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Abstract system from a rice paddy.

METHODS AND RESULTS: The methane sampling
BACKGROUND: The closed chamber method is the most system is located in the rice paddy in Gyeonggi_do

commonly used for measuring greenhouse gas emissions Agricultural Research and Extension Services (37° 13'15”
from rice fields. This method has the advantages of being N, 127° 02'22"E). The primary measurement uncertainty
simple, easily available and economical. However, a components influencing methane concentrations (influencing
measurement result using the chamber method is an factors) investigated in this research were repeatability,
estimated value and is complete when the uncertainty is reproducibility and calibration in the aspects of methane
estimated. The methane emissions from a rice paddy sampling and analytical instrumentation. The magnitudes of
account for the largest portion of the greenhouse gas the relative standard uncertainty of each influencing factor
emissions in the agriculture sectors. Although assessment were quantified and compared.

of uncertainty components affecting methane emission CONCLUSION: Results of this study showed what
from arice paddy is necessary to take account of dispersion influencing factors were more important in determination of
characteristics, research on these uncertainty components is methane concentrations measured using the chamber system
very rare to date. The goal of this study was to elucidate and analytical instrumentation located in the monitoring site.
influencing factors on measurement uncertainty of methane Quantifying the measurement uncertainty of the methane
concentrations measured by a closed automated chamber concentrations in this study would contribute to improving

measurement quality of methane fluxes.
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uﬂaﬂi wo Aoy }\]—X‘]H v} 9jck sl vt 2474
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Table 1. Physico-chemical properties of the rice paddy used in the experiment
Av. Av. Ex. Cations (cmol/kg)
(I;gl) ( (711\(4 ) P,0s SiO; Soil texture
' 88 (mg/kg)  (mg/kg) K Ca Ms
Rice paddy 6.3 23 53 217 0.59 8.0 1.6 Silt loam
Suitable range Loam-~
(RDA, 2017) 5.5~6.5 20~30 80~120 > 157 0.20~0.30 5.0~6.0 1.5~2.0 Clay loam

B 9 23 g/kg O R FENSA A5 HBAEAY B
IX(RDA, 2017)°l wh 8] Auljel] Ast f7]% 320
~ 30 g/kg)ol™, w57t oRE Bl nAFEe|th

Aol Helet slehhlas W AEl EFARER 384
N-P,Os-K;O = 90-45-57 kg/ha ©.2 A[43}3ick Hae A
Aol rghe S 712l Fuelow Aol Eok
Al T Aesiglon, B HANT-N) T 1.0%, A
EFASIEHT-C)S 32.2% % B o] A4 v]g-S 32.20]3lch
spel g A2l 49 N& 24, P,OsE £3H, KO: 4
s 77 Algskglon, N& 71H] 50%, w44 20%,
4] 30% FAEaL, AR Ak 7u], Ze)s= 18] 70%,
TH] 30% 217 AT Aol ARESh W FES
24 15 em x 30 em] o] AYRE FEE 7)Ao s o
o, B¢ 78 277 AETE AR

O

CH, ZHF 2 2AMUHY

S84 CHy 824 574 71e2A 7P 98 o851 3l
 HAE A2 S AW CH, 5% Wglelx] 82
& abEshs o, A Uil 21l 37] 5 CHy <311E
AZEe] SRR 7155k £ (mg/m?/h)E APg3tt) [15,
16]. CHy S8 APl AH8-8k M= PC (Polycarbonate)
24 H4E A5 BH60 cm x 60 em x 120 cm)ZE 1,458
m® (54 m x 27 m) WA 2] Hi=o] 770 A om, 7 A
Bl Azl °F 8 m ~ 38 m Wl AtKFig. 1). CHy X
A& A 2bs e A A & i E Sl A
A7t AAEo] SAloR H Jdl & ANFE AsoE
g 4 Qlom, XFAEs) FEFRETE o] dste] 7k 2
I FANNA AlROISE AFEo® ol Foltt
A dlells 57} 384 857 AAHES 2dsglor, &
& el H2ZE(Teflon) FH AHET 2llo] A4
Aok 3 m gofxl 2AZES BAAZIA] olojA] )Tk kA
FAL F 23], i3] 24 10 ~ 114] Alolo] AFHxz e}l &
Fxd7]0l 98] 200 ml/min®] Y FHOE 137 30%
b A7k BE 237130 ml pyrex ) QEOE AU
°F 10Z7F °F 30 ml9] 7k~ AlE7F EE] ThA 747
(Varian 450 GC, Scion instruments, USA)oA &4t}
7k AR AT AL ] A Fo] G AdEjelA 14}
2 AFS & 52 91 30 A $ 24E AlRE AFE
of % W3kE SAstn, AR AFHY FAd Hx 29

30 BE V)56, =R A AW fax

N

¢

o

¢

Sh
o
ro
i

o]5 FAFIY] Eq. 10 &8t CH, =42 vlE% FE MY
SIATH18-19]. F&= ARt & whej Aol A viE s = CH,
9] ¢HmgCH,/m?/hr), p= CH,2 WEE 123 WA
(mg/m’, pCH, = 0.714), h& ¥ WF fraxol(=E=y
E19] 0], m), dc/ At A9 W CHy 559 57}
&5(ppmv/hr), T& AW W Bt7]2(K)elth CHy #
A& 12 port gas sampling valve7} &2 GC (Varian
450)-FIDE 41313191, column+> Porapack Q (80/100
mesh)o] F4E 1/8'x 3 m stainless steel tubing
columne|™ AZ7] &%= 250C, W] A(carrier gas)=
AN Z fr45 £ 30 mLE 2H3Hich

F=pxhx dc/ At x 273/T ¢}

EUEAM 3 7[E} =AY

EQF #42 EoF W A& #4(National Institute of
Agricultural Sciences, 2000)°]l &]7 EREAE Algs o
A% 2727 30 mm, EiJkelkamp, Giesbeek, Netherlands)
£ o831 15 am Zo|E Eoke AF T F S71510] 2 mm
A TIAR AE AHESIITE EYF pHE A= el 2A
pH meter (Orion 370, Thermo Fisher Scientific Inc.,
Massachusetts, USA)= 74313101, f7]1E(OM)- Tyurin
H, FEHAv. P,0Os)2 Lancaster'] 02 #4519 Bk
2|8 Fol{Exchangeable cations)< IN-NH;OAC (pH
70) $Fgdow HEsl| FuAdEvrt R
(Integra XMP, GBC Scientific Equipment Ltd., Australia)
2 Relth BAAS FEAE CNSYUARA|(Vario
MAX CNS, Elementar, Germany)= #4133t}
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(b) 5 o]
CH: Chamber sm |SR7
5m
e Ik = |cn—|3| |CH5| |C;H4|
- - 18 m
- MULTI PORT
200 milsAMPLE HOLDY . (s cH)
(16 CH) CONTROL Sampling lin sSm
|  HARDWARE 2L)
POWER ( g —
VvACUUM SUPPLY am 7.5 5 m
PUMP (8L) SWITCH | CH 3 | | CH 2 | "] CH 1T
HUB

Scheme of GHGs analytical lab.

Scheme of chambers located in rice paddy ——

Fig. 1. A picture (a) and a scheme (b) showing the automated closed chamber system located in
Gyeonggi-do Agriculture Research and Extension Services.
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HeollA HH Y s E SYT CHy & &
g g9lef vgt] xEedes Y0k 27 (AR
BY W7} w)ow FAge] menatel gERa
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% ERRAE 0 DWAOE S MR A8
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A TAFCE AEE AA(ISO 15796:2005 Annex B)ol

uheh SAgk 0] Aol Hele ¥
AHow wAH7| olelE B, F SHFE FIu U3t
T 7Pg3t A9olle B S dd 0919 FFEgER
APFSIATHEq. 5). oIk #o] 7 QQlel whet Aejel 48}
2ol we} AF "= B 7 WS x*%o}oi ErEIE
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EEEHE Atk AVIGCFD)eM 2T 4= 9= & eclew tRlwde FE 2477 A% Akl n
BIE 0918 374x] wpH o BAEIh R WA, 7]7] A & Biglel] oist AldAS kel vlizel] AdA)s HH4Y
44 CH, E7k wjd e 2to| & Q1gh & ¥ (matrix effect) A AHE Eo CHy AIBS AF sl 2A(GE $50)3]
= W% 7171 A48 CHy E27k2e] 37 sk Aol EA7I(GCFID)AIN CHy E37Es (3ot &
(1.1, 10.1, 60.2 pmol/mol)ol|A] vj2d &3} F2 F Hx| =, 1.1, 10.1, 60.2 umol/mol)< 3§ ¥HE F7}sl 1, =
% 10.1 umol/mol®] CH, EF7H~E o] &8fqlth A X8l 4ol Bt 10€ k) CHy 7k tHuds
(N2)¢k &71(Air) ¥§49] 10.1 pmol/mol &%= CHy E57F B4 H7F83IthTable 3). A4 Algtel w2 A@doz
25 1098 A2 FH2AR1 A7l 3uHEato] GColl F st Mgt B =E AW Abs AEE AR 54 7K 24 339} 4

o] A& A=wETIH 33 WAl 7717+ (response of
GC, uwV - min)oE FUEo XHEQl AEFHXHRSD,
Relative Standard Deviation)Z "j& x}o] g3}& FAls}
%tHTable 2). Air "4 CH, %F7F~0A = RSD#0] 1.2
~ 21%, N W& CHy, EF7He0lA= 14 ~ 2.1% H9=Z
Ueb o, A B4 A 95% AlEGEelA] wdst
CH; %77k~ w5¢ sl Air and N, balance gas?t 71
7] 338 date] A& thEA] Qkgkomn, o]dakg 7P t-
A8 s 7P A% Ae 95% AETEelA s
st CH, 5kl tial]l Air, N, balance gas 7~ 7+ 71-8-9]
o] ME thEA] Atk BFE7E wijd Aol = QIsh A

[e3

EESCE 10 JEE 24938 CH, %571 Air balance
o AEAFOV NS/ EAANEA7ES S5, RFchs, ain)l
H3t 104 vHE 2438 CHy %571 N, balance®] 7%
AFCINES [N FEATEA 5, RFca, n0) 2 Bihs
Wrol Bladhs BA4S Eq. 701 F819 foamc® AFYEH

-Q—Uz]/ 134' fmatrix ;'(]—O]OL]_ IE%;:})_E Eﬁg—?—% ?{5]'93\1:} O]ﬂ‘
o] APgF CH, F2712 vl Apolof] Qg Arlasees
£ 1.0%% Uepston, ol B37kA wjde] Aol CHy &
ol et 7ot GF 2clo] obdE Ak Zlow AW

% glek

fmatrix = RFcra, air/ RFcru, N2 where RF=
Response of GC/Concentration of CH,

T WA, CHy $417/(GC-FID)ol|A] w8t

T 13], F 43]°l A Frlete] CH, iMAl 57k A
AEAFONV 1S WS 247 55, REcy, sen)SF A
EF7I] AEAT Ry, sew)E HlaSR= Y12
Eq. 8% 7ol AAsIglvh. A=A Atk wE A<
YOS 4319 £, 8 EFRAE T8l 6.7% 5 A
=3t} o] A= vli= CHy 824 S47IRE 52t A%
ANEAdol CHy 529 B85 Fodt 93 24191 Ao

R e B B
W2 % ek

o

ol

-

fcal = RFCH4/ seti/ RFCH4/ sets where RF=

Response of GC/Concentration of CHy (8)

Al AR, CHy ¥47)(GC-FID)ol| 2ye 4= 9l =
T QQlow AR AHAS] Aol welx FrFskSi
Aol ARES 717] BAE CHy EF7F: S5 1094
3] WHEslo] A mEvbAs BV vk ety 1At
9] 3ujZ AZESA(LOD, Limit of Detection)E AH%
WA #5E W= CHy 294 559 #Hagh 5ot

oL
o
ol

= 11—

oF NIk gk M9 2kl & 37H4 (1.1, 10.1, 60.2
umol /mol) = At {244 7= 3719 B
Zhzel tigt Fest 7F e 13 WAl e R
2Pdet AR E 24813 07 (Table 4), %9} W4
N2 Jojs= AeAg A A4 fis Eq. 9 wet
APkl ek Zxde] digh A EE BT £y, Al
W £, Fagke] 2ol Ao A} 7.1% 0% e}

wom, fEpdel A CHy 82 kel o 9%

¢

iy

oX

Table 2. GC responses and Relative Standard Deviation (RSD) by different balance gas

4
CH . 1st avg. of GC RSD 2nd avg. of GC RSD 3rd avg. of GC RSD
concentration ~ Balance gas response %) response %) response %)
(umol/mol) (WV - min) ¢ (WV - min) ¢ (WV - min) 0
101 Air 685.2 21 680.7 1.2 681.8 17
) N 692.0 21 683.8 1.6 683.0 1.4

Table 3. GC responses by different concentrations of CH, gases

CH, concentration 1st of GC response

2nd of GC response

3rd of GC response  4th of GC response

(umol /mol) (WV + min) (WV + min) (WV + min) (wV + min)
1.1 72.7 83.4 79.0 71.5
10.1 612.0 679.6 680.9 593.2
60.2 3757.6 4045.8 4278.8 3733.9
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Table 4. CH, standard gas concentration and Response Factor (RF) of GC by the standard gas

Unit CH, Standard gas in Air balance
Concentration GC-FID
umol /mol 1.1 10.1 60.2
RF (V' - min)/ 0.0758 0.0673 0.0672 Varian 450
(umol/mol)

Table 5. GC responses and Relative Standard Deviation (RSD) according to auto sampling by the chamber

CH, . Balance 1st avg. of GC RSD 2nd avg. of GC RSD 3rd avg. of GC RSD
concentration as response %) response %) response %)
(umol /mol) & (uwV + min) ‘ (WV + min) ¢ (WV + min) ¢

10.1 Air 667.64 1.6 625.30 0.8 674.17 0.4

Table 6. Response Factor of GC (RF) and Relative Standard Deviation (RSD) using automated chamber sampling in
comparison with those according to direct GC sampling

1st avg. gf RF RSD 2nd avg. .Of RF RSD 3rd avg. F)f RF RSD

(uV + min)/ @) (WV + min)/ %) (LV * min)/ %)

(umol/mol) ¢ (umol/mol) ¢ (umol /mol) ¢

Automated 0.0648 16 0.0607 08 0.0655 0.4

Chamber
Direct GC 0.0678 2.1 0.0674 1.2 0.0675 1.7
—g—o\__?:!—% OEL ‘/‘F 9}9»1\_]1:} fsamplingr A= RFCH4/ seh’/ I{FCH4/ setavg where RF=
Response of GC/Concentration of CH, (10)

fin = RFcuy, i/avg. RFchs, set 1 Where avg. RF=
average RF of Concentration of standard

S A, AFE A AlE AR AAEeIN] B3 99
CH, gases 9) Io_ A, AFg A AR AHF AAEA Y =

A5 98 CHy 27k % A% bias)S A8k

AEAE AR AF AAFOR 10MY 3uHRow

Z2 5
HANS KES R A|AHIO|A 2HASH A 9l CH, =& - He
242 XIS T MAZM B3+ ™ ‘e 10.1 pmol/mol ¥59] CHy ¥&7kA7} 1004 3ukE o
==IE 20Int F=te MHI|H A A BAs rTo 5 Py
-3 =l _‘TJL_% =

CH4 HH%%]: A]_;g]_% SH_SH A 06}% ﬁ]iﬁ Gcoﬂ 1 =1\ L L 10.1 umol/mOl <) CH4 7

o FE2HE Wik (bias)E I Aol tist A4 FrlE
Al BAA foampiing, 85 Eq. 117} o] CH, %57k

2
7r

Mo Bk 3 A, A xRN A A .
. ° SARRE, 7171306/ vE 55) 71ERFem, oo 54T

@

2

F gl BT 9l CHy 5% =%
A8l CHy 7k~ AdAS B89t ¥
G A AWM Als MER YT F
T7IAE 109 A2 55141 A7) 39k AjF 3] 7]

P Adde At Table 5). As3H] Alg A5 ©&
AelA e CH, 71 Alzell digh 71717H8-9) WS Ak

%LQ(RFCH% sampling)'_gT H]EEF%WTable 6) 3%201] 9/]
fsampling/ Boﬂ/q EEH%):—Q——‘—J:’— }?l‘;g]—:‘l' %EHE%%QE% 99%
s & ASE et

fsamplingr B = RFCH4/ sampling/ RFCH4/ GC Where RF:
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Fig. 2. A fishbone diagram showing relative standard uncertainties affecting the relative combined uncertainty
of methane concentration measured by the chamber method in a rice paddy.
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