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Table 1. List of

Most of the samples were collected in
Mijsasa Town, especially near the Institute
for Thermal Spring Research (I, T. S, R. ),
in Tottori Prefecture. Some were collected
at Hashizu Coast (H. C. ), 10.3km north
of 1. T. S. R,

the sample number corresponding to that in

The number in brackets is

Fig. !, and the numbers in parentheses are
the date and time Call in 1974) of sampling.
ENVIRONMENTAL WATERS

(1} Sea water, the Japan Sea, at HC. (11
3.15) . (2) Ground water, I. T.S. R, (10. 29.
193, {31 Water of a brook, beside [.T.S. R,

(9.28.11,12.19.4) . the
Mitokugawa R., beside I.T, S.R. (8.8.14) .
PLANT SAP
Stem sap . (5] Polygorum thunbergit ( Japanese
name, Mizogoba) ., S0c¢m tall, grown on a

wet sand bar of the Mitokugawa R.

(4] River water,

;a4 stem
segment was cut at a height of 20cm .,
beneath the lowesi branch (8.26.15) . [6.7)
Sanchus oleraceus (Nogeshi), 1m tall ;
segments of the inner (6) and the outer
layers (7) separated by the cumbium at a
height of 10 em (11.30.16,11.30.16) . (8)
Pusroria thunbergione (KudZn) , exudate
from a tip of vine £9.18.14) .,

Leuf water . [9) Brassica pekinensts (Haku—
sat) (10.10.17). (10) Polygonwm cuspidatum
(ftadori) (11.7.155. (113} Artemisia vul -
garts var. imdice (Yomogi) (11.8.15) (12)
Calystegia soldomella (Homahirugao) grown
on sew sand, 4m from the sea level and 15m
from the beach line H.C, (11.3.15) . {13,
14, 15) Pinus thumbergii (Kwromatsu) , 5w
tall : the leaf samples were 2 m in height
(10.30.0,10.29.16,11.23.14) , (16, V7, 18}
Pirus thunbergi?l, three different stands,
about 2 m tall each, grown on sea sand, 3m
from the sea level and 19 m from the heach
tine, near the plant {121, H,C, (11.3.15,
11.23.15. 11.23.15) . (19, 20) Pimus densi—
flora (AkgmatS$i; | 9m 1all; leaves were 7
£19) and 2m [20) in height (11.29.15, 11
20,153 . {21) Abms firma (Yashabushi) ,
L.5m tall (11,28 14) , (22) Rophoms sat? -
vus var, acanthiformis (Datkon) (11.28.13),
(23, 24} Linmaria japonica (Umran) , two
different plants grown beside the plant [12}
(11.23.15, 11.23.16) .

Water in petal | (25) Commelina communis
(Tsuyukusa) (9.28 11), (28) Aster yomena
(Yomena) (9.26.15) . (27) Cosmos bipin-
natus Kosumosu ) (9 26.12) ,

Fruit juice | (28) Solamm melongena var.
depressum  (Semmringsu) , in enlarging
stage (9 30.16) . [(29] Solomum lyratum
(Hiyodorijogo) , mature (9.30.14) . (30)
Tarus cuspidata (Kvaraboku) , mature aril
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water samples

(10.7.16) ., (31) Eleeagnus umbellata
(Akigumi) | mature (11.4.16) . (32,33)
Coceulus trilobus (Kamiebi, or Aotsueura—
fuj®) . mature, grown at different loca —
tions (11.27.14,10.7.14) ., (34, 35, 36)
Ginkgo biloba (Icho) , palp (34) and
albumen (36) of a single fruit, and
albumen of another (351 (10.12.15, 10.11.
17.10.12.16) . (373 Citrus unshu Unshu
mikan) , grown in Hiroshima Prefecture
1Le. 2y,
BODY FLUID OF

Herbivorous insects

INSECTS

(imagines) . (38]
SPhingonotus japomicus (Kawere-batta)(9,
12.18) . (39, 40) Oxye velox Honenaga—inago
(39) and 0. japonica (Kobane ~inago) (40)
(10.11.14,11.27.14) . (41) Locusta
meigratoria (T onosamabatta) (11.8. 15 |
Aphides | (4 2) Macrosipham granarium
(Mugihigenaga—aburamushi) | sucking from
blades of Misconthus sinensis (Susuki) (9,
30.15) . (43) Lachnus tropicalis (urto —
abyramushi) sucking from a twig of a
chesnut tree (11.11. 14} |

Herbivorous Larvae | Euproctis piperita
(Kidokuga) , nibbling the leaf (10) (117
15), (45) Phaedon brassicae (Daikon —
saruhamushi) | nibbling the leaf (8) (10.10.
17) ., (46) Croesus japonicus (Hira—asht —
habachi) , resting on the leaf [21)(11.28.14.
Carnivorous insects (imagines except (521)
. (47) Gynacantha jepomica (Katoriyamma)
flying over a stream in the evening (9. 13
18). (48) Orthetrum albistylum (Shiokara —
tombo) (9.16.13). (49, 50) Sympetrum
darwiniarum (Natsuakane) (49) and S.
Srequens (Akickane) (50) (9.17.14,11.7.14,
(51) Comocephalus melas (Sasakiri) (11.8.
14). (52) Ant~lion (4rijigokw) , G lemuro—-
ides japonicus (Hoshi-—usubakagero) . 1arve
(10.11.17). (5 3) Paratenodera angustipemmis
(Kamakirt) (11.8.14), (54] Vespn aantho—
Ptera(Kiirosuzumebachi) , visiting a group
of flowering Polygonum thunbergis (10, 11.
15),
Miscellancous : (55) Stenopsyche griseipennis
(Higemagakawatobikera, coming flying to
the light (9.14.22) . (56} Tipula and chi-
ronomus (gagambo , yusurika) , making a
swarm (12.12.14),

BODY FLU!DS OF HIGHER ANIMALS

(5 7) Nycticorex nycticorax (Gotsagi),
young ; blood (I11.30.15), (58, 59) Mouse ;
blood (58} and urine (59) obtained by
dissection (12.17.18, 12.17.18), (60, 61
Man, 22 years old ; urine [60) and venous
blood (61) (12.17.23,12.17.2%. (62, 63)
Man, 33 years old ; venous blood (62) and

urine (63) (12.17.28, 12 17.23) .
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bRERMEL (K, P.355) , BEORBOBIICH
KEBH L TEPEOBIERECED L ENTES
(Rl 1967) , W EDEEBAMSN TS,

FARERTFRLTED, [P/ F I/ 5B ELS
BRI >THUOHBEDOKEL TS, I FVE

g ¥

CBEHIBKERFETIHERAT O, BEABELTKIZ
RiETE, 20D HIBOREIRICH > THET
BrEd 5.

CokIK, REOKD I BAEEEH I LBERIINA
WAH BN, KPEBOAREOWRETIEHRWLESHI
HLHFED,

HICE -7 REE 13em D2 (FHRF2Z0EE) ©
Kk (28) DOER—T.2%T, FEAKICEL,. +2DIL
ERREXBoRPICE D, TOBRHTR, Eoks
BIEELTHRLOBEELLLILLTEERLTNVS,
FREFBOEL I FI Vo T ARBERETOLS,
KK (29) FEBRLELOHSELAT, HERTE
ENn3EYH (28) LoFEL.

F 5y 7K OREE (30) @FR{ALLBDT, £
OHRELIKBTES, 7+7 1 (31) bARETSH
%,

K (29) ~[31) DOME (—49, —42, —
3.8%) HEkDSMEE, BhOEDKDOBEME O
Biedh 508, S RBBAMOREOKELRERL T
L&HcBEbns, coliTtid, REOKEELLT
BOAEDLLES EHAINE, 0T, WEOREDS
B3, BEESDE L EDKDOFES S EITENEIE S
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Table 2, Some relevant oxygen isotopic fractionation
factors and reduced partition function ratios
for oxygen isotopic substitution.
In @ /Q)r
Temp., 051)
°C H20(l)-H:0M x1000, x 100072, x 1000
H,O () ¥ €O, ? H,0() ¥
0 1. 01130 68. 22 125. 30 80. 14
5 1. 01083 66. 80 122. 24 78. 22
10 1. 01038 65. 44 119. 29 76. 37
15 1. 00995 64. 13 116. 46 74.58
20 1. 00955 62. 86 113.72 72. 86
25 1. 00916 61.63 111.08 71.19
30 1. 00880 60. 45 108. 53 69. 58
35 1. 00845 59. 30 106. 08 68. 02
40 1. 00812 58.19 103. 70 66.51
45 1. 00781 57.12 101. 41 65. 05
System a Ref.
0 ice /water 1. 0028 4)
0 conc, dioxane ~water mixture /water 0. 9960 3
25 Nat (H20) , C1™/water 1. 0000 5)
25 Kt (H:0), Cl17/water 0. 9978 5)
25 Ca¥™ (H,0)6. 2C1 /water 1. 0043 5)
25 Mg™™ (H:0%, 2Cl™/water 1. 0104 5)
15 OH™ /water 0. 957 6)
References . 1) Pupezin et al. (1972) , 2) Bottinga (1968) .

3) O'Neil—~Adami (1969) , 4) Suzuoki—Kimura (1973) ,
5 Sofer—{Gat (1972), 6) Green—Taube (1963) .

ROKRSINBTRBI BRI N, £ Tl bicH
FOEMMERICRR SN L, MEOEHERERIIE
BETH1HLANTHD, MEFL/KDBELEBARIC DN
TH—IZE DI ETLEEIZS~1096THAD.

BNMECER ALK WIT0L/B) o35, R
BFTHRRINLED (3L 1 BEE) BROKEDS
%, (EEZMREAERTELT 4HB2GKR] (BERXE
Be) itk B, )

PIZ Tk E60kg DAD 150ce D (~ 8% )% KL &
FOFNC— 4.4% Th » - M3, —BEICi3— 4.6%0
KFRa2pbEmnEy, £LT, ThZFoRsOkE
1 BRI ORTIC R E LCHRE S 1, s Timig o 0 fEid
TOBEICEEBZTHAD,

B> TRME FROBLOFKOBFET, MKk HH

REDED 12D EDP 7D T L THAHH B, FEEHIC
i, ROFABLHBNENSBEROFBERLTOT &
Ezonbd, LiblL, WFRICL T HhTHEETHES
H5, TFMEL SKERMDT 2 RE4KEET 2 4083
H3,

RICER KD DENE L URMENNEEEBE L TH
X9 (FHRL .

b3 AN Blok{b % 460g , JEM% 40g, BO
HAB0gEBHL, CNOBMBTHBINZbDLET S
&, %330g okE4AEL B (White et al, 1959) |
COKDOER, ROLHSBWNTHEICLY, BLE—
6%t ittrans,®
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Fig.2 Climatological record of Misasa Town, Tottori Prefecture, from
August to November 1974,
{(Unpublished data obtained by T, Inoue of the Branch Hospital of
Okayama University Hospital at Misasa Spa]
m B & B % 2 (1938) &, HEFoRKtY (WM, vro—2) o
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2 3.8% (Horibe et al, 1973 )40k OB B0
SRR, 1.018 (Lane—Dole 1956 )& M SE B L
ETH B,

BEDE CAEERFS O MILRED 0BT
ZERENT — 8 5B-TWHHEWL, LbL, &KL 37°C
TREFAMENEEICSZ (U, SEEFEE

34.5 %) BDDE D TH Do H-»TCO2 &£
KEDRIOE BB KENROSFHEER THREIN
B EICE-T, ADKEKEIRW0.4% 312 T ons,

i 33

IR HRARFOBEHEERICATRELCE T
AEPEMEES LY, TR OBREOMRELY
HOFE L, BEXHLBL EFET. FLNESKEL
KR XEBEBEOT ALY, bl Cnkied L
7z,

B RO MRESHE & SERELICRPHORBE
ELTOEEExF Lcc it LT, $AMUKREESE
BRSO HEIE S H L FEEICEIRREE
DRFBAT 252 BBELTIVE L LKL
T, L o@ALBEL ST,

MILAZ B REYEHOBSEESR LERLATERL
KRB EEBHE LR, KETKR ST £
Ufe, BERBREWLLET,

EILRFEREDHB =GR AEZHhEELRRE
RO FRET LA ICIENTFABEORAZOLY
WA WAECHRA N 2 F Ui, #ithhoikn
CEEE-TEDTT,

L3

kg

3l B X #

Bigeleisen, J. and Mayer, M, G, (1947) ,
Calculation of equilibnium constants for
isotopic exchange reactions. J. Chem.
Phys. 15, 261-267,

Bottinga, Y. (1968) . Calculation of
fractionation factors for carbon and
oxygen isotopic exchange in the system
calcite—carbon dioxide—water, J. PRYS.
Chem, 12, 800808,

Boyer, P. D., Graves, D. J., Suelter, C. H,

(1961) . Simple

procedure for conversion of oxygen of

and Dempsey, M. E,

orthophosphate or water to carbon dioxide
for oxygen—18 determination. Anal, Chem.
33, 1906—1909 .

Bricout, J. (1973). Control of authenticity
of fruit juices by isotopic analysis. /.
Assoc. Official Anal. Chemists 56, 739
-742.

Cohn, M. and Urey, H. C, (1938) . Oxygen
exchange reactions of organic compounds
with water . J. Am, Chem, Soc, 60, 679—
687.

Craig, H, (1957), Isotopic standards for
carbon and oxygen and correction factors
for mass—spectrometric analysis of
carbon dioxide, Geochim, Cosmochim,
Acta 12, 133-149,

Craig, H. (1961), Standard for reporting
concentration of deuterium and oxygen—18
in natural water. Science 133, 1833,

Craig, I, Gordon, L., and Horibe, Y. (1963),
Isotopic exchange effects in the
evaporation of water, I. Low temperature
experimental results., J, Geophys, Res,
68 , 5079-5087.

Dongmann, G ., Foerstel , H, and Wagener, K.
(1972) . ™®O-rich oxygen from land
photosynthesis . Nature New Biol, 240,
127-128,

Dostrovsky , I, and Klein, F, S, (1952), Mass



ER R DK OB EROEME | THOMTE L UEER

spectrometric determination of oxygen in

water samples, Anal, Chem. 24, 414—415,

(1953) . Variation
of O content of waters from natural
sources. Geochim , Cosmochim , Acta 4,
213-224.

Gonfiantini, R,

Epstein, S, and Maveda, T.

(1965) ., Effetti isotopici
nell’evaporazione di acque salate. Attt
Soc, Toscama Sci . Nat . Pisa Proc,
Verbali Mem | Ser. A 72, 550—569.

Gonfiantini, R,, Gratziu, S. and Tongiorgi,
E.

of water in leaves, “ Isotopes and Radia—

(1965) . Oxygen isotopic composition

tion in Soil~Plant Nutriation Studies”,
Proc. Symp., TAEA, Vienna 1965,

Green, M, and Taube , H. (1963) ., Isotopic
fractionation in the OH—H,O exchange
reaction . J. Phys, Chem. 67,1565~ 1566,

WS (1966) . @ xRoRAKLEERE, HEoT
14, 113-120,

Horibe, Y., Shigehara, K., and Takakuwa,
Y.

carbon dioxide—water system and isotopic

(1973) . Isotope separation factor of

composition of atmospheric oxygen. J.
Geophys, Res, 18, 2625-2629.
BEHE (1964) . TEDHMEE] . AREBE.
HLEWF - FokeE (1972) | ZShERBOREICHNT
(B3, MARTH 41, 13-33,
HMER - Ba (1964) BERoLERaTEE AL
SERE, EOEARHBERI, 795800 .
J. S. and Mittler , T, E. (1953),
A method of obtaining phloem sap via the
Nature 171,

Kennedy ,

mouth—parts of aphids.
528.
Kishima , N, (1972) .

sodinm oxalate as a laboratory standard

Recommendation of

for § O measurement . Mass Spectro-—
scopy 20 , 253 —254,

ABEY (1974) . kOOBSHOH LI+ 17 ik,
BES 21 (BES) , 31,

Knott , K, (1964) ,

im Deuterium—~und Sauerstoff — 18 —Gehalt

JahreszeitlicheVariation

von Niederschligen. Diplomarbeit Heidel—
berg . Quoted by Zimmermann et al.
(1967) .

73

IEEA (1963) | W EML AN FEAKDFHEER,
(D, vELBEoHiEkSico0T, BREYS
# 15, 84-91,

Kramer , P, J. (1969) "Plant and Soil Water
Relationships | A Modern Synthesis,”
McGraw —Hill Book Co. Inc.

REREARE (1972) . EYkbhoYEORS, [t
REFHES. MEORHEEIWE] . HeEE,

Kusakabe , M., Wada , H., Matsuo, S., and
Horibe , Y, (1970) . Oxygen ‘and hydogen
isotope ratios of monthly collected
waters from Nasudake volcanic area ,
Japan . J. Geophys. Res, 75, 5941-5951 .

Lane , G. A, and Dole, M, (1956),
Fractionation of oxygen isotopes during
respiration, Science 123 , 574576,

Libby , L. M, (1972) . Multiple thermometry
in paleoclimate and historic climate .,

J. Geophys. Res. 71, 4310-4317,

Libby, L. M. and Pandolfi , L, J. (1974) .
Temperature dependence of isotopic ratios
in tree rings . Proc. Nat. Acad. Sci,USA
71, 2482—2486 ,

McKinney , C. R., McCrea, J. M., Epstein,
S., Allen, H, A,, and Urey, H.C, (19
50) . Improvements in mass spectrometers
for the measurement of small differences
in isotope abundance ratios, Rev,K Sct.
Instr, 21, 724-730,

RERE (1969) . B/KOEKREE S EHABE. L
EOFHE 23, 6165,

Matsubaya, O., Sakai, H., Kusachi, I.,
Satake , H. (1973) . Hydrogen and oxygen

and

isotopic ratios and major element
chemistry of Japanese thermal water
systems, Geochem, J T, 123-151,

MAAES, METE, TS (1971) . BrFs&kick 3
T4 BIE, KOBRELELOST, HESHF 19,
124-133.

Morita, N., Goto, K ., and Titani, T, (19
38) . Uber den Gehalt der Kohlenhydrate
an schwerem Sauverstoff. Bull, Chem,
Soc, Japan 13, 99-110 .

FAARE (1967) . TIhvosmé ] Bk
L4,



74 X B

O’Neil, J. R, and Adami , L , H, (1969 .
The oxygen isotope partition function
ratio of water and the structure of
liquid water. J. Phys. Chem_ 73, 1553~
1558.

O’'Neil , J. R. and Epstein, S. (1966)., A
method for oxygen isotope analysis of
miltligram quantities of water and some
of its applications. J. Geophys, Res,
71, 4955-4961.

Pupezin, J., Jakli, G,, Jancso, G ., and
Van Hook, W. A . (1972) . The vapor
pressure isotope effect in aqueous
systems. I.H20-D20 (—64°to 100°)
and Ha 0 —H; 80 (- 17°to 16°) ; Ice
and Liquid. II. Alkali metal chloride
solution in H20 and D20 (=5° to 100
J. Phys. Chem, 76, 743-762.

WY, RERE, PREEE (1970) | MILAZE R
FAICER T L7 McKinney BE &S EHCONT,
HEST 18, 1195-1204 .

Savin, S. M. (1967) . Ph. D. Thesis. Quoted
by Savin, S .M. and Epstein, S.,
Geochim_ Gosmochim, Acta 34, 25— 42
(1970 . |

Scott , F, M. (1963), Root hair zone of

soil—grown roots, Nalure 199,1009—1010.

FAN — (1964) | [EBERE ] Jtpee,

Sofer, Z. and Gat, J. R. (1972) . Activities
and concentration of oxygen—18 in
concentrated aqueous salt solutions
Analytical and geophysical implications.
Earth Planet, Sct, Letters 15, 232-238,

4 ¥

Sprinson, D. B. and Rittenberg, D. (1951) .
Nature of the activation process in
enzymatic reactions. Nafure 187, 484,

Suzuoki, T, and Itoh, T. (1974) . A method
of oxygen isotope analysis of milligram
quantities of water using COz; ~H,O
equilibration, Mass Spectroscopy 22,
135—-141.

Suzuoki, T. and Kimura, T. (1973). D/H

%0,” %0 fractionation in ice—water
system . Mass Spectroscopy 21, 229—-233,

Taube , H.
isotopes in chemical studies. Am, Rev,
Nucl, Chem, 6, 277-302,

HEZE (1970) . [REOLHE | BEH.

Urey, H.C, (1947), The thermodynamic
properties of isotopic substances. J.
Chem. Soc. 1947, 562-581.

White , A, Handler, P., Smith, E. L., and
Stetten, D., Jr. (1959) . “ Principles of
Biochemistry”, McGraw—Hill Book Co.
Inc. 1959,

Zimmermann , U, (1973) . Der Deuterium —
und Sauerstoff-—-18—Gehalt der
Korperfliissigkeit des Menschen und seine
Anderung bei Ortwechsel. Naturwiss, 60,
243246,

Zimmermann, U., Ehhalt, D., and Minnich,
K.O. (1967).

evapotranspiration . Changes in the

and

(1956) . Applications of oxygen

Soil—water movement and

isotopic composition of water. “Isotopes
in Hydrology” , 567—585. Proc. Symp.,
IAEA, Vienna, 1967,



AN oK DB EBEMN | TR E JUEER

Oxygen
in the Living Things ! Preliminary Analy-
ses and Discussions

Isotopic Composition of Water

by Noriaki KisHIMA |, Division of
Chemistry, Institute for Thermal

Spring Research, Okayama University.

Abstract

Oxygen isotope analysis was carried out,
by use of a new method (oxalate equilibra—
tion method ) of preparing CO, for mass
spectrometry, on water samples extracted
from a number of biological samples
collected in Misasa Town and Hashizu Coast,
Tottori Prefecture .,

The 0 values

80 in sample waters relative to the Standard

( the per mil enrichment of

Mean Ocean Water ) were suggested to be
distributed in the living things as follows.
The water absorbed by plant roots was

supposed to have the same 6 value with the
water outside it (Js, about —8%) , and in
a rapidly transpiring plant, this water
reached the leaves, partly infiltrating into
the phloem. When transpiration was slow,
on the other hand, the isotopic composition
of ascending xylem sap was modified by the
exchange of water with phloem, where leaf
water with a higher 0 value was migrating.
As Gonfiantini et al, (1965) and Dongmann
et al. (1972) have odserved , leaf waters
were enriched markedly in O in the daytime,
A criterion of the 0 of leaf water may be the
sum of s and A0 that corresponds to the O
fractionation factor in the H,O(l)— H;Olv)
system. The sum comes to about 0% at
ordinary leaf temperatures , and really ¢
values near 0% were observed in leaves of
some herbaceous plants , in exudafe from a
tip of vine of Kudzu, in body fluid of
herbivorous insects, etc., but higher s (up
to +19% ) were also observed in some other

leaves such as pine needles. Especially
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leaves showed an increase in 0 by about 10
% toward the end of November when the
average temperature fell below 10T,
probably because of accumulation of the
daily enrichment as a result of slow water
absorption and circulation,

A few plant species grown on a dune were
analyzed and it seemed that , among them,
herbaceous plants were dependent on spraied
sea water and pine trees on ground water,

0’s of petal water were dispersed (—9 ~
— 3% , probably according to the volume—to—
transpirational flux ratio of water in the
petals .,

Succurent fruits in enlarging stage seemed to
have lower 6% near s, but in maturing
stage their d's increased to about — 4%,

i.e., to the averaged & of leaf water in the
day and night.

Herbivorous insects (imagines and larvae)
in general had distinctly higher § values
than carnivorous insects, the border being
= 5%

were obserbed on aphides which might have

at — 1%. However, lower &5 at about
been sucking somewhat diluted leafl water
from seave tube cells, Sometimes the 6 of
a herbivorous insect was a few per mil

that of

nibbling , probably as a result of evaporation

higher than the leaf it was
of water from the insect and of respiration,
The level at about — 3% common for
carnivorous insects could not be explained,
although tipula and chironomus making a
swarm also showed a & value on the level .
Blood of a heron did not show such a low
0 as supposed from its food habit. As
compared with the drinking water of — 8%,
blood and urine were found to have an
identical d in the range of —4 to —5% in
either mouse or man, The d value of the
oxidation water produced in man's body was
estimated to be about — 6%, from an

approximate water balance,





