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Abstract

In this study, an experimental approach to measure a suite of low weight hydrocarbons was investigated with an
emphasis on ethylene (EL) along with many others (ethane (EA), propane (PA), propylene (PL), n-butane (BA),
acetylene (AL), methyl acetylene (ML)). Their concentrations were quantified using GC-FID system equipped with
thermal desorption (TD) system. The TD-based analysis was conducted using both Link Tube/Thermal Desorber
(LT/TD) method and Modified Injection through a Thermal Desorption (MITD) method. The results of these
analyses were evaluated in a number of respects. The system allowed the detection of all compounds except
methane with the mean response factor (RF) of 10.28 (EA) to 11.94 (PL). The method detection limits of target
compounds were seen in the range of 0.027 (ML) to 0.146 ng (BA). The emission flux of some environmental
samples (fruits), when measured using a small flux chamber system, fell in the range of 0.14 (AL: Kiwi) to 181
ng - g7' - hr'!' (EL: Apple Peel). The results of this study confirm that the experimental approach developed in this
study allows to accurately measure emissions of low weight hydrocarbons (LWHC) like ethylene from various

natural and man-made source processes.

Key words : Ethylene, LWHC (Low weight hydrocarbon), FID (Flame Ionization Detector), TD (Thermal
Desorption), Flux
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Table 1. Information of the eight target compounds investigated in this study.

Short CAS Chemical Molecular LT/TD MITD
Order Full name .

name No. formula  weight(g/mol)  MDL*(ng) RSE"(%) MDL(ng) RSE (%)
1 Methane MA 74-82-8 CH, 16.0 - - - -
2 Ethane EA 74-84-0 C,Hg 30.1 0.139 1.87 0.036 0.25
3 Ethylene EL 74-85-1 C,H, 28.1 0.137 1.73 0.036 0.23
4 Propane PA 74-98-6 C;Hg 44.1 0.133 2.74 0.033 0.36
5 Propylene PL 115-07-1 C;Hg 42.1 0.130 2.63 0.029 0.35
6 n-Butane BA 106-97-8 C Hy 58.1 0.146 3.61 0.030 0.48
7 Acetylene AL 74-86-2 C,H, 26.0 0.124 1.65 0.029 0.22
8 Methyl acetylene ~ ML 74-99-7 C;H, 40.1 0.140 2.47 0.027 0.33

“MDL: Method detection limit
"RSE: Relative standard error

Table 2. Information of fruit samples used to determine the flux of LWHC.

Sampling®
Order Sample code Name Weight (g)
Duration (min) Volume (mL) Date
1 AP-1 Apple peel 10.4 1 50 23-Apr-13
2 A-1 Apple 10.0 1 50 "
3 DA-1 Decayed apple 10.2 2 100 "
4 S-1 Strawberry 10.9 2 100 "
5 KP-1 Kiwi peel 10.0 2 100 24-Apr-13
6 K-1 Kiwi 10.1 10 500 "
7 T-1 Tomato 10.6 2 100 "

*Sampling flow rate: SOmL - min™’

Table 3. Information of TD/GC/FID system for the operation LWHC of analysis

(a) Laboratory condition

Sample Temp mVol (1 atm)
ID °C L/mole
Lab 25 24.5

(b) Operational conditions of TD/GC/FID system

GC (Varian GC-2010, USA)

Column: Plot column (diameter: 0.32 mm, Length: 50 m, film thickness: 5 mm)

Oven setting

Oven temp: 40 °C (1 min) Max oven temp: 190 °C (1.5 min)
Oven rate: 20 °C min! Total time: 10 min
Carrier gas: N,(99.999%)

Thermal desorber (Unity, Markes, UK)"
Cold trap: Carbopack B+Carboxen 1000 (2:3)
Split ratio: Splitless Trap low: —15 °C
Split flow: 5 mL/min Trap high: 250 °C
Trap hold time: 5 min Flow path temprature 150 °C
Trap flow 50 mL/min

DTD (UNITY, Markes International, Ltd., UK)

J. KOSAE Vol. 30, No. 1(2014)
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Table 4. Calibration of LWHC gaseous working standard using LT/TD? method.

Order  Concentraion (ppb)  Inj. Volume (mL) MA EA EL PA PL BA AL ML
(a) Analysis mass (ng)
1 50 0.33 0.62 0.57 0.90 0.87 1.19 0.54 0.82
2 100 0.66 1.23 1.14 1.81 1.74 2.38 1.09 1.63
3 10 200 1.32 247 2.29 3.62 3.48 4.77 2.18 3.27
4 500 3.29 6.17 5.72 9.05 8.69 11.9 5.45 8.16
5 1,000 6.58 12.3 11.4 18.1 17.4 23.8 10.9 16.3
6 3,000 19.7 37.0 34.3 54.3 52.1 71.5 32.7 49.0
7 50 3.29 6.17 5.72 9.05 8.69 11.9 5.45 8.16
8 100 100 6.58 12.3 11.4 18.1 17.4 23.8 10.9 16.3
9 200 13.2 24.7 22.9 36.2 34.8 47.7 21.8 32.7
10 500 329 61.7 57.2 90.5 86.9 119 54.5 81.6
11 50 329 61.7 57.2 90.5 86.9 119 54.5 81.6
12 1,000 100 65.8 123 114 181 174 238 109 163
13 200 132 247 229 362 348 477 218 327
14 500 329 617 572 905 869 1,192 545 816
(b) Peak area
1 50 - 4.55 3.03 3.54 6.57 13.1 4.55 -
2 100 - 9.09 8.59 12.6 17.7 24.2 13.1 12.6
3 10 200 - 21.2 20.2 33.3 39.4 54.0 25.8 47.0
4 500 - 66.2 66.2 106 105 139 70.7 90.4
5 1,000 - 135 135 211 215 278 113 200
6 3,000 - 427 272 6438 638 767 99.0 548
7 50 - 46.0 42.4 40.4 65.7 94.9 49.0 56.6
8 100 100 - 109 99.0 159 182 237 119 157
9 200 - 241 231 379 400 525 273 359
10 500 - 658 657 1,004 1,065 1,339 733 974
11 50 - 476 418 434 666 988 513 580
12 1,000 100 - 1,115 1,034 1,639 1,844 2,469 1,268 1,664
13 200 - 2,473 2,373 4,056 4,069 5,358 2,777 3,720
14 500 - 6,795 6,608 10,506 11,180 14,137 7,538 10,091
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Fig. 1. lllustration of a mini-flux chamber system made of an impinger system.

1. Ultra pure air (99.999%)
3. Impinger bottle
5. Fruit samples

)
GC ®

Standard
(Sample)

| | |
®) 1) )

(a) Use of LT/TD method for gaseous sample (or standerd)
analysis

2. N, flow regulator
4. Glass tubing with a bubbler tip to evenly distribute the diluent gas
6. 1 L polyester aluminum bag (Collect gas samples from food samples)

(C))
GC (5

® M ()]

(b) Use of MITD method for gaseous sample (or standerd)
analysis

Fig. 2. lllustration of the thermal desorption analysis for gaseous standard sample of ethylene and LWHC using LT/TD

and MITD method.
(1) Thermal desorber (Unity, Markes, UK)
(3) Mini-Vacuum pump
(5) Link tube
(7) Quartz trap
(9) N, gas in polyester aluminum bag for back-up (1 L)
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(10) 10 mL syringe for sample gas

Chromatography (GC)-Flame Ionization Detector (FID)
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Table 5. Calibration of LWHC gaseous working standard using MITD? method.

271

o

RS Bk

Order  Concentraion (ppb)  Inj. Volume (mL) MA EA EL PA PL BA AL ML
(a) Analysis mass (ng)
1 1 0.07 0.12 0.11 0.18 0.17 0.24 0.11 0.16
2 100 2 0.13 0.25 0.23 0.36 0.35 0.48 0.22 0.33
3 5 0.33 0.62 0.57 0.90 0.87 1.19 0.54 0.82
4 10 0.66 1.23 1.14 1.81 1.74 2.38 1.09 1.63
5 1 0.13 0.24 0.23 0.36 0.34 0.47 0.21 0.32
6 200 2 0.26 0.49 0.45 0.71 0.68 0.94 0.43 0.64
7 5 0.65 1.21 1.13 1.78 1.71 2.35 1.07 1.61
8 10 1.30 243 2.25 3.56 3.42 4.70 2.15 3.22
9 1 0.33 0.62 0.57 0.90 0.87 1.19 0.54 0.82
10 500 2 0.66 1.23 1.14 1.81 1.74 2.38 1.09 1.63
11 5 1.65 3.08 2.86 4.52 4.34 5.96 2.72 4.08
12 10 3.29 6.17 5.72 9.05 8.69 11.9 5.45 8.16
13 1 0.66 1.23 1.14 1.81 1.74 2.38 1.09 1.63
14 1,000 2 1.32 247 2.29 3.62 3.48 4.77 2.18 3.27
15 5 3.29 6.17 5.72 9.05 8.69 11.9 5.45 8.16
16 10 6.58 12.3 114 18.1 17.4 23.8 10.9 16.3
(b) Peak area
1 1 - 1.30 1.10 2.20 2.00 2.50 1.10 2.40
2 100 2 - 2.10 2.10 4.10 4.10 5.10 2.60 4.90
3 5 - 4.80 4.60 7.90 8.20 11.9 5.90 9.50
4 10 - 11.0 10.3 17.6 19.0 25.0 11.9 18.3
5 1 - 1.90 1.40 1.90 3.20 4.20 2.30 3.00
6 200 2 - 4.60 4.30 8.20 8.40 10.4 5.10 6.40
7 5 - 11.5 10.5 18.7 17.9 23.8 11.5 15.3
8 10 - 24.0 23.8 41.4 40.7 514 26.8 352
9 1 - 5.20 5.20 6.70 8.80 11.5 5.90 8.80
10 500 2 - 114 104 18.4 20.3 25.0 12.1 17.9
11 5 - 29.9 27.6 49.7 52.6 66.6 342 50.3
12 10 - 66.1 64.0 108 106 135 73.9 93.1
13 1 - 11.5 10.0 15.2 21.4 24.3 12.1 18.5
14 1,000 2 - 25.0 24.2 42.1 41.8 54.2 27.8 38.8
15 5 - 58.6 58.2 102 107 130 64.3 94.3
16 10 - 130 132 218 213 271 148 197
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Table 6. Comparison of calibration results of LWHC between LT/TD and MITD method (comparison of response factor
and coefficient of determination).

Order Method Concentraion (ppb) MA EA EL PA PL BA AL ML
(a) Response factor (RF)
1 10 - 11.44 11.62 11.90 12.24 10.84 12.76 11.30
2 LT/TD* 100 - 10.46 11.18 10.88 12.06 11.13 13.21 11.69
3 1,000 - 10.79 11.29 11.42 12.60 11.70 13.59 12.12
4 100 - 8.70 8.83 9.60 10.68 10.39 10.93 11.43
5 MITD® 200 - 9.77 10.27 11.35 11.61 10.78 12.12 10.63
6 500 - 10.46 10.82 11.68 12.14 11.28 13.28 11.56
7 1,000 - 10.33 11.24 11.83 12.24 11.27 13.23 11.95
(b) Coefficient of determination (R?)
1 10 - 0.9989  0.9935 0.9992 0.9998 0.9986 0.9954 0.9978
2 LT/TD 100 - 0.9948  0.9904 0.9902 0.9950 0.9974 0.9945 0.9930
3 1,000 - 0.9943  0.9921 0.9905 0.9932 0.9966 0.9950 0.9933
4 100 - 0.9923  0.9950 0.9910 0.9911 0.9990 0.9991 0.9877
5 MITD 200 - 0.9985 0.9915 09913 0.9932 0.9972 0.9917 0.9926
6 500 - 0.9947  0.9903 09938 0.9993 0.9991 0.9952 0.9971
7 1,000 - 0.9958 09933  0.9967 1.0000 0.9991 0.9924 0.9992
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Fig. 3. Comparison of calibration results derived from various standards between LT/TD and MITD method.
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Fig. 4. Comparison of calibration results from 10 ppb standards by LT/TD method.

EA
500
400
3
= 300
e~
§ 200 y=11.441x
100 R?=0.9989
04 . . : : : : : ,
0 5 10 15 20 25 30 35 40
Mass (pg)
EL
400
3 300 y=11.617x °
s R?=0.9935
< 200
b5
& 100
0 -+ T r T T T T T y
0 5 10 15 20 25 30 35 40
Mass (pg)
PA
800
< 600
5
o~ 400
<
&
200
0+ )
60
Mass (pg)
PL
800
5 600
g
= 400
<
(5]
& 200
0 + ]
60
Mass (pg)
5 7S v drH o A @ ELY W& v}
AL 3T 5 oloh 2 AFeld 2HY Avs
8] T 71EoR vws] B, d"AS A sk
71e} AREL A7) FelA dehbe E &

Absle). Faz e BE X YGe)x] 19984 8YHE
1999 79714 A7) FellA AF 7 A 2E GC-

FIDW} o 2 BA 3 Az} 7 3.8(EA),59(EL), 7.8
(PA), 1.8 (PL), 3.4 (BA), 3.4 ppb (AL) o= Jeldch
(Na and Kim, 2001). 221} oj|&a&lle] 749 F=o] o
FolA & 7S, dubH<l WA Re A =
FFolg e & F gk 273 g8 ATl
GC-FIDZ Alg-3ted =3k 100 gol| A 1A12F F9k W

—_

e rlr rlo

J. KOSAE Vol. 30, No. 1(2014)



86 AR - 773

r.BL

A8 - e

gl

Table 7. Concentration of ethylene and other LWHC measured from various fruit samples.

(a) Concentration (ppb): samples collected at a flow rate of 50 mL - min~

1

Order Concentraion EA EL PA PL BA AL ML
1 AP-1 0.11 548 0.07 0.08 0.06 0.12 0.09
2 A-1 0.11 383 0.07 0.08 0.06 0.12 0.09
3 DA-1 5.01 3.93 0.07 0.08 0.06 0.12 0.09
4 S-1 0.11 0.12 0.07 0.08 0.06 0.12 0.09
5 KP-1 3.94 104 0.07 0.08 0.06 0.12 0.09
6 K-1 5.01 1.07 1.19 0.08 0.77 0.45 7.57
7 T-1 3.58 63.2 0.07 0.08 0.06 0.12 0.09
*The underlined values imply below detection limit (BDL) of each sample in each analysis
(b) Flux(ng - g”' « hr'!)
Order Concentraion EA EL PA PL BA AL ML
1 AP-1 0.04 181 0.04 0.04 0.04 0.04 0.04
2 A-1 0.04 132 0.04 0.04 0.04 0.04 0.04
3 DA-1 1.81 1.32 0.04 0.04 0.04 0.04 0.04
4 S-1 0.04 0.04 0.04 0.04 0.04 0.03 0.04
5 KP-1 1.45 35.6 0.04 0.04 0.04 0.04 0.04
6 K-1 1.83 0.36 0.64 0.04 0.54 0.14 3.68
7 T-1 1.25 20.5 0.04 0.04 0.04 0.04 0.04

g A= (1L)% =ug A3} Sppb 5] ELE %
&3} (Park and Lee, 2006). = o2 3Alql |2 100
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