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A simple CO; gas analyzing system for soil gas samples
Ippei IYAMA! and Daiki IMURA!

Abstract: This study proposed a simple CO, gas analyz-
ing system for soil gas samples. The system consisted of a
portable infrared-sensing CO; probe with an RS232C-type
interface and a personal computer. A free-software was
used to collect signal outputs from the probe and store the
output data in the computer. The calibration of the system
gave a definite linear relationship between the outputs from
the system and the actual CO, concentrations of gas sam-
ples. The calibration did not depend on temperature. Ef-
fects of the sampling time on the CO; concentrations were
also quantified. Although the measured values linearly de-
creased 1 to 2 % due to time-lag between gas sampling and
gas analysis, it is possible to correct the measured values if
the linear reduction was evaluated in advance.
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1. [FC®HIC

HEEHH P D COy WREEDIRE /AL, HHIZBIT DK
FEE - BB OfIA O b Tl b EZARN 2 FHRO—>
Thd. TOBBPBEEIZOWTIE, £YERiEs), i
7T AEENE D W AN HHK I RIE~KTFT D Z &
b, THOKSEOBENIIE CT-EEBHEL RS,
7o, TEF COy AT T v 7 AEFHET 28586, VAR
FEAFLDOED =T, HIBEAEICBNS 2 LELE T
5. EbIT, ERHAM - MR COEBER 2408
50, FROBRMSELELTS. LEXY, 18
A COy IREZxIR E LBRNI SR L 2 515
ML, XoT, SR PLFIRELE SR b O
&L,

TEH A~k E LTIE, HRABRBODOE R
BMEMERT D HERSV. FREMIZIX, &REHD
Witk =—n1 (PVC) BEOBMEEBEMBLZ HWS
%5 (Davidson and Trumbore, 1995; Pendall et al., 2003;
Fierer et al., 2005; 245, 2009). A @ v F o — 7%
DRI G % AV 7= (Suarez and Siminek,1993) % &
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HDA, HERFHIEORPESOENIC X HHA%EICE
BEEVELTD. INOOEMONERIZ LT X %Rl
T 5 LT, MEEMOEBRIIZS ~ 10cm OE I{ZHE->
THIFL % 2 %G% ) % J71E (Davidson and Trumbore, 1995;
Pendall et al., 2003; Fierer et al., 2005) <2, R x=F L
HOMEDEIE 7 4 V7 —ERIRIERT D HE (BFA
5,2009) BdHbH. £, EMENKE, RSy
(Flechard et al., 2007) <°¥ U 22> (M - & H, 2009; i
HES, 2010; IS, 2013) oo H A FEMLILEM LT
2ebdHDH. Uk, HEIA~OETEINTLD,
RIS HERIZ L 2 HEE LTHRENICRASTHY, R
BOAREEITRE LIz V.

—J, RGN OLET AORE, BLUEOK
DOEEITRD FNCHMICBE L TIE, Y V%FICEY
BB LW A%, POERETHEILEAS TV
HEAZIEAN ULIRAF - @k L7261 (Risk et al., 2002; HA 5,
2003; /A D, 2009) &, HAEEE ZF D% OERH O
WAV > 2% fivi=f) (Suarez and Simtinek 1993;
Davidson and Trumbore, 1995; Pendall et al., 2003) (2K
MEND.

TR O AERIZ W T, 10 ml BBE b4
5, 2003; Fierer et al., 2005) 1, 5 ml Ki#% (Suarez and
Simtinek, 1993; Davidson and Trumbore, 1995; Risk et al.,
2002; FZA 5, 2009) BEV. LoT, EHNLYT ARE
OFRE - @RI m BEEELLND.

RA TR E SRS E UTERT 546, £8d»
5 DK AREHER — T ARELOEERIBR~DHA - H
AREDOEERZRD DO H L — HARE O 5485
~DOEAN, EOFIRERY, BRHFEBMTHAEHL
ANT HHENEL 25, WMERBOEERKE, (b
THFHEOBEBEFETHAD, FIEGHSLOKRGRH
L5,

ZhICBEET ARREREOF L LT, NES (2013) 1,
HAY = b 7T 710 K% ERAERH P HER RS
s7#i#s (Infrared Gas Analyzer, LA T, IRGA) 12X % @&
ERERELS TE T2 285 L. TORKRE L
T, MEES (2013) ik, HAREHREELRZ TH D/ A TV
WERERI L THET ABORNEEDORREZT 7.
X o T, HEEHAGEHRI) & ot iial & ToH 23k
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The schematic diagram of the components of the CO; gas analyzing system and their configuration.

DRFHELEZ TEHARVEMARbOLETHZ L b %K,
FHERRD.

WERZDOFFOH AREEE - RFFMEREIZ OV T,
MEABOBEIZ»PDLLT, RIEEFLELTH. —
¥, 9 LERREIZDWTH, BEEFFHOZ BT,
MAREREINTVWD D, +RICA AL TN, H
AREOBEE - RFEFICBIE LT, HAFEHRE O o
R E TORMIZOWT S, RohHFREFOPIZ,
[#<°7/2Z) (Suarez and Simtnek, 1993), 24 FRLLA
(Pendall et al., 2003), 10 BRILAN ) (FRA S, 2009), (4
REILAN ) (Fierer et al., 2005) AR 5h, HEFM»S
1 HEETOERBEFNRL . LLELY, FRXREHRI
DB D3 EFRIC BT B H ARE DR EMORFED £ 7z,
FRTHA.

T ARE D CO, HABREDERM orass L
Tk, #RAI < v 7%FER L-E6HR £ (Risket
al., 2002; 34 5, 2003; Fierer et al., 2005; #4 &, 2009) .
HAI < h7T7%PlE LiaiiRix, WHAERR
Thodr—h, NRECRERAN—RE, HIGEOE AR
BENFET D.

—k, HAZa= 77 712k HHas & LT, IRGA
NETF NS, IRGA ~DH ZAREOHERERL IRGA D
BIEFIEIZB L, IRGA T CO, OF v U 7 HAER L
THRH 2 %2R, IRGA B> 5 D H ) % B - B i 4R
DOE—sHEEE LTRR&T 2 HiENRSH S (Davidson and
Trumbore, 1995; liyama and Hasegawa, 2009). Z #UiZ3§
LIzt ROBEE LT, ZROXF Y VT HA, T—4
ui—, RGN T EOLEER BT O, Zhb
bELBHILOXRERD.

UEED, RFETIE, #EITHRINR CO, s & H
W5 COy IWENWTROMERHZR L., ZLT,
T AREOMERIERE O EML B LU E ToRe
PHEDWIEDM, BEROOHFTRIIKHL, ¥ VT HADD

gk, 7—& o -0 RRGI R T OEMIL, iITon
TLROPMERD .

2. FMADHE

Fig. 112 COp WENITROEEE R LTZ. ORI,
[y @ . USB-RS232C 7 —7 )V - CO, 43#7E%) i
FRE, Ny HAR A HRAHREAR - CO, 534725
DIBR R ENOHR LT, CO, r#ras L LT GMP343
(Vaisala 1, Helsinki, Finland) % A\ 7=. GMP343 {Z>
WTHIEBR E 137 v — 2 L —R o 2 FEEOHAED
L®tEZBRALL. BRE LT, BN ~OULRY X
BAL BN HEONTADREEL IGEHIHEEREZE L.
GMP343 &% Ofth otk % Table 1 (ZdidE/=. =5H#
IZ TS-TRIK (FVEHRAESH, HR) %, YU I
SS-05SZ (7 /v Eekkath, HR) %, M-,

GMP343 ix, BIERH%E RS232C B THOT ¥ v
FEaL LTHATS. EOREMRD/;NY a3 ~Dieskk
12, ZV—=y7 =7 232 =7 o H—; &tk
CyDy; 4 iR Ti) B X U Microsoft Excel # vy, 75—
Faff—%bBE LRWSHIIRE LK. 2322711
7 —1%, Windows95/98/Me/NT4.0/2000/XP L T o
Ve FER SN THY, Windows7 (Service Pack 1) LT
HEMETTRE T o 7.

GMP343 124+ B®D RS232C KD r—T N bRy o
ffl> USB R— bk & O#EgelziX, USB- U 7V —
7V (UC-SGT, = L =2 A&tk KK %M 7=, Fig.
1 OFEEFROERIARDIREHE X, COM F— FE7,
EEWE, 7o—§#, T2ty NUT 4, Aby
TEy FThotz. WTFHROEAYL, Y arnF/ A
ARF =Ty —b VT by =T EOMITHRE L.

HMllF—2RBEA L LT, D Excel 77 A V&2 HE
L. &7, BEFEEZR LETXA N7 vE, VY
7 b =T OHARICHE - o B TIERR L7z,
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Table 1 #1THRSMET CO, IREL/pHTE: [GMP343] Oflkk.
The specification of the portable infrared-sensing type CO, gas analyzer “GMP343”.

VNN N £ & 180 mm, [EAE 55 mm, & & 360g
I L B HOEIR — 3 & NDIR (Nondispersive Infrared Detector) 77
; 0 ~ 1000, 0 ~ 2000, 0 ~ 3000, 0 ~ 4000,
T FELH

0 ~ 5000, 0 ~ 20000 ppm 7> &> IR
0 ~ 1000 ppm : £ 3 ppm + FEAED 1 %
0 ~ 2000 ppm LA |- : 4+ 5 ppm + FAED 2 %

K5 (25 °C, 1013 hPa)

TR ERTANE (—40 ~ 60 °C)
JA R
AN L
ThEBREEIR L
IR, HEE S
Tra s mh
F XIS

500 ppm Fiifi : & 3 %, 500 ppm #2 : +5 %

350 ppm (2T, £ 3 ppm

77 Ak 1.21/min T 8 5, 0.31/min. T 26 ¥
—40 ~ 4+60°C, %+ 0 ~ Sbar

11 ~ 36 VDC, 1 W Aiifi

4~20mA,0~25V,0~ 5V /»bHfFREER

RS232 %713 RS485

#) SEBIRATREH A IZOWTIE, ARFZETHW A EZ KL Lz,

3. TIRDIEEFIR

% (Fig. 1) OEEFIEZ TR L. 13 EkbH~
D OLHTETEREEIL 1 DRETH - 7=,

@)

(ii)

(iii)

(iv)

IR R OEE)

SHFRND COy BEED /XY a3 h~DFRR % B
WY L. £, ZHROICENE (PG-100-102GP,
NIDEC COPAL ELECTRONICS Corp., #i{) %
BT, =F5#@iE =52l 35,
IIMFRAHAD Ny ALK B (=) ~
D Y

=HQ%, T2 Y VM (Fig. 1 # TS
EfF LT THAoFEICRH 2l (Side) |
DE) OHZEHLT, Ny A0 EHRMAB L OTiR
il (Fig. 1 # CZNFNUBLRL OFEEAL
7=. =nZxih I Ll (Upper stream) |, [ Rl
(Lower stream) ] D F) O 52T 72RiEE
L.OWwRIS, BEACY VR SHICERY =
FRE@IZONWT, SOHAL, UKL #5<.
AU U ORNEREITOml & LTEL.
IFTRINT A0 Ny AT K 5 EH

LT X D3 HT R A~DEALIRINS, W R D4
5372 COy %, Ny HADBERIZ L > TETEBEWVWH
T 7, SHRERT, Ny Rrnnd = Jik@
ETNy TAEELHT. N—V DR, HFHRN
EBIZ IR E B2V, 0B Z FHE L,
JESFtOFARZE AN TP RNTEE 2 kPa F2EEIZ
TR, DRI COy JEEAS, Ny U A DI
WX > THEEMIZ0ppm (0 + 3 ppm RETRY
7 hLIZIREE) Lotz %, Y3 ETHE
BT 5.

SIHT RN~ OB T 2 E A D T

DRON, NS Z @D OEy &4+

(V)

(vi)

(vii)

(viii)

[OBINLEE S, YIDIC _HREH LT, &I,
SHBRNENBRRIETH D Z L &2MRL, =5
OO L OAHEMHALS.

BT A P DT R~ DB

AT AV T T 4 ml FEE &2 4T 2
ELTHALTEL. #HALHEEY, Y U5k
WilZlE, AhyFay e LT FrEHNS.
A by Fay s A ikE M T 2> U v
Tk, ZHEROD S ~EY A, B HTEE
O, Ay Fay Rl o PEKRO L, ft
AATADONO 1 ml BEZE BB LN, =5
QD S oWl E TN T S, TR Y oY
N=HOQO SIZHEY T Sz ks T A
BN 3ml 25 koL, Z 5RO Uf%E
AL %.

BT 2 Do B ~DE A

AT ALY DAY Y YL AW TFICE
B, RTZAV PO R R UELAA T
RAA A 3ml Z2oWRMICES. [FRHS, BEEAY
U v PR E R AR L ST T &
2L, HIRNEZ TE DR —EITHRD.
IHTRAND CO, DY —1L

AT ALY DAY VDR MR
WP CHRIEL, DRNOT A% 2, 3, 1HE
R 5. Zhicky, g2 3mlix, S5k
WNEED TV Ny A K 0iliExR < AR E N,
IINTFERNLET S

SRR SIS NS COy JEEEME ORER:
IR EEEL, DVRRNO COy IBEDLEE /]
Y a OB ETHET S, SR oM IE
1L, GMP343 &8y 2 & O ZIRY FomlE Y
T Mo TRy arRNICHkRIND. D,
BT 2 Y U EROA LT (D) ITRY, RO
BERH 2 DI 5.
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PLEDOSZHIRICBTDFEE LT, Ny FAZLEL
FTHFNER Eik o> Gii) 2R S, D ED Ny HATH
WaEHTEDE, BELY, Ny TAOEANEL, W
W 7R BRI ORI ZZE LRV RN ET 5
na.

4. BRIERIRDIERL & £ DR EIRFHE

SHRMNOT VXNV TSNS COp IRE x (ppm i)
AT A COy REME y (ppm ) & OBIfRE R
FTEOE MR Z, U COy H R &AL T 13, ko
BMETIE] 2R LT, &7, HOWE%E CO, H AT
1480, 4980 35 X 8 50600 ppm 3 FiA L L. =0k
B, xlylix

y=ao+ax (1
OMEREFRE R L. (Fig. 2).

SIMTEIESEIE MRS G 2 BB R 57201,
WIEdRRZ, 18, 20, 22, 24, 26°C @ 5 KHED I3 HT=IE.
DFT, HIENHECOy HAILOE 3 KECIER LT (Fig.
3 (a). ZORER, SERL ag BEL VW a; & DOMOH
BIREL, £ Eh —0.041 BLT0.029 THo7=. Z
O OMBEBREICESS r REICE Y, HI=EIRE ao,
HHWNT ap LITEEARE L % (WfEE) CHEZRLO

128 % (2014)
MRAE-. LoT, OWRENKREMBRICE 2 5 0E
/NS ST LT

€ 50000

o

N y=21.436x - 144.53

gy 40000+ R? = 0.9999

1l

K 30000
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&' 20000 -

(@]

fﬁ."{ 10000 1

:H_< 0 T T T T 1
0 500 1000 1500 2000 2500
HEHATRIMIZHT 20WENLSDEA

x [ppm]
Fig. 2 %55 OH x &34 2t CO, JEE y 0

BAMR. [EUREARR y = ap +a1x 1%, ap= —144.53 [ppm],

a) =21.436 [-]. fHEEAEHE CO, H A DRI 1480, 4980,
50600 [ppm] . HIEEEIZIIT D AEHIT 2.

The actual CO, concentrations of the analyzed gas samples y
vs. the signal outputs x from the CO; probe. The regression
line y = ag +ax has ag = —144.53 [ppm] and a; = 21.436 [-].
The CO, gas concentrations used were of 1480, 4980 and
50600 [ppm] with duplicate samples each.
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Fig. 3 (a) BIEBMAR y = ag +a1x D a; (O) & ag DIRFEERFNE (A) BE O (b) ag & a1 DB,

(a) Temperature dependence of a; (O) and ay(A) of the calibration curve y = ag + ayx.
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Fig. 4 oV U~0OHH 2E A% OB CO,, 3T

MR G2 5 8. By AR IO : 1480, A 14980, O:
50600 ppm. HlliE, U o B AT IC AR - T R o
T 5 ZNENORGEIRFIRNZ 35 D FEAMIR EE O AE ki

Observed CO, concentration of gas samples as a function of
time stored in a syringe. The CO, concentrations were O:1480,
A: 4980, and O: 50600 ppm. The observed CO, concentration
was normalized with the initial value.

5. AWz ) oom

HE A R B HRFERED T

U U UNOBERT A, REE AL O E T
DOREM R R W, S8R K 2 FFMfRS 5 0 EERIR EE
MO OTEEENBESIND. D, TR E O R RR M
FERT DO, U COy A (1480, 4980 B LW
50600 ppm) %V U~E AL, BEERZL LOEA
%1, 2, 4, 8D, AEF S FEHOREKEH O T ToHy
MR~ L7z, BT 2R ORE - SWTREOEIRIE 25°C
THY, WTHORMHITHONWT Y 2 KE THEM L.
Fig. 412, 0 Ao CO, I ORI 3 2K F 2
FhaoR Lz, fedhix, >V o DEAEROSHHEIC R
%, BRI T 2 IR E O RHME & U, B
REIL, WINOHRAT ZREIZONTS, RiBkRHIZ
S UTIRIEMIBICIR T Lz, E£72, #3720 CO, BE
DRV, RO ENE R 2EMARO L. &
HEE T ARFEENCDOWT, RRIRER ¢ [hour] & FHxEFFAMI=
FEr [-] & OBMRICKT 28 EFH#R & LT, UITF£24
7z

1480 ppm :

r=-00115t+1 (R*=0.9591) )
4980 ppm :

r=-0.0180t+1 (R*=0.9482) (3)
50600 ppm :

r=-0.0202t+1 (R*=0.9366) 4)

X Q), B, @ Lo, ROWFRTIE, FTARBUES
2o 1R 2 281z, YU U PHNOERT 2 ho
COp JEEDS, FRBEHOMEICKT LT 1 ~2 % FRET K
T45, LEEINZ. IS OBREK T, Hv
B VRS HROREIC L B b T LATHESA
5. XoT, BREE AL OGS E TORBRE Z
zo, X (2), (3), (4) ORARREML T i#REHEL,
IINTRERZAHIET D 2 & DS FIRE & HIT L 7=

HiEE

AWGE TR LG ROREICHZY, FIHERRK
(2012 FFEFHE RPRBEEZEZE, B, /MU (g,
FENEIEH B U BEREATHW ., £2, Ao —
#ix, JST, CREST (2011 %) OBk F CEi L
7. ZZWRELT, BEEHHRLET.
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