEKEHTKOEMZR
BT 520103, NN F I YT I AL E5EDIZ
MIZ, KFE - BRRAMALOWESREZSRL ThEL
RGNS RN EMhho Tz

HCIZ K DHBIRERDERICLD, ZOWEO%
KALHTFAKEE, To3k, TSI TH =T &ICEB
bOLEbNS. HTKOBEREKIIL> T,
UpconingiZ £ KL, E/KHOBAREICLDHT
KMDETICED, RIEIZILGhyben-Herzberg D BI4%
IOREND L TRHUKEDETHE A SNLD.

HEE - ATFSRISAIREL 1 27 )V BRFRESREIC L B
A D IVINBEBIZEB R TR R KB N O T ik D HER
{CERIRT S EOEBICE T 5REVZE] (FERE
i ET) ofiBhob LiciTbniz. £, KkE-
B HRNAREI 77 > TR E A IR > & —
R THECHED ZTHHC L D EY > —ORAHK I
EEEBEEZFH S B CHEWS. 65C, “coRlEicdmiz>T
W, BERERY 1 7 VB RERR NS L Y -0 s
TLARNHESE B 2 I BTN ZZIELT
AR L LIFET.
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