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Abstract

The aim of this work was to study the ability of method for the simultancous determination
of trace greenhouse gases, Carbon dioxide, Methane and Nitrous oxide, from samples using Gas
Chromatography (GC) with therma! conductivity detection. Flux measurement of three gases by
thermal conductivity detector and flux measurement of three gases by selective detector, flame
ionization detector (FID) for methane, thermal conductivity detector (TCD) for carbon dioxide and
electron capture detector (ECD) for nitrous oxide, were compared. Two stationary phases,
HayeSep Q and Carbosphere, were compared regarding the best resolution for the peaks of carbon
dioxide, methane and nitrous oxide to select the most appropriate separation. Well separated peaks
were obtained on 1/8” x 2 m. S.S., Carbosphere, 80/100 mesh with optimum flow rate of helium
carrier gas 30.0 mL/min, column temperature 180 °C, injection temperature 135 °C, detection
temperature of thermal conductivity 250 °C, current 110 mA and volume injection 0.5 mL. The
retention times for methane, carbon dioxide and nitrous oxide were 2,85-2.87, 4.27-4.28 and 5.59-
5.61 min, respectively.

In this experiment, methane, carbon dioxide and nitrous oxide were able to be over the
concentration range 99.6-80.0x10" ppmv, 50-20.0 x10" ppmv and 20-20.0 x10° ppmy, respectively.
A limit of detection by TUPAC Model for methane was 152.73 ppmv, for carbon dioxide was
34.17 ppmv and for nitrous oxide was 36.63 ppmv. From the limit of detection, many samples
were found to contain more than the permissible limit of methane. So, this method was validated
by addition method with known concentrations of standard gases to evaluate the concentration by
gas chromatography with thermal conductivity detection. The performance of the method was
tested and detected with specific detectors, flame ionization detector for methane, thermal

conductivity detector for carbon dioxide and electron capture detector for nitrous oxide.

&)




Use of a universal detector (TCD) for determination samples from cornfield in February,
1999, paddy fields and Khu Khud in January, 2000, has been compared with selective detector
(FID, TCD and ECD). In the analysis of greenhouse gas samples from cornfield, a comparison of
the flux measurement with a universal detector and selective detector showed the difference in the
range of 0.59-1.70 kg-C-ha'd" for methane, 1908.64-1991.32 kg-C-ha 'd” for carbon dioxide and
139.58-296.83 kg—N—haqd'l for nitrous oxide, In the analysis of greenhouse gas samples from
paddy fields and Khu Khud, a comparison of the flux measurement with a universal detector and
selective detector showed the difference in the range of 32.58-37.81 mg m” " for methane, 4.18-

459 mgm” h for carbon dioxide and 0.09-13.64 pig m h.
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A ) . =y
Lﬂimllﬁﬁiﬂimiﬂﬂi”ﬁ'l (Gas Chromatograph) T4 GC-14A {Shimadzu, Japan) Taglian
as293ariiamosianoudndaf (Thermal Condutivity Detector, TCD) wazdinidviarila
lasrlos lue# (Flame Tonization Detector, FID) wlemnIonlszaiana (Chromatopac) U
C-R4A (Shimadzu, Japan) 7
Lﬂ?’ﬂﬁl!ﬁﬂiﬂmﬁﬂﬂﬂ?l (Gas Chromatograph) iu GC-14B (Shimadzu, Japan) Taofidn
A5195aIamosianouAnAdn (Thermal Conductivity Detector, TCD) Hagnasaninviia
& d s g A
S8 naseuualines (Blectron Capture Detector, ECD) yw¥euinToailszuiana (Chromatopac)

*;: 11C-R7A (Shimadzu, Japan)
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L“!‘Juﬁm%ﬁﬁﬂuﬁﬁ‘ﬁﬁﬂﬁ'ﬂﬁ? (Gas Tight Syringe, Dynatech, Louisiana, U.S.AL), ‘3;11
A2 w9 1, 2, 5 uag 10 Hadnns

yaudietauiala (Vial) vina 60 fiadans

3n¥14 (Chlorobutyl Rubber Stopper type Ferhyophylization long stem grey) U9 20
RN

AunaznszusniamanadmiSinns 60 daddns (Plastic Syringe)
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RN RUNE]

m?aﬁﬂmm‘ﬁu (Humidity Meter, Yokokawa, Finland)
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3.2.5 dnwianuududlumsinses (Precision)
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qamﬂsmmmmmmﬂ1@1*\;@aunmmu‘nunuﬂ'lmmu 151.96 ppmy, 16.92 ppmv Hag
16.85 ppmv ANAIAY 2Lty lm'lmfimmﬂﬂ‘mamﬁsﬂ3'Jmﬂmmﬂwaﬁxmnﬁm‘lﬁﬁwcs‘i’mfjwmi
asy9SauuneauAaidli 0.45, 5048 wag 54.00 aledifud dmivuiaiimu amfuoylasenlad

Y al 4 ¢ @
nazlunsaen laa muaIay

3.2.8 Ansnaamsnevaneuiiudunss (Linear Range) Yosmsiazdufasaunsyan
ﬁ’qa1ufuﬁﬂé'aﬂﬂaﬁ’uumnmwmmlﬁwﬂmﬁueuiumgmwﬂsmvmfsmﬂmﬂmmumm

=~ J ar o oad
gHAmdINanBUANEAIN

ﬂmsﬁnm‘mammmm*uufuaqunms@unioﬁaﬂmmu‘mﬂﬂﬁr:amsﬂaﬁﬁumﬂm&’u
aselavlfudainasgudimy aduoulasonled uas Tuataesnlagaimududu diaaiuile
Fanmznisdfimnzausde 2422 () Tﬂﬂmamﬁmmmmqﬂm’lmaﬂmﬂmm‘n‘lmﬂ
Wi 100 nsvluaasnnudiuisznin A g & #&a madafimmanagedil
ﬁmawmnanummmﬂ“aLﬂswvﬁunﬁumummwmumq 09.6-80.0x10° ppmv  ufe
asveulavenladaannduduyae 50.0-20. 0x10" ppmv i luadaeanledarnndududa
20.0-20.0x10" ppmy cnammwmummuﬂﬁmmumﬂumwmsmxmﬁimmiﬂnm [Tstns
ﬂ@ﬁﬁuwﬂmﬁumamﬂ‘nr:ammmﬂzmmﬂmmmﬂq;ﬂ frearduiniidhuduas e

tmmsfumﬂmlmmg‘mmuﬁﬁa‘lugﬂﬂ 23, 24 4% 25 MUAAY




y=0.4003x + 143.65
8060

2’ 09994

1dRn (uv*min)

it
[
g
1

»
-

o 5000 16000 15000 20000 25000

arndnEuveuRaiimu (ppmy)

qilf 23 e inasgnaewidounsgonyiafiny

y = 146.26x - 120486

400000 T R2=0.9933

£ 300000 -

%

2

e 200000

=

=

T
L2 100000

1z

04—t } p—
1900 2100 2300 2500 2700 2900 3100 3300

armdudusewiaaiuenlaoen lud (ppmv)

= o A a o v s
E']J'ﬂ 24 lLﬁﬁﬁﬂﬁ'ﬂ'[iﬂ‘ﬁlﬁﬁ']u‘llﬂﬁLlﬂﬁﬁ@uﬂiﬁlﬂ‘ﬁuﬁﬂ’]iﬂﬂu lﬂ@@ﬂhl“lfﬁ

63




64
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N,0 251,28 225.15 26.13 10.40
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HUNG

2NH, +30, — 2HNO, +2H,0 + energy

1
NH; +1§O2 — NO; + H,O+2H" +energy




99

wuafiFofddalumsalaounilas 18un Nitrosococeus, Nitrosocystis (19U N.oceanus)

Nitrosogloea 1A% Nitrosospira

2. Nitrification Slumsnlasuutas i lasadiulumsa deauns

HNO, + %OZ — HNO, + energy

guaiSsiddelunmsnldouuttas T8un Nitrobacter (15U N. winogradskyi) Nitrocystis
4 .
yono1niidany luilelann Aspergillus spp. (1 A. flavus) Bndae
= o i o 3 = o o o t o oy v o
wome domdsnaniideudneeziinnuditageaimazinenmes 1y Insiia lulnsoes
P . . . a |
UniiEY (heterotrophic microorganism) Uarilagwtsnsznfeninuen luiionloseu ludu

=y

Tumsanas Tuladn 8 Taofarul §iseddndu

2. & luniladu (Denitrification)

2.1 911 Soil Science Society of American; 1987

fo m5’%'ﬁ'n‘§'mmtlumsmr'%‘a‘lu"lwi’mtlﬂtﬂuiumqa‘um‘luimmu N) 1%

TuTasnueen lud (o) Inaiarunonssuvedrian Iy Insifioa(microbial activity)

TyTasluTelada (microbiologis) danlngjazifinfasendlun3fiadu lnsnszuauns
mulavesnnuuafislasdadul§iseEdnduves luasa nie'lulasa udanlfe by
Tulasnueenlud  ufalunfaesnled wazudalulesny  Swfufudaansouns e
Jonilod Iw*[%'sa%’u (electron transport phosphorylation)

¥
[

uuaMaveal §send lunsThadu fidel

NO; - NO; > NO—-> N,O0-> N,

GO I B G NI G0 ) I (1)}
o wyeandwaduves ulaswuluaisisenoy
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22 Tau 591 Yoyl uAiaw; 2542
= dij
Fumsalavwnlas huasadhuda iy lasnulnounaiiSeran  denitrifying  bacteria

AT

NO; — NO; - NO - N,0—> N,

denitrifying bacteria TRuuuaiiGoutatialue fia Psendomonas (15U P. aeruginosa {as P,

denittificas) Bacillus (1% B. licheniformis) Paracolon (miu P.denitrificas) a2 Thiobacillus

denitrificans

3, lumsesandu (Nitrate reduction)
Tag sadyaa queGaw; 2542
A o : & Amn ar
SunsalavunlaslunsadlulafanazienTudls  Fufludfnsodounduves

VUM TunsFngy Asaunts

2HNO, — 2 3 2HNO, — 2NH,0H — 2NH,

= $ 1 C; dy 3 & o = I
i fiddedlunsnlownlasiiiiuwniife 91 uedlod  wwefiSeldun
Agrobacterium, Azotobacter, Bacillus, Clostridium 5114un Alternaria, Aspergillus, Fusarium,

Penicillium #4dad laua Citeromyces, Crytococcus, Hansenular H@2 Rhodotorula
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4, ”lu‘lmmu?!ncﬂw%’u (Nitrogen fixation)
Tag seaTgiA queaay, 2542
SunsiwdealulasueneimmnalasuulasWiiluasdszneuveslulasion
t =N o csyq I a2 ' By = sl 1 e =
@ ez Ty msnffoulasilifaoingdunid 2 ngu Tdun gauvEdegihudaszludu
i a dod 11 o o e e . .
(non symbiotic nitrogen fixation) uasigauﬂ'%’ﬂﬁagﬁ ’JﬂJﬂ‘U‘ﬁ‘H‘h’uq\i (symbiotic nifrogen fixation)

a o ool

yansdtedihudassduydunidiefududass lufuuazannsonselulnsouen

4
o =)

Ed
pmiald SauuaiiGe fale uazmuswdiosunuihidy
= i a H o = { = o
yaundiegimfuilviugadugduni daunsaafuialulasolduaziinsdrss
o e ch g

= =Y . ar 1 . . A o =
et Tumutatism)  futisdugs 1dun Riizobium FafluuuaiiSoludusnity

ATENAN?
5. Yatitanisasinindige (Limit of detection, LOD)

s 1dowlae UPAC: Fafifamsasviadigaszuaaslumbenududy (C) wie

at

t a 3 ] ¥ ¢=¥ o = Ao A 21 1
Wil () Tevszihoniwes lsuegfuffnaida de X, femmineuduss
(] 1 ] i Il
Fynosiieviiga Arunsaszasanialdnnnssraunmiua il lumsimanei
oy ey ° P Qs 1
52 i las ACs: Aenrmdutudgavesmsfiauluazannsoasieialdedigndes
o n’: e = 4
Sronszunumadug s lunmsinae
= 3 dv o 1 [y 3k c;dy =3 o o &
pndlouagestl sdwsansdaldluniimneny aunsoasvladyanudue
(3 &
fsrlinswdanld samarnoasaeTadaasuniy (oise response) Tdavaniumsda
Fyquvesmisiiauly
3 a d = Aot (o ~
Tuanmemsias izl inavesssgfiiuSnatonnn (tace element) finisan
A e @ @ 4 . o or Ad o w ¥ 8 o | e
Moy Faditanmsnsiniamga (detection limit) fiulasfiadiiaminiisiadgaiiumiin
1 o 9 - ] e o Y and
sengatlumbonududy violSinavessgidnsed  awnsosem dlumaeataiiuan
] 3 It Y = | T 9 aaaed t 9t g ¥ o
a9 lanaivenuawnnnild a1 18 N RTEANMTIZI MBUAIHURTHANTIM

L S DL ¥ < = o & 9
lﬂuﬂmaﬂmn ﬂzﬂaazﬂumajamﬁmnmmuaﬂq
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MOHUIN A,

a15198 18 uaesnansaiuiumslinsied asdlufaiimunadidu 113.99 ppmy S10u

25 A159

adait avsmuding (t) FuR1Ein (@vEmin)
1 2,860 191
2 2.850 180
3 2.860 180
4 2.860 182
5 2.853 181
6 2.861 184
7 2.857 184
8 2.872 180
9 2.861 193
10 2.860 182
1 2.872 189
12 2.863 181
13 2.851 198
14 2.871 190
15 2.855 187
16 2.852 188
17 2.871 201
18 2.872 188
19 2.863 201
20 2.846 187
21 2.860 200
22 2.861 193
23 2.867 203
24 2.868 199
25 2.870 190

Fd Y
PINATSNOABING 25 51 (%RSD =3.96)




a5 19 uaasanuuiui lumsdng

ppmv $14IU 25 nts
adait g lnd (tg) FuRERa @vEmin
1 4263 879
2 4.257 864
3 4.261 873
4 4.269 868
5 4.269 805
6 4266 819
7 4283 349
8 4281 893
9 4272 806
10 4.266 821
i1 4.268 832
12 4275 893
13 4271 846
14 4,269 812
15 4277 861
16 4.270 876
17 4283 828
18 4273 844
19 4.290 852
20 4277 807
21 4.280 856
22 4277 877
23 4,289 836
24 4.293 890
25 4283 802

3 Fd
2INMINAABING 25 AF3 ( %RSD =3.49)
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s au o v Yy o ¥ 3
12H ATHUNTA1TUIU laaon lranauHUH 352.68
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= e o e e o v PR
AN 20 uﬁﬂqmmxmuﬂﬂumi';mﬁ:m ﬂimunﬁ"lumrfaanlﬁmmmwmm 91.31

ppmyv TUIU 25 ﬂ‘?ﬁ
atai armudulng @) MuRIgRA @vEmin
1 5.606 215
2 5,584 217
3 5.560 207
4 5.605 204
5 5.603 216
6 5.603 216
7 5.606 207
8 5.610 200
9 ' 5.600 207
10 5.600 201
11 5.610 205
12 5.606 209
13 5.611 210
14 5.600 205
i5 5.603 217
16 5.580 213
17 5.608 212
18 5.601 219
19 5.618 219
20 5617 217
21 5.598 217
22 5.594 200
23 5.618 207
24 5.600 206
25 5.603 203

Y ¥
PNAITNAADINT 25 39 (%RSD =2.97)
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