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Development of High Quality System for Continuous Measurement of
Atmospheric Methane Concentration

Shuhji Aokr* and Sadao KawAGuUCHI*

Abstract: A GC/FID system for in situ continuous measurements of atmo-
spheric CH, concentration was developed. A precision attained to 4-0.07% by
improving the gas flow lines and electric circuit of the commercial gas-chromato-
graph, and also the calibration method. The standard gases of CH,-in-air mixture
were prepared by the gravimetric method using an extremely precise balance; the
absolute accuracy of the CH, concentration was estimated at 4-0.2%.

BEE: AShox 2 VEERUBGEIT 570290 GC/FID v 25 A %R L.
HHOHF A7 v~ b 7T 70K AMB AR IVBREIRCHE LML, FRESER
HRFMz, +£0.07% OWEHEEEERETHZ LN TE. BEFRELHCCE
BET =7 == 2D 2 2 VEMEF 2R BE Uiz, L OHIEER £0.2% L3l
Ihie.

BREDHRLZFORKMTHS 2 2 VORKPCBTHBENL LML TETLW5Z &
BN TUW5., RasMusseN and KHALIL (1984) % STAUFFER et al. (1985) 1= X tut,
MESLZ7) -5V FOXKRa 76RO IRCEREZSNTHZ XD, B/FE 2000 4
b 200 FEDOMD 2 x VEEIL 0.6-0.8ppmy L IZIF—ELE oA, = 200 FERICEE
CBEEEANRES D, BETIAEZO—EMEOH 2.4 20 1.7ppmv ZE LT\ 5,

A2 VXBFETH BEZ O O MEWA, BEMBELRKIVWe®, CO, KKRWTH
BEARBLIELTMEEOSBELE LTHEEIRTWA, Thibh, CO, (ZEEIEE
EALATOMEDK 2 5o 600 ppmyv e b LHERRELFHLTH 3K LBT5 L AKED
ST\ B5 (MANABE and WETHERALD, 1980), EEEORIIMIBAEER 0.4% BETDH
5. R, 2 x VitBEOEEORK 2 {50 3.4ppmv it b L HEZKES 0.4K
ERTHLREEL AT %A (WANG and MOLNAR, 1985), ST DREDHINIER 1-
2% (KHALIL and RASMUSSEN, 1983) & CO, b XAie bk &\,
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REALFC L 5 Th 2 2 VIBEO ERIX, B3 S BBy RIET LD LHESH
Twa, REBETE, 2x2vix, Y vEalET5 Cl FFLRELT HC 25 e,
TOBEHMCE hREB A vEBOWELYTFD 5 %E 4 & > (MoLiINA and ROWLAND,
1974; CRUTZEN et al., 1978; LAcis et al., 1981), X bz, A &2 /i FHEENEBLEIR
5T LI X D AKREKOBEABIFIC b7 > T B icw, FFREBEOKEIEE N HINT 5 oTkE
ERBDH., Fie, FRECEVTE, A2V OH U A RIBETHZ LItk - TKRE
F1o CO OFXEESAERE & 72 » T 5b (MARENCO and DELAUNAY, 1980). % 7-, CO 3
OH s o1 bt HIGTAZ ick b CO, 1zF{L3T5 (LOGAN ef al., 1981), = Dt-, #
xv, CO, OH 7 o VIXFEECHKOMF VTR Y, ThZThosFORKFIKTH B
R FECCHEEBLAES Z L5,

Ja =SV RT A2 v OFEERFEERIL, RROEBM, KEOHNREE, KH, 14
< ARBEIL ETHH D, RO A S REB L KBASETmBEORH A £ 5 v
BELFORRTHD EOHENEBENTHSD. LrL, ZhboikbiFEEOE &AM
BEDLZ A hEEL. i, ARBBEICH > THIEIINE CO /a Ll ommikcs
D OH 5 L AAERBHLTLWARDIE, £XYORZGPLCEILHFGHHD, HBRLLT
ARXVEBED FREMh VHFE LTV EDIFHFL X Ty 5 (KHALIL and RASMUSSEN,
1985). X 5z, CRAIG ef al. (1988) i 2 % v DRFEDLERLARILD BIED b ITED £
B VBN AL F AREENF O —H TR ETRB LTS, Liedi-T, BEllxhi
KZFD 2 2 v RE ERORRLIELS 2  TRIZBED L ZAE - T,

Bk, AGHFD 22 vy NEDL BB ETHONETFIT AL, ¥, BEETOH
MERAB S LTl bigys., 2Dy, MR ECKT B 4 2 vORERHIE
HEBRMCHOLNCT B & LT, HMERBEOMMEL 7 ) OBETRETHLEND D
(FRASER ef al., 1981)., “HET, AX VDA, 7759y VEBEEYEHICHE LTk
AL 27 2B BN, TDOSBLOKEMLT 5797 ) v I ERE TR D, FlEEsy
BBz 0 CHEEBREAFER L T X 2 0 kEA v = v Mo Cape Meares (KHALIL
and RasMUsseN, 1983) L F#iio> Palmer Station (ROBINSON ef al., 1984) ¥ k O°db#&o
Alert (TRIVETT and WORTHY, 1989) o 3 HiflizdiX /e, 75 7% v 7y v rEgut, 2
FIRNC A WD 7 — 2 i — SR CREA ¥ — A THIST 5 & LT X 5, RN
T~ 2 EENHL, LB BRCETAINLERD 2 2 VBEENETHAREE,D S
CEREBAYETS. Chie K LEGBRAC X 55, RENCIFEECEEDOE T — £
BB ENTEDD, HACRIT S & EEMNC S REFINT S i D OREELHS.
EnT, /9379 VIV VY IBERL-T Il a—Rlkk A 2 VORI o0, Birhi-
B TOBEBBEINC X > TEOWMEBOBLA RDD & ENBE VORI &AL Licz O
BT b7 7 ne—FLE2 5.
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MABIRIL £ 2 v OREFEGEER T 5 e BRI O BEM L IERC L b 2 513K
HIEBHTHD. LIHNCNETOEBCITHBNERYAD L, HBERFCL 5 XA
7% L, LnbRIEBEEMECICHLT LAMOFZ A2 LRI BORATWS LT X
U, T THAZ, RRFDO 2 2 VBEAREKR I DL 1 KTEBECH DR lET
HBM AT AL, BN T 1988 4 2 A2 6BHIXHKB L. KR T, =
DF LWBE > 2 F 2o THET 5.
2. w2 uww ST
AEBOSW L, BERHEETEO R 7<=t 2757 GC-8A #EBLL. #1
HAZwr= IS 7OHEYRT. TRTOH 5 234 {¢ 4dmm, HN{E 3mm OAT /U
AEEBRA L., A4 VP I a3EEN Im T, RIEKEOBECE L1z 60-80 2 » >
DEERPFTETAIh TS, BEORMERERLEM L, A1 V7 7 20E Tl
F5X579hy PAREEA LI, chE 22 v I hdENA~T Frh RV EE AL
VAT ADRIT 7 e~ FIC DEEBRE TS DD T, U h e b AT AR EIA Im
T, 80-100 # , v, @ Porapak Q NFETAIN TS, ZhbmDh T At 60+0.1C
BRINATWS,

E1 HELAZ VO vATADH AL 2+ 25 7 Dbk
Table 1. Gas-chromatographic conditions of auromated CH, analysis system

Column Main column: SUS 3mmid. I m

Packing Activated charcoal (60-80 mesh)
Precut column: SUS 3mm i.d. <1 m
Porapak Q (80-100 mesh)
Temperature 60°C
Carrier gas Ultrapure N, (:>99.9998%)
Flow rate 32 m//min
Detector FID
Temperature 80°C
H, Ultrapure H, (>>99.99999¢)
Air Air passed through a drier tube filled with silica gel (5-10 mesh)

Sample size 10 m/

F 4 VT —HACRERYEA L, 75 20FEREMT A0, B sre<wtr5a
DN—=RAFA V) A4 A%PNELF DD, HE 99.9998% LU EowEEN BubhTunb,
S LI, BMEHANDR Y ~OBHREEX TEHREFHEOLTLIIC, F4+ VT —F2AOHEHE
FRERBEI MR BHEIETHR I X 2, 32ml/min & L.

BT KERA L7 4 727 52— (FID) THH, 80+0.1C wiBF IR T3, 7
B2 T ADN—ATA V) 4 XL B, F a7 72— HE IR D KEEMEEHN
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99.99999% LAED b DxFEALE. M1 riTide, 2074 772 -k KkEOGE
X o TRERBLT S, KRREIRGBENRL /LS 0m//min & LA, Fi,
T 4775 A IR BBIRERILTE R I X S AR ERER LAY, =7 —
VTV —TMELLE, 7414 2—T 1l PJlo=7ey/ri&kiL, 5-10 2,
VaDV ) AT ATKEKER TS, =7 —a2 v 7 vy —0 ON-OFF iffv-> )9
AL BBREBHRIEILL, IR S FADR—ATA VRNV 7 TE. ThE<
7o, ENRERY V) » FAHOFBC AR, TOoORDOKEEBITLECHL bR TV,
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Fig. 1. The relationship between sensitivity of the gas chromatograph equipped with a

flame ionization detector (GC/FID) and flow rate of hydrogen to the detector.
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Fig. 2. The relationship between sensitivity of GC/FID and flow rate of air to the
detector.
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2L, ZOPRERCEEIND A 2 VRO 1 Feh—F X, mMEIhi-As
B X DERSRINATV A, K 2 i, ZRMEH 200m//min DL ETHIUT
T4 772 - REIHEFOVELLLVOT, TOHBRERTE 7r~t 75 20EKEE
oG ZIEY =7 -k HHATHSH 600-800 m//min 12 #E L1z

—#iic, FID #HWicHh R 7a~ 75 73 BELHECEGEN V=T —-THBHLED
NTxbh, thiEChmoMRBMBNRBERECHKEL UCERTAEEY 2Tl 1 ATH
Stz EZHEDNBANREERT A P EIT >R, ZoBRIEEE LY =7 —-Tixkel,
FID i i34 % BIRZE KB L K BEREIC L » T HMEABIT B 2 LR BB » 72,
X 3 iR R E & IEEBREDOBIRE /R T, BIRE KBy 820 m//min DRFICITEE-
EEBERXEERCI DL, ThI VBE DR GE ORI e b, Meth
X hiENr S E T d, Ricihid, KL BEEY 22 | KT HGCTEER
ERIT-oeHE, ETERECL >T 0 26 3ppmv OREHETHRMA +5ppby BEDH
ENELSD C i, BEBERYS, KEREOBLCBELTLROND, Lichi - TH
FIPELAT O ez die &b 3 U LOBEOEREy 2 2 F T, #E-FmEEMR
2 RECITENDEDOEETT 4 » 74 v 7 LisiHhuidis gz E AW BT - 7o

0.01
3 F4TF U - ADWEH D s
KXo TH T 2, GC/FID E N
hogECx+5EiEE B, 8 a \\
ML XENCRIET 2R, B | 5 < AN
EREH 200, 820, 1000 mimin % e |
THD. 2 N
Fig. 3. Non-linear response of GC/FID 'Z'J + )
to CH, concentration. Air flow rate 9
to the detector of solid circles, open 1 1

circles and crosses was 200, 820, 1000 -0.01 10 20 3.0
ml/min, respectively.
CH, CONCENTRATION (ppmV)

Fr VT = HAR KEHTARE LCPHREZERORFCITRTAT v v AAF = AR
fibh T 2h, BERT > YOI RMCHE LR M Oiebic 7 e~ + 75 a0~ —
ATGA YA ANREBAIKRE o, ChERETHdiciECmEvaBIE L2211 »
R ERME D A% LT, M EBENCRET A LRIBZN-2F 1 v/ (X%
FID oeaE Lic REELIZIFRL, Fihbb F4 772 —BEO /1 A& T LTS
ZEMNTEK.

FYTIANEGRTH ABREIAREN 10m! ThHH, NRJUBRLEBHOHELSTIL S
12 60£0.1°C iR chicd — 7 vIRIBEMR IR T 5,

ARG E STHBASEIRLIAARD LIS H A I /5 7D 7 Vi VT
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VY —wBIML, TORERY 0.22s b 2.4s WAL .
DEDXSHHBEMIIH A 270 <b 275 7HHGT, 22 VEENY 1.2ppm b
2.0ppm FTOHN 143 KOEEHN A%, EMOEE N AL - THRE LICEBEOEEOE
BREDHR 4 wiRT. EEREIEKTH 0.18% ThHh, ¥ 0.07% TH5. i«
B, H4sOBECKITHWERBILIFE 7.7 HTHS. ZhixoEBEORERE & LK
LT&% L, ROBINSON ef al. (1984) o iz Palmer Station “CiL 0.5%, RASMUSSEN and
KHALIL (1981) o # v = v i Cape Meares Tit <0.7% THbh, WADHEENFE LI
SRR GT=10%

20

OCCURRENCE FREQUENCY

2 I T S W NN WY U S S S

0.20 0.30

PRECISION ( % )

B 4 GC/FID i & b Bk EHE 77 A% I CUREFIEHE o7 A B8 U 7o BR DR {f
oA, (PR A OBBUIIE~ 143 AThH 5.
Fig. 4. Distribution of standard deviation of CH, concentration of the working
standard gases determined by GC/FID against the secondary standard gas
system. The total number of gas samples is 143.

3. Uy =

HAZw= 77 78O EIENEL DT, 2 2 VEEOHEXNEELE 7r< 73
A DER % BRDST % o I EBRE ¥ 2 7 A CREMT ShcBEEy A RLEC D, B
W, WAA=I—CL-THEXIND 2 & VEESAD FIREERL 0.1ppmy 4 — £ —T
HY, LHrLIRENY 7 PRI TWRRENAD LD, KEFD 2 2 vORELILELRDS
X 572 ppbv * — X — OERBENE 2 RIAMICh T - THERR LT < fodiid, BrREessis
BOEBETAAr —LRED, ThERECHRE Ui bicys., BBtz BABE
R DB X Y BEELX AV CH—KEERE » 2 (primary standard gas) #{Eb, Zh¥%
HEREAr—LE L. 3HKK, ENEBABRI > TEDhI B KERE S R (secon-
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dary standard gas) % —KEETAYACTERNCRET S L L), BEVOBE
DEEMLX TR LTS, BERTHGOIhAEEMAERE A (working standard gas) (3
RRIRC B CH _RKEE A AW TREIR TV, T, 2BEN AL 2AH A
ELTEZDETH, BERSORPRFCH LAF L) vE—X hBERTVB T

T2V AV Y VE-RFETAIRTWA, ok, RERIARLERA CABEOHB S R 7 =
= b7 7RAVWERT VLS.

B—KEE» A DBEC AV B h BB R, & 100k #HAH D 1mg THIERE
Bk 3o=4.6mg (o: BEEE(RZE) THDH. FER I A0M 2 2 ViXMES 99.99% LI ET,
R & LT N, 19ppmv, O, 12ppmv, C,H, <1ppmv, CO, <3ppmv 2&FhTL>
fo. R=AHFZADOBEHUEKIEE, BELSIVTAL I VHRRGHREA LT, THM#HE LT
H,0 &4 <—72°C, CH; <0.05ppmv, CO, <0.05ppmv, CO <0.1ppmv »&Fhic
bORAGCORI, FRIZe< b ST TR EDAMOMR, ZOBREBICEETLD A5V
BEL 0.022ppmv LRDd Lt F—RERED AL LERORMHEAL, 4 BARTHES
hic, Tigbb, T2 v EERNEIEHRRE UTHEL 1.6441% OBH A%{ED
(1 BRH), #OBE» A LIEHEgSY BT 709.68ppmyv o » 2 %fEH (2 BH), Xbr
29.701 ppmv D H AEE-t 3 EBH). 3 BHOB» 2% AT 9.9205, 3.0030, 2.0280,
1.5281, 1.0295ppmv @ 5 fEEDERES A X HNERK 9! ODABRIBFTTAL, hil
HBFDOREEERER r —1 & L, 7tds, ThOOBEREBOE, ~N—2720BHEKCE
¥hic CH, oRIERThbhTn5. —7, #l2 5 vhOTMBLBRERELEEY Rz
Shad ot LEOEBEHRIGARC I > THREIhic 2 2 VEEF AL, X—AFADZE
KEFEh T2 2 VBEOTHEE I #EARTIIE, +£2X107° o Lo, 3
b, 1ppmv OEEWR LT +£0.002ppmv OREEE W5 Z L5,

S KB —KREEFADHACKRERC L AZERF = » 7DRRETRT. ZOBHFOHC
BELIL, 4 KOE—KEE A, A2 VEELYRAs7e< 275 7HEIEK ppmy
BEORCEBERMAT2KRBERTHELUTES L LT, PERECL - THRERE KRS, *
NEROERCE UBEXTETAHELXES. K lhd, ¥ 3 Fhebich £0.5
ppbv LIA TR EWOBE OGN —ERRich T Lalbnnd, Ko 1 s LTH
FEVL 4-20 [@ (R 10 @) fThh Tk b, TOBRBREEGRIATVS, 2 REEY A
WheB/NHREORKEE LTRSRE & RIERE OBRERENERUADBECHANEL
- Tuw5b,

ARTEREC L VBB A2 BE LREXTT > T 5 2 — 7 — SO BB () LFEa
BRERETHD. AREOF O£ 2 VBEAY — A LEHFOBRE A 7 — A OB AT
ote. B 6 XFABEDOEEEN A% AWTRIE S hic BB o B —REE» 2 DR (CITI
SCALE) L ZzoiE#En ADEREC I 5BE (NIPR SCALE) 0 RLALDTHS.
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L 1 )} 1 Jd
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YEAR

B S5 -t Ao < % g odett, GCFID ol )L % w0tk
2HATRIND EMELC, BHVOBEXZ RS 1Y OBE- 1 BT i

INEFEEAER TS 2 L L kb, SR PHITOEE hE R
Fig. 5. Stability of CH, concentrations of the primary standard gases. Concentrations
were calibrated with each other by a least square fit technique assuming a
quadratic relationship between the response of GC/FID and the CH, concen-
tration. The vertical bars represent standard deviations.

cr ki, | ppmy (R TIEEES—F LT 5, 10 ppmy {31 Tk (CITI SCALE)
D3 5 »3 (NIPR SCALE) ich~T 0.05ppmv 3 i< iffilid5 - e d. MEDER
I v X AT, BECHLTEREERBREL -T2, EBLLDOREAY —ARLD
B{HICIE VML, 40 L2 AHET ST EAVT X, ok, I ORERITERILKFEDT
4t Beckman THA400 2 S,

BT WREEHE T AR 471 OBRBEIETA IR, BERE -REET AL - TRE
Xhts, FoOH, H—REER AL HERERS L OHOET 2SI — BT 08 I i L
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0.10
E
a
g 0.05} °
6 (L¥dbds CITHh x>y &
BB Ay — 0 LBt (NIPR) © -
£ 5 VBEAT —ADE ThE F .
ROAy — iy, Msncdwihe o
Lo THRDHLR TS, 4 000p o°
Fig. 6. The difference in CH, concentra- g)
tion scales of Chemical Inspection and _,
Testing Institute (CITI) and National 5
Institute of Polar Research (NIPR).
Each scale was determined independ- -0,05{ ) . -
ently by gravimetric method. 0 5 10

CH, CONCENTRATION (NIPR SCALE) (ppmV)

TEfe., ToRE, K7 wRIhTws, RO[AANFE—~KEEY 212 X B5REMET,
BANHCHREMBTHD. Mhb, F—REREy 2 L T REEY 2D BERFHENZ N ET
D) 3 FHEL bbb -l &b n b, EL, BEES HA3LTS oEE 212
1989 £ 5 ARHIEAZINADOT, hiBELT# 1 £z oBGENAEDL LD -
e Ehond, B—REEIA O] BEH) LE_KEESRA @7 AR BRTARE
PREC R DB LBEHLLT, MEOREEFEA—HKLTWHZ &L, BNV AT =T 4

y JWEEFY 7 b2 LTWAEEEL W, S otkew, EEFRDOBENZ O IE
MIZEL T EELLRS.

PR FRANEHI T 2 2 VIBEBEGBIICHEH SN S EEAERE Y 213, HE» DXV HTD
e EHFEY EFCHE SR, BEORELOLHH] » ABRTREI DL, H
REES 2L D 4, 5 AORENTOHBEORTE,IHERINE, Sbic, HAKITHE
AefFbiih, REBEENMTbHhE (X 8). BEEFAXBEBHNOTTAEI B TS
EBREFY 7 2RI T300H50T, BANHERINLEEES 2ZAES 30 kg/em? i
IR TeRERTHAZ R, HLVCEED ACZR LTS,

4. H 2 v -2 AL PERS
M9 XRABEZ L ERE 2 E # A 7e< 75 7 JHRE LA fcd D v 2 T A DR
MThsb Z0YA7TA0REE, 22 vORBEN LS5, FLPFELERELT, K
AKL S v 7RI vy 2AFFATHBUMNE, TXTAT v v AAF— L BOE G E
bhTwb, Fh, ABEXCEES AREEPCL EATREAELEVWI oK, £hbod
ME AT Z ORI TWARBAI L - THWIRE NS L 5 st > Tuw5b,
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0 {‘ . 5= >—8
r
001k
001 HA7430 (1.8309ppmv)
S P
0 s 4 o3 . S
-0.01L
0.0
r HA7429 (1.2283ppmv)
>
E o
g 3 x
2 o § P
z
Q n
<
> 001
L
a
001 r HA3178 (1.1035ppmv)
0 & N
001k
ooir HA7428 (0.5278ppmv)
N
0 n- Sa —o-» e
-001L
l 1 I ] J
1987 1988 1989 1990

YEAR
B 7 BREEES 2D 2 2 VBB ORTEN., BEOBRER A Ry A Y (1
) Eh, FRHkEEE AT LD (AR frbiue, B EEfio
LT ET o N
Fig. 7. Stability of CH, concentrations of the secondary standard gases. Concentra-
tions were calibrated by themselves (solid circles) and by the primary standard
gases (open circles). Vertical bars represent standard deviations.

LT = A VT A 27RO RAERICABLERKL, FA4 775 2BV CMESR, 10 H3
NTDH VT Y IEY v ARBAIRS., ABESCE TR O RERE R e L 1
BH®D b+ 7 5 7 (liquid water trap) CTEIh, lpm PYEO=T7 ey i3 74 4% —C
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001~ HA7410(1.637ppmV)
o IL I\ 3 T U« 6
T T T $ g *
001
001 HA7411(2.04 1ppmV)
0 SR S s
>
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g
~ L.
> -001
2 o1
g QIr HA7412(2.042ppmV)
E _
0 S 1 I & =
I T 3 4 ?
001
001~ HA7414(2.040ppmV)
001
L I ' 1 1 1 1 1 1 1 1 | /(/L X 3
1 2 3 4 5 6 7 8 9 10 11 12 6 7
1987 1989

8 [FEfnkcHbT 1988 £ 2 A/ h 1980 4 | HE G SN ERLEREY 2D
AR VREOREN. WEXERIME N A L - THRE Shis, @87
EDOBHERZE X T

Fig. 8. Stability of CH, concentration of the working standard gases used at Syowa

Station for the period February 1988-January 1989. Concentrations were
calibrated by the secondary standard gases. Vertical bars represent standard
deviations.

Bohs, RBESEO X v 7R IBIRENE Ny 7 7~ X D FRIEIh, BEEIRESR
TEECHEEIND. £-o1B50E, AV 7CAENMLLARIIE, V) =707
RACHENZIND, AREKCE TR EKERL, —60C i I =B SO0ml o
ZALTy TTHREINS., 2O LTy TRABBRE LRI DT TR, AR
R LEESADREY DL ULDELLTHRELE > T 5.

HEDOL—F VBROBE, ¥ A27e= 77 7OHNORETIE 2 ARKOIEEREEN A
PAAVbRhS, 2KOBER, KIFOD 2 2 VRERIIIAT EhLh 0.4ppmv BEE
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WD EENDDOREbRTWSD, 2ETHELALEED FID #A27r= b7 71074
T a2 - SN AR EZCKFEORBEDRBCL T 7=t 75 AL # 2 Vi
FEDBIRM B b3 % fzed, 10 Hiz 1 o EARSFRRIC KR EBIZFA U 4 2 VEBED
BR¥ED A% 3T L CHIR-BEBRD 5= » 717> T 5.

TV VIR Y v A A TR RBZERS D I EES AXERS S LT
12 iz ERRE PRI RHK, 10 AL 7RG OBL Ty V7= HARID TV A
P s A (PQY) EIEhD, N Ferr—FVvEDOSH, FTILLDEELE 2 5 v
NEDA T ANBHTL D, TOH, F4 V7 —FHARLLD 2 2 VvBEREOEE R &
LA vh T ACEHAIR, FLTERDCHESINRTT 4 7275~ (FID) ©A%.
FID (3 BRI BBy AU 7o v 2y, BRIREREBLY (LI w0 TEOEE N
Bns, coBEN A2 /O - 212 RETREELH D0, WATEED 2 DMK %R
iR Ll $f, A 7080 ELlE>F v V7 — 7 ARBEOEB X2
Liedie, MEBENEZE LS TH5EMT PQL LREILAZ a2 PQ2ICARBAT VS,
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Fig. 10. The block diagram of controlling solenoid valves and data acquisition for
continuous measurements of atmospheric CH,.
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Fig. 11. The timing diagram of the main controller, 10-port valve and solenoid valves.
Figures on the diagram represent start and end times.
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