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oeibete] ealvb WjEFo)E (E Dol ATnm, FujEe 1990
13 2955 COseq. oA 201213 688.3 COeq. 02 Az =7} 3la Uk

Suyete] ArtadWMEZRTAE [PCC A IIPCC GL; IPCC
Guidelines)ell we} o=, 24FA4, ¥4, #71%E, LULUCFE EoFs UF

of ezt FAE AAste] HuFth wERor WE At wEFol

2 (E DollA 2R, U e wjETe 199049 2415 WuiE
COxeq.ol A 20124 600.3 WTHE COeq. o2 3u] o4 Zrlsigon, it

AFAEE WEFE 1990 204 MWHE COeq.olA 20121 51.3 #uhE

F

COeq.o.= A S7FtAw. 18y, “sHdECF = 1990 23.8 W=
COeq.olA 20123 22.0 MYLE COeq. 02 &F ZFA4slgon, ‘HI7EE
oF’ o] A% 9.9 WMuE COxeq.ollA 20123 14.8 MTHE COxeq. o2 4%

F71start.

BopEz eyl MEY WES AWEw, 199099 HS, o E
of* oA 817%, ‘AtFFTAHEOE oA 6.9%, ‘FHECE oA 8.0% ‘I
ZIEROE oA 34%7F wiEE A 1o, 2012132 79, ‘oluxEof’ o
A 87.2%, ‘APFTAHEL oA 75%, ‘FHEOF oA 3.2%, ‘HINEE
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T D 2opd 247 wied

T8 1990 1995 2000 2005 2010 2011 2012
HWlZeF | 2415 3547 4119 4688 568.6 597.6  600.3
SRER
(%) (81L.7) (8L.2) (81.9 (837 (865 (87.1) (87.2)
Wi EeF | 204 42.6 49.6 53.9 52.4 51.7 51.3
A FA
(%) 6.9 98 99 06 GO (75 (7.5
Wi | 238 24.5 23.7 21.5 22.0 21.9 22.0
E3be]
(%) 80 G6 A 38 (B3 B2 (32
HjZeF | 9.9 14.8 17.8 15.7 14.1 14.6 14.8
H7&E
(%) B4 (B4 @G5 @8 @D @D @2
Wl | 2955 4366 503.1 559.9 657.1 685.7 688.3
T &
(%) (1000 (1000  (100)  (100)  (100)  (100)  (100)
WjZeF | -344 -354 -589 -56.6 -54.9 -51.3 -50.9
LULUCF
(%) | (-11.6) (8.1 (-11..7) (-10.D (-8.49) (-7.5 (-7.4)
W& | 261.1 4012 4441 503.3  602.3 6345 637.4
&
(%) (88.4) (91.90 (88.3) (89.9) (91.6) (92.5) (92.6)

A, AT EAHEAE, 2014
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(B DA 247t & Fole Flsd, ‘oUAMARE’ &
1990 47.6 W THE COseq.olA 20124 267.5 WiRtE COeq. o2 FA 7}
stHom, ‘Ax 9 dHAGEET 2 1990 76.5 WREE COseq.olA 2012
{810 ®WRFE COeq. o2 F7F ‘5’ & 19909 355 #WRkE
COseq.olA 20121d 86.4 WTHE COeq o2 F718FE Y. 18 ), ‘7]ERE
=’ 2 1990 76.5 ¥WTFE COseq.olA 2012 58 ¥WiTFE COseq. o2 74
stRoer, ‘gREEE S 1990d 5.4 #WUEE COseq.olA 2012 8.3 =gt
E COxq.2.2 £Z =713t
247 HiEE HlFS G 204 A Ed
1990 o= ‘AU AAAFFRET (19.7%), ‘AxHF 2 AAA FF° GL7%),
‘rERE (14.7%), Z1EHRE BL7%), ‘ERRE (2.2%°0] Ao,
20129 A9,  CoUAIGFEE’ (45.2%), AxY 2 HAEP
=’ 30.4%), ‘FEHFE’ (14.6%), ‘7IEHFE’ (9.8%), ‘EFFE’ (1.4%)
Ao g yehd, AUANGGRET o wiEHlFol A F7HE A

UA LG R 9 20129 wiEEFS AddiEl 1.3% FUreksler, o]
+ 20119 Adoivl S8 3.1% BEoh SUTHA IS FAH BAE, 2014).

2
£
B

T

(e}
o
fo
1r
Fi

2

NI24E AUARYRE WEF FUE B B2MBAS} A
Ao e AAAIAING) AHgol Adtin 19% Z7b & Zel F%

= We Zlo®E HT LNG @4ujEA = 153 kg C/GI=E, fae &
Wi ESAl ] 26 kg C/GJell Bls] oF 41% 2ttt webA 201299 % LNGAHS H
ol AduiH 1.9% S7Htol met dEuiEAlart Adsra 14% a4

B>



sl F74& a9E B o7 IAGHHA7IAFTAHRA
2014).
<(E 2> Ay HA - 2 Hj &%
(22f; MRkE COseq.)
T 1990 2000 2005 2010 2011 2012
STER 476 1348 1771 256 264 2675
i (19.7) (32.7) (37.8) (45.0) (44.2) (44.6)
50—]
Az 76.5 1298 1349 1612 182.6 180
=)
S A4 (31.7) (315) (28.8) (284) (30.6) (30.0)
a8
35.5 69.9 818 853 8 864
S
(14.7) 17.00 (7.4 (150 142 (14.4)
76.5 733 696 589 583 58
71 e}
(317 (17.8) (148) (104 (9.8 (9.7
5.4 41 54 72 77 83
g2
2.2) Lo 12 3 03 0.4
2415 411.9 4688 568.6 597.6 600.3
A
(100) (100)  (100) (100)  (100)  (100)

=4, 2A7=FAAH EHAE, 2014



1.2 A&k Non-CO; W& 9]

oA Rl WjE AV E (E DA BHiE AT o], 20123 7|F
OS2 CO7F 97.8% =% vl&=%o R ES XA 31, CH7F 1.7%, NoO7F 0.5%
AR sl Itk fouR| Rt 247t AAE HlE Fole <E 3D
A Be vkel Zo], CO= 1990 2325 #ivkE COseq.oll Al 20121@ 587.2
NHE COeq.o.2 28] o] F7Istd o, CHi= 1990 8.2 wWwh=E

i

o

COseq.oll A 2012 10.1 WFF=E COxeq.o. 2 57k N:O+= 19904 0.8 Ww=
COseq.oll A 2012 3.0 WREE COeq. 0.2 F7IstA . &% Bl 52C0.9
785, 20000 98.4% o]% 2012\d 97.8%= A wiETFolA AAs= HlF
< AR geokxlar 9o, CHy vliF2 20000 1.3%1A4 2012 1.7%%=,
NoO Bl 2000 0.3%N A 20123 0.5%= A% F71skal ok

(F 3> oy ARF 2472 QA vWled

(F9]; WE COeq.)
T8 1990 1995 2000 2005 2010 2011 2012
Wl & 2325 349.3 4055 4605 557.5 5854 587.2
CO,
(%) (96.3) (98.5) (98.4) (98.2) (98.0) (98.00 (97.8)
L=l 8.2 4.3 5.2 6.9 8.8 94 10.1
CH,4
(%) G4 Q12 13 a5» a» a6 an
&% 0.8 1.1 1.2 1.5 2.4 2.8 3
N,O
(%) 0.3 0.3) 0.3) 0.3 0.4) (0.5) 0.5)
Bl 2415 354.7 4119 468.8 568.6 597.6 600.3
A
(%) (1000  (100) (100) (100) (00) (100)  (100)

=4 AT EAHEAE, 2014
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IPCC GLol| we} HZ¥8= CHy W&
2012 ol Aok’ o CHy wi=Ew(10.1 #uk=

UFE CO.eq) HUhE 22.8%, 20114(9.4 W=
gom, ‘oA AFHRE’ o 2012 CHy #i&30.1 WvE CO.eq)e

19903(0.01 ®wk= COzeq.)0l

<E 4> A AEoF CHy W&

2o (FE Ao AAE nre} 2o
COeq)e 1990(8.2 1]

COeq.) Bt 6.7% F71st

Hls) A S71skA T

(&9 WErE COseq.)
T5 1990 1995 2000 2005 2010 2011 2012
ol 4k 0.01 004 01 0.1 0.1 0.1 0.1
Az 2 d4g 0.1 0.2 0.3 0.4 0.5 0.5 0.6
Asd4L
TE 0.1 0.3 0.4 0.4 0.5 0.5 0.5
71} 2.5 0.7 0.4 0.5 0.5 0.5 0.5
1A A= 4.8 1.6 1.2 0.8 0.6 0.6 0.6
€=
=T
Af 9 dA7r 2~ 0.5 1.5 2.9 4.6 6.6 7.1 7.7
A 8.2 4.3 5.2 6.9 8.8 94 10.1
A4, A7~ TFAHEAE, 2014

N,O2] Hj&eES BREom BEI S (F 5o RE ule) o] AR
™, 20129 ‘o x| EoF o NO W& (3.0 MTHE COseq.)2 1990W3(0.8

WULE CO.eq) BTh Z718H9 0,

‘oA AP EE’ 9 20121 N,O Hj

Z(15 MUE COeq)e 1990(0.1 WULE COeqlel Hl& =LA =7}t

At

_’I’I_



<GE 5 ol Ao N,O si=%

(F$; 9E COseq.)

Hof 1990 1995 2000 2005 2010 2011 2012
A= A 01 02 02 03 1.0 13 15
Azyd 2 A¥9 | 03 05 07 08 10 11 11
Az
& 01 02 02 02 02 02 02
71 ek 03 02 01 02 01 01 01
A 08 1.1 12 15 24 28 3

o
fo
i
N

=S FAH BAE, 2014
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A2d AAA A Non-CO, 47t~ jE EA

CH/e 533 £4c°] 42 -183 C, -162 ColH, HA7lx= A&7}
29 FAEE o] EHAHIA, 201D. A2 = FA A HFFEY &
SO 93] 71 Be ol HiEHI Jon, JAfFoZE AHdSle] mE
ARG, 9 &5, #H7E B SolA WiEHe Ao=E IdHA A
(53 2013; 1AAQ, 201D. CHeol S FH #HSd APAFTELS i
QI A ARl =oly migAE ddeR APHAoH, A 4t
ANA LAs= CHeoll B3 A5+ vv]3sttHGraham et. al, 2014; 7315,
2011).

CHi= d&AdolA dge S0y B8 daol o8] APEe vF

HEOE, BEE AR 2R/t 3/l mg A&HOR gadt AY
2 ML Qe Ao Feid SR, 2013 F54 9, 2011 oAU

g, 2008; Korhonen, 2001).

DN

e
A
o

2 A2A1A 9 N;O i
=AY el A7 -90.90C, -88.57CSl AR gi7)e}t 3ol
Ae B840 AT S, FF s Bt Ay FAo] e 7]
AJOJBHX. Hu et al, 2014). T2 43, i, o EF Solw, 3}
= Ao AR TAsE o LA duke]dzl, 2008). =g
A9 A dYdozEs WAL, 2742, AFa SoAA AdxiteE F vz
DAHL glon, AT A Skt = FA oI tHEPA, 2014).
Felstarm e AAEE] NO 2 NOg 2 N,09] w7l edd #e 3
HellA el wiEs|87]E =E MAAE itk 2RAR, GWP7E CO.9

Lo
I

_’|3_



2000; Wojtowicz et al., 1993; Takeshita et al., 1993).

Aot Ee duba o2 thermal NOx, fuel NOx, prompt NOx 5o =
TEgth Thermal NOx& 37] F O7F 2olA N, #AE 4bsiA|A &
AstE A& oulst, fuel NOxe A8 Fo sstxoz Age HAivt
AHetE T B sh= A, prompt NOx= A4 Al BA%E &3teart 7] 5
o] A9t HkgElel WAFE Aog AHo & £ YrHWojtowicz et al.,
1993). sheEEA L] ALFAAGoA NOx 5 sl N0 AL F= 24
D, 2 @ %2 2 39 ¥goz AHdAKTurns et at, 2000; Correa,
1992). 21 (D, 2 @ 2 2] Y TS ALH 2571 530T ol A
900C ¥ wf ¥Yojuy, &x7} Z71skd N,Oo Eanuks £x7F Z7i5 =

Ao 2 4#A tkBoemer, 1993; Soete et al., 1993). N,OL A H3)
of % WAUSFS B3] WHAA Fhou U] JIAZE =5, F
PE371%, 959 A o= 4HA AtkShimizu et al., 1997; Amand et
al., 1993; Peter et al. 1993; Tullin et.al, 1993; Moritomi et al., 1991;
Gulyurtlu et at, 199D).

NH+ NO—N,O+H €]
NCO+ NO— N, O+ CO 2
O+ N,~N,O 3

_’|4_



A3 AP+ &

31 AAAE Hof BA7|Z0o) o A+
AaA A MEH = CHot NOs w57F Yol AdEdS Z8= 3
= EAE, itz o= Tedlar bags AM&3te] A5 EFe2u0sto] B4

& w7bA BRs Gk webd, TP ARG BBALe W BN

o
a".:
01-'

).4

T
o

off

b
23
o
2
=
r&'ﬂ
—Ll
rlr
ol
2
ox,

Bags o] &3 AlREF
F713}g=(VOC; Volatile Organic Compounds)® }#HAES FAl0 2 213
H I tHShon et al., 2007, 71 &, 2005a; 314 5, 2005, Oh 2004; &

< 5, 2002). IAEAAFISFES WO E & HAX T AT AFA
2w, 100 ppb FE2] zEfolAL A5 By F 3F < 12~16%2] &

ZHa7t, 29 o]Fole AW 24%° FEZFAVE WASATH WA, dAde
2do] A3 Fox 5%9 Fxitaute] wHAEte] HAEEE o7t &
Ae ¢ & J}T =T kS Ao] & HoE dEA e ALY =4S
oz A3 Shon 52 AFAde] wrzw, 50 ppme| 343E9] ¢
2 69 A3 FRE, 100 ppme] A¢ 109 FRE ZE HRo

H
FE WL o], B} $e4E AR BE Wt 2 A4S §

=
RLN

&

[-'0
m?l_g

53 Non-CO,& 4o & A7: RPxoz CHE Wz 43%
ATRAAGE 5, 200009 WnA Fe AHe BFOE CHiSE NO BAZE2
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A Tedlar bage ©]&3te] BAVI~E BT A9 159744 5% ©lste] &
T HSE Holg Zow 4l H3ow, CHe A-¢+ 36 hr7kA A
A A= FAHAH. 2010149 F=mrEAGA T Aol wEd, 2A
7h2B ARl 72 hr B, CHol B 5 WEe vvsid o, N,09
st&2 Aol 5%l o2& ZAo® Ugwth 247~
AFZE bagel AFol mE AREBV|Z ATV UdRom, o] AF
™ Tedlar bag¥ Aluminium bage] 247}~ 25
5l7F 9lou, 159 o]F o= Aluminium bagoll E#AE 27} 204

°F 10 % o]/de] &4l AAH=ZE 5, 201D

] 7 E o=z 233t

U2
ru o

o w=
H

Lo
i

3.2 APATAA A&F Non-CO; AlEAFH WH
Ao AdodA BAsE CHSE NO 559 43 #dd A4 34H

AFedde “OAd oA Ame] HEo] optslAA wiEFd mA=
FHHTE, 20147, “IrrAVIA wWEAS ARV A DT,
2013)” , “B-C# 3HTHL BAHo Non-CO, 247t wiEAs /M
ATFCINY &, 2017, “FAFEE 24712 wlEF inventory A4 2

MEA S MG BT, 20007 Fol ek
AR AET ABAATES DRARPEE A48T A9 B
% 3

ok 2007d FHeAASTd HuAe Ae, =

3

S A< 02 Tedlar bagoll MEFstg o, 7ehdale 4352 gkoprt
20114 oA & T dTolA = EPA Method 18 (US EPA, 200Dl <A

& Ashd2el Lung samplerg AREste] AEE AHSHAT 2013 Y

A Fee AToMEe ZFFel AR 9AF FH, Sample

_16_



Conditionerg 43t AlSE A3 3} Sample Conditioner= Al &5
ojstz WAAE 4 e WAEAY NFHZIF £2FH A= ARE
AR ot 20149 FE5&Y AdTAME ARANFHATS Z5 A2Feta 3§
S5 AFsIAT AAATFoNA ALAAHY
Non-CO;, #=d7++ & FAHAEH == EPA air sampling methode
188 7|22 7 3}, Tedlar bagS AFE3te] #H2 Al THEA W 40 mim)
o] ANBE AHsE W2le AFL3Y T

@
w

O:

N
o
il
.
oo
ol
ok
rlr
o
oL
o
utl
2
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=
ar

L

A, AR AFE CH2F NoO Al
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[e>

172, <9 2>9

o Ay =

=3
AL

ke Al

CHs¢F NoO¢] bag <QFoll Al b8 &
o
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T

)

NEE

A

3]

A

Aud AL

K
o
o
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A

~

olt
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o
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;OE

N

AR, HH ABAFH = o
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g
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)

1223
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S|
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o
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S
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STEE Rk DS Bip KR B8 & EKElr B € BT >
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A1d Non-CO; A& AHE 9 AFA A+

1.1 2EAVFAE o] 83 CHySF N,O2] Tedlar bag A4 H7}

DAY ASEAYE BT AIRE bagel EHSHA APANA
Non-CO,E &4 st WHolH, AEAF bage Tt 348Fo REE3hA|

r bag¥ Aluminium bagoe] A& i B AFoAM= V]E

AYATE st BAAT WE Tedlar bagd] HAHAES EAIEE
ghlstazl skt

A=A oA EAYs= CHil N0 5= ppm @912, CO= T4 %
2 wEHE AoE dHA JrhALzE, 2010). ALAAHAA BAEEE
Non-CO. & W&oz 3 B dAFeosAe CO; CHi2F N,OZF 22t 20%,
10ppm, 10ppmZ &%= Primary STD (RIGAS, KOREA)E AH-&3le] d*%
Aol A BAEAE AlzsAdh 99.999% No= 3| AMste] A g
Working STD9] F=+ <& 6>3 2t

o=

{(E 6 BAIZY Ax 55

B CH; (ppm) N;O (ppm) CO, (%)
1 1 1 2
2 5 5 10
3 10 10 20

A7 CHesF NOs=e ARE Az AIFEFE 0 hr, 24 hr, 72
hr, 144 hr, 240 hr 23 %o &43dd. Be 42 4L A=

STDE A-g3te] ML A4 o & Hrkel AHg3hch



1.2 AFZAEE o] &3 CH& N,09 Tedlar bag ¢H8A H7}
BAZ 2 E ARSE A8 CO, CHy N,OYF X233 Working STDE o] &
g AFAAE, Ax3 sEEE A zte|rt
FA RS AS VA 24T oY FAT
EAEt FEzbell F@FS WA JhsAdel Utk B ATl s BAE29
(MY H7HE Bsty] flete], FAgALAAE B INGA LA H o] AAA]
T UiAs gEst] AR Aol w2l CHist N,O9o =7 WEteh=X]
golslgth RAAZS A e AAAFEE 24 hr, 96 hr, 144 hr A3 A A
of CHy, NO9 =5 &43te Z23E Uil A&e B3t w

2 % {3 us AF= JIESA € FEF5A JIHE ARSI o,
FEEA 7IHE wrE=H R X (Repeated Measures ANOVA)® & A3}

Azt e HEE AAH NS FHIH.

_Z’I_



A 24 Non-CO; Al S A

AN AHAE <" DA BeE AF 2ol dAxAAe HF mE7<
=504 probed AHEste] FEEZ PR AKZHAAE o] &8t FAl
ol AlRE AF3E Ao Senr) st E At AsAfFHEs

al

B ARNPA 3UZ, ABHE T

Tedlar
= ASTHI) bag
=x (10L)

Lk

Z=
Tedlar
7|72 | = bag
HR2| ﬂgi{'"/ (100)

_22_



2.1 B EFTH

2]

B

i

£

He 24

=
=

SESARIE PR

EPA Method 18 (US EPA, 2001) o=,

7F2~ A

wle} ol

L
) .

KOE 4HollA B

Foh v &2 23

S

7hs

)

ANHE SAshA

AR

o

b},

S

S SerkA Be @FANY RIAR AT Bk

AL w77k & 500 m/sec o]’7hH)F 12100 T o]Xho]

A

el

RN
AAY AAE EReES

A B X

EERREE EE

A A

2007).

R R

2009;

FRATHI A &,

J|

3

3t7]
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Siack
7 Wall

Tehon™
Finer Samgie Linge
[Glass Wool
l WaCULm Lins
Prooe
=
Maie Caick
Connecins
/ I\ )
) Eail - e
Yerse Chack
(27 Type W Check Alr-Thgit
Bitat Tube . T Fisrp

Fitot
Manametsr

Figid Leak-Proof
Contalnsr

SXATHE EEFAER O dHs BHashr] ffste] AR AlRE
ol A& S HEEWR I 2o, v=Y HrE &27AE
A} 2 9 H(MRR; Mandatory Reporting Rule, ASTM D 6866-08)o] w2+ 1t
Ao, 24N AEHCE AEE AMFHT T e ot dvrH o g T}
28] wjEo] FASA B oA AT 2o HiETIAE 3 CTE Y
Zyate] RS AAsE FEAAFX(ALPHA, KOREA), €4 % &d&
A /- FA(ALICAT SCIENTIFIC, USA), H3(KNJ, KOREA)s& 233+
ALEJZAE ATAHANA AA AFste] Frletdh <AE HollA HE
&
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91, 2014). & dAFolA=

7373

LA

EE EE S

ol ARE

)

AT AA A

(
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A3A Non-CO, % H2A{d}H

3.1 CHy &4

CH,o] BA&e GC-FIDE Al43l4 o, Stainless steel o] 1m, 7
S

24 21 Varian cp-3800
Detector FID
Column Porapack Q 80/100
Carrier gas N4(99.999 %)
N, 25 md/min
Flow H, 30 mQ/min
Air 300 md/min
Oven 70 °C
Temperature Injector 120 °C
Detector 250 °C

A AdS AR A8 ZEARY s daAEAdA HiE He

CHy =7} 0.1 ppm ~ 10 ppm ¢! A& 7<kste 0.1 ppm, 1 ppm, 5 ppm,

_26_



10 ppm %9 e EEARE olfdle] Yo, AR

el 1 % g mPste FYBYT

{

O

Peak #to] =& H+ AS #=x
TEE AYANES o] 83 A R? g <9 6>oA BE A 2

o] 0.9998% -¢-<F3t w9 HAHAAHS YERAAS.

CH,

y=12515x - 388.07
120000 R®=0.0008

12

VS|
ax

off

T3 2 Aol AR 71719 ARG 2EVEEE 3W vHE +

A4+slgd thRelative  Standard  Error,

S

of 4 (Wel o] dHEELAE

RSE).

SE
= Vean x 100 1)

RSE(%)

_27_



o714, SEx 38 W BN FAHX S FEA (= 9D/ VN), SDE
®FH2L, Meane REE-EA SR HAS vty CHo B¢ <& &
¥} o] Peak area®] ZF=HAU/F 128 TF=x7) 741, FUEFLA}=
0.61%¢] = Yetdd. AdA8 B7HEEH, EAAE =2 CHEY =9
AEZLA7F ISO 11564:1998 A1 A Aet= AL H9 3% ol Hoh

CH,4

Order
Peak area ppm
1 12005 0.98
2 12184 1.00
3 12254 1.00
Mean 12148 0.99
SD 128 0.01
SE 74.1 0.01
RSE(%) 0.61 0.61

B d79 QA/QCE #lsted HaHdEIdA= WA=
detection limi)E ©o]-&3ste] Z2AHs At HALAHAESIAD AE 7t Ha

Fe Yrit. HaHdESIAs dukFer E47)7) A ANRE FUS)

_28_
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file)

b g

S

ZHSD), AHr=m-Do] t&E < o &3 AS =2 v EPAA o] &

ol
~

H&7d 7

ted A (D3 o] At FoH=

S|

Moz 2 9% 4 B= &

201D).

(5)

(6)

MDL = 3.143 X §

& A A

A71AM, X, =w xol o

Z 7ol

1 ppm 2]

1
.

= Aol A
ojui o} t

3.143A1 F = 98%ol A AF-H

AE JEPHATE CHeol 79 WHER

9>¢} o] 16.1 ppb=

kel

&

=
=

4

e

ey

-
st

= <

o) Azt HaHEIA

S|
X
Hj

79 =7} 1 ppm

=
=
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<Gt 9 CHy HAAH=3A
CHy
Order
Peak area
1 11856
2 11827
3 11702
4 11727
5 11792
6 11745
7 11790
Mean 11777
SD 55
SDx3.14 173
MDL 16.1 ppb
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3.2 NJO B4+

N:09] #£42 GC-ECDE Ab&staiom, ZH-& Porapak Q 80/100 mesh
S A3 1/821x A9 Imet 3mel Stainless Steel Packed & AM-83}%]
ok 71719] BA AL <E 1007 o] At dPS Y5t

24 271 Varian cp-3800
Detector ECD
Column Porapack Q 80/100
Carrier gas N2(99.999 %)
Flow N, 20 md/min
Oven 70 °C
Temperature Injector 120 °C
Detector 320 °C

AFAE CHeol SL3 BRez, AR 4 dol A= STDE AHE-3st
A

Azte] WRghoz =EAPoM, AFHe AR ¥
o]

N,O Az ZALe 0.1 ppm, 1 ppm, 5 ppm, 10 ppme] P& EFAE

g ol g3le] AP on, CHS 5YaA ARAA RS Peak gtol =& =
= Ae Fxsto g5 F& st AAsT XEE AYTIEE ol
gk Ao R® Fe <@ TollA 1.00002 wl-¢- ¢ A4S UER
At
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)

0000
20000 - y=E81339x+43 762

70000 -
60000 -
= 30000 -
< 40000 -
30000 -
20000 -
10000 -

=

rot

2 AdoA AHE3 7]7]19 APAPE CHsoF YA EF7F2E 3
E BAste] AoiEEeaE AAFSFATHRSE: Relative  Standard
Error). NoO2] 7%, <& 11>3 #Zo] Peak area®] EFHA7} 107 2F22F
7F 62.1, FHEZELAE 0.75%°] #S UEio AdAR BrbER, BAd
A EZRQ N,O w59 AUlxEF2x7F ISO 11564:19989 4 A Alst= A&

il

(.

89l 3% ol ek vhoh, MO 5T WEHL HAY 4 Uk
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(R 1D NoO 55 49 AdA
N2O

Order
Peak area ppm
1 8086 0.99
2 8163 1.00
3 8297 1.02
Mean 8182 1.00
SD 107 0.01
SE 62.1 0.01
RSE(%) 0.75 0.75

N0 Ha AZ3A A2 dslA 1 ppm o EFE7}2S o] gate] 7d

W2 BAsiglon, oluf o tRZEZQ 3142 AREY] HAAZIAZ
Z3FA T N0 79 WHEE ] Axl <F 1204 HiE niel o] HAZ
FAFAT. AEAIEANA viEFe =71 1 ppm &

A Ae ALY o, o HAHAESIAE 2= N0 v5 B4
ALxA A HEHE NO 35 B4 A3 Aoz ddsn
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< 12> NoO H&HE3HA

N2O
Order
Peak area
1 7163
2 7105
3 7161
4 7024
5 7053
6 7262
7 7078
Mean 7107
SD 81
SDx3.14 255
MDL 40.6 ppb

_34_



of AT ANE AF T &

A4d FAF BANH
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=
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7Hd 7hsd € WESHA "kl 34, 201D.

. A4 H(power, 1-B)

AR Yol AFTIEl AR Aol olE 7|FAsHA He dES 2T
B

= O hus =
O AelE LuIE FEIE FES DT HRe| A/t Fow F wE
Azl Zol7h AFol = olE EH X JhsAol A, F AT Aol

sg
‘:‘o{t
{u
N
=
-
D
Q
%)
N
e

FEA = ¥ Y A=, dB4, Aol 9 #e 2FIANA #e 9

T

v)git}, dukA o2 T-testo| Ao & 37]= standard mean difference=
#rol A&=m™, ANOVAXH F-testE AT 7 fo<= = e ALS

f =
3l71= gtk Polite} Sherman(1990)& &7 ZAA WHS  ‘HeHEy

(meta analysiD®¥’ , ‘FIdAAFPilot study)FH’ , 7HFE(dummy
table)dH’ , ‘SedBAR 5o MR Yo E AASAT CHERE
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o olE Tedtely AF ARSE= oA TR A sty wEa7E

Arets 34e <F 1D} o] AANSALL, FEAV= I7HAZE HUFo

Al
a7 /%
AA 837
& % | o
X, — X,
T A FFo) g t-HA d = | ! 2| 0.20 | 0.50 | 0.80
g
g,
kel 59 Bl i F-14 f=-" 0.10 | 0.25 | 0.40
g
p(p=0) p 0.10 | 0.30 | 0.50
Foulg Aol i@ A4A h= ¢, — | 0.20 | 0.50 | 0.80
R2
FI(R*# 0)(©%3714%4) 2= T 0.02 | 0.15 | 0.35
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42 24 BT B v

7}, SR EET-A A (ndependent t-test)

CEHIEET-AAR & AE SHdeE A" 7 RE TS Hlus]
A8l AbgskeE ot kA AR vgE F AT FdAtelrt FAA L
2 FYurtE Adstet AHEET, B AAde ATE8EART T ARE

slof A3 s AT 5 ATHEH I, 2008).

Y. d-SEEBT-A A (Paired t-test)

‘WSEET-AR’ & A 4S o] EEES BMIE PHom @

43 ¥ B2 BT B vl

7t 2F&9 A A Wilcoxon® s Rank sum Test)

‘D=9 A (Wilcoxon” s Rank sum Test)” & ‘S FHT-test’
o gty MZ g F JEe vudr] Y8 AHeseE YHoE, HE
T BEXE Holv ZEFTEES AAGY] s AR&Tie]sha], 201D. =,
A

she 2ol ok, % we] ol AR Ao} Y= 7b

Y. 422354973 A (Wilcoxon® s Signed Rank Test)
‘FEFERTEAHAAHWilcoxon  Signed Rank  Test)’ & ‘Ol E

T-test’ o aliF3slH, HlRF EZ2E Hole FEFTES HAAS 7] s A
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4.4 vrB-=A B4 (Repeated Measures ANOVA)

2o BAGNN ARE FI wE

‘39

‘ANOVA” |

‘LEET-test” Y

ar

—_
o)

iy
oy
70
)
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™
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e
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TR Aol wel AAAR Rl 22k
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Z FEIFH,

9ot += Qrkel A,
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A3 shA
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=
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6.2 TEF A =233 (G Power )

G Power(A general power analysis program)+ THdh SAE2H(E test,
t test, x2 test, Z test®} exact test)2 AF&3dte] I TE £ Ak H
AARE ALE T=otF= T2 aPo|th G Powere AMEAE BA 2 =2
el gk X Ao] FaHA gol= AT 4 JA=F GUI (graphic

ZIa5olt(7d, 2015 Faul et al, 2009;

(Kl

user interface) 7|®o] # &%

Erdfelder et al., 1996).

7h g NN FEE7 2R
G PowerZ o] gsle] FHol z7] & HZA ANEAH 5 ==37] 9

A= 7129 AFolA 4kgE Fa37|(Effective size)ot EEEAS ]

T RE9 ArlE ()t AAYA-8), 1 xFol(6)9] TR

a, 1-3, o7F DA™, F FE A7dE zpol7}
Rt R A9, foFES 0.05 2 s A& HoE,
B, oo W} 2 77 AAHEHY, 671 FAS5E 229 AV= 7
oh 9l Heol A HFe Zol(6)E AAS A, ol WE ZHo AV E

P}J
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B dFolAe olgdt ASS T8, AT HA ARAF o AdEE
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A4 AT27
A14 Non-CO; A8 AAES Y3 AFd AT

1.1 BAFAE o] &3 CHe®F NoOY Tedlar bag 84 %7t

ALA Ao A BAsE CHS N0 55 ppm 99 Z HiE He Ao
2 d#A Utk B AFoAE AAAEE 2ZASEH] 98] CO., CHiSF N:O
7% Z+2y 20%, 10ppm, 10ppmE &9+ Primary STD (RIGAS, KOREA)<}
99.999 % No& AH&st] A= 28 FF7F=E Tedlar bagel A&
H7tAoh 28 ZE72E CHE 71522 Tedlar bagell 1 ppm, 5 ppm,
10 ppmé| F=2 Axstd, 43S 2Pt

2 AFdAe FZAE E40d oA, BAZIEE o] &5t AR A
& Tedlar bag ¢+ ¥ 5 WIE M S Wriste]l 4@ Ao B4
<= =olaA ST BEAE: AP AxAFOERE 242 0 hr, 24 hr,

o

N
I,
o
o
N
X0
&=
R=)
i)
b
i
M
1
rlo
M
=

o
o9
)
N
b
7|
N
N
[
i
_‘>:‘
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7t BAZE2S] CHy 5= Hs

At 7o mE BAFA bage WHE &4 24 CHL 55+, A
7b229l H%7t 1 ppme] A$ <& 14>9} Zo] 240 hr <+ H+# 0.02 ppm
o] & WL dRon, 1.92%°] =
2% CHs2l RSEx 0.24~1.58% WS How, 2% mutoz & 3o]E B
Att.

o]

X
50

(% 14> BA7}2 bagel CHy 5% ¥H3(1 ppm)

(&1; ppm)
7 A 7F FE W)
T TE
0 24 72 144 240 1 8} g
Aol *
1 .04 099  1.02 099  1.00 0.04 3.85%
2 1.03 103  1.03  1.02  1.02 0.01 0.97%
3 103 101  1.00 102  1.05 0.02 1.94%
Mean 104 101  1.02  1.01  1.02 0.02 1.92%
SE 0.00 001 001 001  0.02 - -
RSE (%) 024 117 08 088  1.58 - -

a

B

7]

Ao
ol
off

sy
=

o
Do
o

40 hr 43 & 4=
* F% Zol(ppm) = | a-b |

** W3k&(%) = (| a-b [)/a)x100
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BA7E2e) 57} 5 ppmY Aol <E 15590 2ol 240 hr Fe HF

0.03 ppme] x}ol7} A3, 0.61%2 F=

HA3kEo] BlE T o]t

TE A3l &S 1 ppme F5 WH3EQl 1.92% Btk ZA UERsTh RSE9
A3 = 5 ppm 0.19~0.32% W= HEld, 1 ppme] 0.24~1.58% Rt} 2

R E LT e

<& 15> BA7}2 bagel CHy 5% W35 ppm)

(&<]; ppm)
78 A ZE = WH3}
TE T=
0? 24 72 144 240° H 38
Aol *
1 491 4.89 4.92 4.88 4.88 0.03 0.61%
2 4.96 4.94 4.94 491 4.92 0.04 0.81%
3 4.93 4,94 4.95 4.92 4.93 0.00 0.00%
Mean 4.94 4.92 4.94 491 4.91 0.03 0.61%
SE 0.01 0.02 0.01 0.01 0.02 - -
RSE (%) 0.30 0.32 0.19 0.23 0.32 - -

tx7] AT
240 hr A3 F ZHBE
* % zkol(ppm) = | a-b |

** Wl k2% = (| a-b|)/a)*x100
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TY 71 B¢ BEAVEE = 10 ppmes £4% Ao AdE <E 16>

I 2o 240 hr ¢t H¥ w59 Abol= 0.05 ppm7b sk 0.50%9]

FE 3o e, 5 WHEES 5 ppme EAFA W3S 0.61%9
=gl FFo2 UERsth RSE9] A= 0.04~0.20% WHWIZ, 1 ppme

0.24~1.58%}F 5 ppm<] 0.19~0.32% Kt} Zpo}, BEA/}A9 27} 42
RSEX =A Elygth

<& 16> ®A}7}2 bagel CHy &% *H310 ppm)

(2+2]; ppm)
73 A2 == W3l
T TE
0? 24 72 144 240° H 5} g-x*
2}o]*
1 10.03  9.98  10.06 10.00 10.04 0.01 0.10%
2 10.03 10.04 10.10  10.03  10.09 0.06 0.60%
3 10.02 10.04 10.10 10.03  10.11 0.09 0.90%
Mean 10.03  10.02  10.09 10.02  10.08 0.05 0.50%
SE 0.00 0.02 0.01 0.01 0.02 - -
RSE (%) 0.04 0.18 0.13 0.11 0.20 - -

o

z7] FAE %
D240 hr A3 & =AHEE
* F% zol(ppm) = | a-b |

* H5kE(%) = ([ a-b1)/a)x100
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BE AP 2ol BAI2S] 7] CHy v5¢ 34
=z kA3 Aew Ad & & g
12.00
£ 1000 A—= A 2 A
&
e 800 ——1ppm
2 —8—5 ppm
E 600 —&—10 ppm
s & 8 8 = £
8 400
8
£ 200
o 4 - - - &
0.00
0 50 100 150 200 250
Time (hr)
{13 8> A7t A3 2 2AL A~ CHy 5% W3}
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. A2 N,O 35 #3)

N Zb A3t we 2AE2 Tedlar bags WHE =4 A3 A3 N,0OY
FEE BAFZC] FEO wet Aol e A
F57F 1 ppml A5 <FE 1DoA BE AF Zo], 240 hr ¢ HH
0.20 ppm®] zte]7} WAYFH OH, T W32 20.
E 0.14~1.54%9] WS BPoH, 2% vog BA FES I 2ol B
o] A ekttt

o
f
A
o
3L
®
b
>
X

N
1o

o
S
I
o
o
3L
v
=
&

<% 17> 2A7F2 bagel N,O % W31 ppm)

(Z<; ppm)
78 A ZE 5 W3l
T TE
02 24 72 144 240° Hg**
Aol *
1 0.99 1.04 1.00 0.96 0.77 0.22 22.22%
2 0.99 1.04 0.98 0.91 0.81 0.18 18.18%
3 0.99 1.03 0.97 0.94 0.79 0.20 20.20%
Mean 0.99 1.04 0.98 0.94 0.79 0.20 20.20%
SE 0.00 0.00 0.01 0.01 0.01 - -
RSE (%) 0.14 0.30 0.92 1.52 1.54 - -

TE/ EA%E
"240 hr A% & A=

* &% Zbol(ppm)

| a-b |
** AHBE-8(%) = (1 a-b | )/a)x100
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BAZRRe] FE7h 5 ppme] AL <E 183 2ol 240 hr B B
0.65 ppme| zto]l& 12.95%°] ®Z7F YA o]2F F= W3tE&L 1 ppm
o] T& Wst&Ql 20.20% Hoh= Agkoem, 5 ppme] RSExE 0.06~0.50%% 1
ppme 0.14~1.54% Rot= Ze 7 o 2 el

<& 18> EA7F2 bagel N,O v% #H3H5 ppm)

(Z+<1; ppm)
A s == W3l
T TE
0? 24 72 144 240° H 5L g
2}o]*
1 5.01 5.04 4.75 4.36 4.32 0.69 13.77%
2 5.02 5.06 4.78 4.36 4.39 0.63 12.55%
3 5.01 5.07 4.78 4.39 4.39 0.62 12.38%
Mean 5.02 5.06 4.77 4.37 4.37 0.65 12.95%
SE 0.00 0.01 0.01 0.01 0.02 - -
RSE (%) 0.06 0.16 0.23 0.25 0.50 - -

a

By

71
40 hr 43 & A=
* &% zol(ppm) = | a-b |
** WH3k&(%) = (1 a-b [)/a)*x100

Ao
ox
off

sy
—a

o
[\
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wAZbA BE7b 10 ppme] ASE <E 19>9F gol, 240 hr B BT
0.67 ppme] AFol= 7.51%2] W37} LA sto], 5%E d= w52 W3t 9l
= Zlo= AddEY. 10 ppme RSEx= 0.16~0.49%=, 1 ppm¢| 0.14~1.54%
BopE 2, 5 ppme 0.06~0.50%9F Hlg =Fo2 el

<& 19> ®A7}2 bagel N.O &% ¥H3(10 ppm)

(Z+<1; ppm)
7 FAIZE =5 W3}
T TE
0? 24 72 144 240° H 3} g+
o) *
1 9.99 9.93 9.59 8.91 9.24 0.75 7.51%
2 10.02 9.9 9.68 8.95 9.34 0.68 6.79%
3 9.97 9.99 9.69 8.96 9.39 0.58 5.82%
Mean 9.99 9.96 9.65 8.94 9.32 0.67 6.71%
SE 0.02 0.02 0.03 0.01 0.05 - -
RSE (%) 0.16 0.19 0.32 0.15 0.49 - -

240 hr A3 ¥ 4T
* &% zol(ppm) = | a-b |
H3}F-&(%) = (| a-b [ )/a)*x100
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o} CHy9F NoO BAPL2E B3 AH AR bagel AWl B#AV|3L
BAZE2E o] g8te] Bagel HEAS Wi A}, CHiE 240 hr B¢

RPEE Aol JHsd Aow BREYon, N0o| A AsE ABE

A BAZEA AF AT Non-CO:2l CHiF NbOE AALA|AHo A F A9
AFHs B S AEs] Al Als AFAAZLEE 144 hr Qo 4

_56_



1.2 EFAEE o] &3 CH9 N,02 Tedlar bag HEA 7}
BEATIAE AR AF S CO, CHs2F N,OYF 233 bags A3l &

=8 s 8-S BASAT. Ty @A R A9 374 Lask2 ol
B 4ESo0] go] EAlsld A2 JFe md fsaol Ao wEa B

ToAME FAGALAA, INGALAAE Y] FRZAE NS Rt AL
74324 hr, 96 hr, 144 hr, 192 hr)oll w2} CHsoF N:09 F=7F dviy W
stet=A gt dRA R A, AFML FE £4°] =7Fesh
Ng AF AP ZRE 24 hr ol P& AlZete] £43HA

7. @3RN RS CH, 5% W3}

AFAEE o83t bag Sl AR Ao @& CHy % W3}
AThze] ARE 2ol FdvAdaAd INGILAALY HEEEE 3
3] WHE B sl AnE UER AT

A Ztol WE INGA LA CHy 5% H3le <F 20004 BRe A 2

NEE

rr

B

P

°l,

B2 201 ppm, 192 hr A3} $of F+ F5% 2.01 ppm

o2 zol7) Qe ASE YEyt LNGHAAAS RSE g2 0.14~1.32%

HE Ko 2% ngto g BA ZFEo] & o]l e A E Yehyton,
o

1 ppme] EAF7}2~ RSE(0.24~1.58%)9F ®l<=3lk Ao 2 ks ot
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<3 20> LNGHAAAE A &9 bag ¢ CHy % W3}

(&<1; ppm)
A A 7F T W3}
T TE
242 96 144 192° H 58
Afo]*
1 1.99 1.99 1.97 1.96 0.02 1.26%
2 2.07 1.99 1.99 2.03 0.0.4 1.93%
3 1.98 2.00 1.98 2.03 0.04 2.17%
Mean 2.01 1.99 1.98 2.01 0.00 0.00
SE 0.03 0.00 0.01 0.02 - -
RSE (%) 1.32 0.14 0.35 1.10 - -

‘24 hr A ¥ SAHFTE
Y192 hr AP F EHEE
* 5% zol(ppm) = | a-b |

** Wl EkE(%) = (1 a-b|)/a)>x100

CH,9 %7] H# %7} 033 ppml 2 INGAAAAHRT %71 Sad
SABALAAEY AXE (F 2107 o] 192 hr A &
pme] zo]r} WA 6.06%2] F= W3l e o=

ettt fFAaaALA =2 RSE &2 0.50~1.65%%2 WS Ho LNG o

H =71 0.35

=)

3
=}
o
fu
o
=

=)
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(2D FdgdaAd A5 bag ¢ CH, = H3}

(Z<1; ppm)
7 A3t 5 W3}
T TE
242 96 144 192° Hspg**
Aol *
1 0.32 0.32 0.34 0.35 0.03 9.37
2 0.33 0.33 0.34 0.35 0.02 6.06
3 0.33 0.34 0.34 0.34 0.01 3.03
Mean 0.33 0.33 0.34 0.35 0.02 6.06
SE 0.00 0.01 0.00 0.00 - -
RSE (%) 0.52 1.65 0.50 0.76 - -

‘24 hr A ¥ SAHFTE
Y192 hr AP F EHEE
* 5% zol(ppm) = | a-b |

** Wl EkE(%) = (1 a-b|)/a)>x100
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2.50
A
& 2.00 & - & —
= —&—LNG
L2 150
e —8—B-coal
s 1.00
g
% 0.50
S E; = = £
0.00
0 50 100 150 200 250
Time (hr)
<71% 10> Bag Qtoll A AAA R CHy ¥ 5 W3}
2 AFoAE dRAEEE AZte]] & CH 859 WHstE &2lstr]

. TREAAAT Al wE &
Aol ‘EaeT 3 CHIEsRT o2 URojAA "o olwel 7}

o
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ARAAH: THA 7L wEHT (P=0.05)
W7 AH); T4 7L BER er=ThP<0.05)

olgd Hgem FIANHAR A= (& 2DI 2o,

(22> ANZE Ao e dZANRY CH o= 734847

Epsilona

T Mauchlye] W | A4% | f92&
Greenhouse | Huynh- satgt
-Geisser Feldt =

L Eds 0.110 S 0.333 0.643 1.000 | 0.333

w2k, CHy =9 W3t 442 ‘NAWaEdd’ & AAste] Azt
0E v WHEE gQdsdn. AN ERFAY’ o AgHe AFTHE S

HH7HE 2 offet AT

AF7HAMH); AlzEe] zFol
AH7HEAHY; A3 55

N
i
filo
N
N
e
4
%2
32
o
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(F 23 AZte] W& dFA5S CHy &% W3 H2A
. A I
vt &8 ez | B AR F folote
AB
T84 A4 | 0.002 3 0.001 1.436 0.281
Greenhouse 0.002 1.928 0.001 1.436 0.294
"]*71_} -Geisser : : : : :
CH/&= | Huynh-Feldt | 0.002 3.000 0.001 | 1436 0.281
a3k 0.002 1.000 0.002 1.436 0.297

ARAT fARALA T ING D2 HN bageE HF CH, o
FEE 192 hr F<F 95% A FNA Wk gle Ao Beks o,
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U d@RAEY N0 5= ¥s
HZANZE o]&3te] bag bollM AZE Aol ©E NO 5= W3}
BEAZb2o] A o] FATALAEI LNGALA ALY HlEs

I
e

b
i

A Zte & LNGHAEAAS CHy 5 Hste (F 2004 Be AF
o], 271559 HFE 0.34 ppm, 192 hr A3 39 HF =% 0.23 ppm
o2 ¢F 0.11 ppme] zko]7F AR LNGA A S RSE 32 0.79~3.04%
Hej= nolow, 1 ppme ZA7F2 RSE().14~1.54%) BTk =9kch.

{3 24> INGAAAAD Al&29] bag ¢F N,O &% W3}

(Z+<1; ppm)
73 A 3E = H3}
T TE
242 96 144 192° Hspg**
Afo]*
1 0.34 0.32 0.36 0.23 0.11 32.25
2 0.35 0.34 0.37 0.21 0.13 38.15
3 0.34 0.37 0.35 0.24 0.10 30.09
Mean 0.34 0.34 0.36 0.23 0.11 32.35
SE 0.00 0.01 0.00 0.01 - -
RSE (%) 0.79 3.68 1.27 3.04 - -
224 hr A% & =AHs=

192 hr A7} & =A==
* F% 2ol(ppm) = | a-b |
** AHSEE(%) = (1 a-b | )/a)x100
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A Ztel ME FABAEAAEY CHy 35 W3 <FE 2504 Be A
B o], 275 HFE 034 ppm, 192 hr A3 39 HF BEE
0.44 ppmOo. = ©F 0.10 ppme] =tol7b UUTH FASALAES] RSEE
0.34~0.53% WMYS BHom, 1 ppme FA7F2 RSE(.14~1.54%)} 1] <=
3 FEOE YERTL

<E 250 FAgALANAE A5 bag ¢F N,O 5 W3
(&<; ppm)
A 2L 5 W3}
T 5=
242 96 144 192° H 58+
zfol*
1 0.36 0.43 0.54 0.45 0.09 25.84
2 0.33 0.46 0.52 0.44 0.10 30.93
3 0.33 0.45 0.52 0.44 0.11 32.13
Mean 0.34 0.45 0.53 0.44 0.10 29.41
SE 0.01 0.01 0.01 0.00 - -
RSE (%) 2.23 2.10 1.19 0.73 - -

‘24 hr AY T EAFT=E
192 hr A3} ¥ =45 =
* 5% ol(ppm) = | a-b |

** k&%) = (| a-b | )/a)>x100
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ALAAEY Hit 5 @S <IF 1DolA s, INGALAIAE S

l

=
H 0.32 ppm, FASFALAEL 044 ppmoE CHE T BE9] Ao]=

H, AZF Ao ©E bag QoA % WHsl= CHsF 28 A
o7} UATH N,O2] F=7F Hslste AR S <OF 11004 &Rlstd, A

0.80
E 0.70
o

£ 0.60

g 050 S
E B-coal
= 0.40 a/\%

8 0.30 M \

3

o 0.20

Z 0.10

0.00 *
0 50 100 150 200 250

Time (hr)

<% 11> Bag ¢l @A 82 N0 = W3

e FEE EAste] Gevlnd g
o= AWste ZlelE @AV Atk Wekd, CHel A9k ol NEsgR
Mg Filo] Azbel M2 % WEE FAstaA Ak ol S8 N.O

o) FEE WA CFYYAY’ CE 263 ol AAsG oM, 1 Ak



FFo] 0.05 o] 01022 AFVIEE 714 5 flo] FEA S WSS
= Zog Aa3ih
GE 260 ARl @& AR NO & 73 84A
Epsilona
Al - S 3 [e) (o2 msd (oo} e =
A E2 | Mauchlye] W | A5 ) ol o8 Greenhouse | Huynh- | 5420
-Geisser Feldt =
Skt 0.028 5 0.102 0.458 0.794 0.333
olof Wl N0 v& EAZAAE ‘NAWERAA & AAst] AzE
o & F& W3lE stz st o] W] g CHol 7-9-9F &2
o, AAAINE (F 2D ZUTE (F 2DoA BHE A o], A7te
sEo wg N,Os=e Wyt e 715 A4S 23 f8E] 0.055
o Zol WUt e AoE AT & F AT
GE 27> Azt w2 dFAAI59 N,O 5 W3l 44
A
TE f 8 AfE | B AF F frelshs
Al
T4 713 0.039 3 0013 | 71.144 0.000
ag | oreennousesG o oo39 | 1375 | 0.028 | 7L144 | 0.000
S
NOEE | uynh-Feldt | 0,039 2.382 0016 | 71.144 0.000
stk gk 0.039 1.000 0.039 | 71.144 0.000
* F= mR 22| H]
S Z-g(nteraction)o] Y& 4-F, LHtd

2@y A7 N0
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BaHe g ANRE IWE A ste AL w9 AFsith ol& HAAS
71 Sl E dutd o=z ‘T-test’ v, ‘ANOVA’® & 7} AFHE=E (& A+
o Ag 4¥) FIHsAY,  fAHTiRI A (Tests of Within-Subjects
Contrasts)” & AAlste] glgth £ AT e AANWRIAA & 5
st Az Ao 2 N0 5% W3tE gRlsdn. o HHe =y
Aate] Byo] APAA ofdA ] AR, o]59 FE7} AlZtel wet HAF
0 EAY, SolUsAE & & F Atk o WHY LS v 2o

|

lr

¢

tlo
L

1ot

AF7HEHY), A= =¥ S o
HH7PEHY); 2ds 23S TET

o714, 2ol AFut folstar, 2xHQuadratic), 3xHCubic) FH<=<F F2
Aol glod, I RY¥L Ay 2y oulsiy, =% {3t ¥ThH, Azt
o] 350 wet Msrt A lo], WA Fhol Wstet= A& | Fh

GE 28> AR AR ALAHoA AHF A5 Tedar bagt

NO FEE WEE folBEo] 005 olshx MY 24 2YL P2t A
o7 #AHHAY. S, 192 hr &<k bag A e N.OsE+ WHE7E e
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& S S S
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S
Ho
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B
W
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i
X
Maoau & = S
= S S S
R P = S =
1 o o
O
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e
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< Q
Z

Lol

)

),

SERCEE

o},

o
N

fveel

A

—~
o

il

N20

1
T

A& FAstATh <E 29>

=

A A8k T

=
=

%o
T

puzel

o

o}

29> 96 hr &<+ A=

-
It

<

Epsilona

0
)
o

0.500

Huynh-
Feldt

0.707

Greenhouse
-Geisser

0.516

ol gE

0.016

AHF=

2

Mauchly2e] W

0.063

KL
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96 hr &<t NO9 s+ AAZA3 Fo&Ec] 0.0162= 0.0524 2
of THEAS WEFokA g on, oo wet ‘thAFEHE’ AIAE 3l
AE FEEY A7l J=AE G 30 2ol HAHT Fuz ‘o

FHA o de ot 2 UM S dHsky] Hs) ARSI

A\

AF7HEH);, AIREY] B&

o]
HH7HEAHY; A3 BF5

<E 3009 AAZAY, e A

o
i
=

ok

of W frolsEe] 0.05 oFtE A%
M ANAE & Ytk = AFRH0Z 96 hr QM E F HFAAE B

2=
T bag tellA FEe] WSl e AR ATHJA

<3 30> 96 hr &<t AZtel] & dRZA RS NO 5= W3 A

A 1
T8 48 | Af= [W2AR| F 4o 5 E
Al
Al 0999 | 1074813 | 2 3 0.000
Ak Wiksel @gh | 0001 | 1074.813 2 3 0.000
*
" ,
MO | Hotelling] 716542 | 1074.813 2 3 0.000
Royel A2 | 716.542 | 1074.813 2 3 0.000

* P EEREe )

AL
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o FZAE AMFH Al AIEE bagll B& JHed Azt
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1.3 Tedlar bagdtol A CH 9 N;O 55 W3t #d AyAT9 vlm
Bag® ol &3 2askzel THT BAL 97 FE2AT F s, A

S0l AFYL BAH ATE BA o
=

Sol AHERE 5, 2011 AAS 5, 2006). o5 AT Ay ©=d
COye "% &+ A &= Tedlar bags ©]&3ste] BAVIAE A 7
T 159714 5% olste] T & W3tE Hole Zo=E gl HAoew, CHo
A5 36 hrhA] kg 2Qd Aoz glHNH. &= & AddT== CHy
& NoOo BAZE2E o] &3t g2 7]ZH72hn)< o

#AA N0 FA Lol H 5% AHE ==3dtt RraEEHsHA T4,

M7 Ao A 240 hrEg Bgo] Jbsaton, @A RS ol gd 2
Fol N Ao AR5 FEo) W glo] Bato] satdnh N0o| A,
BATbs AgATNE AR AFEe] A9 Ho) 144 hr B ARS
wo] 7Med Aow BREoY, daAMe] ARARE ARH A
96 hr oM FEo Wl Yojhe AL F}A F 5 YA oW A
o] zpol= BEAZE2C] A9, Ny, CO, CHy NOTF i3l A= A7)
Ag Bolon), AR A9 e JRSe] o] Ty

Z FAEY. A wlE7F2el= NOx, SOx, VOCs 55 233k &4
o] @7 EASE oz deld AHEAD 5, 2005). 53, olHF
Z whgado] Wl$ 2 VOCsE NOx 24 kol Batstoze] A7 &3
Zgaln], Zoldo] ofF AFNL o PULL AYSIE BTHER
. 2006). webd, Sutmt B Al A9A A ] Sog s, NOs

ol
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}
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A2d HAH ANEAH +E =E3H] A} HS

2.1 dEER]ZA 9 A 7HsA AA

AubA 0 2 ALAAoA vjE3= Non-CO, 5%+ ppm @9 =ZE, =7}
A gon, HIxIPPoE ANEE AFst HAFHAA A4 3¢
Az A AEAFHE fsiAe AdArE FA di7]sior dnes

, @AY HZo] BEAHoR o Ay ARAHFHY

E

)
ied
5=
i)
o2
L
o
i HU
:)é
4
oL
>,
i
lo
i
DY
E
<)
il
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ol
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e
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CHy4

=H =

ALA LA Hl

£ whsh gow,

¥ 3DAA B
%= 0.08 ppm ~ 1.17 ppm A}o]d

glolg &2 <

£ 7(0.43 ppmo] FEXF(0.45 ppm) Hto} Wkt

B/

0.22 ppme.=,
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GE 3D AlEAF W wE CHy 5% vl

AHLHTE (T2 ppm)
Ml 2 * 5% 2ol (%)
HEERFEA) AS5EHFTE=B®)

1 0.28 0.39 -39.3

2 0.29 0.39 -34.5

3 0.80 0.41 48.8

4 0.84 0.25 70.2

5 0.25 0.26 -4.00

6 0.37 0.25 32.4

7 0.34 0.32 5.88

8 0.33 0.25 24.2

9 0.31 0.23 25.8

10 0.33 0.38 -15.2

11 0.24 0.42 ~75.0

12 0.36 0.34 5.56

13 0.35 0.36 -2.86

14 0.38 0.38 0.00

15 0.75 0.78 -4.00

16 0.78 0.43 44.9

17 0.43 0.65 -51.2

18 0.39 0.61 -56.4

19 0.40 0.42 -5.00
20 0.77 1.17 -51.9
21 0.48 0.52 -8.33
22 0.81 0.59 27.2
23 0.08 0.11 -375
s 0.45 0.43 %599 14
H a7k 0.08 0.11 0.00
o 2k 0.84 1.17 75.00
ZZH} 0.22 0.22 22.90

¥ 2w 310](%) = (4-5) %100
A
w2 Ao] (%)= @xmo
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A th-go] 7Hs3k N,O HolE B2 <& 32>0A H&= niel 2om,
1.15 ppm Afolel] -zt

il .
% 237) dlelH A& vl Ay EEF FEUF d5E3 TEERG =
:I

B>
>,
(o
=2
>,
=
X n.l-lNl
i,
rlr
off
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rr
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=
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iy,
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rlr
ol
o
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o
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an
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rlo
r]I
bt
i
2
N
ol

2
o
)
A
:>é
e
o
i
=2
k=)

o} Wlsd P BT NOe| EEuAE 3gEAol 015 ppme 1
Bt A4EAe) 025 ppmel #1347 Uehd, CHobE o2 e n
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CE 32> ABAH ol BE NO BE Wi

AHATHALE (FH: ppm)
Hla 7 *BE Aol (%)
A =D dAE5EFF=DB)
1 0.45 0.69 -53.3
2 0.42 115 -174
3 0.33 1.23 -273
4 0.30 0.28 6.67
5 0.38 0.35 7.89
6 0.61 0.50 18.0
7 0.55 0.53 3.64
8 0.49 0.55 -12.2
9 0.20 0.43 -115
10 0.23 0.46 -100
11 0.67 0.49 26.9
12 0.55 0.68 -23.6
13 0.72 0.55 23.6
14 0.76 0.46 39.5
15 0.42 0.68 -61.9
16 0.42 0.59 -40.5
17 0.29 0.30 -3.45
18 0.29 0.22 24.1
19 0.25 0.24 4.00
20 0.44 0.42 4.55
21 0.44 0.43 2.27
22 0.43 0.49 -14.0
23 0.43 0.46 -6.98
g 0.44 0.53 #4518
BN 0.20 0.22 2.27
Ao gk 0.76 1.23 273.00
FZHzt 0.15 0.25 65.46
* 2w o] (%)= (A;B) %100
w5 Aol B = 14 oo
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HA A5Eol Atde wEeA Aol dasit. o3 AgA A w

2h, A e 7HA A AS S EET-AAE & AH&sta, AAE

R
1]
R
§2

g
i)
(.
1o
o
—o
=
ko
N
b
ol
o
i
r (o]
e
Ju

&R 591714 (Wilcoxon
Signed Rank Test)’ < AFE3sHAl 0 £ AFANA+= A3 T H oE uj

Z 57 AAREE AFAS g2EA sty F AFHYHOE =

7 Alg AFH B & AR
AzAF Bl mE T AolE AFs] Hsl WA, daAEelA A
A N7 AAE B2 AE AAsY. A2 CHS N0) 2=
DEEHY AEZY AR & Aol Rlusts Ao HRo=w, A7
T84 = AASAH. A ok e AFTHE S <GE 3D o]
A7gske gl

.
2 o

HAE7HEH);, FEELS AGEEE =)

o2

(E 33DoA He mbek o), AAL 44 23709 129 AAde A
s Aoz | 47} o} Shapiro-Wilke] AA & Al&ste] AnEs
&3t 2 A3 dx e N,OT PX.052 AFZHES 77 &
T fle Aoz agEdq. & FEEHTHY NOsET AAdes B2

i, g2 AFEL HATFEEZE Hole Zlo] FAHATL
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<19 12> A EAFH el & Non-CO, % 3
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U AEAFH WA e F= 2] HA

A AARAS HE2ATHY] NORF A4S wEd, Umx Ades
AMAEE MEA ZE A2 HAAHAT weps 2 A
PRl mE & AolE AASY] fste], ‘dFEFTAHA & A

stgom, B 2o Agos ARe AASHAT

AF7HEMHy); A5 23 (ContinuaD3} 7HE 3 (Momentary)2] =& 2T
dH7HEH; 9453 (Continual)3 HE Z X (Momentary)®] &== thEth

(E 3ANA ‘dFEFIeAd4A & 28 SAFYFET o] ofd A
4 g AARS SRer 243 ‘A FolFdE = HEd g A

rﬂl

2 A7 A3 CHok NO9 5 B5F 95% AlE 3ol Almafs w0

Aoz BH T F YTk

A = dF &R A HAATA
Z -0.179
CHy4
e FASE(GFH) 0.867
Z -1.126
N20
BE FAFE(GFH) 0.269
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22 ALTIAPNE 24 hr5¢t =9 FA4 AX
RS NBAHTL /bed ALY WS AESe] 24 hr B A
FE9

Ao A vl &= = CHs2F N.O +2AAAE FlstA 3Tk

G VAL HoT FdA Utk B ATIAE A2AME AgIE A
2 ZRol W CHSE N0 MEs=rt #2448 slste pgos

oy
1]
i
ox
Y
o

b FagdaAdY HE F
CHiot N;O Wi Es 5] ¢4 »F drjde o8 7Heid 27ED
AHgstel AR o, BEe) 71 T BRE
2 AT 1249 AFE <E B> 2T fARARALNA AL
CHOl =& <GE 3564 BE nis} o), F8F 0
0.37 ppmo.Z zpol7} AR om, FHMA= F3F 0.15 ppm, ©kt 0.08 ppm
o7 Fte o F A oE YRt
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($: ppm)
T T3t ts
0.39 0.40
0.39 0.40
0.25 0.29
0.26 0.43
0.31 0.32
A 0.32 0.32
A=A 0.25 0.25
0.23 0.31
0.34 0.36
0.36 0.36
0.42 0.46
0.78 0.52
R:Ris 0.36 0.37
Chike 0.33 0.36
2 27 0.23 0.25
ok 0.78 0.52
iy 0.02 0.01
B 0.15 0.08

B ATNAE fABARN LA FU3} ofzbe] CHSl H= o7t 9
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A
=
w
&
Ho
rg
s
rg
P

Ao TS N0 F5%

(=1; ppm)
T T3t okt
0.69 1.03
1.15 1.09
0.28 0.33
0.35 0.34
0.55 0.62
NIl s 0.53 0.57
AALAA 0.51 0.24
0.43 0.51
0.68 1.43
0.55 0.53
0.49 0.38
0.68 0.66
B 0.57 0.64
=95 0.54 0.55
H Azt 0.28 0.24
A gk 1.15 1.43
Ak 0.05 0.13
EFHA} 0.22 0.36
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ok

3 WA Fopt sEREZE OH 1403 o] FAAstth. <I1¥ 14>°0A4
H= 23 o), oAzt o] N,Oo] =& A Aol oft Zle= Han.

Hisbagram Histagram
for Compound = N;O for Campound = NoO

Fraquancy
-
e
=
Fragusncy
-

b 1 2 v 2 e 8
=21 Might

k

<19 14> FAddaA2oA FoRt N0 % &

NO 5% 22 FFHE BAF 7ML Agdte] E 393} 2o el

_1

Aol NO HiEs = AMAAEE 12719 2S5

i.'l',

e

£

Jo

r (o3

-

e H
b

FoE Bl FEO Ut Aol (FE 3PoA B A} o] Shapiro-Wilk
o] ARwe AHgstd ARE =SSt AA Ay, o gECl FoRkt

1 J
EF0.05 oo =, Atde mEs Zor ddHAT

(E 3P FagdaAE Fopt N0 5 A8 4HA

Shapiro-Wilk
o7 & ERHANZ
TAE A= frojgE
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<3 41> LNGH A A B sk= CHy 5%

(&<1; ppm)
T s oF7}
0.52 115
1.17 111
032\1/\(]} | 0.11 113
0.59 132
0.71 122
B 0.62 119
Chika 0.59 115
Hagk 0.11 111
ol gk 1.17 132
=tk 0.15 72.8
FEFEHA 0.38 8.53
LNGH A A| A o] A Asl=

WA Foktt 5
uhe} o], CH,e)
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CH,4
A frol FE(FS) 0.012

LNGAAA A NyOo HlEFsEE <F 4403 2t CHY B&EE
(E 440X BE A} o] FrE A 0.45 ppm, oFFE 0.46 ppm ©] A
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<3 45> INGAAEAAA 9] Fokgt CHy 5 AFAAA
Shapiro-Wilk
o34 EJAIZE
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TFHEE 0.964 5 0.833
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ot B-CRrasrde Wiegsx 2384 HA

B AFolA B-Crdardel duid tis £89 Fc 28oz v F
RNom, CHy ¥4 23 #e <F 403 2 B-CHAaLr oA EAysh=
CHy t
et

o

 F5= FXF 0.63 ppm, ©FF 0.68 ppm &= x}o|”

=l

A}

e

{F 47> B-CHFadaras Egst= CHot NO 55

(&<; ppm)

T s okt

B-C 0.65 0.68
SEMES

0.61 0.68

e 0.63 0.68

=4t 0.00 0.00

EFHAE 0.02 0.00

ssts 8 71 2 oz ug FHo, B-CHadaAildols TAs=
CHy #=®x9 ‘“AfAAA" & AdstA @dtem, “F3h3 ozt
CHy =9 Aol7t &= 71 & <3 4803 Zo] nHuFAdx4dwy’ < ‘9=
cHEEAAA & Bk AASAT <F 4809 ‘AT FogE HA
A3, AA FA ol 0.05 o] ez YEr, 95% AE TRt A CHy 5=+
Fopgtell ztol7t gt Ay B-CHALAAEY B¢, &S 7 wl¢

dutstatrlol= o gt
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BHES FEHY] A ASTAPNE FARALANY FEo] M

st ARE AL, dedaA 2o EAsE CHgk N0 558 &

FATALA L] A%ER ABE 20159 89 109%H 89 120 570
o ANRE, 109 274HE 109 29¢0) 9749 A=E AHsPoH, F07
ofztell AA F 14719 AEE AFst T=F BAsI9Th

} 0.06 ppmeE F= W3} Zo] A
o] 0.44 ppm, EZH7} 0.12 ppmOZ CHS v53 s =gi2 sty o
U, N,O 55= CHy Bt} 55 W3lZo] 2 AL Fols 2= 9t}
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¥ 51> R ALAAEAA AEEHT CHSF N0 5%

(=9); ppm)

R CHy N,O

1 0.25 0.28

2 0.29 0.33

3 0.26 0.35

4 0.43 0.34

5 0.25 0.50

6 0.38 0.42

7 0.32 0.62

8 0.32 0.53

9 0.32 0.57

10 0.31 0.55

11 0.25 0.24

12 0.23 0.43

13 0.31 0.51

14 0.25 0.51

it 0.30 0.44

9% 0.30 0.47

Az 0.23 0.24

Hoi gk 0.43 0.62

Ll 0.00 0.01

EFHA 0.06 0.12
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<E 53> A771%t T FrAdddaAA CHy FHM A

(&4 ppm)
T2 2 TAEEAR} 2 FA oA
2 0.03 0.27 10.0%
3 0.02 0.27 7.80%
4 0.08 0.31 26.6%
) 0.08 0.30 25.3%
6 0.08 0.31 24.3%
7 0.07 0.31 22.1%
8 0.06 0.31 20.5%
9 0.06 0.31 19.1%
10 0.06 0.31 18.0%
11 0.06 0.31 18.4%
12 0.06 0.30 19.4%
13 0.06 0.30 18.5%
14 0.06 0.30 18.7%

N:09] 7, 43 F3 Al FAWASF Fhol 9.10%o.2 7Hg sgton,
T 2ol AAl FAMOIASF g FolA FTHWMO)AS 3o WEZe] 7}
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CH, 4 ABAFH
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N2 HF#0.30 ppm# FFHXH0.06 ppm)E AH&3ATE G powerE &
3l CHiol FrEAVE 2 DE AL 23 48302 AL
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File Edit WView Tests Calculator Help
Central and noncentral distributions | Protocol of power analyses !
critical t =4.302853
0.34
0.2+
0.1+
0=
Test family Statistical test
[t tests b4 ‘ ‘ Means: Difference from constant (one sample case) v‘
Type of power analysis
IA priori; Compute required sample size — given o, power, and effect size v‘
Input Parameters Output Parameters
Tail(s) | Two - Moncentrality parameter & 8.3715788
Effect size d 4 8333333 Critical t 4 3026527
o err prob 0.05 Of 2
Power (1-§ err prob) 0.95 Total sample size 3
Actual power 0.90881602
X=Y plot for a range of values | [ Calculate J

<1¥ 18> G powers ©°]-&% CHio H& ANBAH & =5 23
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2) N:O HH ABAH

fra=7](effect size)g =&3t7] fl5t, & AFolAE AEZHT 1470
Ng9 NO 5537044 ppma EEFH2H0.12 ppmS AHEstAT. G
powerE %3 CHso f&371E 4 (160)F A4ks A3} 3672 A4 AT

FE N0 FEE 324 ‘FASGALAHAA FA3H= Non-CO, 3+
of AR oM AEEe e AR gdHNeE=R, G powerd] ¢

AZS ol e}l o] AAF G powers Ed RG] HA TR FE

A
7D NoO+= AALS S0 2 test familys T-testHH 2 AH&3kt)

WP mAve BEe AT R4S B AR P,

h CmATY] PFgo]l BATe] PFFd vl & ARUAEE
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File Edit View Tests Calculater Help

Central and noncentral distributions | Protocol of power analyses

critical t =3.182453

Test family Statistical test
’t tests "J | Means: Difference from constant {one sample case) VI
Type of power analysis
IA priori; Compute required sample size — given o, power, and effect size v‘
Input Parameters Qutput Parameters
Tail{s) Noncentrality parameter & 7.3333334
Effect size d 3. 6666667 Critical t 3.1824463
o err prob 0.05 Df 3
Power (1-B err prob) 095 Total sample size 4
Actual power 0.9949159

I XY plot for a range of values

| [ Calculate ]

<19 19> G powerE o] &% N,OO HA ABANH &
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o JH ANEAH & 2A

B AFodAs HH ARAMH FE5 =57 fd fo FAR AT
3 G Power$ & A&ttt

FAHOAFYHE AT A9, CHiE Ha ) o3 A8 5, N,O
= A4 57 ol AE FUF Badtg o, & A7 (effect size)ES AME
ste 2290 G Powerg ©]8% 4%, CHi= H4& M, N.O= HA 4
el AE7F Bad AR {EHo|, FAMo|AFY AAIE G powerd
AR 2tz 19 A 87 9 e Aes AEHn.

webA, A4 e CH2k N,O ol
HA ANBANH T FAMENATFYHOZE 7, G powertH o == 474
o] Alg g7t Bastidt. #H ANEAFH = Occam’s Razorz E& 3t
o] & (principle of parsimony)< uwe} G power Z¥3l 47] o]Jo =
AARSAT HHAAL] dFoly, Ze S HAHste oy Ao Ae
A9 G Ze ddsts slolth tHAde] AR o) wel AT HH A

A St A2AAE AA FAsgo,

|

>
|

2 = BAL FA Qs 9%
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3 55 AP EZYAAE o] &37 AT ALAAE CHEE NO HiE s =
(%<1 ppm)

T CH,4 N2O
1 0.26 0.26
2 0.22 0.27
3 0.24 0.43
4 0.26 0.33
5 0.25 0.71
6 0.49 0.51
7 0.41 0.63
8 0.34 0.54
9 0.34 0.62
10 0.36 0.52
11 0.33 0.55
12 0.32 0.51
13 0.34 0.48
14 0.34 0.54
15 0.34 0.49
16 0.35 0.51
17 0.31 0.45
18 0.29 0.21
19 0.33 0.20
20 0.42 0.22
21 0.23 0.25
22 0.24 0.67
iy 0.32 0.45
T 0.33 0.50
AL 0.22 0.20
gk 0.49 0.71
A4k 0.00 0.02
EFHAE 0.07 0.16
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CH.e “AHARAAR AHE <F 50A HE A 2ok F As5x3
HHH S Hlwstry] 93 F HolE & S/E 107) olstE Howm=,
Shapiro-Wilk2 A4S AASAT. CHo A$, Fo&E0o] 0.05 o]

2 2F A74e g2t Ao BAHAT.
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(E 6D A=AH & AL Ass A A7 7239 & 27

(H2; ppm)
A CHy NO | i e | o 4po7vﬁ«er> e )
1 0.26 0.26 O O
2 0.22 0.27
3 0.24 0.43
4 0.26 0.33
5 0.25 0.71 O O
6 0.49 0.51
7 0.41 0.63 O
8 0.34 0.54
9 0.34 0.62 (0] O O
10 0.36 0.52 O
11 0.33 0.55
12 0.32 0.51 O
13 0.34 0.48
14 0.34 0.54
15 0.34 0.49
16 0.35 0.51
17 0.31 0.45
18 0.29 0.21
19 0.33 0.20
20 0.42 0.22 O
21 0.23 0.25 O
22 0.24 0.67
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2t H3H ABAFH g v HE = HF

CHiot N.OE A0l £438H7] 93 Ha ABAFH e FAHEcIAE

= 030 ppmo] T, EF=HaHE= 0.04ppm
o2 vetgth N0 A-f, 729 =3 Ha 5+ 07
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ppm, ¥FH

(&<; ppm)
24 CH,4 N2O
1 0.25 0.71
2 0.34 0.62
3 0.32 0.51
1t 0.30 0.61
iy 0.32 0.62
FH gk 0.25 0.51
gk 0.34 0.71
Ak 0.00 0.01
FFHA 0.04 0.10
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Abstract

Optimal sampling methodology for the analysis of

greenhouse gases from combustion facilities

YoonJung Hong
Department of Earth & Environmental Sciences

The Graduate School

Sejong University

As greenhouse gas emissions are calculated using emission concentrations at
emission sources, for accurate calculations of emissions, accurately identifying
concentrations at current emission sources is important. In the case of South
Korea, the quantity and quality of studies of CH4 and N,O that have not yet
been classified into air pollutants are still relatively insufficient compared to the
emissions of these gases and no study has been conducted yet on appropriate
numbers of samples to be collected. Therefore, in the present study, basic
sampling methods, sample storage periods, and the numbers of samples to be
collected for producing highly reliable CH; and N,O concentrations were
determined so that they can be utilized in future studies.

In general, CH4 and N,O concentrations generated in combustion facilities are
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known to be ppm units. Therefore, in most cases, samples are collected in
certain bags and transported to laboratories for close analyses. Considering this
fact, in the present study, an attempt was made to find out how long samples
can be stored in cases where they are kept in bags and transported as a
preliminary study for sampling. The experiment related to the storage periods of
collected samples was first conducted using simulated gases made by simulating
site samples. The simulated gas samples to simulate site samples were Primary
STD (RIGAS, KOREA) containing 20%, 10ppm, and 10ppm of CO,, CH4, and
N,O respectively and the standard gas for work made using 99.999 % N, and
the stability of Tedlar bags was evaluated. The standard gas for work was made
at concentrations of 1 ppm, 5 ppm, and 10 ppm in Tedlar bags on the basis of
CH; and was named as simulated gas to conduct the experiment. According to
the results of the experiment using simulated gases, CH; was safe up to 240
hrs which is the full time of the experiment conducted and N,O was safe up to
144 hrs on the basis of 1 ppm which is a low concentration. Although
simulated gases containing only N, CO,, CHs, and/or N,O were used as
samples, in the case of site samples obtained by collecting combustion facilities’
exhaust gases are known to also contain other substances including NOx, SOx,
and VOCs in addition to such components. In the case of site samples, these
highly reactive substances may exist together and affect each other. Therefore, in
the present study, one site sample was secured from each of a bituminous coal
combustion facility and an LNG combustion facility and whether the
concentrations of CH; and N,O would change over time (24 hr, 96 hr, 144 hr,
192 hr) was checked. Since site samples could not be analyzed on the day of

collection, an experiment was started 24 hr after the time point of sampling to
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analyze the samples. In the case of CH4, as with the results of analysis of the
simulated gas (240 hr), the results of analysis using the site sample indicated
that it could be stored for the full study period 192 hrs. Although N,O was
judged to be storable up to 144 hr through the experiment using the simulated
gas, according to the results of the site sample experiment, its concentration
was judged to change in the bag even when 96 hr had passed. Therefore, it
was judged that if 96 hr would be taken after sampling before the sample
would be analyzed, the concentration value should not be reliable.

In the present study, continuous collectors were used to check concentrations
in order to check whether combustion facilities CHs; and N,O emission
concentrations were changing. The continuous collector is an instrument that can
supplement the shortcomings of intermittent collectors that has been used
previously and it can collect samples at night. However, the continuous
collectors were made in the laboratory and had not been used in fuel
combustion facilities thus far although they had been used in waste combustion
facilities. Therefore, in the present study, whether the results of sample
collection using continuous collectors were different from those using intermittent
collectors was checked before using the instruments. According to the results of
the checking, concentrations were not different between the two collecting
methods with a 95% confidence interval.

In addition, the concentrations of CHs; and N,O generated by combustion
facilities are known to vary with fuels. Therefore, in the present study, whether
CH; and N,O emission concentrations varied with fuels used in combustion
facilities was checked to select the combustion facility with the smallest change

in concentrations before identifying the optimum number of samples to be
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collected. When changes in CHs and N,O emission concentrations among fuels
used in combustion facilities were checked using continuous collectors, it was
identified that bituminous coal combustion facilities emitted 0.36 ppm of CH,
and 0.57 ppm of N,O uniformly with a 95 % confidence interval. When B-C
oil was used, 0.63 ppm of CH; and 0.26 ppm of N,O were emitted uniformly.
However, in the case of LNG combustion facilities, loads changed day and
night and the concentration of CH4; which is a major fuel of LNG combustion
facilities changed drastically between 0.62 ppm in the day time and 119 ppm at
night while N,O was emitted at a concentration of 0.45 ppm uniformly
irrelevant to the concentration of CHy .

In the present study, to derive appropriate number of samples to be collected
for bituminous coal combustion facilities that showed uniform CHs and N,O
emission concentrations, a population was assumed using the concentrations of
14 samples collected using a continuous collector to use the cumulative CV
method and G power. According to the results, the cumulative CV method
needed four CH4 samples and five N,O samples and when G power was used
to determine the numbers of samples to be collected, three CH; samples and
four N,O samples were judged to be necessary to derive reliable results.

The validity of these results was verified using the concentration values of
samples collected using an intermittent collector during the study period. For the
verification, four and five samples respectively were selected from among 22
samples collected using an intermittent collector through the random selection of
SPSS and the mean values of these samples were compared with the mean
value of 14 samples collected using a continuous collector. According to the

results, the mean values of concentrations of four and five collected samples
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were not different from the mean value of 14 samples collected using a
continuous collector. Consequently, in the case of bituminous coal combustion
facilities, if minimum four samples are collected and the mean value is
collected, the concentration value should be reliable with a 95% confidence
interval.

In the present study, sampling methods, sample storage periods, and the
number of samples to be collected were presented as methods of enhancing
reliability when calculating the concentrations of CH4 and N,O generated by
combustion facilities. In the case of bituminous coal combustion facilities
identified to have uniform CH, and N,O concentrations, if at least four samples
are collected under the conditions presented above and the samples are analyzed
within 72 hr, the concentration value should be reliable. These results follow
the principle of parsimony which is also called Occam's Razor. The principle of
parsimony refers to selecting the simplest one when there are many arguments
explaining the same phenomenon. Therefore, in cases where CH; and N,O
emission concentrations from facilities with similar tendencies, if these results

are used to select appropriate numbers of samples that fit the situation of study,

it should be helpful for calculating reliable concentration values.

Keywords : Greenhouse gas, Non-CO,, Combustion facilities, Optimal sampling
methodology
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