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Temporal Variability of CHs; Gas Concentration Collected in Sampling Bag
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ABSTRACT

In general, CH; concentrations generated in combustion facilities are known to be ppm units. In most cases, CH,
samples are collected in Tedlar bags and transported to laboratories for analysis. 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. According to the results of the experiment using simulated gases
(1 ppm, 5 ppm, 10 ppm) in Tedlar bag, CH; was safe up to 240 hr which is the full time. In the case of simulated
gases are containing 4 kind gases (N, CO, CH, and N;O). Field samples (samples of obtained by collecting
combustion facilities’ exhaust gases) are known to contain highly reactive substances (for example NOx, SOx, and
VOCs) and may affect each other. 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; gas 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 analyze the samples. 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 hr. Therefore, it was judged that if 192 hr would be taken after sampling before the
sample would be analyzed, the concentration value should be reliable.
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Fig. 1. Schematic of lung sampler.
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Table 1. Analytical conditions of GC-FID

Classification GC/FID
Column Porapack Q 80/100 mesh

Carrier gas N> (99.999%)
Column 30 mL/min
Flow H, 30 mL/min
Air 300 mL/min

Oven 80T

Temperature Injector 100C

Detector 250C

7HRSE)®} 2|HEIA= AASHST). A, 71719 A3
< FZ7IAE 39 WHE BASto] A RE A E Alklsieltt
(Relative Standard Error; RSE). CH,2] |3 A4S 13+ A,
A EZ 2217} 0.61%= ISO 11564:19980{|4 AAlsH= A&
7 H9] 3% oJlidl AR wtE| Qi) HaHEtHlE vl
EPA W& ARBSIGL O™, i AollA= 1 ppm] EE7EAS
=2 o) g51o] 7 BHE B3t Azl Table 29} 7¥0] 16.1 ppb
2 ZRIF AT

3. g+ &

3.1 AMzEZE 7[2ho 2
LH CHJ2| 2HEd &7t

AN RC| Tedlar bag

Table 3. CH4 concentration of similar gas in accordance with the storage time (1 ppm)

Table 2. Derivation of detection limits of CH4 in this
study method

CH,4
Order
Peak area
1 11,856
2 11,827
3 11,702
4 11,727
5 11,792
6 11,745
7 11,790
Mean 11,777
S.D. 55
S.D.x3.14 173
MDL 16.1 ppb

ARE ol W EF7EA bags WHE 57 BARH CH,9
Erl BE7EAO w7t | ppme] S Table 33t 7o) 240

hr 9k, 4t 0.02 ppm2] 5= WS} 9U%Lem, 1.92%2] &
= H3L&(DF)o| WAEFT) 33] WHEEASE CH,9| RSE:=
0.24~1.58% WS Bom, 2% ugrog 2 z}o|E Ho|
2] okorrt.

FZ7440] 2715 ppm% 790l Table 49} o] 240
hr E<¢F H+ 0.03 ppm2] 2}o|7} ¥WAEElo], 0.61%2] = ¥

(unit: ppm)

Storage hours

Concentration variability

Classification
0 24 72 144 240° DC DF (%)™
1 1.04 0.99 1.02 0.99 1.00 0.04 3.85
2 1.03 1.03 1.03 1.02 1.02 0.01 0.97
3 1.03 1.01 1.00 1.02 1.05 0.02 1.94
Mean 1.04 1.01 1.02 1.01 1.02 0.02 1.92
SE 0.00 0.01 0.01 0.01 0.02 - -
RSE (%) 0.24 1.17 0.86 0.88 1.58 - -

# Initial concentration.

® Measured concentration after 240 hours.

" Difference in concentration (ppm) = |a—bl.

™ Difference factor in concentration (%) = ((la—bl)/a)x100.

http: //www.ekscc.re.kr
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Table 4. CH4 concentration of similar gas in accordance with the storage time (5 ppm) (unit: ppm)
Storage hours Concentration variability
Classification
0 24 72 144 240° DC’ DF (%)”
1 491 4.89 4.92 4.88 4.88 0.03 0.61
2 4.96 4.94 4.94 4.91 4.92 0.04 0.81
3 493 4.94 4.95 4.92 4.93 0.00 0.00
Mean 4.94 4.92 4.94 4.91 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 - -

# Initial concentration.

® Measured concentration after 240 hours.

* Difference in concentration (ppm) = |a—bl.

™ Difference factor in concentration (%) = ((la—bl)/a)x100.

shgo] ERIEQITE o]t v HekgS 1 ppme] H= B} o|#gt FEVIAE o] 83 AlXE ATl W CH, 5 ¥

21 1.92%kK 1t} 27| Uepsith. RSEQ] ATHE 5 ppm2 0.19  Sh= Fig. 2014 Hi= 23} o] #E7k20] 27] CHy 529}

~0.32% W= Ve, | ppm2] 0.24~1.58%H T 2R 4=2] A IRlo] 240 hr'ig<t 5% oJUj2 ¢Hget Aoz gt 4= 9l

7155 t}. o]2igt Aak= Tedlar bags 2Fg5te] 36 hr -5 Hakzd

TY 7|7 B HERA e 10 ppmE B4 490 A I FeHsE BAsHA] Skd 71E0] A A el Filehs

FH= Table 59 2tk 240 hr E9F Bt H%0] 2Jo|= 0.05 ZAOo=R, 7t CHyYl 5= Tedlar bag QoA QHAJo]

ppm7h HAISI, 0.50%¢) 5= WSHEO] UER, S sk %S Ao SRlE .

£ 5 ppm®] FET7FA HIFERI 0.61%2} Hlgh 0

CI

UERge). RSES] A= 0.04~020% 912, 1 ppme] 0.24 3.2 MzEZ 7IZiof S HFHR2| Tedlar bag
~1.58%L} 5 ppm] 0.19~032%5C} ol FZE7pA0] L CH.2| 2tdg ot
7} 245 RSEx= oA vehyich AHA RS 085191 bag QoA ARt Aol W CHy &
Table 5. CH4 concentration of similar gas in accordance with the storage time (10 ppm) (unit: ppm)
Storage hours Concentration variability
Classification
0 24 72 144 240° DC’ DF (%)
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 - -

# Initial concentration.

® Measured concentration after 240 hours.

" Difference in concentration (ppm) = |a—bl.

™ Difference factor in concentration (%) = ((la—bl)/a)x100.
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Fig. 2. Changed of CH4 concentration of similar gas sample in Tedlar bag as time passed.

© sk E270] AEET Zo] S8 Al 2
ING A2AMe] M5 Eg 33] W RAste] 23S et

Ribelsd

AlZte] mHE ING $14:A1d 9] CHy 5% ¥3k= Table 69]|
A Bi= 3} o), 275 %E0] -2 2.01 ppm, 192 hr 73t
O] Hat =k 2.01 ppmOE Zfol7} gle AR YERd
t}. LNG ¢14:A149] RSE ZE2 0.14~1.32% HYS 2ol 2%
njRte g JA4 ghso] & Aol7t gle Aes vehden, |
ppm| FZ7}2 RSE(0.24~1.58%)9} H|S=5H A o2 gty
At

CH,2] %7] W4t H%7} 0.33 ppmOZ LNG F2AdH
o} SE7F W g A O] F9-= Table 7} o]
192 hr A3} & F H%=7} 0.35 ppmSZ 0.02 ppm<] 2}o]

Table 6. CH4 concentration of LNG combustion facility sample in accordance with the storage time

7h WAL, F RSk 6.06% 2 PIn|sllT). AT AaAl
9] RSE 312 0.50~1.65%2 HE Ho] LNG AA]Ho]
L 1 ppm FEZ7H20] RSEQF HIS(E 28 UERT:
AIE ARE Ao mE gz gRlsk, Fig. 34
= A3 2ol LNG AaxA]de] it = °F 2.00 ppm,
g AaAlde Bt %= oF 033 ppme 2 oF 649
2po|7F ek, ARl w2 2ol7h WshE A
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[

1l
=

il

(unit: ppm)

Storage hours

Concentration variability

Classification
24° 96 144 192° DC’ DF (%)”

1 1.99 1.99 1.97 1.96 0.02 1.26
2 2.07 1.99 1.99 2.03 0.04 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 - -

# Initial concentration.

b Measured concentration after 192 hours.

" Difference in concentration (ppm) = la—bl.

™ Difference factor in concentration (%) = ((la—bl)/a)x100.

http: //www.ekscc.re.kr
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Table 7. CH4 concentration of bituminous coal combustion facility sample in accordance with the storage time

(unit: ppm)
Storage hours Concentration variability
Classification
24 96 144 192° DC’ DF (%)”

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 - -

* Initial concentration.

® Measured concentration after 192 hours.

* Difference in concentration (ppm) = la—bl.

™ Difference factor in concentration (%) = ((la—bl)/a)x100.
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Fig. 3. Changed of CH4 concentration of field sample in Tedlar bag as time passed.
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Table 9. Result of "Tests of Within-Subjects Effects” for CH, concentration as storage hr (in 192 hr)

Source Type LI sum of squares daf Mean square F Sig.
Sphericity assumed 0.001 3 0.000 1.124 0.378
Greenhouse-geisser 0.001 1.928 0.001 1.124 0.371

Time (hr)
Huynh-feldt 0.001 3.000 0.000 1.124 0.378
Lower-bound 0.001 1.000 0.001 1.124 0.349
Sphericity assumed 0.002 3 0.001 1.436 0.281
Time (hr)" Greenhouse-geisser 0.002 1.928 0.001 1.436 0.294
group Huynh-feldt 0.002 3.000 0.001 1.436 0.281
Lower-bound 0.002 1.000 0.002 1.436 0.297

* Exact statistic.
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