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Tritium concentration and chemical composition of river waters
in Niigata Prefecture, Central Japan
by
Takao NAKAGAWA , Osamu SATO and Tetsuo HASHIMOTO

(Abstract)

Water samples were collected from 18 rivers in Niigata Prefecture during September of
1986, Tritium concentration and seven major ionic constitunets, including Na*, K*, Ca**,
Mg**, CI7, HCO; and SO, ~ions were acquired to determine if they reflect the nature of
individual rivers. The results obtained are as follows.

Tritium concentrations of the river water range from 24 pCi/{ to 68 pCi/f and tend to
be slightly higher than the concentrations in the precipitation collected at Niigata City.
From the view point of decay-properties of tritium, these water samples are apparently
affected by the precipitations bearing the artificial addition of tritium due to the past
thermonuclear tests in the atomosphere. It was also suggested that the river water consists
not only of runoff, but also of additional ground water to a large extent.

As compared with the water quality about 40 years ago, the major ionic components of waters
in the Miomote and the Agano Rivers have been scarcely changed, while the artificial
pollution in the Shinano and the Seki Rivers has proceeded slightly. From these results,
it was ascertained that the major ionic components in river water has not changed in general
without pollution within a short period like several decades.

The evidence above also supports the idea that the tritium concentration and chemical com-
ponents of river water are subject to the feature of aquifers (scale, geology, residence time

etc.) in the drainage basin.
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BV KOBIBARIT 5/c0icid, FERDEWREICT LB 0D 505, FEEADTNDKE T
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KERI U foo 1S b i0KE & BRUSTEE % 1
WRESIEOREH (RILREBES C—51) T,
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B. MUFILRE: MERET (1977) % Fig.1 Map showing the sampling locations,
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Table1 Chemical composition and tritium concentration of river waters
in Niigata Prefecture,

5 4 Uk | ki | R Nat K+ | Catt | Mgt+| ClI- | HCO3|SO,~~| Tritium
BN URKIESD [B] T |#S/ca|"H|meqs1|meass|meqs1|meqs1|meqsi meq/i med/1| pCi/l

LT NGk moE | 9.7 201 5616.5| 0.184] 0.020| 0.180| 0.083} 0.135] 0.249 0.075/29.1%11.0
2% NG R OBD| 97| 2.8 6116.7| 0.186) 0.021] 0.181)- 0.073; 0.121] 0.254| 0.097[37.5411.1
I AN NG M| 9.7 | 210 43(6.8| 0.127 0.021f 0.181) 0.081f 0.074] 0.258| 0.075[40.0%11.1
4. i MUNENAIR | 9.7 | 18.4 7316.6) 0.222| 0.032} 0.282] 0.137] 0.170} 0.376 0.122{39.3+11.1
S FOHRIA ¥ 0] 9.7 ] 231 254(6.5 1.296| 0.075{ 0.423| 0.347| 1.265| 0.539| 0.256)56.4111.1
6. EITFHNEE R M| 9.7 20.8 8316.6| 0.224] 0.047} 0.304] 0.127 0.186{ 0.340| 0.221[51.1%11.0
9.15] 20.6 9116.8 0.286] 0.039] 0.343| 0.145] 0.224| 0.326| 0.284| 56.412.2
9.28( 19.1 98]7.1| 0.306] 0.039] 0.358] 0.133| 0.205| 0.344 0.281|44.14:11.5
T E|NCGE R 9.7 23 134{6.8] 0.327| 0.056| 0.533| 0.217| 0.249| 0.489| 0.383/43.74:10.8
9.28( 19.3 154(7.3| 0.469 0.059 0.640( 0.252| 0.347| 0.648] 0.397{58. 5+ 1L 6
8 (7 &M N )| 9.28] 18.5 163]7.2] 0.465| 0.055| 0.656| 0.268] 0.328| 0.702] 0.399]52.94-11.6
9. m o NER Y A ) | 9.28) 18.6 200/6.7| 0.812| 0.078| o0.610| 0.243] 0.533 0.811] 0.448]41.0%11.4
10, 1 FBNCK # ] 9.28] 17.2 7816.8| 0.262| 0.032] 0.228| 0.123| 0.153| 0.297 0.195/25.7:+11.3
I & 7 (e | 4| 9.15] 22.1 1887.1] 0.694| 0.094| 0.561| 0.356| 0.507| 0.929] 0.309|32.1+11.6
12. 8  NEE&KINE | 9.15( 21.4
13. Kb &5 MCK dh %) | 9.15] 22.3 13017.1| 0.425| 0.046| 0.409] 0.217) 0.306| 0.594| 0.235|68.5+11.5
4. R a NER AN R | 9.15) 22.6 885|6.9| 4.884} 0.287( 0.846| 1.215| 5.465| 0.648] 1.119/24.7411.3
15 B WCE U b E) | 9.15) 21.9 293(6.6| 1.011| 0.087| 1.009| 0.326 0.941| 0.643 0.771)30.041).4
16. & I NG B NI BB | 9.15) 207 156(7.4] 0.456| 0.048( 0.756| 0.280| 0.217( 0.775| 0.560]|31.6:1).4
17. & W MCALNAH) | 9.15]) 24.7 24518.5 0.877( 0.066 1.058| 0.371| 0.309( 1.128] 0.853 29.0:til.9
18. fiE £ NICHE 5 X BB | 9.15] 23.0 213(8.2| 0.499| 0.038( 1.1i5| 0.388] 0.208{ 1.024| 0.808|37.2+11.5

—

.54916.9] 10.389| 0.292| 0.918| 2.151| 11.208| 0.689| 1.296|36.5:+11.6

BEICL, BEKPD MY F 9 ABEOHIEEICOWCTOEBERESRE (fh1Zh, 1986 ; 1987) iTd
EDVWTEDFETBLN 12 RiT, BERAEHR~NS,

@Y L 1A kkdsme & #{Ek >~ F v — # —PICO-Fluor LLT (Packard) 55mé% 100m¢ 5 7 © »/
NATWICHRD, HW—IKIE 53 TRE D « BALKLBDZMERBE L, ERABEOSVH
BbKicoWTid, @ )9 LA MARRALI-OL, MERAKRERTLTOREBLECNSET,
TEEREROEL,

O COBBRINT—EIE Bk, BNy 2 759 Y Filkvy v FLr—va v H9 49— (Aloka
LSC—LB1) T, 504> x 10[a~20[@IfE L1zo B, /Xy 2759V FKIE, M) FOLBEH 0L
1.02pCi/ ¢ T$ 3 (HIGUCHI, 1986MS) HiB LW D RA W ZFHK (Ge-1J§ HEWSOm) %
M,

Q@RIEM I3, RO 3ENEMEMTET, ROBEZRA LKL, ZhoDRIEBEIOVWTEESEEK
%, EHEEED 2B FRTFATOSbDERE, ) FoLBE*£RH LI, 7= 5 Y IBIER,

» BUBkthd b ) F oL @ElBEOBIE LT, pCi/e, TR, TU, Ba/t EHB L S5h 3, KK TiEpC/
LiLHEi— Lo ZNENORMOIMAE, 1 TR=1TU==3.23pCi/ ¢, 1Bg/ ¢ =27pCi/ ¢ TH 5,
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(20DBE) BETHS,

C. LS : MIIKDEEBHFERATHEF VT L, AYI LA, ANVYIA, =TRV9A4, 8
e, REBKE, GBROSA A YOO TERL, ARKE0.452mDA YT 57 4 V8 —ThHh
%, BESFLESILmEHE (1981) KERL, UTOHETELL - 12,

AFZ Y TR (A I n, 273209 a4 viROOTETHIERIE LTHELS v 9 Y425
BikA4 Y FAoy7 VBKER (D) &

REEIK%EA 4~ : BOPRIEREL T HpHA.8T A VEARIEL, BEL 7,

GREgA A4 ¥ RN D a—-¥ 5 F vk (FRNY v 20ABE RS 5 k)

Tk, EBREAREOHBOEG L, B4+, B4+ VORIER, 12 v20=1+457
2 (BEERRTHIC— 6 AZERA) Itk -7,

meg 8 & & =8

LALDHETHIT L7219864F 9 A& BHBELADFIKD b ) F v L8E & FBEERI 2K —
1t tze CORRIZHOWT, UTREET S,

1. PUFOLRE

FNIRD b Y F 9 LB 2 I ERICEK LMK OBE & ke 5 & & bic, ORI ENY:
HLDOMFRERI LA, ROEMPSHITIT -1,

OFBRADAIIKD b Y F o £ #EE, 24pCi/ L5 568pCi/ ¢ TH 72 (F— 1) T HicH
L, 19864E 6 A~ 9 ADHBHICE T 5MkDEE &, 15pCi/ ¢ ~56pCi/ ¢ T, FNIKD b Y F v
LBEEDHER L 0 HESIE,

@O (1971) Ik » T, REOMILENFEIRD SN TV ZHE)NII, F), BRI, miEil, [
EEN, (S, SEN, BIIOWT, MK b Y F 9 AR5 & FROHHE & OBIEE R L,
K- 21z b Y F 9 L83 & FIBTEAE S OBRERT . KRR, HREfie®ETH-1lT,
— UK & B FIBHRTE SORITKT, MBEMOBDICE - TNELE3 (RO, 1971).
— 243, MEFEROREZFELNIPERNTIE, FBEARO SN EmIcl~xT, Y
F o LBENEL LA HERNAONS, pCirt

ETAT, FNKD b Y F o A EBELMKELO & 50 .
EORRE, $TIHLNTV S, KAEH (1981) &
X, 1977 E~19T9FEDEMEAND KRB, RIEN, ¢
BIIC G BANIKD b Y F 9 2 EIEHSREMT . o
ZHhZh100pCi/ ¢, 94pCi/ &, T4pCi/ ¢ &
110, BEBHOMKDEIGMHApC/ e L b 0
SWCEERE L, ZLT, COHREHTK 0
& LTHZ 5111950~ 1960 R D ED b 1
F v LA SR OIIC b icikitg B2 FRFEEEIEFANIKD Y F o LRE .

L e 6 : PSR, 7 (EEIN
BTRBRHEFA, FNIKDE < BMARNZD Fig. 2 Relation between mean width of

~e

50 B(km)

FEHME LA bOTIRAL, HWTRE LTEES drainage basin and tritium conentration
NI ARE LD THB AR L. of river water,

—~ 128 —



&5iT, RGN« REN - B OFEEEEIR Z 2022, Tk, 15.Tkn, 9.6km& 785 T & (KO,
1971) 5, EHEAOFINICOWT bHBEMEOREAAIITHE, bV F o L8REHEL 85 ER
BHdHT EBHrs,

Lihs- T, SIB7zFrEBANOFIKD b Y F o L@RESEAL O &FOBREPMRIETEEEE b
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KEZzDEEHRBTEOTIENL, —BHTFKRE LTEL SKICHIEG 2 7coic, 19505F~19604F
ROGBED b ) F 9 2 2SUMKOEEZY, BHEOBKEID GHRED MY FULESL. &5
iC, RBEROKESESRNINEEEKBORRDIKE C, HTKRBANEDLSRKEIHBER b ST,
MNKICIBHENSEEO + ) Foahgihd,

7o, 1977~ 19TMED BB OFNIKDBZD T FHRES QLB OE, 1986FEICEF S MY F 9 45
BEI3#944pCi/ € ~6TpCi/ € ThH B, Thid, 1986FDFEBEANDFIIAKD b Y F 9 LBEX D #5
e HITFKE LTHRESNICMAKD b)) F 9 ABEHSFHE « EMHEROA)NIZOVWTHELL LTIE,
19504E~ 1960EERDEBED b ) F 9 22 SUHTKIE, B K > TERREIRIE-72D, S ohicHk
®LTLE-EZEZONB, §TIC, FIKD b Y F9L@BEOBHBOLEE, ) Fyo8E
&0 bEL, PB.9FE~TNETHZ I EMBEHEINTVS (Hd, 1983)s Lichi->T, HIBREAD
FNKD N Y F 9 L8R, SESOIRIETL, MBokhoBEE Lk EYE L T 3T REOHH
KFHLOE DB, EfcEEd5,. 100

2. ANkokdE
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Tb, WENDFENKE, ¥—54T7 7 LTRNVEIC
SHiEN (R—309), ¥4 7BOLEMTIE, KbIFIL
M4 4 OLT =4 T E» 3YEHEN,

24 7°C : FIWI, eI, AILNDF)IIKHIEE S o
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Fig. 3 Key diagram of major ions of

river waters in Niigata Prefecture.
* DUFOB#id, EREAHiHReE L bOTH 5, dkiicid, RmiH»F LY, BkMRkBDEREE LD
&b THENE, SHROBMELI,

WA (Fe & ZEERE, 1982), Soic, ThoDH]IOD
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BRI AR R, 1984), Lchi->T, Chooiliikit, Hd~ob ok Lz E4 0
n, KA OGO & O S HIRDEFHESIKI L TV A T Edshh 3,
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2, FRDKHEILEZ 2 EEPII,
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AT 77 4LTH, VREZHHEINS (K- 305, 12, 14), KA ILERIE OICENZ Ep S,
BKCIUVIRE T, Bk ¥LELLEEZ SN,

&I AT, HBRADHEIIKhDE 4 & VB, KEEMOF) -1z & AEAREN —iclb~T,
DROGY (F-1, £-2), COHBELT, OAAAR, @BARBHITHE, XF0EFHIEICEL -
TGS TR, BkeEkbicEgEhicc & (o & A4, 1971 ; B8 - S0, 1977), @R
RIS g 2B ELE LGB hOE A 4+ VA5l Lc 2 &, @KLED) « RO
BEDHPFBHLENTES, LhL, BBEOALDSDE L, ABBROEEBHIDILVEBDLNBBANT
b, FNKHDE A 2 DB, KENEEIETH B, S o, BINEROTKLES - B8R
DEBRIEZI WL LED S, ABBRERGE, Ficlil s BmEhoEma 4+ vichR LT &
218 %,

3. Ik (1971) Skl
=i, FIEEIN, EE, B GBS  FND OKREIRDOTI, 19445Eh 5 19454 12 h 13 THK
Db btk (1971) ORTER (K- 2) MHIoh TS, HAERDKEDEILEKRiTT 5
FEHDIBEECDRER (- 1) EH&T L, UTDTEMROMITE 1, ik, hEEIKH 1> TR,
IR (1971) DIKEDHK 1 EIT O » THRENICITON I EROEBETH B0 L, FEODEYR
1 EOIRKTH B[ EATHEDBNCHT L,

FT—2 1944~ 1945EDOFBEAND A KD KE & B AEDF KD SEEKE . /MK (1971)
b &I, HBDIHITRLAARENDKITIEEREED (1981) ik 5.

Table 2 Chemical composition of river waters in Niigata Prefecture during 1944
to 1945, and mean water quality of Japanese rivers (After KoBAYASHI, 1971).
The data of the Kiso River are taken from CHAYA et al. (1981).

; . - Nat | Kt |[cCat+|Mgt+|] Cl- | HCO3|SO,~
M (BRI BokiEAE i PH meq/1|meq/}|meq/1 r:mq/l meq /| meq/i meff/l

Z i MK ki k) [1944.4 ~1945.2|6.6] 0.235] 0.025| 0.215| 0.107| 0.209| 0.268] 0.073
PRSI (L EEY ) [1944.4 ~1945.2(6.7| 0.226] 0.037| 0.245| 0.107| 0.150{ 0.278| 0.185
(58NN TF & 7)) {1944.4~1945.2|6.9| 0.278) 0.047| 0.404| 0.164{ 0.152| 0.498| 0.256
BY NI EMRTTEFRFE ) |1944.4 ~1945.2(6.9| 0.548) 0.043| 0.619] 0.263 0.502| 0.620| 0.354

A @R W 7)) |1977.4 ~1980.3(6.9| 0.117| 0.023( 0.240 0.049( 0.076( 0.267| 0.099

B XD RN IKDFIGKE — | 0.291] 0.030{ 0.439( 0.156] 0.164] 0.508| 0.221
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ABEEBEMEITLTVWEEEL S,
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BHLEORILY, FMYv644Y, AYDLAA Y, B4 2
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ARTCE [@—4) 5, KK STick 5iKOE EeKILiE
o) - BROBEBLD S, ABHY (THREK) K&bLEL50 %,
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LBESEOGIIES 1o &, @RINIKD EBRIBEFRIE, ABH
HRERLS EOBYDEAEZETOIRERLLANTE, @51
7 COFIIIKA, He~XPHITH S & WD FEOMEERBL /b
DTHH L EBPOMIIE 12, S oI, FIIKD MY F 9 450
&R A F VIERDOWTHBAMMTRB S &, @EOHITI
SOMBMED ST, —EOMMERNT LB TELE L »T0
PlED T &3, FNIKRDOKEY3BKSEDOE EHET 0TI
i, —BTFKE LTHEEINABICGHEBST 27.DICR SN SH
REEZ OGNS, THbE, FIIKOKE (EEAEFHKD) Y
F o LB, AT OWKEORE (B, WE, 8
BEHISE) Tk > TEE BT EERLTVS, LEeH->T, MWJIKD
FEEGER OB, WKEOME & HRISRHICK - TRES O
Bichic, HIEVOEAEZET O ANAFRERDE, KAREFLL
B LW ENFETE B, F7o, HRMOBBE ik A5
twsEThiE, Ailick->TH Y Fo28EHMREY, KELOH
IK—EDHEDED SIS L HMFETE 5,
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| v
c1” Ng oK’

B-4 Blicisr sKE
DAL, A : 19445 ~19
45%E (/pk, 1971),

B : 1I971EORARE b
k5, 1972), C : 19864
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ANkDOF (K~ 2),
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#%, CHALDH 3T
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Fig.4 Change of water
quality,of the Seki River.
A : During 1944 to 1945
CAfter KosavAsi, 1971),
B :In 1971 (After KoJi-
MA, 1972),C : In 1986,

D : Mean water quality
of Japanese rivers
(After KOBAYASHI, 1971).
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Lzt & 3 5B EE TR, 19846 o 3EMEEE L TRFIRREEDN, S FROBIK
& BIOKRIBSHIBIE T 24 Utco OB FXRD i, 19864F 2 H ik S nr i T ko »
NF U LBESREINTHS k¥« Kb, 1986) OT, X Z0EJIIKDERAE S LICESAEHFOH
BILTFROVWTEET S,

S HEHFOFKIE L, RO SDD SIFHIKG G B EIFEN, WFNbHBHFFKIIET L EX
SNTVB, BRMICE T 250 6GEER, GIFAH0m, GJEHKI0m, GEHHIS0m, G4
A%200m, GsEMHB0MmTH B. (FEEMG LY @ LHRRAR, 1981). BZFEOOLHPIIOR
R, ChoD3BGIEIIR, BRYOKADE (W5 FE~3 FEND RIBRESh /8B mn
THHT b1 (M), 1987),

S HIEFORTIRD b Y F 9 L8 (K- 3) 3, HFHMEERE, 3&AEDH520pCi/ L ~50pCi/ ¢
DOHEFHAICH B0 THIIRIBOFERAOFIIKPLEFETTOMAKD L~ EidiEE L, KIT, 2D b
F o LaDhRERITT S,

S O TR EMNIKIGKEHRIZ Y, BEEEBE~ b Y o 7 RiCk - T bEE O IT 248 %
BB LN GREFIZH, 1985) DT, ThoDMTFkIG, HEDFNIAPLHKSZOEFEELT
WHEREZ S,

S HFEEFOM TR, 1950~ 19604ERDEIED b Y F 9 L 2B UBKMSRBE L bDERET S L,
ZOEEACORBEEIIIOM yeark L, DUV KE LA DT LI, L L, HITAkDE
EAMORBEEL, HEOEDT0m, yeariC#4 3 & (Kb, 1986) H 5, ZOHIEIKHE LWVFEIR

£#-3 FHAEHFOMTKRD +)F v LE Gk¥ - ki, 1986).

Table3 Tritium concentration of ground water in Takada Plain
(After NAGANO and OYAMA , 1986).

LR P ol VS I LN P I
;O X 125 | 7+1 |G, I 110 21410
;oK 150 39 410 G, Joi 130 31410
;o oMK 183 54410 |G, I 130 18+ 8
;oo K 130 3+10 |G, I 140 20 = 10
;oK 80| 84 9 |G, Jd 170 50 - 10
ook o X 60 9%+ 9 |G, K 180 5+ 10
# oo X 105 24+10 |G Wi 185 27 410
& i 21 29 4 11 Gs I# 210 21 411
& s 30 2+ 8 |G I 240 27+ 11
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