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ABSTRACT

In this study, the N;O, emitted from combustion facility, were analyzed by using simulated gas and field samples
to find out how long samples can be stored in Tedlar bag.

According to the results of the experiment using simulated gases (1 ppm, 5 ppm, 10 ppm) in Tedlar bag, After
144hr, N,O concentration of simulated gases changed that 1 ppm is 5.3%, 5 ppm is 12.8%, and 10ppm is 10.5%.
The higher initial concentration of simulated gas was, the larger rate of NoO concentration was changed.

In case of high concentration samples, it need to be careful when it was analyzed after 144 hr.

Stability evaluation in Tedlar bag was carried out through field samples such as combustion facility of
bituminous coal, B-C oil and LNG. The concentration rate of field samples, which is under 1 ppm of average initial
concentration, was evaluated using statistical method.

As a result, N;O concentrations were changed to field samples in the bag even when 96 hr had passed. And
after sampling, it is necessary that sample analysis should be quickly as soon as possible.
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Fig. 1. Schematic of Lung sampler.
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Table 1. Analytical conditions of GC-ECD

Table 2. Derivation of detection limits of N,O in this study

Classification GC/ECD
Column Porapack Q 80/100 Mesh
Carrier gas N2 (99.999 %)
Flow Column 20 mL/min
Oven 80 C
Temperature Injector 100 T
Detector 320 C

method
Order | NO Order | NO
Peak area Peak area

1 7163 7 7078

2 7105 Mean 7107

3 7161 SD 81

4 7024 SDx3.14 255

5 7053 DL 40.6 ppb

6 7262

Table 3. N,O concentration of Similar gas in accordance with the storage time.(1 ppm)

(unit; ppm)

. . Storage hours Concentration variability
Classification " - " -

0 24 72 144 240 DC DF

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 - -

# Initial Concentration

® Measured concentration after 240 hours

* Difference in Concentration(ppm) = | a-b |

** Difference Factor in Concentration(%) = (( | a-b | )/a)x100

2 AAskE WA,
6:]/\5]_% 3%7]./\3 3131_ HRE B o}oq AH:H_L
T2AE ALY (Relative Standard Error, RSE). N,O

gt A3, AdEEA7E 0.75%C0.2
ISO 11564:19989)| 4] A|Al3= A& HY 3% o|Ud A
o2 A= 2AHETA (DL detection limits)=
vl EPA RS ARESE e H, & oA = 1 ppm 9
BE7IAE o838t 7TH HHE BA5lo] <Table 2>9} 2+
o] 40.6 ppb= ZolsATt.
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q e W3}80] 2020% K}l ZQtT) RSES] ZFFE 5 ppm
2 0.06~0.50% ¥ = e, 1 ppme] 0.14~1.54% K}
e 538 71259},

Y 717F B9 BAPEA HE 10 ppm HA415H A9
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Table 4. N,O concentration of Similar gas in accordance with the storage time. (5 ppm)

(unit; ppm)

. Storage hours Concentration variability
Classification " o - p
0 24 72 144 240 DC DF
1 5.01 5.04 4.75 4.36 432 0.69 13.77%
2 5.02 5.06 4.78 4.36 4.39 0.63 12.55%
3 5.01 5.07 478 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 - -
* Initial Concentration
® Measured concentration after 240 hours
* Difference in Concentration(ppm) = | a-b |
** Difference Factor in Concentration(%) = (( | a-b | )/a)x100
Table 5. N2O concentration of Similar gas in accordance with the storage time. (10 ppm) (unit; ppm)
o Storage hours Concentration variability
Classification " . . e
0 24 72 144 240 DC DF
1 9.99 9.93 9.59 8.91 9.24 0.75 7.51%
2 10.02 9.94 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 - -

* Initial Concentration

® Measured concentration after 240 hours

* Difference in Concentration(ppm) = | a-b |

** Difference Factor in Concentration(%) = (( | a-b | )/a)x100
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Fig. 2. Changed of N,O concentration of similar gas
sample in tedlar bag as time passed.
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Table 6. N,O concentration of LNG combustion facility sample in accordance with the storage time (unit; ppm)

o Storage hours Concentration variability

Classification " 5 " -
24 96 144 192 DC DF

1 0.34 0.32 0.36 0.23 0.11 3225

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 3235
SE 0.00 0.01 0.00 0.01 - -
RSE (%) 0.79 3.68 1.27 3.04 - -

* Measured concentration after 24 hours

® Measured concentration after 192 hours

* Difference in Concentration(ppm) = | a-b |

** Difference Factor in Concentration(%) = (( | a-b | )/a)x100

W3l B3 e o R Bt SR YA RE= 1.54%)¢} v]5=gt 02 e

AT AR, INGAAAA, B-CH A4 v & AlZboll w2 B-CH-A4Al A9 N,O 5% H3h= <Table
He ARE AFHT AR, 33 ghE EAste] Hrto| 8ol A Hi= A3t o], 275 %= 2] B2 0.56 ppm, 192 hr
AHg-8L ST B 9] et F=k= 043 ppm 2 ©F 0.14 ppm] 2}o]7}

A|7bof| wh2 LNGI4A4 2] N,O% & H3l= <Table 6> 3121@ T AaA]d o] RSE= 0.99~4.23% HLAE H

oA Hie= A} o], 2715 =9 B2 0.34 ppm, 192 hr o, 1 ppme] HA}2 RSE (0.14~1.54%) 2t} =2 &=
74 $-9] et F=%= 0.23 ppm 2= °F 0.11 ppm&] 207} —gii [Ri38e=d

A2tk INGAAA]AE 9] RSE 4H 0.79~3.04% S 2 AIZE o] whE FEHSkE <Fig 3>o| A Hi= Aat 2
o, 1 ppm®| HAF7FA RSE (0.14~1.54%) Hr} =9ft}. om, INGALAIA, FAEALAIA, B-CRALA A9

Azt w2 fAEALAEY N0 vE Wk B sEs A7 F 032 ppm, 044 ppm, 0.51 ppme. 2
<Table 704 R Az} Zo], 27|%=w0] HFL 0.34 AR F7o) wet F% Zol= A2 AL AT 4= 9L
ppm, 192 hr A3} F o] HHF S5 % 0.44 ppm O & ¢k 0.10 ALk N09] 57} Hgleh= A <Fig3>oll A 2HolshH,
opme] Hol7} Sch. FATHsA o] RSB 034~ FASKASAIEC] 4596 br 3} o] Aol o]
0.53% W9lS Bon], | ppme] ®AZFA RSE (014~ =/t Sl AR Sl wef e} o] Aolrt

Table 7. N,O concentration of bituminous coal combustion facility sample in accordance with the storage time

(unit; ppm)

) ) Storage hours Concentration variability

Classification " . " p
24 96 144 192 DC DF

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 (%) 223 2.10 1.19 0.73 - -

* Measured concentration after 24 hours

® Measured concentration after 192 hours

* Difference in Concentration(ppm) = | a-b |

** Difference Factor in Concentration(%) = (( | a-b | )/a)x100
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Table 8. N,O concentration of B-C oil combustion facility sample in accordance with the storage time (unit; ppm)

o Storage hours Concentration variability

Classification " o * s
24 96 144 192 DC DF

1 0.57 0.53 0.49 0.45 0.12 21.28

2 0.57 0.61 0.52 0.39 0.18 31.08

3 0.55 0.54 0.50 0.44 0.11 20.21

Mean 0.56 0.56 0.51 0.43 0.14 24.22
SE 0.01 0.03 0.01 0.02 - -
RSE (%) 0.99 4.69 1.98 423 - -

* Measured concentration after 24 hours

® Measured concentration after 192 hours

* Difference in Concentration(ppm) = | a-b |

** Difference Factor in Concentration(%) = (( | a-b | )/a)x100
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Fig. 3. Changed of N,O concentration of field sample
in tedlar bag as time passed.
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Table 9. Result of “Mauchly’s test of Sphericity” for
N2O concentration as storage hr (in 192 hr).

b

df*
5

Within Subject Effect
Time(hr)

a. Degree of freedom

b. Significance probability

Mauchly’s W
0.098

Sig.
0.057
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Table 10. Result of “Tests of Within-Subjects Effects” for NoO concentration as storage hr (in 192 hry).
Source Type III Sum of Squares Df Mean Square F* Sig.
Sphericity Assumed 0.051 3 0.017 35.953 0.000
Greenhouse 0.051 1.440 0.035 35.953 0.000
Hr -Geisser
Huynh-Feldt 0.051 2.404 0.021 35.953 0.000
Lower-bound 0.051 1.000 0.051 35.953 0.001
Sphericity Assumed 0.069 6 0.012 24.513 0.000
Hr Greenhouse 0.069 2.881 0.024 24513 0.000
* -Geisser
Sample type Huynh-Feldt 0.069 4.809 0.014 24.513 0.000
Lower-bound 0.069 2.000 0.035 24.513 0.001
a. Exact Statistic
Table 11. Result of “Tests of Within-Subjects Contrasts” for N;O concentration as storage hr (in 192 hr).
Source Type III Sum of Squares Df Mean Square F* Sig.
Linear 0.08 1 0.008 25.929 0.002
Hr Quadratic 0.039 1 0.039 49.779 0.000
Cubic 0.004 1 0.004 11.762 0.014

a. Exact Statistic

oz
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flo
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Table 12. Result of “multivariate tests” for N,O concentration as storage hr (in 96 hr).

Effect Value F Hypothesis df Error df Sig.

Pillai’s Trace 0.610 9.396 1.000 6.000 0.022

H Wilks’ Lambda 0.390 9.396 1.000 6.000 0.022

T

Hotelling’s Trace 1.566 9.396 1.000 6.000 0.022

Lower-bound 1.566 9.396 1.000 6.000 0.022

Pillai’s Trace 0.787 11.055 2.000 6.000 0.010

H*r Wilks” Lambda 0.213 11.055 2.000 6.000 0.010

Sample type Hotelling’s Trace 3.685 11.055 2.000 6.000 0.010

Lower-bound 3.685 11.055 2.000 6.000 0.010

a. Exact Statistic

A = QFAAI)] = 4
uem, Sejveie avkAQl % A7k S I8 AlE=
=& WEATE S sl =gskar Qlom, N,Ooj| thet
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Boto] AlRE Zysto] A HolA A %?5.3 = /\WW}ZI
HstA Flok o] apoflA] iRt 54 &
Uew, AFE & wiEAlT AFgS %’431174—‘5 Ol—g% %Ol
7] $1gt A+7F Bttt 2 A= NO viEwF Ay e 4l
2w S flol, AR Bt gejot elE EdE &
fR150 FHIeH, 11 F AR BEAt] Tl 2
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