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A Newly-developed System for Continuous Measurements
of Atmospheric CO, Concentration at Syowa Station,
Antarctica ‘
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Hiroyuki OnsHiMA*, Sadao KAWAGUCHI**
and Takashi YAMANOUCHI**

Abstract: A new apparatus for in siru continuous measurements of atmo-
spheric CO, concentration at Svowa Station, Antarctica was developed using a
non-dispersive infrared CO. analyzer with a precision better than -=0.01 ppm.
Standard gases employed were CO. in air mixtures and their concentrations were
determined against special gases with absolute accuracies around -=-0.1 ppm,
which were prepared gravimetrically using an extremely precise balance.
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i, AE2FCHRELEMICIEAKINh 225 5 (FrRaserR ef al., 1983). EIKIC k1 5 BELLE
& & (Amundsen-Scott 31, 7 2 V 7; #HEGHBEE 77 79 v 7V v ) DIE»ITRBRIEM
(69°S, 39°E, HA; #E#HHH), Mawson K (68°S, 61°E, A —A 5V 7, 7774V
7Y v 7)), Palmer 3£#h (65°S, 64°W, 7 2V #; 757 %70 v27) THbhbhTkh, X
512 Halley #H#1 (76°S, 27°W, £ ¥V R) TLH AT m—= 757, —eAuvicEGBRR
1983 L BAtA XX 5 ThH 5 (Rycrorr and WaLToN, 1981). FgfER, o g
kT HBEN, MRS ABIBEOREN DI\ 7, baseline {7 BELEI DL
T, == —= g BECLABRHEEREOBEI L EC X - TET HMMEOFERLH YL ES
R LB B TE 50T, TOBERIBDTKE V. i, EEAED AUOBEHE
i, KRHFOEBILRFLXHES BRI L TV 5EE 2 5Tk ) (TAKAHASHL, 1961), = O HifEk
IRV THRREI - ZRICEEE O T — 2 2 KRN T 52 &2, ZBLRFOBEXHEHT S
ECRcEELEBR LT LA R TV 5.

RERIEHIZ 3501 2 BB, 8 KRBT X » THB S h, €FCFE»DOFENIH S L
DOEGHETF|IEMrENTETC 5. Lal, ZORKOEEL HHBEIT+THTHD
ki, BEHN 22 N-CO, BEKHETH D, TAOLDBECH—LIcAyr —AdgnZ &,
AHMZEKORELATTLETHL 2L, ABEKOBENEN, LB IELATHhATLRNZ
L, BoRIT — 20— LRI - TRESIA TV WL 2 & ES S DM@ H D,
FTOMELZ M RE L TE TV, 2T, SEEEDO—ATH S EENIE 25
RERIRBKE & LT MAP IR BNC i % o B Ec i S & 280 T, KKFoZ
FALR R RE % SREEC ) DEHEANCRE T N F BBl A5 AR L. FHXLT
X, TOHLVGER Y AT ACOWTHRET .
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Fig. 1. Non-dispersive infrared CO: analyzer.
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Fig. 2. Additive corrections required to correct CO- concentrations linearly inter-

polated from the standard gases with CO, concentrations of 320 and 370
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FIMRILAFIA Lz NDIR Z#ratic X 2 BI@2HlAETH Y, HOHLBRE L ¥ BEFST
Blodiz, BEAKBCHOA TV AREY AXME LTS, BE, AKRFOMbRFLY
BIET ABECESAVORT W AIEES AL, A7 Y o, 7 ABEREMcS L TEE IR T
WAREREN—AHF AL LCRESE (KEELING et al., 1976a) TH 57, ZZTitxF + V7
— # 2 %) B (BisHOF, 1975; PEARMAN and GARRATT, 1975; KEELING et al., 1976a, b; PEARMAN,
1977; GRIFFITH, 1982; GRIFFITH et al., 1982) O IE D FEiHIRE ST E EOEHL L X% EE
L, BE#ZES (BFEA: —70°C LI, CO.: 0.1 ppm LUT) &&E#EE CO, A (99.995% L)L)
HRELICEIN-ADEET ARBELERA L. ShbOEED AL, MBAEZEF &0
BB LTz ra-2) 757 v-AF— 80D 471 FEEFFIZH 100kg/cm®* DEHTH
BIhTkb, BoncBR T — % ORFEIAIH—# % {%D7-, primary standard, secondary
standard, working standard ® 3 oD # 7 =Y —IZ7E XN T3 (X 3). Primary standard
WK AHNCAREE S 1, working standard (2FEFIEM COBIE THEA SN D, £ ORER,
working standard (% secondary standard iz %} L C, secondary standard (% primary standard
X LT, NDIR G #HEHE2 N L TREIND. TXTOEEF AL, BENE~OEBEILEK
FROZBIRPIREIRET L » TETIHEER ORI BEZLOBELER b, 174
AUED=1 v ruRi-RicER%FB L, ENETCHES BEEZ LY XT 5700, ERE
2% 30 kg/em? Lis o B ECHEAREILT 5. ok, BREMMAITORELEIIED T
INIWEEZDORZDT, BEFADERARELEHRT 570012, BFEORETIZ2ADOE
ol BEDBEN ADZEYAVS. ThLThOBERSHGOHN L BECEGHBNE
BROERLINZ2ERCHDZ E2EE LVDT, BEIhIATEFO_BERFZEELF
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Primary standards Seccondary standards Wcrking standards
cylinder no.| cenc cvlinder no.| conc cylinder no. | conc
NSK96-74 311.18 NSN49-89 311.76

PLD2138 322.29 NSK53-29 317.46

NSL8033 332.82 NSN75-19 331.54

NSK66-63 339.98 |-<2L | wsro6-72 338.53 | 225

NSP17-63 352.05 NSL3-25 352.16

MLE23031 352.90 PLD7C328 364.09

NSJS53-6C 373.76

Special standarcs

cylinder no.| conc

oC4753 320.8{320.83)

5C4754 329.8(329.75}
cxlibraticon CC4755 339.7(339.69)

CC47536 35C0.1(350.12)

£C4757 359.5(359.54)

DCa758 358.3(368.27)

3 EHET AR
Fig. 3. Standard gas system.

& LT £5-10ppm O&EHEHMICHF I D L HiEZh 5.

Primary standard 02, MR EE THHEEEIC L - THE X 17 special standard
HRUCTREI ATV 2. BEEEOFIECHERN LARFIZ OV TXTTizHREZI AT 5D
T (TANAKA et al,, 1983), = Z ClzfExEExR LI 2702, SEEIMZ bR &E
FIZDOWTOHRENL. BEREICIBSVTUL, FRNBCBRELCIEITFLEGEN &Y

AZEENSAMYBRED BEERL LS. T Trra-2Y 757 v-AF -2 HAERC
HANTRHRESL L D EDLG 74 1 BER (WER 10D AL 74 s FERIZ ok
BEZI|EOMEZTY, CO, #EF 3700 ppm OFEEFXAx (2T 0.5 KETI BEEHA

TREBHH S &, BEHZ LAV, SR EE LT, A< 75

—FhT X THIBEHERR S o ERZER (B85 —72°C, CO;: 0.05ppm LT, CO:
0.1ppm LIT) & CO, # A (CO;: 99.995% Ll E, N.: 25ppm, O,: 7.6 ppm, H,: 7.6 ppm,
CH,: 24ppm) *fEM L7, T, FHAXGELTFET 2BCRAA RN 60§ 25 mg
DEECERTHIEBEDO A RNEESI Y B S RL-D, FRERYIE FE1E&: 15 5% &
BE, 2B £ 037%, B3 ERIEE) L L, £F0FKEESL 120kglem? izFd 5 2 &

L 5T, EROKREOEVALBERHEMI . DEOFHETEE I h-7 ADEBE K

CEZ bR TE D, BREOTHE X2 £0.1ppm BE L FHE S . HOFEMADAE!,
A Ehic NDIR o#fistoti N S BEORFE S ZREFTHELUTE S ERELT, &I
FECI-TBELETAL. MENHEREERENNTILL KL TEY, AOHHD
HOLEEOBRGRNIZREM TIKERTE S xR LTV 5. Special standard # = »
BLEXE IO FTIERAT S /s primary standard & A DEED REWE FAND oI5 K%L
3-5 R 1 EDEETITHONDTETHS
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K4 xR LR EEEY AL DWHCEAT IR T ADOWIERTHD., 2D AT A
W, BT U BILRFR ORI « T 2ich s, MEHEEEERBL T, 3LAEN
AT v UVABEBT L VBRI TED, KBKREL S » FOIDS vy 2 255 AH
L5 T2, TNTOMBITEEBRTHREL, THOERIBLEHAARLZTHR, &M
MoERICb By — A2 FAIRTWS. BIET 2B, 7 AR RECT 5 b,
SEOWRICEANELRV X SRR L, FeBeg L BEy A i@ 2 RV E
(REH 1. Tmm) ¥AVT, TEI 22 E0EIRETHISCEEL L.

NDIR ##r:ti2, V7 » Vv A Al—ERED CO, ¥ BT F AX WM L CTHEER
WCHERIISAA T AT 2EBRICHEI R TV3. — BRIV 7 » VY AL SURE
RS GEOTHICKH L TEROENEZ L - 50T, MNAK[EOHMBELENL, wrhT
FENE&SH £ L, HHFHEIDO /4 XLV ) 7 O ERERD. FITLZ7 L VYAFR
2, FTEBBCEROMATORATAEBRT AR 0.5kg/em® [CHE LA, BERAES
EHEHE=— FLFICX - T1Smlmin OREBIC FEL T2 EAIRD L5127 Tn
5. V7 > UV AHADREZEBEREY A X VET (¥ Sppm £E) EDHiEIh T
%.

REPESOIE Y Ay, KZFOMEC I 55 HVCABDFR CHEOBA LMl 57
DRSICRLICX g s Lz, ABRARR2ZATIcrT O, LECINUTER
THECEYEZ 520 TE 5. RBPEKIIFA Y75 2RV 7T TR h, BALLSE
FPM@EE 7 » 7TRELACR, BEAESRLB®E =— VL2 X » TH 300m/min D
MECHEINTHONTCEAZINRDS. REERICEENDE=T 8 VAR HF ARSI 2 v
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Y .
Reliet Y ar
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filter Liquid water
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Check __6L__,
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Standard Filter 1 Solleno:d L—i Needle Membrane -
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__D___ NDBIR
o @
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as : I } |
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B4 A~V FY vy asaDEEK
Fig. 4. Schematic diagram of gas flow system for continuous
measurements of atmospheric CO:.
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Fig. 5. [Inrake of air sample.

T v 4 x =ik, FRKREZKIBEFHEBCL T —60°C 1A N/ H T A b
7, 7 (BEW 120ml) THRET 2. ZOKESEREL 7, 7IRABESYZRIEIE D
T, APEQCEE A2 it CBEAT RIS o LOFRBICHE TS
RODBELRILT D, 2y 7 » =28V TDEA Y75 2D EFENC L TETBE
NIREN RN I 57202, 2T DEDV Y — 7HZAFHRABEZASRCHB LTHE
WERIE ST 2 2 EN 24 0.5kg/em® ([ZF/E T S o it fFron T s, BRI 12=
HRLleoTHEDY, @EﬁAﬁnmﬁmmﬂuhoﬁmﬁﬂzm@m%~ﬁmﬁno {E
AT FOER NI AT DA RS T 0.5kg/em® (B S A, RBER L SR OFRE
e ML TaPHcHAZI NS, BET A I 2ot IRES SO HEERIER 3
BOBEMAL—ED T v 77 M- THKFE IS Z L2 X - TAHBNCTHN 5.
BERFOIEEER IOV It ot & &
APRTOHIREC L, M S h s KA D R RFREE 2 PO 5-10 ppm DR
Eu b DO2ARDEEN ANRER IR D, ZDBEHECK T, o¥EIOWMHEEEORR
HEHNE R L TRABBEL RS 558, K2250»3 852, BETIEREDOREHE
AR 0.1 ppm B E@NFEET S 2 Lo A, ZOMEZ, BN X 5T, 1
OHDERIIL - THEYZTTA207T, 281 HOEG TRABEIDRE L IZIZFELL
BEDF -, 27 AXFEHTOHNFCEATAZ &:io<@%¢5;5m oo ZHhiT X

THESHRERE, HAODEERECER T 2AZOMERA S s LA, 5Tt
DIFEFREOHEME & L7 D
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TRtz RA&F 4 o 2R, BEFAOEHOLELTF, HELEHIL - TETLHELLHT
DHAEEENCRERAT HEBENRV 72D, RBPEKELIEE S ADHREXHEBFCEFLLFHL
L TUERERIENTELLWLWOHFISEL S S.

5. EBEF OIEENGIE & S HTETHT) DECER

BREAOIEBEIE L oI H AN, MR LL v AT AL TThRE. 20
VAT ATEVICRLIC6 F +» v A ADBERAYBER LT AV 2 -5 —, BEAOMA%
BIEIRDHIDDE—Z—2 4 ==Y L—RIOTF—2eF-20bERINT5. $THEL
2= X =3, B OELAEE L5 L BOLITERENETIN S X 512, ETP (External
Trigger Print) ##4 1 Tk by, BEAVERL TR —x — OB ffi)icr — 4
Y—ALf yFIL L s TRAMVEROAT VLS. La—&—DANEEFHERIOWE HOFXR
ROBEDOR EXIZ2 272312 0-500mV & L7z, 5#rati S0 ppm DEE A <25 LT
1V OHANBORS L 5ICHEINRTWADT, F+— P RHIIVZ > VY AF RADBE
p>6 25ppm DOFFEADEES 0.25 ppm/div TEREI N 5D, 7272 L, v — X —DHEEFRD
e HABHIRHILITL-T, £EDREFIF » - rOFRIHEBT S I 5CEE S
T\ 5. —2mHF—i3 1V T LT 100 xV, BEHBE T 0005ppm D5 fEEELDH Y,
ARMBEABBCL - THFERTORS L) KEEINT V2. ki, BRAVESRLTAL

Electromechanical
_Solenoid Valve Controlter

Chart Recorder
— |

1
1 AC 100V

1_ 5L

1
> o Z Z
Rotary Switch fs'_ ;‘Lﬁ Ch‘anr.vel jl
of— & Switching &
I (I Circuit 6
: Com Com Com
N Trigger Pulse YT Trigger
\’\, i %] i Pulse
' { \\' L_ Quartz e
i ! 1 Timer
. ETP | |
Circuit ! ] —- - : -
| U E H —_ 'Data Logger
Recording @_ | ! .
Motor ] “{"| AID Converter | Printer |__]
]
. A | '
e e e |
L Motor-Timer| | Motor-Timer l
NDIR I—- i
= Relay 2 |+ Relay 1 I
[ COZ Analyzer ' r—’ Y Y Com ;
Sampie B ;
Calibration 2 —
Calibration 1 [
S

Solenoid Valve

E 6 TRAOFHHIEL CO: MfitoHHieEoicdD w25 A
Fig. 6. System for controlling solenoid valves and data acquisition for continuous
CO; measurements.
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Electromechan’.calj YT and YA I
Solenocid Valve
Controller l Yy H
B |—r~ 2]
Data Logger Printer !—-—— e
' o ;i L
Recording 1 i
System ;
Channel _r n
Switching i !
Rotary Switch ;| ! {
Chart onioft CH1 T : !
Recorder ! i i
CH2 —
: :
CH3 -
Pl
CH§ . ‘
| iy
i |
! !
Motor-Timer Not I : L“*‘I
Rela;
; Mo 2  |—] L | L
S%!enoid '
alves i
bWA—[ —
T ———-——-x

B 7 BERFOHIEHL CO. it nHNEEXTS v 27 AD(FEMRR
Fig. 7. Timing diagram of each component of the system controlling solenoid
valves and data acquisition.

2= X —DF A1 L2 TEEF AL, B D4 F . R AR ERZE Y THR
T 5,

VAT AOMEERAEEE T 2R Lz, TN TOEBOEESHIEF IBRFVEH ARSI
TARERELA =12 X5 TiTh b, ZOKL =—(25H25 10 5% T 1 FRIFE T
RENFRETH H, FRERH Z LICERRI=RFOFRREIE S00ms DESESEYRET S.
EEES YA & YT 2, FhFERF—zer—bva— 5l hDEEERE S
ZBICHDITERIND. V-4, HEEHREHET T2, HEFDOF + v 2L AT
EDHLEABRIRr — %) —AA , FREEIVFT, BREFDESFELZNALTEKDF + 2L DE
RAIZBEHEIETS. L, REBCIBEN 20X I b7cdi, ThZhnE
BB T 2 BERBEOERY 28N —4 -2/ ~—) V=2 X b &E@T 542X 5
T, BEAOMKESH D ¥ESESHET X 0ELLTHL. BAES YT 2ohbo=
— = ==Y =%V, tTEHIDIIHVCOILS., BEAFO HEEHEERE W LR
BRI DY, 2BDE—%—24 ~<— ) L -—OBERMEELLZ L2150 WHD A 14 451,
ATHIUEIOMMBRE CTHERIZERET S 2 LA T& 5. BRLM ST 8B TI5 7,

W 217, DIZ3IDICEEINTHED, LhsT, WD HARER 30 i

HREE L | BB 8EEBINDS Z L2 H. 7ads, FEBEINIZH AV Y vy
AT ADEBEEH AL RB BB T HEHERDOH A2, £ 20ppm DEE L L OH A
% 300 m//min OB THAIZHHNTEAT A2 L12X -7, FI2HTETTDHZ L0
FENTW5S. 7, NDIR 55473t Y 7 MZ@H D{ERZ&MET T =0.2 ppm/day
Wb TED, 30 SHEBED FV 7 PIERINCELTWRLERLTENATESLD
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T, HiwEOKEREL T+ TH5.

6. SROFRHE

KERDOEBILRFREY X, 72757 v FE=2) v 7OBENORETAE, HHE
BEOMEDLZEOTEEN ADRESLEDORESRIC L THREEVNULETH D, BEHFAD
HWEISAITEHEL OB L » TEEESCERESES 2V IEBBKILEZAVTRRS
NTERD, ThTROBEAYy — L ORICIEREL ShcBEU EORFKHER, Z LR
B ENBHD. THBICELSDAT — > 3 vTHELRLT — 2 ¥ FEFICFHM T 5 7-di2iz,
MBI TH > T H— LAYy —ADBBETH), BEIRAZ)Y) » 7ABERERCTERMES
bz AR Ihi: WMO 27— GEXPREE £0.3ppm) A HEAIN TV, &
L, 2T TR X 31T, EBEX—2ADEHEHN A THH, BAPMoN =B\ T
WIFRICZES N - ADBEF AT W B2 TRAROEBER ¥ — A 2 8A3 5 it 2k T
5. AR THAEINLEIN - ADBRENADREA 7 — L O FEE L £0.1 ppm & &
HTEHWY, HEAr =P ERINCHEATEREOEEREN I hbZ X E T h
5. Ft, 3BETHRNACFHRICHE S THESINCIBEEF ADIZLALIL, BEEROBRE
TAbxER< &, HEMCh - TEEMBD TRELTWAZ EXHRL TV 50, dicit
FOBLETFEENY 7 r24ET 5L D25 5. Working standard ' 2 DBEREIZTEAT
REFCERL, BERCLITHI 2 TFTETH 50, HibTcoERHEC L TRIROEBE
BRE ETORBBINARLLD LWV RBRUOFAEYE 2 5L, Bz kv Td second-
ary standard ¥ A EBBRET L EN2HL, ERADENE BERCKREEY 7z » 27T 5
HENHDH., ZDRDIVHEHLEETIE, =12 v 7257y, Al ELREMcH
o TERERTEX ML, BENZE Loy ADL% working standard # = & L CTHXET 5
RENLETHSH., 6, KB TOREEBD TRBIChHI-2EELBNEDT, &
Wit HDORBFFRCLHARLIUETHS 5. BEDREH VAT 2ALB LTI, HAOxva
— B TRy 77 TR EDRDDT =2 - —Dr —LKICHFEINTE D, BREERK
K5 —TBREBLBETATECTHD. ZOYAT AL, BB CRIFOBEYID D
WIXEHTHEN, BohbF—2BRBEATHLZ 00, BREBROAELBREICIT 2
HIZTBEBETETFAEBCEBEANTE ZEACLINBT Iz 05E TN 5.

X Kk

Bisuor, W. (1975): The influence of the carrier gas on the infrared gas analysis of atmospheric CO,.
Tellus, 27, 59-61.

FRASER, P. J., PEARMAN, G. 1. and HysoN, P. (1983): The global distribution of atmospheric carbon
dioxide. 2. A review of provisional background observation, 1978-1980. J. Geophys. Res., 88,
3591-3598.

GrIFFITH, D. W. T. (1982): Calculation of carrier gas effects in non-dispersive infrared analyzer. 1.



No. 82. 19847 PR 2 BT A RERO B ERREEHE Y A7 4 11

Theory. Tellus, 34, 376-384.

GriIfFrITH, D. W. T., KeeLING, C. D., Apams, J. A., GUENTHER, P. R. and Bacastow, R. B. (1982):
Calculation of carrier gas effects in non-dispersive infrared analyzer. II. Comparison with ex-
periment. Tellus, 34, 385-397.

KEELING, C. D., Apams, J. A., Jr., EKpAHL, C. A, Jr. and GUENTHER, P. R. (1976a): Atmospheric
carbon dioxide variations at the South Pole. Tellus, 28, 552-564.

KeerLinGg, C.D., Bacastow, R. B., BAINBRIDGE, A.E., EkpaHL, C. A., Jr., GUENTHER, P.R.,
WATERMAN, L. S. and CHIN, J. F. S. (1976b): Atmospheric carbon dioxide variations at Mauna
Loa Observatory, Hawaii. Tellus, 28, 538-551.

PearRMAN, G.I. (1977): Further studies of the comparability of baseline atmospheric carbon dioxide
measurements. Tellus, 29, 171-181.

PearMaN, G.I. and GARRATT, J. R. (1975): Errors in atmospheric CO. concentration measurements
arising from the use of reference gas mixtures different in composition to the sample air. Tellus
27, 62-66.

RycrorFT, M. J. and WaLTON, D. W, H. (1981): Proposed studies of atmospheric CO. at Halley,
Antarctica. WMO/UNEP/ICSU Scientific Conference of Analysis and Interpretation of Atmo-
spheric CO, Data (with IAMAP), Bern, 14-18, September 1981. Conference Proceeding, 103-
107.

TAakAHASHI, T. (1961): Carbon dioxide in the atmosphere and in Antarctic Ocean water. J. Geophys.
Res., 66, 479-494.

TANAKA, M., NakazAawA, T. and Aok, S. (1983): High quality measurements of the concentration
of atmospheric carbon dioxide. J. Meteorol. Soc. Jpn, 61, 678--685.

WMO (1981): Report of the WMO/UNEP/ICSU Meeting on Instruments, Standardization and
Measurement Techniques for Atmospheric CO.. Geneva, 8-11 September 1981.

(1984 4 F S A<#&)



