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A Newly-developed System for Continuous Measurements 

of Atmospheric CO:c Concentration at Syowa Station, 

Antarctica 
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Abstract: A new apparatus for in situ continuous measurements of atmo­
spheric CO" concentration at Syowa Station, Antarctica was developed using a 
non-dispersive infrared CO2 analyzer with a precision better than ::::0.01 ppm. 
Standard gases employed were COc 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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ti., JL[��,;fili'C fil:W-�tf!?.vC!Jt* � ;h "?"?.J) 6 (FRASER et a/., 1983). ffiffim\tvCJ-o['"f 6 .?Jltitt.ffi 

ffi,� (Amundsen-Scott £tt!?., 7 ,1. Y 1J; �Wr:ftillU c ff =J 7··-v '/ 7° !J '/ :f) O)�fiJ,vC!Jl?flJ£tt!?. 

(69°S, 39
°E, B *; $�Wr:W!fflU), Mawson £tt!?. (68 °S, 61 °E, * - :;z.. � =J Y 7 ; !f =J 7·· -tr :/ 

7° !J '/ ft'), Palmer �:f't!! (65
°S, 64°W, 7 /. Y 1J; !f =J 7··-v :/ 7° !J :/ ;7·') -crrh.h -CH IJ, � 

G vc Halley £:f't!! (76°S, 27°W, -1 � Y :;z..) --ct if :;z.. :7 i:z -7 � ;7·· =J 7 >i -$ � ffl 1., t-:�Wr:ftfflti 

iJ� 1983 if J: IJ lffl�ii �ht-: J: 5 --C' t0 6 (RYCROFT and WALTON, 1981). ffi-¥fJ, *"c ffiffi.tg,\t 

vct-6'�,t 6il!?JlUvi., MA'fomifl� AFai�ifJO)�-n�:;l?tJ: 1,, t-:?h, base line ITTfJ:�Jj[l£if;O)� fJ: G 

f, .=1[,,-=- - -=- 3 ffl.��1tE�t4m•¥0)�fttJ: c·vc J:-:> --ctf 6�1Jll¥0):if�if;� t �£ 

vc�l:B l>ft 6 c M�--c· e-6 0)--C·, -t O)ft!:�vi ffi?h-C* e- i. ,. j: t-:, 1¥fffi*�O) HD ill O)#ij:tf. 

�t.. jc�q=i0).=:®1tl!R��5.$ < �Jlx L -C 1,, 6 c � x. G.h -c i� I) (TAKAHASHI, 1961), ..:. O)j'f!!:igx 

vC;f-6'\, ,-c !eyFail¥J • �rail¥JvC��fltO) 7' -3< �t�U&-t 6..:. c v:t, -=::.®1tJ!R�O)t}§��WtM-t 6 

J::--c·%:vc-;fif't:itJ:m�� t t-: G-t c M� �h -c i., 6. 
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0) 0)4' B 'i --c<5 [ e-_mt1;.h -Ce- -C 1,, 6. LiJ• L, ..:. O):ftt* O)ftiJlUL t., 5ttfr�fltn:�+5t--c· t0 .:r:i 

J::v::., ffi$1J'';7..iJ� N2-C02 �it�f*··e.J) f), .f:;hGO)�J_l)c*1c-Lt-:7-.,r-;t,iJ;fJ:l,,._: c, 

�f4��0)��iJ��%fr=--C·t0 .:r:i-=: c, �f4��0)�fltilitiAEf.l; 1 B I @J LiJ•fih;h-Ci. ,fJ:1.,-=: 

t, 1� G .tL t-= 7· - 3< n:*1t- L t-=ID�1-=-vt 0 -c �tf � h -c i., tJ:: i., = c tJ:: c � < O)fAiffin:t0 0, 

.f:O)fiffift�+5J\.vcJevJL-ce-t-=c�ti.,i.,l[Ei., . .f:..:.--c·, 4-@��0)-A-c·&:>6 m1*n;� 25 

?X-��ftcL-CMAPM�-�K�h6k?h!Jl?ffi£:f't!!KM<M���kO)�, jc�q=iO)-=:. 

®1ti!R�ilflt��;Mffl)::.iJ,"?:ilWr:ITTv::.muAE-t� < mt-:tJ::•mu '/ :;z.. TA �lfflJS Lt-:. *twax
--
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vi., ..:. O)m L 1. ,ft?Jl!J S/ :;z.. TA i'C "? 1., -C�'e-t 6. 

2. 9f=:5}'{tt�$Jf.. (Non-Dispersive Infrared; NDIR) CO
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5)-iffr§t 

*�ii:0)5:ttJT�ffilvcvt, #iil�t±�O) VIA � NDIR 0-tlrH�1*ffl Lt.:. ..:. 0)5]\.tJTHvt., 

1ZJ 1 qC7f-Lt-: J: '.5 v::., :3'{:�, �f4J't3Rc tt�J't]RO) J'tj!waj�O)f_:ti;;O)_,.;: =J '/-it"-, �f4-t 
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miflta� 57
°

C v::.ftUfi1'll�J1,-c1.,6. -t1L,O):Bt�vi, �flt. /:B1JO)@Jlttt-6'J:U-itiuvc�-t.:r:i 

�f4:l:��!f.L-C 50cm c Lt-:. l*J�.ffHi#�-t6r='lc�t�?h-Ct{J I50ml--C·t06. �ffi� 

iJ�GO)-f8%vi, 7° Y 7'/7°�wm\t�$i�fJ:c··��t-:f&:, 50ppm 0)1tflt7'_,.�'/�::.J;J"L-C 1 V 

0) I([Urtffl:EE/:B 1J l L -Cl& IJ te � h 6 . 

..:. ..:. --c·�ffl � .ht-:5:ttlrHvt, **· �jgq:i0)-=::.@Mti!R*¥!.l�� 0-50 ppm O)lglffl--c·?JlUJE-t 

6 t-: ?h vc �;@ � n -c i. , � 0) -c·, * � i:f:t 0)-=::. ®1tl!R *1lflt 0) MW iJ!U AE vc �ffl -t 6 t-: ?5b, i. , < "? 

iJ,O),�vc01,,,-c��IJtJ:�m�fi-:>t-:. �mO)::J::.fJ:,�tt, 340-350ppm O)i:f:tFai�flt�fflfitJ: < 
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Fig. 1. Non-dispersive infrared CO� analyzer. 
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tJliJJE--t �d:obi=., 7*'Jt-7Gi'3·ti'Af*h;!f A �;ht.:_�M�O)lt�--t 1v�-JE�/!t0) v 7 7 v :/ 7. 

-tI7. �·��iM-t:. 2: n;-c f?' 0!ffln!.{�:=-z'£� Lt.:_:. 2:, + ,, c1 ,,� -0)7GmJ!IJ@Jl!ii. x�§HtO) 

Jrl:fJj,01-,,::tilla.�tUf]t!Jv')on-off;=.fRJJJlLf.:_�ffz'[fJJt£c,'1:=.�EsJ--t0lli:1JO)/ 1 ;(� F :J 7 r 

�ff i�-t 0 f.:_ 6b �=-. �@Jlfi;=. fJH� � h -C '-', 0 �i� v')�ELt".) J: u-; JNJ��� J: I) fitt�ICti;:;E{t L 

f.:_ :. c f£ c.' -C' j, 0. :. :hJ:) J) �:ii!r O) ta*· lli :1J 0) / 1 �-; i CO2 il:ll'.-C' +0.01 ppm i{I � "i 

-C'ilil1Zf 0:. c -/J; ---c f?', f'81-�tl :1i 7. :=-:xt-·t 0 lli:1J O)�ffl.ti t / 1 7:'$itXfv=- '1 --crAJJ: L ts:. 
'1 f.:_, r 1 7 rt 3ffl�v')f�JtHkf4T-c,:;:, _'.__0.2 ppm/day tJT;:=.c!{� �ht:. :. JL;,=. ct "'.) --c 

1�J:fsj;,;:. %]. G tL f.:_ ti��;:;:, BAPMoN (Background Air Pollution Monitoring Network) j, 0 

t, , : i .:C- ;h t=. tl3 � -t 0 -=E- -==- ;; :J :, f 7. 'T - ::,,· s :/ -C· ft ffl � ,fl --C \. ' 0 53-tfr tt c lt � L --C , � t fl 

.n f.:_ wffit=.J� L, WMO (1981) i.J�jc'Aq:iv-=,=ffii fttlt* '.i') ii:m* z- iJliJJE-t° 0 �v=.iiJE L--C t,, 

* 5:J\.tfrHJ) lli1J c!:: �gr 0) M !*it, ff---c;;zt� 0 J: 3 ;=., *9 50 ppm c0il:tlili?I!m:=-�i_,, -c =:?X 

Mfz-c·J: < �tr©-t0:. !::fJ:-c-g 0. :. v')Mf*z-&::=.il[flB':J-C·00 cRJ£ Lf.:_t�i:n=-�f 0� 

�01)9!-�B"Jt_c wuz- [21 2 :=-�-t. = 0��::-::11::1�-"<�5;0�0) �--roc, .{:: ;l, 0) f5 JLJt:-i;, v 7 -r 

v :., 7. fl 7. O)�� t£ c·' i=-J: "? -C t �tee 0 ;J;, :im.� O)�ftT--c· 50ppm 7. /�:, v=-M L:i&7( -0.6 

ppm l=- t J1 L, �� :1i 7. ;=. .t 0 il�fi�>,1) 1*JEv')�;=.;'!:. ,tc;-=:.M-t 0 -t- 5:J\. fJ:i"lcrl-/J;:.16,�-C, a; 
Q. 
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Fig. 2. Additive corrections required to correct CO2 concentrations linearly inter­
polated from the standard gases with CO2 concentrations of 320 and 370 

ppm. 

3. 1f $ jf 7-

$;7f-1£Vlx 7a:'5fUffl Lt-.: NDIR 0-tfrHi<:. J: 0 iJlti5E(t;f:§xt$-C· ,:t; rJ, lli JJ c tlfft c 7a:' � f*--=>�-t 

0 t.::.rh�=-. tlffttJ���v:.�a Gn --c i.,, olHJ 1f 7- 7a:'�,� c -t 0. mt£, *�i:f=t0)=�1ti!R*7a:' 

nlU5E-t 0 �v:.� < ffl I., G ti --Cl, 0 �$ :if ;qt_, 7- � !J ,:; 7 ;t.. wi$1'vf�F)rv:. :to I., --C il!;@ 2-tL --C 

I., 0�*7a:'""-A -jf;t., c Lt:mir�f* (KEELING et al., 1976a) -c·,:t; oil:, .:: .:: -c·�t-4'- -t- !J 7 

- 7f ;t.,3t}J* (BISHOP, 1975; PEARMAN and GARRATT, 1975; KEELING et al., 1976a, b; PEARMAN, 

1977; GRIFFITH, 1982; GRIFFITH et al., 1982) O)tFfr1E 0)13t11J1JB"JffilfM�cf.*1c � J:: O)�Jih L, 2-ia:'�LI 

L. ffl��� (l!it(: -70
°

C tXr. CO2 : 0.1 ppm t,lr) c �!!l!fft CO2 if;t.. (99.995% tJJ::) 

ia:'Mir 1.., t.::.�'A"" -A O)ffi$ -Jf A 7a:'�;© L1*ffl Lt::.. .::. ti G O)ffi$ -Jl A vt, nn�•�s I� 0) 

1W�lmia:'fi -0 t.::.� P J...-"E" !J 7'7':,,,--;t.,7-1vil!O) 47 / �EE��v:.ilt:] 100kg/cm2 0)}£J]--c:·3c 

JA � tL --C :Io rJ, � Gnt.::.�IU 7'. 
- 3' O)IF.fFf31ITT�-tt7a:'1*0t.::.ilb, primary standard, secondary 

standard, working standard 0) 3 00) 1J T -=i.·· !J -v:.0-ffi � tL -CI., 0 (� 3 ). Primary standard 

�t.�5k7-..B"Jv:. *ff 2-ti, working standard wt.�;frl£:tfg--C· O)nlliJE-c·ueffi 2-ti 0. --E:- O)•flt�i, 

working standard �t secondary standard v:.:xj L, --C, secondary standard �'i primary standard 

qCJ;j L, --C, NDIR 0-tfrH7a:'1r L --C�5E � tL 0. -t"" --C O)ffi$ jf ;t.. �t. ����""'0)=�1twt 

*O)�tREfi!N�t.c c·v:. J: -0 -c 1:.-r 0 �;©Il[{�O)W.MITTt.ctlfft�1t0)��7a:'� < t.::.cov:., 1 n 

�u1:0)���YVia:'&k•K�fflia:'��1..,. EEJJ�rK�5•1Jt��ia:'2-�0kilb, a� 

iJ�*9 30 kg/cm2 c toe -0 t.::.IF.f ,?,,:-c·{£ffl ia:'� ll:-t 0. t,r. :Io, aB�£:tll!#:ilf-C· O)•flt�lbvtffi.ilb-C 

,J\ � 1., c � x. G tL .'6 0)-C·, ffi$ -Ji A O){fffl*�ia:' im�-t 0 t.::.ilbv:., Ji�O)fflli5£-C·�t 2 * 0) � 

t,r.-? t.::.afft O)ffl* :ti AO)� 'a:' m 1., 0. --c n-t: ti O)•fl't�t5ltfrHO) m n c tlfft 0) ��t;:ffi.nu[ 

*!ITTc�t.c�n0ftrfilfflv:.i00.:: cti�m'i 1..,1.,0)--c·, .M1t2-ti0:;k:�i:f:t0)=�1tl!R*a!J.'.7a:'i:f:t 
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Primary standards 

cylinder no. cone 

NSK96-74 311.18 

PLD2138 322.29 

NSL8033 332.82 

NSK66-63 339.98 

NSP17-63 352.05 

MLE23031 352.90 

NSJ53-60 373.76 

cal 

Secondary standards 

cylinder no. co:-ic 

NSN49-89 311. 76 

NSK63-29 317.46 

NSN"75-l9 331.54 

NSR06-72 338.53 
cal 

NSLJ-25 352.16 

PS!::J7C33B 364.09 

Special stanGards 

cylinder no. cone 

DC4753 

DC4/54 

CC4756 

DC�757 

DC4753 

320. 8 (320. 83) 

329.8(329.75) 

339. 7 (339.69) 

35C.l (350.12) 

359.5(359.54) 

368.3 :368.27) 

� 3 ffl? $ jf 7- 0) ti\\: Fix: 
Fig. 3. Standard gas system. 

{-' c L -C __j._5-10 ppm O)fg[H! pq�:.;}, � � 0 ct. '5 ;:.;g;f.h, .:5. 
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Working standards 

cylinder no. cone 

Primary standard O)ilfltti, *eM�JE$-c ct:> 0 m:l:$1:. l. ":) -CIL@ � ft t:.. special standard 

z-ffl"' ,-c�5E � .h -c 1.,, 0. m:l:$0)�11�-v1�ffl L t:..xffi:.--:)t, -r (:.-t--c,:.fflu � .h -c"', 0 0) 

"(· (TANAKA et a/., 1983), .:_ .:_ "(·(!*ettmfltz-[AJJ: � -tt .:5 f:..ci) (:., A,@]t�;:.tJo :Z. G rt f:..�.Bl 

-��J:.--:)1.,, -C O);l;.�--"Z 0. mi;:i!;i:. �i.., t t;t, ?ft� pq�;:.11&:w L t:..'A 1*5-J--=t- c �� � h Q ce- n 

7- ;:. '@; � ,n 0 ;ifttH¥oil;il� 0) ll�'Hf:�lz;i c fJ: 0. �::. -c· !7 ;:i .!.---.cf:- 1J 7·· 7' /- 7- r - IV����:. 

lt.,-..;:-cpq�iJ:J: I) r�GhsfJ:71v � ��� (pq�fl 10/) z-}iffl Lt:. 7 /V � ��(!--r5}fJ:1J!l 

t�tt��51 � O)��z-fi1,,, CO2 1lflt*J 3700 ppm O)tffiit%W�LtV£ 0.5 �F.E--c· 3 B i!3JiL\. 

L--C!Nff!iz-Mnx:�-ttt.:t&, fl}flt:f'jF%Ltffl1-.,t.:. :a-nx:n\.%wt v--c,1, jf.7,,;J i=z-? 1- y··=; 

7 1 - -fr;t}r;:. J: ":) -c ttH�il:utt:Z � h t.:ffl��'A (ff'.,8: -72
°
C, CO2 : 0.05 ppm t

X

T, CO: 

0.1 ppm t.XF) c CO2 ti' 7-. (CO2 : 99.995% t.JJ:, N2 : 25 ppm, 02 : 7.6 ppm, H2 : 7.6 ppm, 

CH4 : 2.4ppm) z-f�fflLt:... �t.:, %nX::n'"'AW'z'ff:l:-t0�1:.J!J.6�i0(ffJ:Gt�1..,w2Smg 

0)�£v:.�!zsl-t6ilfftO);if�5E�z-1MZ';lr6-lt6t:co, :m��tcz-3� (�l!&: *15% � 

�, � 2 !&: *9 0.37%, ffi 3 fil:: �;jciffft) c L, �p.f:0)3t�EEz- 120 kg/cm 2 ::.�co Q;: c 

::. ct. 0 -c, %f»t5t� WO):I: IJ J.6;;l;..:l:z-�1Jn � -ttt:... t-JJ::O)�J!�--c-�� � Jt t.: t
l 

7-. O)i!f:flt,1� 

3 w:.�f.__ G ht;}, IJ, .flt O);ifW{i5E � (! _:__0.1 ppm �� c itfiffi �ht.:. � 0)}3jllipq 0) fuHt, 

i*ffl 6hf.: NDIR 0-tJT!tO)liJ;J t•�O)�f*ti:=:.<7:��-c-�frt-C·� 6 c ili5E L--C, �,J--=:. 

*$v:. l. 0 -C�IE L t-:{�-c- &:> 0. niu�O){�:i�:@��t.Jl*J--C· l. < -� L -c i" 1)' *n""tfrHO) 

tf:LJJ c:: illt 0)1*j'f*iJ;=.?k1*Jf£--t· ct. < �� c· � 6::. c z-� L --C 1.., 6. Special standard n" 7- 0) 

�:©�i.���:.1E�*ff �;ht.: primary standard ff 7-. O)if�O) :t;cJ.Eft'z' �.,-..;: 0 te0v:.4-1& {, 

3-s if.;:. 1 @l O)ilJi:i-c·fih.h 0 =f5E--t· ct:> 0. 
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4. jf .7. I ''\ :,,, r !) :,,, 7• � A T .b. 

� 4 �t�fl�� c IHJ ti ;z, :a:5ttJTHvc.�A --:t 0 -;,,  ;v r A 0)-��-e ;t; 0 . -:. 0) -;,, ;z, 5- A 

vt ,  EE:;JJ vc.,tt. r. t:.=�1t#t* O)!QkJlx • :tr£1:B 'a:'.'IHt 0 t:.2:t> c ,  imt�tt 'a:'.':::lg ll L -c.  vj c ,4., c'' iJ; 

A T / I/ A !l!lifil�vc J: I) 1'inx: � ;h -c � 1J .  7Jql��� r 7 'Y 7
° 

O):J..;..iJ; /{ 1 I/ 'Y !7 A jf 7 A !l!l  

C fJ: -? -c \., '  Q .  --:t""' -c O)-'&/h�� vtif���J:-et5t� L .  --t5t�� � -ttt:.�*11�}'[-C G ;h ,  .'.frifil� 

f1=1, 0)�wEvC. b �- V - ;viJ;�ffl � ;h  "( \., , 9 . �crr--:t 0 �vt, jf,7, ��'a:'.'mJfilvC.fi '5 t:.2:t> vC. ,  

�1$:0)vft:n vc.i!t:J..;..iJ;:1:: r. ts: t, ,  J: 5 vc.�tl L ,  �vc.�fl�� c ffi.$ :;1f;z, vc.:#Ji--:t 0ifdttffit, ,1f 

(�f£� 1 .7 mm) 'a:'.'ffi t, , -C ,  -c � 5 0 iJ-. 2!' IJ fil <  �1fi"" 0 J: 5 vc.�� L t:. . 

NDIR 73-tfTHvt ,  v 7 7 v :/ ;z, -e 1HC.-5£�§lm: 0) CO2 'a:'.'�if jf ;z, 'a:'.'��vft: L -C J:t®tJ'cJR 
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Fig. 4. Schematic diagram of gas flow system for continuous 
measurements of atmospheric CO2 . 
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� 5 �f1-'.�:�JfxA o O)f,X:� 
Fig. 5. Intake of air sample. 
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° 
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il !3t �0 + ;r. 'Y '/ n·· 7- Z' =f. f}rt:· fr :tFr H ;c � A --t 0 :: c ; ::. J: "') -c ti{HI� --t 6 J: 5 �c Lt.  :. ,tu::. J: 
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�Sff-O) f'pi!Jff,IJfJW c 5ttfrH lli 1J O) t2.�,t .  lN 6 �=-;r, L t� -;,,  7. -r .b. �c .J: � -C fih;h, 6 .  ::: 0) 
-;,, 7. -r .b. rt]LI. ' vc!A.l;Wl Lt� 6 -=r -v :/ ::t- ;l,, O)�m-1rm:ff� c fl,� v ::z - ;l - ,  �m-Jr O) f#JM� 
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Fig. 6. System for controlling solenoid valves and data acquisition for continuous 

CO2 measurements. 
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Fig. 7. Timing diagram of each component of the system controlling solenoid 

valves and data acquisition. 
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w (i 1 ft. D (i 3 ftv=-�;E � .tvct� I) ' L t.:: fJ: 0 -c ' n""tfrH ,J) tl::L1J�JE(! 30 ;t;-=. 1 @],  
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