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I NVENTI ON Field of the Inventijon After a nedicine
cont ai ni ng i sotopes has been adm nistered to a |iving

body, the netabolic rate i-ving body can be
nmeasur ed by neasuring chgﬁgégﬁﬁhh%%ﬁcentration ratio

of the isotopes. Accordingly, isotope analysis is
utilized for disease diagnosis in the nedical field.

The present invention is achieved wth attention

f 0608 e dNIECTRON IAMOAINGN d& TERYINING a8 8HPP| 6N JdIFQTEPE GAS
teristics of isotopes, and relates to a gas injection

anbNALYHESer ANDj DYOT@PhoEAS NANADY DING gasD MEAYER BNE METHOD
measuring the concentration ratio of isotope gases,

angnal separhaties to i sotope gas anal yzi ng and
nmeasuri ng nmet hod and apparatus . Description of

Rel ated Art It is generally known that bacteria called
Hel i cobacter pylori (HP) are present in the stomach as

or 2R e PR, B L SRR T < equi red to°

conduct a_bacteria elimnation treatnment by2

adﬁ?ﬁ'gtgﬁiFﬁeaﬁngﬁFF%?Btic subst ance. Accordingly, it

'S After a medicine containing isotopes has been ad-
ministered to a living body, the metabolic rate of the living
body can be measured by measuring changes in concentration
ratio of the isotopes. Accordingly, isotope analysis is
utilized for disease diagnosis in the medical field.

The present invention is achieved with attention
focused on the difference in 1light absorption charac-
teristics of isotopes, and relates to a gas injection amount
determining method in isotope gas analysis for measuring
the concentration ratio of isotope gases, and also relates
to isotope gas analyzing and measuring method and apparatus.
Description of Related Art

It 1s generally known that bacteria called
Helicobacter pylori (HP) are present in the stomach as the
cause of gastric ulcer and gastritis.

When HP is present in the patient’s stomach, it is

required to conduct a bacteria elimination treatment by



i nportant whether or not HP is present in the patient.
HP presents a strong urease activity and therefore

wdai2zesalives urea i nto carbon di oxi de and anmopni RCTAP2004E16451
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ot her hand, carbon includes isotopes of which nmass
nunber is 13 and 14, in addition to 12. Qut of these

is .0 Mass_nu r o

notgaﬁm ?85%? ?%Eg\éb % é %%a%%%3| %Q%J%@é'q ot 1s
be. r eadi nd In this_connection, when urea
rra%li%eartﬁ%(ﬁ ﬁ%’g#‘%ﬁt%@%@dﬁ R/ o tRe Pofagnt. HP
body (patient) and the concentration, nore

SPRERFPREF| § THORDACERTRBESA ViAYi onBetheeafand dissolves
the expired breath of the patient which is the fina
netabeal Lotpr odubon dsorkdsuaed, amhenpaesence/ absence

of HP can be made sure. However, the concentration

rati o bebtmegre Otard K&hip éaﬂﬂodlﬁh%ﬁﬂ'ud@ bdotbedSof which
high as 1:100. It is therefore difficult to precisely

MBASHE e ddiSe £ONCant kaki oA 1 f}{ | Qud i tde t%%ﬁ'zf edybr e@f Nhese

of the patient. Cbnventlona [y, 1t |s known a netho

iggtéﬁééarfﬁe39§9{5 'ﬁbf££9§% %ﬁﬂ%%ﬁ %%ﬁgﬁﬁfaf)13 is

obta g the con ce ratlon ra

or_the concentration. of CO (See Japanese Patent

PUBT T GBS GV a(ricbslso)sab&fzzég‘iéf) CapgiBPdFRg s e Heo be
nmet hodof Japanese Pat ent Publication 3 No. 61(1986) -
425204 ByY hantedare prepared two, |ong and short,

In this connection, when urea marked with the isotope
°C is administered to a living body (patient), and the 3¢
concentration, more specifically the concentration ratio
between '°CO; and *’C0O;, in the expired breath of the patient
which is the final metabolic product, is measured, the
presence/absence of HP can be made sure.

However, the concentration ratiobetween *3c0, and *2co,
in the natural world, is as high as 1:100. It is therefore
difficult to precisely measure the concentration ratio in
the expired breath of the patient.

Conventionally, it is known a ﬁethod using infrared
spectral diffraction as a method of obtaining the con-
centration ratio between **C0, and ?CO, or the concentration
of *co, (See  Japanese Patent Publication No.
61(1986)-42220(B)) .

According to themethod of Japanese Patent Publication



cell s having | engths such that the CO absorption in
one cell is equal to the absorption in the other cell,

wandsiiugied s havi ng wavel engt hs suitabl e for reBpEaP100€016451
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anal yses are irradiated to the respective cells, and
the intensities of the transmtted lights are

. ' tQ thi ot h i ght

ToRg At Aorn0, 9 WS IR DR Ll d g anc stor,
| field b de 1, d if the concentration

T b BB toBeL S RRGUICT IR GHE Sber FRFGRPERPPOLR one

varies according to this change. Thus, the change in
cofehtFatsiasielr g?i hearCheakaorntiepeln tthoughheecell s and
adopted the nethod using infrared spectral diffraction
abbyeght seretvionedaviell engtdisf §uttdlbl¢ dodetespeat streghtalyses
change in concentration ratio. According to the

| satepe-gab Aal Y2l tige 3RGpERAS el AL B RO 8ROV tensities
-menti oned, the concentration of carbon dioxide COis

obg ai 1ed pWabhline 8 €1 ghrd LA IALi, QY CuRke WALER + 0 this
apsor con

determ nes the rel ationshi p between ance an

c ion, af, . if . the . atnospheri . :
CRLLRNA R B pHOIBNEL o) LS SRSBIEL Eration ratic
beenpr.epar ed, i jfferent fromthe atngspheric .
prjeggﬁlrenﬁgumicﬁl? CFHSBE et of2RG B oRh glicPRGRR tap tion
i's measured, such difference may cause an error of _
nead bt @ rgte Toko SB0r carier r Ahieokl dabbe orpsHonsr e hieo varies
results of neasurenent of CO concentration obtained in

t hectotrdbw iy Hermehanghat Tisys, pheddtargs hedoralanteration
of air having a predeterm ned CO concentrati on, was
catdecd echibyba gaswhnj ecti on devi ce at
Even though there is adopted the method using infrared
spectral diffraction above-mentioned, it is difficult to
detect a slight change in concentration ratio.
According to the isotope gas analyzing and measuring
method above-mentioned, the concentration of carbon dioxide
3C0, is obtained with the use of a calibration curve which
determines the relationship between absorbance and con-
centration of °CO,. However, if the atmospheric pressure
atwhichthecalibrationcurvehasbeenprepared, isdifferent
from the atmospheric pressure at which the absorbance of
carbon dioxide '’CO; is measured, such difference may cause
an error of measurement of '*CO, concentration.

Table 1 shows the results of measurement of CO,

concentration obtained in the following manner. That is,



each of a plurality of atnobspheric pressures, and was
then injected intoa cell. Each cell inside pressure

woasosmeesir ed. Then, each absor bance was neasuPeU/JPm04/016451
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measure the CO concentration., The calibration curve

used at this tinme was prepared at an atnDspherlc

Pl prad ¥t ned vo1ulE’e% ir havind, 2 gggdgtfgg\med Coy
2.995 964 0.385 2.874 892 57 2.536 858 0.347

799 1EeTEF 3k oKy ﬂééo?ﬂ%@cf—egﬁﬁélae 9ES e e&EHYCR ?."&é‘e at
pressures are naturally groportlonal to the
atemusphér & @ pressures ! ahiosRBcEACRATT AETBRs I ¢S then
must originally be constant, are |owered according to

t hg jreegieet 1910 bredtnos phehi e o essiide prwgsire es neasured.
concentration varies with the variations of the

atypsphes i &n PLESSHHEncR NRasUResElteln tohitdagasé othe CO»
measur’ed cont ai ni ng,

concentration. The calibration curve used at this time was

prepared at an atmospheric pressure of 1005hPa.

Table 1

964 0.385 2.874
892 0.357 2.536
858 0.347 2.445
789 0.323 2.245

According to Table 1, the cell inside pressures are
naturally proportional to the atmospheric pressures, and
the CO, concentrations which must originally be constant,
are lowered according to the reduction in atmospheric
pressure. Thus, the concentration varies with the
variations of the atmospheric pressure.

In measurement in which gas to be measured containing,
as gas components, carbon dioxide *°C0, and carbon dioxide

1200;, is introduced into a cell, and in which the intensities



as gas conponents, carbon dioxide and carbon dioxi de
is introduced intoa cell, andin which the intensitiesb

wohodsreamsei tted |1 ghts havi ng wavel engt hs sui t abitaPi004/016451
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measurenent of the respective; gas conponents, are
nmeasured and then data-processed to neasure the

concentration f.th a n I :
pﬁjec?%ﬁn?%%tg?gs%ﬁ@gF%véﬁ%?gﬁ?tggggés# ghg §§§table tox
i njection anmount determ ning nmethod in isatope_gas
afgiapsireneaidof o pe S@&?t&?@l G3F n%‘?%%&%ﬂq% %S aﬁ%t Fggsured
and appar at us, each of which can correct concentration
vamicatthems degsaloriong segmtehacasisspheri EOpFeasareions of
vari ations, thus inproving the neasuring precision.
SWUMMARY s Gorigdn dNVENT ECNs Ancab fiéag afothé e@nsssg¥ninvention
i nvention, a gas injection anount determ ni ng net hod

i qid SUAPR DS @l ¥§| ScepdPr dBeent heeBéLpSn ORg method in
filling a cell wth the airat an atnospheric pressure;

o%esrq;actog% .9%52?2?%?%2%; i/%ﬁ'i'd deyd G S Ya@S ah1 988K glReasuring

3irp une Va, the gas injectfion

evice being arranged to.inie -

O T A0RLLANE 0 0 B oL 1B 85,5 D, FERVE on

injection device into the_cell %o pre%suri e_the cel

i gt t it ekt g g hef T HRSI d8 BPEE@EF%CP; PEREsuEe

subtracting the cel| volume Vc fromthe product

obitead Ireettll doys Uit | e, TS siive e 9 Y RAGT kel WV

and the cell volume Vc, by the ratio PO P in which PO

| SUMMARRIQRITHE eRSIENT 0N t he gas to be neasured in

i sot ope gas anal ysis nmeasurenent, thus deternining the

According to the present invention, a gas injection

amount determining method in isotope gas analysis comprises
the steps of: filling a cell with the air at an atmospheric
pressure; operating a gas injection device so as to suck
the air of apredetermined volume Va, the gas injection device
being arranged to inject the gas to be measured into the
cell; transferring the air stored in the gas injection device
into the cell to pressurize the cell inside, and measuring
the cell inside pressure P; and subtracting the cell volume
Ve from the product obtained by multiplying the sum VO of
the volume Va and the cell volume V¢, by the ratio PO/P in
which PO is the target pressure of the gas to be measured
in isotope gas analysis measurement, thus determining the

one-time gas injection amount of the gas injection device.

According to the method above-mentioned, when an



one-time gas injection amount of the gas injection
devi ce. According to the nethod above-nenti oned, when

wanesigotsepe gas anal ysi s nmeasurenment i s conduBCEAP204/b16451
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the use of the one-tine gas ipjection anount
determined by nmul tiplying the ratio POP with the

st.andard vol une_or sumV O of the .vol

et e svena Lhe T ina i Rats A SR BB 0P the use
at the target pressure, PO of , the gas to _be neasured.

| ot W dsine Ea el P erst o ﬁ%@%lar@efﬁrwﬁ%ﬂch mulL-
by variations of the atnospheric pressure can be
cdrimelgtiet thecortiingP /P twiethrddsusitagdpirecyei Bhe £yg sum VO
the reproducibility are inproved. Further, the

Meas Uhe R lamepds aindst hs crafl veune ¥d, tthdgasddeb¢ Reasured
| arge sizes. It is preferable that the cell vol uneVc

I Nel HgRs miatsuerlly ahet hy of drde ofpidigsiced Ipo bt tlaésgrs to be
i nner vol unmes of pipes, valves and pressure sensor

iéﬁ%ﬁ?&ﬁ]”ﬁﬁ?ﬂﬁ%ﬁ fchf£EPUEHetB§l§ehhsiWEtBr@%@ugE in-

t he"above vol une nore preclise neasurenent can b
atfained. The _tar.get. pressu PC#

: Qﬁ%ﬁ?q_ %ﬂ%ﬁﬁggiﬁoyseaéaﬁﬁ?oa ﬁéﬁég§r%§3%é§ﬁ%§%ﬁ can be
whi cha cal i bration curve for determning the
r%#%ﬁ?%ﬁﬁ#@p bet ween absor bance and concentration of
carbon di oxi de has been prepared. According to an
i sot ope Ayaeo bl gyl ngthAdIRBESELNEg RRAHCW 7 apeé the re-
present invention, gas to be neasured having the
vobtv@uclab T i nedby thprgasdi nj Fecthen, attbenmeasuring ap-
det er m ni ng

paratus is not required to be made in large sizes.

It is preferable that the cell volume Vc includes not
onlynetvolumecﬁfthecell,butalsoinnervolumesofpﬁpes,
valves and pressure sensor which are in connection through
the cell. With use of the above volume Vc, more precise
measurement can be attained.

The target pressure PO of the gas to be measured is
preferably equal to the gas pressure at which a calibration
curve for determining the relationship between absorbance
and concentration of carbon dioxide '*C0;, has been prepared.

According to an isotope gas analyzing and measuring
method of the present invention, gas to be measured having
the volume determinedby the gas injection amount determining

method above-mentioned, is collected by a gas injection

device, the gas thus collected is transferred into the cell



nmet hod above-nentioned, is collected by a gas
injection device, the gas thus collected is

wonensgfiersped into the cell7 to pressurize the eerlP2004/016451
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i nsi de, and the concentration7of the carbon di oxi de CO
or the concentration ratio CO CO is neasured. An

| S069A% 25 ANAIA! 00, AN JIRASULLAG ARRALANS O %o the

pr es I'Mvention 1S arranged’to e

gas_apal yzi. ng, gnd, yyeasur i met hod above- nent i oned,
AnGREBDr PLBRidS 5h07| AT el GTPRIGTR BER o | TR | 02/ 2CO;
gas into a cell; gastransferringneans for transferring

thésg@§a§9§?@d in the gas injection device into the
cell;a pressure sensor for neasuring the pressure of

t he gas Anuseutime tdes eelalyzdmg gas mepeuting apparitus of
determ ning neans arranged such that the air having a

pr edetefdr dred ivioleut® o¥ai & S rsueked BY dliso @pEHN} 86E688 gas
device, that the air stored in the gas injection

deXﬁ&ny§n&rﬁ@ﬁ&erﬁggs&fﬁﬁ@e ﬂo%ﬁlgﬁ%bgmﬁghgfgi

r
at an at nospheric pressure’, thereby to pressurize t’he

ce inside, that _the.cell inside pressure Pis :
reacnp BESEE A (e IRaS S on WAV JiSidat i aps invo
fromthe product obtajned by nultiplying the sumV O
ofaf:ﬁ(iti\’/&%lﬁm% ¥ HeI BRI o e L Syl nhBhe gess tored
PQ P in which POis the target pressure of the gas to
belPredsused im qelotBpaeyasearalyshe pebburepeassurhusensor
determi ning the one-tinme gas injection anmobunt of the
gakot negatiningelic gragmreby fgabtoghs heassd eth havd rgl1;
the vol une determ ned by the gas injection anmount

and gas injection amount determining means arranged such

and

that the air having a predetermined volume Va is sucked by
the gas injection device, that the air stored in the gas
injection device is transferred to the cell filled with the
air at an atmospheric pressure , thereby to pressurize the
cell inside, that the cell inside pressure P is measured,
and that the cell volume Vc is subtracted from the product
obtained by multiplying the sum VO of the volume Va and the
cell volume Ve, by the ratio PO/P in which PO is the target
pressure of the gas to be measured in isotope gas analysis
measurement, thus determining the one-time gas injection
amount of the gas injectiondevice; whereby gas tobemeasured
having the volume determined by the gas injection amount
determiningn@ans,iscollectedkn/thegasinjectiondevice,

the gas thus collected is transferred into the cell filled



determ ning nmeans, is collectedby the gas injection
device, the gas thus collected is transferred into the

woebds/kitebed8 with gas to be neasured at an at ROSERENI/C16451
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pressure, and the concentratign of carbon dioxide or
the concentration ratio CO COis neasured. BRI EF

DESCRI PTI ON THE DRA Fi g. .S _a bl ock diagram
TSP P15 15 TRAGEIE & PSR RO ESalbge s the
spectroscopj ¢ nmeasurenment apparatys/ Fig. (a) is a i

pl GPRGERIW BFLen R Gatedt PdR*dEF c&C210F dilie ‘concentration
quant[ta&ivel% injecting gas to be neasured, and Fig.

2 Xdyio s §Ob£ RO Visewmarsutrd gas i nj ecti on device 21;

Fig. (a) and Fig. (b) are views illustrating gas flow
paBREGE SDETCR IeT TOMeonhea DRAGINGSE gas i njection

anount is determned; Fig. (a) and Fig. (b) are views

i1l ustratidg gass fd W Rasshges-at thedd® WRERIR general
reference gas |ight anount neasurenent is conduct ed;

Fi EQ.n D e vi.ew. ]| rati.
i R AR T SR e
nmeasur enent i s conducted; and Fig. 6(a) and Fig. 6 (b)
arPRAeW 1Fi ustrating gas flow passages at the tine

whena sanpl e gas |jght anount, nmeasurenent is i ,
conduct €LY | PH G\ R E PRIEFERRIED SENBOBIOVERTS device

21 for quantitatively injecting gas to be measured, and Fig.
2(b) is a front view of the gas injection device 21;

Fig. 3(a) and Fig. 3(b) are views illustrating gas
flowpassages at the time when‘a one-time gas injection amount
is determined;

Fig. 4(a) and Fig. 4(b) are views illustrating gas
flow passages at the time when a reference gas light amount
measurement is conducted;

Fig. 5(a) éndﬁFig. 5(b) are view illustrating gas flow
passages at the time when a base gas 1light amount measurement
is conducted; and

Fig. 6(a) and Fig. 6(b) are view illustrating gas flow
passagesatthetimewhenasample gaslight amount measurement
is conducted.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to the attached drawings, the following

description will discuss in detail an embodiment of the



Referring to the attached draw ngs, the foll ow ng
description will discuss in detail an enbodi nent of

wohe&/gr@wsent i nvention in which after a urea PCT/JP2004/016451
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di agnosti ¢ medi ci ne marked wi gh an isotope C has been
adm nistered to a living body, the CO concentration of

an_expired breat.h of the I|.iving. bo IS 4. . s
it P gty eastid: 5 9 g8 Bheai g anprrig diecicine
First, an expired breath,of a patient{ before a urea_, |
i Tighbed P Hhe ol SR G2 admhAsPEPRE U1 g ko 955t 68 4 iving
an expired breath bag. Then, a urea diagnostic

nePEY nethe OFal Isonern i st M dt @i mxpaiddmreaift @f the
t he passage of about 20 m nutes,an expired breathis
collechedoddly ahs expecetdobeeat babhy measunadner

simlarto that before adm nistratio.n The expired

breathxbagss befosen andsafter adnmini stration are
r eSpectively se 0 predeterm ned nozzles of an

| sot ope @as,SPeGl I93GRIL LHBasyr grent, appak atuse Jhen,, o,
|% con do I

the foll ow ng automati c neasurenent uct ed.

| st ope S _Spectroscopic asur ement aratus Fig. .1

| DO Ck i BV At 17 | LSt PAEE RS ERBCgenbPar o1 ccted b an
arrangenent of an isotope gas spectroscopic . o .
ne%\%%%%%rﬁr%%%rl%\?%s : & Pitced Pragaas Pag medicine is
containing the expired breath after adm nistration

( ¥zl hafadrinieftered to the resaphs -gakfennthe mmssage of
expired breath bag containing the expired breath

bedloret admimidtasgt aoexpherdibeddEr 1 s efdlred eidoi rasn expired

breathbag in amanner similar to that before administration.

The expired breath bags before and after admini-
stration are respectively set to predetermined nozzles of
an isotope gas spectroscopic measurement apparatus. Then,
the following automatic measurement is conducted.

II. Isotope Gas Spectroscopic Measurement Apparatus

Fig. 1 is a block diagram illustrating the general
arrangement of an isotope gas spectroscopic measurement
apparatus.

The expired breath bag containing the expired breath
after administration (hereinafter referred to as “sample
gas”), and the expired breath bag containing the expired
breath before administration (hereinafter referred to as
“base gas”), are respectively set to nozzles N1 and N2. The

nozzle N1 1is connected to an electromagnetic wvalve



"base gas") are respectively set to nozzlesN andN2
The nozzle N is connected to an el ectromagnetic

woabosat19 (hereinafter sinply referred to as " vairtueiop4/Me4st
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4 through a netallic pipe (hgkplnafter sinmply referred
to as "pipe") . The nozzl e I's connected to a valve

V3, .t hr ough conneg edxo R

f ol § %t 5‘?16 fytrrﬁ' O]’:itd)us - pr otc\f P Iv?lef@h %ugh a
On the ot her hand, a reference gas (In_this enmbodinent, .

t Heetea ¥ LI tH Refbeed ing &@édflglaém referremh i as Blber) .
reference gas supply unit 30 (to be discussed later) ,

| SThuppdd Bk N2 al v atarertedrie \valwadsrevIV3 Y ropah gngipe.
V5 are connected to the gas injection device 21 for
quantiltratvy ek ednnjeetiddigo a pefe ferncelgiasy in t$anpl 2 thasugh
or a base gas. The gas injection device 21 has a

SY4 | e SheRer havi ner- & pi ston and a cylinder. The
piston is driven by a feed screw 21e connected to a

pul se "%@E?t%éoftg{e'} %éﬁ&c'aa}édf’%%ﬁe%'gés#% 2 s eh%%@ll'in%nt

the pl st on I SCusse maxi num g

ectlon anpu e .gas i ction.device 21 is
2 P BEBR Ve S T s BB iaomtwoe&geﬁeme

a valve V2 to a flrst sanmpl.e cell 11a and a, second
st SWRLY Mgt A0s (s discrsged1latrE) celd THEGed to
11 has the short first sanple cell 1la for measuring
t e GO ebs6kption, the long second sanple cell lib for
measuring the

The valves V1, V3, V4 and V5 are connected to the gas

injectiondevice 21 for quantitatively injectinga reference
gas, a sample gas or a base gas. The gas injection device
21 has a syringe shape having a piston and a cylinder. The
piston is driven by a feed screw 2le connected to a pulse
motor 21f in association with a nut 21d fixed to the piston
(to be discussed later)p The maximum gas injection amount
of the gas injection device 21 is 40 ml.

The gas injection device 21 is connected, through a
valve V2, to a first sample cell 1lla and a second sample
cell 11b.

As shown in Fig. 1, the cell chamber 11 has the short
first sample cell 1la for measuring the '?CO, absorption,
the long second sample cell 11b for measuring the '3co,
absorption, and a dummy cell llc containing gas which is

not absorbed in the CO; absorbing range. Provision is made



absorption, and a dummy cell |ie containing gas which
is not absorbed in the C 2 absorbing range. Provision

wo200sdeo 1 such that the first sanple cell llacage2obielcsst
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second sanple cell I|ib communjcate with each other
and that gas introduced into Hhe first sanple cell 1la

enters, .as it is,. the second s cel | b, '
R o g TG o ek Ratet [oarve it s dqmele
upstream of the exhaust valveV 6 is a pressure sensor
1659 bt LAPRARTHY GHe AP FredRir e napRERA Y gﬁlsslé%ﬂ@uced
cell 11a and the second sanple cell lib. No

r ebrd ¢theoid rates dmpbe etk 1on Ll heclbe B8t i N ket Fodtld second
this pressure sensor 16, but there may be used for
exsamb Be aqiriedslr, easdnsortiain thechppeeidntivhbubhtdne exhaust
nmovenent of a diaphragmis detected by a piezoelectric

el eperd .vdhe first sanple cell 1la hasa capacityof

aboutO0 . 085 m, while the second sanple cell lib has

a capaci M’?I%-f’S%??B%Egeﬁgsﬁatﬁ‘g%{ﬁ?%%ﬁéﬁn@kﬂ% s bl&essure

first sanp C the sécond

I II _lib h | th_of 140 t he.
TP HalOh RETLE C13S P L ARG (B8l 1 st Ch pomple
i s surrounded by an insulating nmaterial (not shown). . .
Thee bl i slalay dilgse&enah SPRPLSr 6811 GhP - sdlR d@%@%ﬁ%ons

L having two |ight sources for irradiating infrared
r ayse impfasackdnriédys dedpdid oganerheedbhdr ppesonae sensor
nmet hod. For exanple, there may be used a ceramcs
heaé eroyis utfeacemay be used for example a pressure sensor of
the type in which the movement of a diaphragm is detected
by a piezoelectric element.
The first sample cell 11a has a capacity of about 0.085
ml, while the second sample cell 11b has a capacity of about
3.96 ml. More specifically, the first sample cell 1la has
a length of 3 mm, the second sample cell 1llb has a length
of 140 mm, and the dummy cell 1lc has a length of 135 mm.
The cell chamber 11 is surrounded by an insulating material
(not shown).
There is also disposed an infrared light source device
I having two light sources for irradiating infrared rays.

Infrared rays may be generated by an optional method. For

example, there may be used a ceramics heater (surface
temperature of 700°C) or the like. There is further disposed

a chopper 22 for interrupting and passing infrared rays at



tenperature of 700C)or the like. There is further
di sposed a chopper 22 for interrupting and passing

wonbosamedor ays at 12 predeterm ned interval s. TRET/JP2004/016451
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chopper 22 is rotated by a pyhbse notor 23. Qut of the
infrared rays irradiated fromthe infrared |ight

sour ce devi.ce the light pat o] Lfrar

o REETEG e g (S ISt SAAB S BPPL 173 Sadiyhecua by 2
dunmy cell | is called a first light path LI, and the

| PgREep A offorvedby i nfrared rays passi ngt hrough the
second sample cell lib, is called a second Iight path

L2 (SeeORitgof Bhe Anfrpneedrasts #aygdélétt@@lt’éfor@lg%ecén%@red
detecting the infrared rays having passed through the
calilgceppiricseslevd d L5t thaveélighgt hathl ferm@dabgninérared
first sensor elenment 25a disposed in the first |ight

Pathk,s prdai s§0aand, ey ehengt hsf ishingn e2461 BNd A2 58a0R dummy

sensor” el enent 25b di sposed in the second |ight path.

\';gc{;ﬂ%ﬁ‘%{ii ;llgﬁ- tcj?;lell%gi;%{ ;&Hig%_ of ;BP patherhirshd the light

elengt ter esi gnedto pass infrared rays

havi ng_a wayel enat h _of. about 4280 i IS @)

S e BV PR TG Fat ek el iy ot samp1e
absorption of CO_, the second wavel en filter 24his
desilgnddtn pas £aldmhrfedSys Had gpgttgea\%& é%&?h%éf?" 1).
about 4412 nmwhich is the CO absorption wavel ength
range. e ififirstreahd aysc ded esénsorlcgllerehrs d54eCEipy the
are light-receiving elenents for detecting infrared

I aysfrared rays having passed through the cells comprises:

a first wavelength filter 24a and a first sensor element
25a disposed in the first light path; and a second wavelength
filter 24b and a second sensor element 25b disposed in the
second light path.

For measuring the absorption of °CO,, the first
wavelength filter24aisdesignedtopass infraredrayshaving
a wavelength of about 4280 nm which is the *?CO, absorption
wavelength range. For measuring the absorption of *°COg,
the second wavelength filter 24b is designed topass infrared
rays having a wavelength of about 4412 nm which is the 3co,
absorption wavelength range. The first and second sensor
elements 25a, 25b are light-receiving elements for detecting
infrared rays.

The first wavelength filter 24a, the first sensor

element 25a, the secondwavelength filter 24b, and the second



The first wavelength filter 24a, the first sensor
el ement 25a, the second wavel ength filter 24b, and the

woearsrdil7é8 sensor el enent 25b are mmi nt ai ned aPCa&/IP2004/016451
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predeterm ned tenperature by,a tenperature controlling
bl ock 27. A fan 28 is disposed for discharging, to the

out side of_the ap at us radi ated. fro et Lig
eF@ﬁéﬁﬁ'o?l?WEPYeE%%%a?ﬁ?eQ%%%Fﬁggﬁﬁhgg |5bﬂbg%$ tihfinea
Further, the isotope gas spectroscopi.c . nmeasyre
apeEIPSrad Was by Pefteefdé Ya&s ﬁya%r%lﬁmg %Qr%? 2.
supplying the air with CO renoved. The reference gas, |
suppl y @nfen3?s iis dospeseddipr deyelentding di-sthsrepEside
filte3rl aand carbonic acid gas absorbing unit 36. The

carfbenicCapphdagas, ahsat bradiaimed B6on o Redangedeflomasg of
for exanple soda linme (a m xture of sodi um hydroxi de

ang, £ al LI HOHHRDr A i L HIRYU @7Aci d gas

absorbing agent . Fig. (a) is a plan view of a gas
| njecti on devdice L ‘;i_%rot%kﬂ%nb!afsagbggldo‘sEbEQE' f8ag@sement
an Ig. (b) i f the

to be méasured, s afront viewo

i ecti Hevi 21 Th o , , _
NEPREaE ran AL Ay e RTE v 4op SEERLYine
21c di sposed on the base stand 2la, a novable nu 21dt 30
colst edrt BLERC Qs 5eBAVEde, W' &&dSTEPER F18 TEdhed U

with the nut 21d, and a pul se notor 21f for rotating _

t Hes teruestedwnkheiasivo miustrradfet § beer sdrad 2garbonic

and the pulse notor 21f being disposed under the base
acid gas absorbing unit 36.

The carbonic acid gas absorbing unit 36 is arranged
to use for example soda lime (a mixture of sodium hydroxide
and calcium hydroxide), as a carbonic acid gas absorbing
agent.

Fig. 2(a) is a plan view of a gas injection device
21 for quantitatively injecting gas to be measured, and Eig.
2(b) is a front view of the gas injection device 21.

The gas injection device 21 has a base stand 2la, a
cylinder 21b having a piston 21c disposed on the base stand
2la, a movable nut 21d coupled to the piston 2lc, a feed
screw 21le meshed with the nut 21d, and a pulse motor 21f
for rotating the feed screw 2le, the nut 21d, the feed screw
21e and the pulse motor 21f being disposed under the base

stand 21la.

The pulse motor 21f is driven forwardly/reversely by



stand 2la. The pul se notor 21f is driven
forwardly/reversely byl 4 a driving circuit (not

woehosi1769 When the feed screw 21le is rotated bpCcrir2004/016451
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rotation of the pulse notor 21f , the nut 21d is noved
back and forth according to the rotation direction.

e R S R e SR L

st erefore pOSSi

optionally control both the i ntraducti o_b
reetarted, biriteR Mo asr A B T RET o gh?ﬁlbeen 21d
the gas to b e neasured fromthe cylinder 21b. I
Measmoved Heracand e rHea peasdi 1o g Ebe a9 addms fisgction.
the steps of de termning a one -tine gas injection
ampund caBeasigherg pilke onearcehoebgaspvedabackngnthorth to
base gas, neasuring the reference gas, neasuring the

%ﬁ%ﬁ%ﬁ@ﬁalﬁgglﬂﬁéﬁurHﬂgléEﬁe&@ﬁ@@@ﬂﬁ%dﬁhﬂéﬁ@ophﬁonally
In Fi t the arrows show t he gas

kam”lgghkﬁ'%_tE%tEﬁgkgaﬁkeﬂoﬂfofrﬁééjﬁ%'bg fRaSR%ed, into

as I njection anmunt determ ni ng

step duct at jeach_neas
ga*éﬁeoi;yi%nﬁs’gﬁ ﬁ&ﬁ%?é?& s g?e% %ngi T EO%eSﬂgBEEred
hour) . It is ﬂOMISU posed t-hat the total of the flrst
sdmsite € |CYInaRA and the second sanple cell lib
volune is defined as V ¢ (a predeterm ned value) . The
vd lihe MéasprigierRisigedigte onl y i ncl udes the net vol unme
of the sanple

The measuring process comprises the steps of de-

termining a one-time gas injection amount, measuring the
reference gas, measuring the base gas, measuring the
reference gas, measuring the sample gas, and measuring the
reference gas and the like. In Figs. 3 to 5, the arrows
show the gas flowing.

11I-1. Determination of the One-Time Gas Injection Amount

This gas injection amount determining step may be
conducted at each measurement of a sample gas or at regular
time intervals (e.g., every one hour).

It is now supposed that the total of the first sample
cell 1la volume and the second sample cell 1lb volume is
defined as Vc (a predetermined value). The volume Vc
preferably not only includes the net volume of the sample
cellslla,llb,butalsoincludesinnervolumasofthepipes,

valves and pressure sensor 16 which are connected through



cells 11a, lib, but also includes inner volunes of the
pi pes, valves and pressure sensor 1 which are

woamsaaimd t hroughl 5 the sanple cells 1l1a, |iBCTUP2008016451
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al so supposed that the volume of the gas injection
device 21 at the tine when gds is injected by the gas

TR N A I A e e

This_ volume V Ois defined as_a standard volune

ThEC LG © &/ g gagpeReactseRete Vit esl alte tBPOSHRE Vﬂ?ﬁdﬁ gas
the air is sucked with the use of the gas injection

devs dej2rtetien thehgay dhjecyisnideclas éd, tapdngsetermined
val ve V2 and the exhaust valve V 6 are opened. The air

I Nnsddke galser@p £etiondatimed 24 Vs. i rjtedtseduppasdchehat Ve
first sanple cell 1la and the second sanple cell Iib.

Theny, theoval ¥gi Y24 Bukd aged aRd £ R gexbasisd t med My B ume
is closed. Thus, the air having the volune V ¢ at the

at??spherlc pressure is housed in the first sanple
11a and the second sanple ceII I|b A's shown in

Fi g. 3(6%1?1 e, i s Ber val ves. ar
Cl sed. MR EHISIPCH RtV E s Yeddksait i fel, end
use of the gas i njection deV|ce 21, A shown in Fig
3(Bye,adhd s arg&cd BLER Qe Qid tpRedeal Vo) 88t jan tevice
opened to transfer the air in the gas injection device
2121 nt Thdre fthesvasuaple icerlLosed, awdd ttHe FedawdV2 and the
sanple cell lib. Since the exhaust valve V b renmains
cl esieslist heninsivdesref opbeedli r sSthesanipl éncehé dds ianmkction
the second sanpl e
device 21 is injected into the first sample cell 1la and
the second sample cell 11b. Then, the valve V2 is closed
and the exhaust valve V6 is closed. Thus, the air having
the volume Vc at the atmospheric pressure is housed in the
first sample cell 1la and the second sample cell 1lb.

As shown in Fig. 3(a), the valve V5 is opened, other
valves are closed, and the air of volume Va is sucked with
the use of the gas injection device 21.

As shown in Fig. 3(b), the valve V5 is closed and the
valve V2 is opened to transfer the air in the gas injection
device 21 into the first sample cell 11a and the second sample
cell 11b. Since the exhaust valve V6 remains closed, the
insides of the first sample cell 1la and the second sample

cell 11b are pressurized.

With the valve V2 closed to stop the air movement,



cell lib are pressurized. Wth the valve V2 closed to
stop the air novenent,1l 6 the pressure of the first

weamzig1wel | 1la and the second sanple cell |iBCTEP2004/016451
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nmeasured by the pressure sens 16. Thi s neasured
pressure value is defined as . It is supposed that

ea calibration_curve_for, determningt

F oFhE  BRERF L Beb hebheabbor barta - Cohcont 1 ¥ cFhprsecond
each of carbon di oxi de and carbon di oxi de has been i
pr épEPLE GRllalpPetetiersined by cdsweeppiresenspr 16. This
at nospheric pressure). The calibration curve data and

t heeggliuedf praespredenéra heddpiessdrePOPare stored in

an anal ysis conputer of the isotope gas spectroscopic

measur enebt iagppavpposed Tatanabyki cxldimbteion curve for
determ nes a one-tine neasuring gas volune V (PO P)

W BtEbRiHSRgOT thBe PEENE OUSENi St BEHPELSSASotiehce and
nmeasured pressure P and the standard volunme VO A's

Sh8¥>‘ﬂc%t£$€i%ﬂ' b@W0g requatd o(r})diéighedegaﬁcb”ja%ﬁ} | Qv p0n
of the g 'S

anount as 1 njection device a value
obt,ai ned hy .subtracting the cell volunme.V.c from\V
(Per e eyl M Rrat & BB T St 8Bk pressure
subtracted because the first sanple cell 11a and the
seBBAd- sanpfe2 EBPFPIEB1 G| PEGBEFUEBNt ai 1T Hea fdrralbiqie curve
measured having the volune Vc. VV (PQP) - Vc (1) The
f oflebaiamgl des Trilpeicdnt e bPiredes eugd nereo raprity R0 @ke stored
When the neasured pressure P is equal to p, the gas
in an analysis computer of the isotope gas spectroscopic
measurement apparatus.

The analysis computer determines a one-time measuring
gas volume VO (PO/P) with the use of the previously stored
pressure PO, the measured pressure P and the standard volume
V0. Asshownbythe followingequation (1), thegas injection
amount V of the gas injection device 21 is a value obtained
by subtracting the cell volume Vc from VO(PO/P). In the
equation (1), the volume Vc is subtracted because the first

sample cell 11la and the second sample cell 11b already contain

the gas to be measured having the volume Vc.

1

V = VO(PO/P) - Vc (1)
The following descriptlon will discuss the equation
(1). When the measured pressure P is equal to p0, the gas

injection amount V is equal to Va. If the atmospheric

pressure is high, the measured pressure P is higher than



injection amount V is equal to Va. If the atnospheric
pressure is high, the neasured pressure P is higher

woOheosb4776%?O. At this tinme, the gas injection aOODUP1003/016451

may b e set to a value snmaller,than Va. If the

at nospheric pressure i s |ow, "the neasured pressure P

I Spho t PO At this time, the gas injection

ARt A ey D B PR oJvhl TRt SR e st
such an_operation, the CO concentration can al ways e
meaSufedelHBeFTebhaFt FBAR Vaentitdlle ¢ imsrhemberbressure
which the calibration curve has been prepared. |I1-2.

Ref &r £?¢e Weagipasveiad Rrelssarrer Bf b3 eveegddians POl.owdd this
into the gas fl ow passages and the cell chanber 11 of

t heimsptidpe ggasirspect r@s enpua tieasyr legent: appavalus Higher -
wash the gas fl ow passages and the cell chanber 11. A

t thhs vd epithesBEBtON 0dle aits o Vele Rask-dRdehPFEPi b0 can
wash the inside o f the cylinder 21b. A reference gas

LS80 R S £ PR LBLE  Bhgee ppcen

h I VoIl i d, other
varGLER PRl Rk APE R n L OFel & HRecopat P ERERERMa wi i 1

th use of_ the gas igjection device 21, a s shown in
Fimgﬂﬁg_%&%ﬁ% Fig. 4 (b) the valve V |

is closed, and the valve V 2 and the exhaust valve V 6
are operfedclewin| eefpseretegafcésgadondt hatgashe gas flow

injection device 21 is slowy flowed into the first

10 sappseages| ahta Bme tded Isechamdbsanyille of the isotope gas
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spectroscopic measurement apparatus to wash the gas flow
passages and the cell chamber 11. At this time, the piston
21c is moved back and forth to wash the inside of the cylinder
21b. A reference gas at an atmospheric pressure is housed
in the first sample cell 1la and the second sample cell 11b.

In the reference measurement, the valve V1 is opened,
other valves are closed, and a reference gas is sucked with
the use of the gas injection device 21, as shown in Fig.
4(a).

Then, as shown in Fig. 4(b), the valve V1 is closed,
and the valve V2 and the exhaust valve V6 are opened. While
the reference gas in the gas injection device 21 is slowly
flowed into the first sample cell 1la and the second sample
cell 11b by controlling the gas injection device 21, the

light amount measurement is conducted by the sensor elements



cell lib by controlling the gas injection device 21,
the light anount neasurenent is conducted b y the

woeenso1 b enent s18 25a, 25b. The |ight anmount POTGP2004/016451
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obtai ned by the first sensor Ebenent 25a is recorded
as R, and the light amount thus obtained by the
sec@nd §%%Eor el enent 25b is recorded as R. HI-3.
Base Gas asurenent The valve V 3 is opened, other

val ves a cl os and the pbase gas.,is sucked with the
use of thgegi%gﬁgj@@?PBF 589?08g§i¥n?ﬁeﬁy the Threk sensor

3 is closed, the valve V2 and,the exhaust valve V 6

ar 818peREdZoants thrRCheded ges T1hL t adydde Ajlebti amount thus
device 21 is injected into the first sanple cell 1la
angdbthénsdcbpdtsanpéeondl sehsbr Fheneatt2bh tdherecorded as
exhaust valve V 6 is closed. Thus, the base gas at an

at ipgpheric pressure is housed in the first sanple

cell 1l1a and the second sanple cell |ib. Then, the

valhye Ve3skS capefed s 2Lbheh+val ves are closed and the
base gas having the votumeV cal cul ated according to

t he equat.j [ cked fromthe expired breath bag

by the ggégr%%%% ﬁé%%ﬁgy-§5651,0§Ee§h333v?ﬁ %$§.cf ?g and
After the base gas has heepn sucked, the valve V 3 is
cI%ggd#aﬁﬁdg?ﬁeg%af@gk%gzw+EhdB%%é@S%sogh%WﬁlQ4§F4QﬂeCtlon
5(h) . The base gas is mechanically pushed out wth

t heetiseeotl t hdhgds itheeteilva Wevitelzbad phesvalieeV2 and

the first sanple cel
the exhaust valve V6 are opened, and the base gas in the

gas injection device 21 is injected into the first sample

cell 1la and the second sample cell 11b. Thereafter, the

exhaust wvalve V6 is closed. Thus, the base gas at an

atmospheric pressure is housed in the first sample cell 11la
'and the second sample cell 11b.

Then, the valve V3 is opened, other valves are closed
and the base gas having the volume V calculated according
to the equation (1) is sucked from the expired breath bag
by the gas injection device 21, as shown in Fig. 5(a).

After the base gas has been sucked, the valve V3 is
closed, and the valve V2 is opened as shown in Fig. 5(b).
The base gas is mechanically pushed out with the use of the
gas injection device 21 fo pressurize the first sample cell
lla and the second sample cell 1lb. This increases the

pressure of the base gas in the first sample cell 1la and



11a and the second sanple cell Iib. This increases the
pressure of the base gas in the first sanple cell 1lla

wanoak/@1tshe second sanple cell lib, to a val uepequrioot/oc4s1
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the pressure PO At this stajg, the valve V 2 is
cl osed and the |ight anmount i s measured b y the

sepsor_ el enent s amount thu
PgFﬁ§§xH§§ SEHE Flr%f?sen§o$ %ﬁéHF 553t G g%Sﬁﬁ% sure

as B, and the |ight anmount thus obtained b y the

seR8nd sensor element 25b is recorded a s B . I11-4

Ref erence Measurenent Again, the. gas fl ow passages and

t he cel | 8t akkl nastels, tvee ieefV@r éscelgasdl dghitthe light

anount neasurenent is conducted (See Figs. 4 (a), (b)

) amdhetl ighthearnuatl bhushebtahsed blymthesf 2bal 25b.

sensor elenment 25a i s recorded as R2, and the |ight

anount thks DbyRENgobnY tihes SesenthsensPrtied ef&elrgt Zhsor

is recorded as " R . 111-5 Sanple Gas Measurenent The

VaéY?méfné hgzopen cox%&ﬁ t%ajzﬁesaﬁ&etlg%]of’fcglu’@%&m thus

e gas I's suc ed W i e uSe

in tion.device 21, Th the v s cl osed,

naBEaBAY e heTitnati®s FATE 208 Ghamapred as

angd _the sanple gas in the gas injection deV|ce 21 is

inj@cted into the first sanple cell 1la and the second

sanple cell |ib. Thereafter, the exhaust valve V 6 is
RefpygsncenMeggnpkregss at an

Again, the gas flow passages and the cells are washed,
and the reference gas light amount measurement is conducted
(See Figs. 4 (a), (b)). The light amount thus obtained by
the first sensor element 25a is recorded as '?R2, and the
light amount thus obtained by the second sensor element 25b
is recorded as *°R2.

III-5 Sample Gas Measurement

The valve V4 is opened, other wvalves are closed and
the sample gas is sucked with the use of the gas injection
device 21. Then, the valve V4 is closed, the valve V2 and
the exhaust valve V6 are opened, and the sample gas in the
gas injection device 21 is injected into the first sample
cell 1la and the second sample cell 1lb. Thereafter, the
exhaust valve V6 is closed. Thus, the sample gas at an
atmospheric pressure is housed in the first sample cell 1la

and the second sample cell 11b.



at nospheric pressure is housed in the first sanple
cell 11a and the second sanple cell lib.2 0 Then, the

\Voabwmmv%4 i s opened, other valves are closed agu/JpPive4/016451
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sanpl e gas having the volume 3jcal culated according to
the equation (1) is sucked fromthe expired breath bag
by the ect i e own i g

After thggg%hgﬁgaghs d§¥6§% éﬁgééd§{%?F'W? v'g %r%-#%Psed
cl os q: and the valve V 2 is opened, _as shown

6 1By LhSTRETBAmes SRHE hBERtm G % puSRLA BUrAdH g
the use of the gas |nject|on device 2 1 to pressurize

t heof thetedipien cel)l iblgugkec heoBetbadesprpee rtath bag
lib. This increases the pressure o f the sanple gas in

t heyf that gganphgecelibnldavand 2he secehdwsaiml gigel b(a) .
lib, t o a value equal to the pressure PO At this

state, theryal ¥ee VszmpBe Chosath anskdhestdigdd, amintalivw v4
neasured b y the sensor el enents 25a, 25b. The Ilght

anpyint; Jduis Qﬁggemee@a@vx \Fi“%sféﬁé’ieée%%oé tal ﬁg

is recorded as and the [1ght anmount t

II?h%qgﬁgferég agﬁ? eneah ZEH% tﬁgcgggegFgmﬁhg;use of

sages and the cells are shed, and the reference
QathF I SEHGIE odeli hert 1a BESRAUCIEE £aBet Fi gs Saple
( a) ,

§b . The l'ight anount thus obtained b y the
figg% sehgopnd the second sample cell 1lb. This increases

the pressure of the sample gas in the first sample cell 1lla
and the second sample cell 11b, toavalue equal to thepressure
PO.

At this state, the valve V2 is closed and the light
amount is measured by the sensor elements 25a, 25b.

The light amount thus obtained by the first sensor
element 25a is recorded as '*S, and the light amount thus
obtained by the second sensor element 25b is recorded as
138.

III-6. Reference Measurement

Again, }the gas flow passages and the cells are washed,
and the reference gas light amount measurement is conducted
(See Figs. 4 (a), (b)).

The light amount thus obtained by the first sensor
element 25a is recorded as **R3, and the light amount thus

obtained by the second sensor element 25b is recorded as



el enent 25a is recorded as R3, and the |ight anmount
thus obtained b y the second sensor elenent 25b is

woeesrdedoas?2 1 R3 . |1V Data Processing |V-1. PCT/JP2004/016451
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Calculation o f the Base Gas sor bance Data First,
bot h the absorbance AbS (B) o C and the absorbance
AQgRgB) of COin the base gas, are obtained with the
use'0°f (i) the transmtted light amounts R, RI o f
the reference gas, éii) the transmtted |ight amounts
B IVEPat3 PReC®83egas, and (iii) the transmtted
light anbunts R2, R2 o f the reference gas. Here, the
abBbribafedcrBStiBR off the Bgsehfasnéisprpapige Data

foll owi ng equation: AbS(B) = -1o0g %2 B/ ( RI _+ R2)
The absoFbasice WS (B)e alfsd@@ance GtRlas (R &f y*€he and the
follow ng equation: AbS(B) = -log [2 B/ ( Rl + R2)]

Thiiss o MhgR-6 alPadkati ngredeh, absothanegsetdigs £ 415 obtained
cal cul ated the average value (R + R2) /2 o f the

li f f 2 13
b'e\gmh%%gtgfr (48 gg@%%n@ﬁa%%m@&ﬁt%qmsed R1, 13RI

ore and a e sor bance cal cul ati on, and the

absorbance_is then cal :..C ted

VS A FbEeEDEE  AS EA I T Sigedote
obtained b y the b iy t. / dj ngl y,

ChET AF| e & 05| FE( AT LORCE BREPEERSEoriohY amounts
measur enent by the passage o f tine) can b e

cann®él,| eRearh the reference gas.

Here, the absorbance '?Abs (B) of 'CO, is obtained by
the following equation:

Zaphs (B) = -log [2*B/ (**R1 + '?R2)]

The absorbance *3Abs(B) of !'°C0, is obtained by the
following equation:

Babs (B) = -log [2%®B/ (¥R1 + °R2)]

Thus, when calculating each absorbance, there is
calculated the average value (R1 +R2) /2 of the 1light amounts
of feference measurements conducted before and after the
absorbance calculation, and the absorbance is then cal-
culated with the use of the average value thus obtained and
the light amount obtained by the base gas measurement.
Accordingly, the influence of drift (influence exerted to
measurement by the passage of time) can be cancelled each
other. Accordingly, the measurement can dquickly be

initiated without the need of waiting until the apparatus



ot her. Accordingly, the nmeasurenent can quickly b e
initiated without the need o f waiting until the

weaeppeEriws22 i s brought into perfect thermal PCT/IJP2004/016451
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equi librium after the apparatyis has been stared
(generally, several hours are required) . [V-2.

Calculation.o f Sanple_Ga sar bance Da Then, th
b5 aBe S e HEG PRSI ClOTARG | T8 Ghost bifhcg ter the
AbS(S) o f CC2 in the sanple gas are_obtained with the
us@PRAFatiy bhe PreRsAiered |(OGRETaddunt SSREIaR Aogys are
the reference gas, (ii) the transmtted |ight anmounts

S requpréedi he sanple gas, and (iii) the transmtted

light anbunts R3, R 3 o f the reference gas. Here, the
absbrhageé cAhat$pnooff Campd eoltbai AbG olrbyniche Dialal owi ng
equation: AbS(S) = -log [2 S/I( R2 + R3) | The

absor bangeabsHéS) ené SExbspohtal Padshsy e 2co, and the
foll ow ng equation: AbS(S) = -log [2 S/I( R2 + R3) |

Th ab ' a bs c re_| ;

ca cﬁ?%@%§c§hég§%2%58%fvggﬁ% %ﬁf t EEF%g%tS%ﬁﬁﬁ% éﬁ%F%lned
ref erence neasurenents conducted before and after.fthe i
bl s TRA i G | orp SRd e H4B00r aRE e en KL, 2
calculated with the use o f _the average val ue thus 12
ob? Sithedt aFRr eHee Fpght (Aholhe BRS¢ y 1ohé aBemnles S,
gas measurement . Accordingly, the influence o f drift
cansSho ke teansaip kel deachant hiérl) the transmitted light amounts

2R3, °R3 of the reference gas.

Here, the absorbance '?Abs(S) of '?CO. is obtained by
the following equation:

Yabs (S) = -log [2%%S/ (*?R2 + '2R3)]

The absorbance “Abs(S) of '3C0; is obtained by the
following equation:

Yabs (S) = -log [2*3S/ (*®R2 + *°R3)]

Thus, when calculating an absorbance, there 1is
calculatedtheaveragevalueof the light amountsof reference
measurements conducted before and after the absorbance
calculation, and the absorbance is then calculated with the
use of the average value thus obtained and the light amount
obtained by the sample gas measurement. Accordingly, the
influence of drift can be cancelled each other.

1V-3 Concentration Calculation

200, concentrationand3c0, concentrationare obtained



| V- Concentration Calculati on CO concentrati on and C
concentration are obtained2 3 with the use of

woabashmete» on curves. A s nmentioned earlier, theCcT/JP2004/016451
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concentration curves are prepared with the use of gas
to be neasured of which CO concentration is known and

gas .t o be neasuredof, .which CO tration i s known.
Téf”&g]t %Q’r? e coaﬁeicﬁl’l&g}c?%l&ﬂ vcgﬁlfqgeregq'co concentrati on,

CO absor bance data are neasur gwith t heCO, .,

concent P&t FeR tdRAGGe 83 R Leke FQ' ﬁgSOGFe@gorFElSB‘oﬁ{lrg%s are
and the data thus neasured are plotted on a graphin ,
whirspartesl axdinf §habsepseisgaepiedenmeaigedoot which “CO,
concentration and the axisof ordinates represents the
absordeanaet ihens khewsumidges de demnearededyof hiich o,
nmet hod of | east squares. To obtain the calibration

cy e o LQ soncentdAtd on, CO absorbance data are
measured with theCO concentrati on changed in the range

of 0%t 89 -zsmgjﬁ : t 2 i
pl ot t e&%oﬁggg%? g%%i(h/glv%l C Eﬁnﬁ%ggﬁgsf%ﬁbgg?gggggngkgt ot
represents the oncentration.and,the
o Gt BICFRpRES ARt Tartees UESs FidRcd®
curve is de term ned by the pethod of | east uares. .,
THéhangebs tafpcoXPRECeA th{® qhadiaeit Fuaibidsnfgra thus
relatively less in error. Accordingly, the calibration
C Umevses eap RO RIDTEt e chyn quaRR iLe Brudt FBAS X4 habsrégsas
in this enbodi nent.

represents the '?C0, concentration and the axis of ordinates

?ﬁég?gyﬁgntration

represents the '?CO, absorbance. Then, the curve is de-
termined by the method of least squares.

To obtain the calibration curve for **C0O, concentration,
1300, absorbance data are measured with the **CO; concentration
changed in the range of 0% to about 0.08%, and the data thus
measuredareplottedcnlagraphinvmichtheaxiséfabscissas
represents the '3C0, concentration and the axis of ordinates
represents the '°C0, absorbance. Then, the curve is de-
termined by the method of least squares.

The curves approximated by quadratic equations are
relatively less in‘error. Accordingly, the calibration
curves approximated by quadratic equations are adopted in
this embodiment.

There are recorded the **CO; concentration of the base

gas as *2Conc (B), the *>C0O, concentration of the base gas as



There are recorded the CO concentrati on of the base
gas as Conc(B) , the CO concentration of the base gas

wazs/e0ee( B), the CO concentration of the sanpC®&JIpa94/016451
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as Conc(S), and the C concentﬁgti on of the sanple gas
as Conc (S), these concentration data being obtained

W 4 ¢ se pof t cal i bration curves_apove

- men OlI{o}’ﬁ%éojl'.’l -eCahzleccoﬁl é:tqnézr?wattﬁé’n@%eﬁ}fl?atsia@ﬁle gas as
RatJ os T&gn, each_copcentration ratio between CO and

i s Ot med. aPRathes, (Paecerrrizit 2t oI T dthico SpBPleeras as
ang3 CO of the base gasis obtai nedby Conc(B)/ Conc(B),

and A€ EoncEherat ¢orcenit ot bat wedr 100l agdBQ@iafed Weth the
sanpl e gas is obtained by Conc(S)/ Conc(S). The
coneenbrfathencratbastimy alisocbeadeticradnasogedac (B)/

( Conc(B) + Conc(B)) and as Conc(S)/ ( Conc(S) + Conc
(SIy-4 Sianee 1he deOFORERNTHALONS 31 & nTRGHE 1g/eat er

than the CO concentrati ons, the concentratrom ratios
Obta'nedT9¥n$nﬁiﬁl@d%%%%%@%tﬁ%ESFLEﬁbﬁ&ﬂg&&QQQQS %%Hd3”c02

substantially equal to each ot erm na

of . ed, Porti gn. The.C change rtion in
colngé)%%eoc%' tﬁﬁe‘agajn%'l h&go%%%%gﬁﬁ?ﬁorgmbsggeen ~co,
dat a, i;$ .cal cul atedby the followi ng equation: D C =

[ S& e ER ot ot Bt ai 61t SRRPF B LA [(Gahe (B) / “Conc (8) ,

Concentration Rati 011- _x 103/ [Base Gas Concentration
Ra?P@] thenrenceeErstjonorgtio between °CO; and '?C0O; of the

sample gas is obtained by PConc(S)/ *2Conc(S).

The concentration ratios may also be defined as
“*Conc (B) / (**Conc (B) + *3Conc (B)) and as **Conc (S) / (*3Conc (S)
+3conc(9)). Since the *’CO; concentrations are much greater
than the '°C0; concentrations, the concentration ratios
obtained by these different calculation methods are
substantially equal to each other.

IV-5 Determination of *°C Changed Portion

The '°C changed portion in comparison of the sample
gas datawiththebase gasdata, is calculatedby the following
equafion:

AYC = [sSample Gas Concentration Ratio — Base Gas
Concentration Ratio] x 103/ [Base Gas Concentration Ratio]

(Unit: permil).



CLAIMS .In an isotope gas anal ysisin which gtaosbe
nmeasured or an expired breath of a human being

woanisadmeng, as gas conmponents, carbon di oxi dePCOIRII4/016451
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carbon dioxide C, is intrody ﬁed intoa cell, and the
intensitieosf transmtted Iights having wavel engt hs

sui tabl e for neasurenent o& h?ﬁ respective gas :
conmponents, are neasured a &*tfen data - processed to
nmeasure the concentrationof the carbon dioxide CO, a

gas i njection anmount determ ning nmethod conprising the
steps of: filling the cell with the air at an
atnnsphéf|bnpnessﬂKEK3@@%ﬁaﬁﬂmgléJgﬁéhiﬁ?@éﬁﬁéhp%@ﬁﬁégred
so as to suck the air of a predeterm ned vol une Va,

t ke gas dxpjieddd wr«gat of hehagaar bangegd cbutiarijne’@tg,t he gas

gas to be neasured into the cell; transferring the air
n?y dudhe g;aa%ﬂcﬁmiltdxqr&iedéi‘/@@ze andt @atencelibxtide *?CO,,
pres rize the cell inside, and measuring the cel

}ngagﬁggogaégé%nt’ %@lﬁquﬁ95ﬁ%qgt%%%l%@és<¥PE%E§SM§tted

uct a ned tiplying the sumV O

f th Va 1 v
e e e R e

be neasured in |sotope gas anal ysis2 6 ne surgngﬂ data-
t MESRRAENR NIy EABPERBIES me 2g%s HSFBHLS eh data

processedton@asuretheconcentrathmlofthecarbondioxide
13¢0,,

a gas injection amount determining method comprising
the steps of:

filling the cell with the air at an atmospheric
pressure;

operating a gas injection device so as to suck the
air of a predetermined volume Va, the gas injection device
being arranged to inject the gas to be measured into the
cell;

transferringtheairstoredintheﬁasinjectiondevice
into the cell to pressurize the cell inside, and measuring
the cell inside pressure P; and

subtracting the cell volume Vc from the product
obtained by multiplying the sum VO of the volume Va and the
cell volume Vc, by the ratio PO/P in which PO is the target

pressure of the gas to be measured in isotope gas analysis



anmount of the gas injection device. 2 . A gas
i njection anmount determ ning nmethod according to C aim

wa2005l21@dn the cell volume Ve includes a net vorupmoobicdst

the cell and volunes of pipes, valves, and a pressure
sensor which are in connection through the cell. 3 .

A
gas inj ection anount .determnni hod .acc ' - :
QT 35 Y- Freet i ﬂ?lﬁs %teerrérll lﬁ{q‘]trﬁs r]ctq‘la‘ngg)(%]te Scrlgnses %{a%l E’%jtg% tion
the gas to be nmeasured is equalto the gas pressureat
whedbnt cf | Bratgan Bt et ¥ 5% ning the
rel ati onshi p between absor bance and concentration of
carbon dioxide C, has been prepared. 4. In an isotope

~gas anal yzi ng and nmeasuring nethod in which gas to be

10

15

20

25

measur e or mngexpintdcbieat omotind Hetemmbeing method ac-
contai ning, as gas conponents, carbon di oxi de and

car b i oxi de G 1,5 whteaduend 81D doTehd, vanthdheles a
intensities of transmtted |ights havi ng wavel engt hs

Surilé@b\yoeltéﬁ?é Jeaspl emeid  Of 4 the [RSPest 16 88S valves, and

conponen are neasured and then data-processed to

nmeasure the concentrati.on_of.the carhon dioxi

e Brevne SEBSTAs TG TNt aS T i et g 8n The ce11.
conprising the steps of:27 filling the cell with the

air at an atnospheric pressure; operating a gas

i njection device so as to suck the air of a _
pr edet er i Bezh v bhiiget Von ameangade et jphngéhpdaccording

to Claim 1 or Claim 2, wherein the target pressure PO of
the gas to be measured is equal to the gas pressure at which
acalibration curve for determining the relationship between
absorbance and concentration of carbon dioxide 13c0,, has

been prepared.

4. In an isotope gas analyzing and measuring method
in which gas to be measured or an expired breath of a human
being containing, as gas components, carbon dioxide 3co,
and carbon dioxide %C0,, is introduced into a cell, and the
intensities of transmitted 1lights having wavelengths
suitable for measurement of the respective gas components,
are measured and then data-processed to measure the
concentration of the carbon dioxide *3CO,,

the isotope gas analyzing and measuring method

comprising the steps of:



being arranged to inject the gas to be neasured into
the cell; transferring the air storedin the gas

woensjiuiwn device into the cell to pressurize POBJIREN016451
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i nside, and neasuring the ceb& i nside pressure P
subtracting the ceII ~volune V¢ fromthe product

bt d_b | t h Oof th I V
and the ot i0a] s Vi by " RE S < r) Y A R Beberic

is the target pressure of the gas to be neasured i

i sSBEBpEVHEAS anal ysis neasurenent, thus determning the
one-tinme gas injection anount of the gas injection

devi ce; apdreblihgcti agsgan]eotbenndasicedshaws ngo tdeck the
vol une thus determ ned, by the gas injection device,
trahsfef rd pgeidee egad nihusotohberd edbHantast hejeetlon device
contai ni ng gasto benmeasured at an atnospheric

prBé%HéyearEBﬁlﬁQYtEolﬁﬁ@é%%hé%&@%&%é has délgleedaﬂ‘flto the
weasurlng the concentrati on of Carbon di oxi

the.¢oncentration ratio COCO. 5 . An isotope gas
anaFyzfng and neasurlng nmet hod according to Caim4,
wher ei n he C VC inclu net vol.u

the cell EﬁﬂsggFﬁ 1%%@ Or@ %ﬂﬂ%lQJgn%londev1ce

pressure sensor mhlch are. in connectlon t hrough the '

celRtoethe (wadd iteoPspesyaszanadly Aedd ardifeaserdmpasuring

apparatus in which gas to be neasured or an expired

brehehcellalhairda beeagucenPai ni ng, as gas conponents,

car bon di oxi de CC>2 and carbon dioxide CO, is

i ntroducsdotntotingelthe @l t helume Ve from the product
obtained by multiplying the sum V0 of the volume Va and the
cell volume Vc, by the ratio PO/P in which PO is the target
pressure of the gas to be measured in isotope gas analysis
measurement, thus determining the one-time gas injection
amount of the gas injection device; and

collecting gas to be measured having the volume thus

determined, by the gas injection device, transferring the
gas thuscollected, intothecell containinggas tobemeasured
at an atmospheric pressure, thereby to pressurize the cell

inside, and measuring the concentration of carbon dioxide

13C0o; or the concentration ratio *3C0,/'?C0,.

5. An isotope gas analyzing and measuring method
according to Claim 4, wherein the cell volume Vc includes

a net volume of the cell and volumes of pipes, valves and



intensities of transmtted |ights havi ng wavel engt hs
sui tabl e for nmeasurenent of the respective gas

woaenpoaends, are measured and then data - proceBeEdP1004/016451
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measure the concentration of ghe carbon dioxide the
i sot ope gas anal yzi ng and neasuri ng appar at us

conprising: a gas_i_.ectJqn deyi or. inj i
R e B
the gas stored in the gas injection device into the

cell; a pressure sensor for nmeasuring the pressure of

the gas housed in the cell; and gas injection_ anmount

det er ni nf ngmmeaisodoParie asaezL RatanhBeapRrhadiaRparatus
predeterm ned volune V a is sucked by the gas

i Njectiiorh den ¢e, bé hstastihreedabr shorsgoll Ted theeagdsof a human
injection device is transferred to the cell filled

W EQiﬁB?C@hEaﬁﬁiﬁ? aj HOSPHeE o P OB ecatihen eyostide >CO;
pressurize the ce [ inside, that the cell inside

pr L 93 0,ands that i h 404 V &nd th
isgéég%%ggﬁgﬁl roﬁ#%ﬁgngggﬁégﬁgg%ggﬁgghgggnuF??ﬁ1y?ﬁg ©
the sumV O o f the volune .V n e2 I

VeI BHRERE Pa 1B PO ShPOLER et b gy A Bagths
pressure_of the gas to b ured in isotope gas

AnaRY 578 ReERL e CHRSO Gater AERERG (G BRe-(THRPnents,
gas injection amount of the gas injection device;
wherebynepsieehe amsastifed HatanpPrIre s dnd cdelepfifthed the

by the gas injection anount deternining neans, i s
cobbactatdration of the carbon dioxide ™CO,

the isotope gas analyzing and measuring apparatus
comprising:

agas injectiondevice for injecting gas into the cell;

gas transferringmeans for transferring the gas stored
in the gés injection device into the cell;

a pressure sensor for measuring the pressure of the
gas housed in the cell; and

gas injection amount determining means arranged such
that the air having a predetermined volume Va is sucked by
the gas injection device, that the air stored in the gas
injection device is transferred to the cell filled with the
air at an atmospheric pressure, thereby to pressurize the
cell inside, that the cell inside pressure P is measured,
and that the cell volume Vc is subtracted from the product

obtained by multiplying the sum VO of the volume Va and the



by the gas injection device,
transferred into the cel
worasimedy at an at nospheric pressure,

the gas thus collected is
filled with gas to be

and t he PCT/JP2004/016451

concentrationof carbon dioxidgygCO or the concentration
ratio CO COis neasured. 7 . An isotope gas anal yzing

nee e o UBEARVEY I GRS PR L8, (B ARVERR et

(@]
cell~vo i AC net volune o
ure sensor

and vol unes e _pres .
opé gas analysis

ANPERSEEBR 0 § oo Beroo koL B GUE {FRS o8l S
measurement, thus determining the one-time gas injection
amount of the gas injection device;

whereby gas tobemeasuredhaving the volume detefmined
by the gas injection amount determininé means, 1s collected
by the gas injection device, the gas thus collected is

transferred into the cell filled with gas to be measured

at an atmospheric pressure, and the concentration of carbon

10 dioxide *3C0, or the concentration ratio *2C0;/*?C0; is
measured.

7. An isotope gas analyzing and measuring apparatus

according to Claim 6, wherein the cell volume Vc includes

15 a net volume of the cell and volumes of pipes, valves and

the pressure sensor which are in connection through the cell.



