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Abstract

Isotope techniques have found increasingly wide scope of application to the
environmental geochemistry of natural waters since 1960. The stable isotope ratio of
hydrogen(D/H) varies in natural waters, as does that of oxygen(:*Q/*Q), due to
isotopic separation during evaporation and condensation processes in the hydrologic
cycle. The concentration of radioactive hydrogen isotope(tritium)in natural waters
increased sharply following the atmospheric testing of nuclear bombs during the 1950s
and 1960s. Thermonuclear tritium remaining in natural waters is an good indicator of
the presence or absence of recent recharge and water age(residence time). Since
deuterium, tritium and oxygen-18 are constituents of water molecules(HDO, HTO and
H,*®0) they serve as unique tracers in environmental geochemistry of natural waters.

This paper presents measurement scales and units, techniques, behavior of isotopes
within the hydrologic cycle and the application of isotope techniques to the environ-

ment in Japan.
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Table 1, Hydrogen and oxygen isotopes.
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Fig, 3, Variations in isotopic composition of
marine vapor. A=sublayer near
the sea surface equilibrated with sea
water, B=vapor derived from A
through a region in which molecular
diffusion plays a role, and C=precip-
itation condensed from B under equi- 30 | ) |
librium conditions. The Arrows from 20 15 10 0 -20
B and C show trends of variations in Cloud Temperature (°C)
6D and 480 of the remaining vapor Fig, 4, 6"0 in a cloud vapor and condensate
and precipitation, respectively, in a plotted as a function of the fraction
Rayleigh process. of remaining vapor in the cloud for a

Rayleigh process. The temperature

of the cloud is shown on the lower
axis. The increase in fraction with
decreasing temperature is taken into
account'®,
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Fig. 5. Variations in 6D and ¢'®0 values of meteoric waters'®.

28



RO IR FRITERI 81T 5 KERGLIEDEE

TWwd BEMR), 202 i3, EBRETCEUKESSHRBEE TOREOFRIICHEY,
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LT, [0 2R S €20 SR & AERIC M 5 BE i, NREHOMEKIZ o
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CONTINENT

Fig. 6 . Schematic fractionation in the atmo-
spheric water cycle!”.
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ngfylantl‘; D“’;id 19.83W agmfnds():é (Fig. 10)2, ¥k KGOBEEMKE < %
symbols represent winter 218 AROHMBEIEL LD, HE»S
precipitations?®. DEREPBACE D, LT, Z2OFBR, 4%

BT 2 KERRIKE ZBNAR 22T, 20

~20

6D (%)

30



BEKOMBRILZRIERIC B T 3 AKRRMEO&E

dfEiz K& < %2 5% (Fig, 3B, 2D &
@6,5$ﬁ@%m@k§@%*®ﬁuiw
HA¥ED SHEFR LI RERTH D LR
7229,
FHARCBWT—y AT 280 MK
D 6D B LU O EOZEHE(LCNEHR
DD SNTHE20, Ly L, BREAOKE K
INEHRZTTEIHATERVMEDET
RO N TW B, g7z, RO AKITE
JHOBEIVWEWIEEMENMES D L LE
BE T3, FEERDREAKIZ DWW T
BEME L L T—0.25~—-0.4% ¢*0.7100
mAER X LT 529,
—HEOBEAIZ2DWT Y DB LU FPOE
ORHEMNELSBAIE N TE D, ZOEED
NF — U OSHIRRE, SHRALR E OB D
BWIZEoTEDL S Z LB N30,
BBV IIEMB L UVEEROBRE (R
EE10~40cm) 2>V T, FhFh, —0.03
~—0.06%0"0/km¥ & U'—0.11~—0.12 %0'*0/kn

DONEERHE D & tz, BARMEEIO LI
B2 KEDOREHEEIT —RTHEE TV &I

EEFE 7TV THERIVICHBE N TN S,

4-1-2, ANk « TFKDOHR

KD 0D B & U 00O AR K & L EHE
tERTORKL T, HIKD DB XV
SO EDOEHEALIT A D /N & { 2-2839~4D),
HTFAKZDOWTIRIZE A YEHELIRD
NV T ARDBE L, AT NEE
T5BEBETRESTHfTbh, ZOKR,
Bk 0D B & U %0 fE D EIEFHIE I
HEREFBIEIC R, L L, T KD 6D &

XU 6180 A3, F OHUBADBEKD SEDE
METFHEE —HLZVES DL, FOR

.ﬁ‘ =5

A A A A
1o :
}
20<d % ~~==>{0>d "vuperuhon
1

NW Central b
and Northeast =22

Japan

the Sea
of Japan

Fig, 8.Seasonal changes of air masses on
Central and Northeast Japan®®.

oF - . H
« "ot o o *
- . . - . ..c
. . L
3 ! .o St
2 -so . - L
o HE . KA
w . . . s
- -
* .
-100 -
1 1 1 l. 1 i i {¢ 1
if
as®
40 .« *" o \:
L. ki
—~ . . * .
$ 20 ) . .
T e o 0 o .
° LR . .
[ 4 M
o o,
1 1 A 1 Il 1 1 {; 1
MAY JUN JUL AUG SEP OCT NOV DEC DEC JAN
1984 1985 1986

Fig, 9. 6D and d—parameters of individual
precipitation samples collected at

Toyama®®.
40
L
N P
S e
- e
.\. 20 oo
— L]
* -
hel ° - . .
3 L) -
Y ee *
- L]
0 —
1 1 1
-5 0 S 10 15

SEA TEMP.- ATM. TEMP. (°C)
Fig. 10. Relationship between d—parameter
and difference in temperature

between sea water and air mass on
it29)_

31



6'°0.% ,
-13 - -9
T T T T 2000
— Kurobe R.
I Joganji R.
[ Hayatsuki R.
° - Sho R.
1000 .
Katagai R. — g Ka_tagal R.
Hayatsuki R. 9 :t: Jinzu R.
Joganji R H N
Kurobe R. 7] a Oyabe R.
w0
-90 0 | ] ] !
-13 -1 -9

%0, %
Fig, 12. Plot of 880 versus average alutitude
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Fig. 11, Plot of 6D versus ¢'*0O for water
samples collected  monthly from
main rivers in Toyama Prefecture

during April, 1980 to March, 1983°. samples from Toyama®.
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Fig, 13, Map showing ¢D of groundwaters in
the Tonami plain, Toyama. @ :sam-
pling point for groudwater, A, B and
C :sampling point for river water,
and D, E and F :main recharge point
for aquifers in the plain*?.
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Fig. 15, Tritium contents of groundwaters
from shallow aquifers of the Tonami
plain, Toyama®®®V,

1: water derived from the Oyabe

river, 2: water derived from the

2 Takashozu range, 3: water derived
:‘Eu from the Sho river, 4 : water derived
i from the Tonamiyama hills, 5:
E /" - water derived from the Hotatsu hills,
§ 6a : mixture of waters from the

Oyabe river (1) and Hotatsu hills (5),
6b : mixture of waters from the
Oyabe river (1) and Takashozu range
(2), 6c : mixture of waters from the
Sho river (3) and Hotatsu hills (5) .
The arrow shows the flow direction
of groundwater.

Takashozu
4 Range
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