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The Relationship between Different Sampling Approaches on the
Analysis of Aromatic VOC in Air: the Tube vs. Bag Method

S-Y. Park and K.-H. Kim'
Department of Earth and Environmental Sciences, Sgong University

Quality Assurance (QA) is an important prerequisite to the enhancement of the analytical data produced by
different operators or by different instrumentation. Especialy, the selection of a sampling technique is crucial
to ensure the subjectiveness of the analysis. In this study, the analytical technique for four volatile organic com-
pounds (VOC) including: benzene, toluene, p-xylene, and styrene was investigated by evaluating the rela
tionship between two different analytical sampling methods (i.e, adsorption tube vs Tedlar bag method). For
this purpose, the same working standard of VOC was prepared and collected simultaneously by the Tedlar bag
and the tube method. The reliability of each sampling method was then assessed by analytical results derived
each approach. The reproducibility of analytical method, estimated in terms of (relative standard error (RSE
%)), showed that both methods can maintain below values 5% level. The results of this study indicate that both
sampling approaches are highly comparable to each other. The results of this study suggest that both tube

method and Tedlar bag method are compiling well.
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Fig. 1. An experimental scheme for two individual experimental stages involved in the comparison of two sampling

methods: Tedlar bag vs. tube method.



14 24193 -

Table 1. The basic operational conditions for the two VOC
sampling systems compared in this study

[A] AS/TD system loading conditions of bag method (EXP
1+EXP 2A)

Loading time
(min)

4 50 200

[B] Mini pump loading conditions of tube method (EXP
2B)
Loading time
(min)

AS/TD system Total volume
flow (ml/min) (ml)

Mini pump flow  Total volume
(ml/min) (ml)

50 200
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Table 2. Information of individual aromatic volatile compounds investigated in this study.

Order Full name Short name Formula Number of C MWp
1 benzene B CeHg 6 78
2 toluene T CsH5CH, 7 92
3 p-xylene pX (CH,),CeH, 16 106
4 styrene S C¢H;CH=CH, 8 106
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Table 3. An experimental scheme (EXP 1, EXP2A, and
EXP 2B) for a comparative calibration analysis
and the corresponding amount of VOC loaded
into the system for the derivation of 3-point
calibration data sets. In all experiments, the
quantities of VOC used for calibration were
maintained identically.

Total amount

(pmol)  (ng)
3.18
3.67
4.33
4.25

6.37
7.35
8.66
8.49

31.8
36.7
43.3
42.5

* All exps were conducted at a fixed loading flow (50 ml/
min) and loading time (4 min).

Individual
compounds

Calibration
point

Working
STD (ppb)

40.8

10 2 81.7

50 3 408
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Table 4. Results of calibration experiment using samples obtained by two different methods.

[A] Result of the 1st stage (EXP 1: Tedlar bag method)

Calibration point Target component Working STD (pph) Absolute amount (ng) Peak area
B 3.18 71,890
1 T 5 3.67 105,196
p-X 4.33 66,770
S 4.25 63,887
B 6.37 265,153
9 T 10 7.35 340,705
p-X 8.66 298,346
S 8.49 220,691
B 31.8 1,224,150
3 T 50 36.7 1,282,181
p-X 43.3 1,248,716
S 42.5 1,415,566

[B] Results of the 2™ stage EXP2 (2A (bag method) vs. 2B (tube method)) by running each gas standard through triplicate

analyses
Working Experiment Target Absolute Peak area
standard (ppb) stage component amount (ng) 1st ond 3rd mean
B 3.18 74,131 76,476 79,779 76,795
EXP 2A T 3.67 119,176 116,472 90,520 108,723
(Bag) p-X 433 65,807 63,128 67,729 65,555
5 S 4.25 69,182 62,470 63,221 64,958
B 3.18 81,287 79,774 - 80,531
EXP 2B T 3.67 112,544 117,128 - 114,836
(Tube) p-X 433 - - - -
S 4.25 79,584 80,333 - 79,959
B 6.37 363,476 268,594 255,957 296,009
EXP 2A T 7.35 368,783 342,681 324,525 345,330
(Bag) p-X 8.66 302,433 293,709 276,163 290,768
10 S 8.49 218,887 194,217 202,700 205,268
B 6.37 268,953 240,888 205,009 254,921
EXP 2A T 7.35 345,753 319,038 319,829 328,207
(Bag) pX 8.66 - - - B}
S 8.49 289,255 258,305 257,339 268,300
B 31.8 1,158,713 1,020,255 1,086,912 1,088,627
EXP 2A T 36.7 1,177,118 1,022,999 1,087,495 1,095,871
(Bag) p-X 433 1,110,148 957,276 1,003,987 1,023,804
50 S 42.5 1,106,615 916,547 917,254 980,139
B 31.8 955,311 1,046,474 - 1,000,893
EXP 2B T 36.7 1,069,385 1,143,117 - 1,106,251
(Tube) p-X 433 - - - -
S 42.5 1,175,477 1,189,869 - 1,182,673

(Sample loading flow rate =

FABoA styrene AdE9] RSE 7ol 6.45%2 Ah
Hog & e Htl 1 99 B¥AdE BF 5%

50 m{/min for 4 min)
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[A] The calibration results of bag method
A—1] EXP 1- Bag method (50 ppb)

38.090

Retention Tlme

D*X 1415 656

23332—}

1a.a12—:
13'483—lIlIillllillllillllIIII
11.78 14.48 1717 1987 257 2526
B] The calibration results of tube method
B—1] EXP 2B— Tube method (10 ppb)
18.838 aren

P~ 410832

= 5=
2 S

VOC A59]

A5/l thet A+ 17

A—2] EXP 2A— Bag method (50 ppb)

31.942. -
: : Retention Time
- H Area
3 T i pX

P2 20 N L AN i
- 1043115

7 S . A S

PTi7: i SN |S SR SO S S S

15.035— ------------------------------ '9'0'0"1'3"63'2'2' --------------------

YT H Al : i

. [ I [ I [ I [ I LI | I

147 1390 1662 19.34 2208 2478

B—2] EXP 2B— Tube method (50 ppb)

56.106

Retermon Time
: Area

12808 llllillll:llIII:IIIIIiIIIII 10255-I'Ilillllilll'illllilllll
1285 1499 1733 1967 2201 2435 1183 1429 1675 1821 2167 2413
C] The amount of each individual VOC measured in each experiment.
Concentration (ng)
EXP (ppb) T p—X S
EXP 1 50 32.0 36.5 43.3 43.0
EXP 2A 50 30.3 34.0 38.5 33.7
EXP 2B 50 24.9 30.4 - 35.7
Fig. 2. The calibration results of VOC are shown in the form of GC chromatogram.
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Table 5. Results of reproducibility test (relative standard error (RSE %)).

[A] Reproducibility of calibration slope by 2™ analysis (%).

Tedlar bag (EXP 2A) calibration slope

Tube (EXP 2B) calibration slope

B T p-X S B T S
1st 37050 32731 25907 25959 30040 29802 27843
2nd 32348 28594 22499 21570 32977 31587 28028
3rd 34276 30104 23460 21626 - - -
mean 34558 30476 23955 23052 31509 30695 27936
SD 2364 2093 1757 2518 2077 1262 131
SE 1365 1209 1015 1454 1469 893 93
N 3 3 3 3 2 2 2
RSE (%) 3.95 3.97 4.23 6.31 4.66 291 0.33

[B] Reproducibility of peak area by the 2nd analysis.

(in % refer to Table 4)

Sampling ~ Working STD RSE (%)
method (ppb) B T p-X S
5 2.13 8.04 2.04 3.27
EXP Z_A 10 11.5 3.72 2.66 3.53
(Bag: n=3)
50 3.67 4.08 4.42 6.45
5 0.77 1.63 - 0.38
EXP 2B 10 4.49 2.67 - 3.91
(Tube: n=2)
50 3.72 2.72 - 0.50

Table 6. Comparison of reproducibility test for VOC between tube and canister method

Sampling Working STD A2
method (ppb) (%) B T mp-X S oX
2 RSD 6.5 8.9 3.2 8.9 7.2
n=4) RSE 3.25 4.45 1.60 4.45 3.60
Tube U
4 RSD 5.1 3.7 6.7 7.1 4.3
n=7) RSE 1.93 1.40 2.53 2.68 1.63
1 RSD 14 3.88 5.29 5.81 5.51
. 5 (n=5) RSE 0.63 1.74 2.37 2.60 2.46
Canister 2
10 RSD 5.14 4.61 4.78 4.8 4.11
(n=5) RSE 2.30 2.06 2.14 2.15 1.84
1] Ref. (4).
2] Ref. (8).
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Absolute amount {ng) Absolute amount {ng)

Fig. 3. Comparison of VOC calibration results for two experimental stages obtained by two sampling method: Tedlar bag

vs. tube method.
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Fig. 4. Comparison of the recovery rate (based on the
normalized ratio between EXP stage 2 vs. EXP
stage 1).
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Table 7. Result of the recovery rate (based on experimental stage 1 result)

A] Calibration results of two experiment stages (1% vs. 2"9)

i i Peak area average
STD type D Callbfatlon Absolute g
point amount (pmol) B T p-X S
EXP 1 40.8 71,890 105,196 66,770 63,387
(Ist stage) EXP 1 2 81.7 265,153 340,705 298,846 220,691
3 408 1,224,150 1,282,181 1,248,716 1,415,566
1 40.8 76,795 108,723 65,555 64,958
EXP 2A 2 81.7 262,276 345,330 290,768 205,268
EXP 3 408 1,088,627 1,095,871 1,023,804 980,139
(2nd stage) 1 40.8 80,531 114,836 NS 79,959
EXP 2B 2 81.7 234,921 299,434 NS 257,822
3 408 1,000,893 1,106,251 NS 1,182,673

B] Calibration slope ratios between different calibration approaches in EXP 2

ID B T p-X S
calibration EXP 1 38292 35169 28855 32885
slope EXP 2A 33184 30476 22889 21604
EXP 2B 31580 30523 NsH 27864

Slope ratio EXP 1 1 1 1 1
P EXP 2A 0.87 0.87 0.79 0.66

(E2/E1)

EXP 2B 0.82 0.87 NS 0.85

C] Calibration slope ratios between different sampling method in EXP 2

1D B T p-X S
calibration EXP 2A 33184 30476 22889 21604
slope EXP 2B 31580 30523 NSU 27864
Bag/Tube slope ratio (%) 1.05 1.00 - 0.78
1] NS=not separated
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