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Abstract

This study was carried out to evaluate the performance of two sampling methods, i.e., adsorbent tubes and canis-
ters, for the measurement of ambient volatile organic compounds (VOCs). A total of 24 target VOCs were selected
from a list of 48 priority hazardous air pollutants (HAPs) in Korea. The two sampling methods were investigated
with a wide range of performance criteria such as repeatability, linearity, and lower detection limits. In addition,
mean relative errors (MRE) and mean duplicate precisions (MDP) were estimated by inter-lab comparison studies
for duplicate field samples. Precisions for the two methods appeared to be well comparable with the performance
criteria recommended by USEPA TO-15 and TO-17 for canister and adsorbent methods, respectively. Correlations
and variations between the VOCs concentrations determined by the two methods were generally good in most
cases. However, MREs and MDPs for individual VOCs appeared to be widely ranged, depending on each VOC.
This implies that the two methods have its own advantages and disadvantages in determining a variety of VOCs in
ambient air, and neither of which has absolute superiority. Finally, 9 of 24 VOCs were found to be difficult to deter-
mine by either methods due to their unstability in a canister, and lack of appropriate standard materials. Thus, it is
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suggested that development of measurement methods for such unstable VOCs is an urgent task from a viewpoint of

HAPs management.

Key words : VOCs, BTEX, Canister, Adsorbent tube, Inter-lab comparison, QC/QA, GC/MSD
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Table 1. Priority HAPs listed by Ministry of Environment and Target VOCs in this study.

No. Compounds HAP '{?rog(e:t No. Compounds HAP '{?rogét
1 Dioxins o 25 Acrylonitrile o v
2 PAHs o 26 Acrolein v
3 Benzene o v 27 Aniline o v
4 Ethylene oxide o v 28 Di(2-ethylhexyl)phthalate
5 1,3-Butadiene o v 29 Epichlorohydrin +
6 Vinyl chloride o v 30 Vinyl acetate v
7 Dichloromethane o v 31 Nitrobenzene v
8 Styrene o v 32 Dibutyl phthalate
9 Tetrachloroethylene o v 33 Phenol o v

10 Propylene oxide o v 34 Cobalt & compounds

1 Chloroform o v 35 Phosgene v

12 1,2-Dichloroethane ¢} v 36 Asbestos (¢}

13 Ethylbenzene o v 37 Chlorine o

14 Trichloroethylene ¢} v 38 Diesel & gasoline exhaust

15 Carbon tetrachloride o v 39 2-Ethoxyethylacetate

16 Beryllium & compounds o 40 Carbon disulfide v

17 Cadimium & compounds ¢} 41 2-Ethoxyethanol

18 Chrome[VI] & compounds o 42 Hydrazine o

19 Arsenic & compounds ¢} 43 N,N-Dimethylformamide

20 Lead & compounds o 44 Acrylamide v

21 Nickel & compounds ¢} 45 Dimethyl sulfate v

22 Mercury & compounds o 46 2-Methoxyethanol

23 Formaldehyde e} 47 Methylene diphenyl diisocyanate

24 Acetaldehyde o 48 Toluene diisocyanate
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Fig. 1. Dynamic calibration system for the preparation of VOCs standard samples in ppb level.

Table 2. Operating conditions of analytical methods for VOCs samples using canisters.

Operating condition

Field sample Sample collected at 6 L canister

Standard sample KRISS standards diluted in canisters to 0~8 ppb levels by dilution system

Pre-concentration

Sample volume: 200 mL (100 mL/min x 2 min), Cryogenic concentration at glass bead U-trap with liquid O,,

Purging temperature: 70°C, Valve and transfer-line temp: 100°C

Column: J&W DB-1(60m x 0.32 mm X 1 um)
Gas chromatography  Carrier flow: 2.0 mL/min, Transfer line: 250°C
Oven temperature: —10°C (4 min) — 5°C/min —180°C — 250°C

Mass detection

MS lon source temp: 200°C

El: 70eV, Mass range 33~350amu

Abundance 20
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Fig. 2. Examples of GC/MS chromatograms for VOCs in standard (top) and field (bottom) samples collected by the can-

ister method.
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Table 3. Operating conditions of analytical methods for VOCs samples using adsorbent tubes.

ATD 400 (Perkin Elmer, UK)

GC/MSD (HP6890/5973, Hewlett Packard, USA)

Oven temp. 320°C

Desorb time and flow 10min, 90 mL/min
Cold trap holding time 5min

Cold trap high temp. 350°C

Cold trap low temp. —30°C

Cold trap packing

Min. pressure 20psi

Inlet split No

Outlet split 10mL/min
Valve and line temp. 200°C

Tenax TA 12 mg + Carbotrap 47 mg

GC column Rtx-1(0.32mm, 105m, 1.5 pm)
Initial temp. 35°C (10 min)

Oven ramp rate 5°C/min

Final temp. 250°C (17 min)

Column flow ~2.0mL/min

Detector type Quadropole

Q-pole temp. 150°C

MS source temp. 230°C

Mass range 35~300amu

Electron energy 70eV
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Fig. 3. Examples of GC/MS chromatograms for VOCs in standard (top) and field (bottom) samples collected by the

adsorbent method.
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Table 4. Quality control of GC/MS analysis for canister

Table 5. Quality control of GC/MS analysis for adsorbent

samples. samples.
RTY Repgat- MDL? Repgat- MDL DupI_ic_ate
Compounds ppb (min) ability (ppb) VOC ability b precision
(%) @)Y N9 PPET (%)

Chloromethane 88 541 14 0.04 1,3-Butadiene 12.9 1.0 0.02 3.3
Vinyl chloride 9.2 6.23 1.2 0.02 Freon 11 11.9 2.6 0.02 29.8
Bromomethane 89 744 2.0 0.04 1,1-Dichloroethene 12.8 1.8 0.02 0.1
Ethylchloride 9.1 8.03 25 0.05 Methylene Chloride 14.6 16 0.02 66.8
1,1-Dichloroethene 9.2 1110 1.9 0.03 cis-1,2-Dichloroethylene 14.1 1.8 0.02 0.0
Methylene chloride 9.3 11.40 15 0.02 Chloroform 17.5 46 0.04 2.0
1,1-Dichloroethene 8.8 1314 2.2 0.02 1,2-Dichloroethane 12.2 6.9 0.07 0.1
1,2-Dichloroethene 89 1431 21 0.03 1,1,1-Trichloroethane 19.1 5.0 0.04 5.1
Chloroform 9.0 14.70 2.3 0.02 Benzene 154 1.5 0.02 36.4
1,2-Dichloroethane 8.9 15.60 1.7 0.02 Carbon Tetrachloride 15.0 51 0.04 12.0
1,1,1-Trichloroethane 9.0 1591 1.6 0.02 1,2-Dichloropropane 20.6 6.2 0.06 5.3
Benzene 9.0 16.47 2.2 0.02 Trichloroethylene 171 136 0.10 27.0
Carbon Tetrachloride 9.0 16.66 18 0.02 Toluene 15.7 1.1 001 24.9
1,2-Dichloropropane 89 17.48 1.7 0.02 Tetrachloroethylene 175 21 001 8.4
Trichloroethylene 8.8 17.78 2.6 0.02 Chlorobenzene 19.6 1.2 001 0.6
cis-1,3-Dichloropropene 85 18.83 2.1 0.02 Ethylbenzene 145 0.7 0.01 32.6
trans-1,3-Dichloropropene 85 18.83 2.1 0.03 m,p-Xylenes 14.1 09 001 31.8
1,1,2-Trichloroethane 8.2 19.68 14 0.02 Styrene 14.9 1.2 001 25.2
Toluene 8.3 20.05 2.0 0.03 0-Xylene 14.6 09 0.01 26.9
1,2-Dibromoethane 8.2 20.88 1.3 0.02 1,3,5-Trimethylbenzene 20.8 09 001 8.5
Tetrachloroethylene 8.1 2151 2.6 0.02 1,2,4-Trimethylbenzene 24.5 09 0.01 29.1
Chlorobenzene 8.3 2241 2.1 0.03 1,2-Dichlorobenzene 22.7 2.8 0.02 0.1
Ethylbenzene 80 2295 21 0.03 JRSD of 10 replicate analysis; ” Assuming the air volume of 15L.
m+ p-Xylene 16.2 23.20 1.7 0.03
Styrene 84 2371 0.5 0.04
1,1,2,2-Tetrachloroethane 8.2 23.83 0.9 0.02 ° = o] olx|AO =\ _
0-Xylene 82 2386 15 003 Mot ol F Alm ko] AAPE FEAEA (dupli
1,3,5-Trimethylbenzene 74 2594 21 0.03 cate precision)o]2t A ojgttt. &, FEAEAL =(|X,—
1,2,4-Trimethylbenzene 72 2664 19 0.03 Xo|IX)x 10022 A ol=jr, 7] A X, & A WA A=

26.87 1.0 0.03
26.99 0.6 0.03
27.60 11 0.02
3111 3.6 0.03
32.15 2.3 0.01

m-Dichlorobenzene 7.0
p-Dichlorobenzene 6.9
o-Dichlorobenzene 5.7
1,2,4-Trichlorobenzene 5.9
Hexachlorobutadiene 3.2

YRT: retention time; 2 MDL: method detection limit.
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ZukA © 2 benzene, toluene, trichloroethylene 53} Z+
o] BAHOR FaG B4 BEASS 30% ol o

33t A2 Ho|x it FaE u|Z EPA A|FH
nE2H FEAAEGL 30% ol £ FAHEE A
3} H(USEPA, 1999b).
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Table 6. Comparison of VOCs data determined by two different sampling methods.
Adsorbent sampling Canister sampling
Compounds n
Mean Median Max. Min. Mean Median Max. Min.
Freon-114 53 N.D N.D N.D N.D N.D N.D N.D N.D
Freon-11 53 0.27 0.19 3.70 N.D 0.31 0.30 0.54 0.25
Acrylonitrile 53 N.D N.D N.D N.D N.D N.D N.D N.D
1,1-Dichloroethene 53 N.D N.D N.D N.D N.D N.D N.D N.D
Methylene chloride 53 2.39 1.07 8.05 N.D 3.62 2.93 11.08 N.D
Freon-113 53 0.06 N.D 0.25 N.D 0.06 N.D 0.34 N.D
1,1-Dichloroethane 53 N.D N.D N.D N.D N.D N.D 0.24 N.D
Chloroform 53 0.07 N.D 0.49 N.D 0.07 N.D 0.60 N.D
1,2-Dichloroethane 53 0.18 N.D 1.53 N.D 0.25 N.D 2.26 N.D
1,1,1-Trichloroethane 53 0.19 N.D 117 N.D 0.20 N.D 0.81 N.D
Benzene 53 0.56 0.51 1.10 0.21 0.52 0.52 1.06 0.25
Carbon Tetrachloride 53 0.06 N.D 0.17 N.D 0.10 N.D 0.37 N.D
1,2-Dichloropropane 53 N.D N.D N.D N.D N.D N.D N.D N.D
Trichloroethylene 53 2.33 1.08 8.70 N.D 3.47 1.40 20.63 N.D
cis-1,3-Dichloropropene 53 N.D N.D N.D N.D N.D N.D N.D N.D
trans-1,3-Dichloropropene 53 N.D N.D N.D N.D N.D N.D 0.30 N.D
1,1,2-Trichloroethane 53 N.D N.D N.D N.D N.D N.D N.D N.D
Toluene 53 12.27 8.56 76.07 0.55 10.03 7.93 38.41 0.29
2.0 50 8
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y=0.87x+0.11 y=1.02x+2.09 y=1.02x+0.29
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£ g w ) £
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Fig. 4. Correlations between the VOCs measurement concentrations determined by canister and adsorbent sampling

methods.
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Fig. 5. Comparison of VOCs concentrations determined by adsorbent tubes (white dots) and canister (black dots) sam-
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Fig. 5. Continued.
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Table 7. Statistical summary of comparison studies for VOCs data determined by canister and adsorbent tube methods.

Compounds n  MDPY(%) MREI?®%) MRE II®(%) RY t-test p®  Paired t-testp  WRST® p
Methylene chloride 53 87.1 63.8 471.2 0.54* 0.02 <0.01 <0.01
1,1-Dichloroethane 53 25 15 7.2 - 0.32 0.32 0.32
Chloroform 53 18.4 36.1 38.2 0.04 0.93 0.93 0.56
1,2-Dichloroethane 53 13.8 17.0 22.3 0.78* 0.29 0.06 0.88
1,1,1-Trichloroethane 53 447 94.4 106.4 0.54* 0.94 0.91 0.54
Benzene 53 18.7 20.5 18.9 0.71* 0.23 0.04 0.43
Carbon Tetrachloride 53 39.0 321 102.0 -0.15 <0.01 <0.01 <0.01
Trichloroethylene 53 37.8 29.9 102.6 0.95 0.11 0.00 0.25
trans-1,3-Dichloropropene 53 2.7 1.6 9.4 - 0.32 0.32 0.32
Toluene 53 36.3 60.6 30.2 0.69* 0.27 0.07 0.34
1,2-Dibromoethane 53 2.9 16 11.7 - 0.32 0.32 0.32
Tetrachloroethylene 53 7.5 174 55 0.97* 0.59 0.02 0.57
Ethylbenzene 53 49.6 80.5 38.1 0.91* 0.04 0.00 0.01
m,p-Xylene 53 51.1 84.5 39.3 0.92* 0.06 0.00 0.02
Styrene 53 42.8 97.9 28.4 0.76* <0.01 0.00 <0.01
1,1,2,2-Tetrachloroethane 53 25 15 7.2 - 0.32 0.32 0.32
0-Xylene 53 63.6 1144 47.4 0.92* <0.01 0.00 <0.01
1,3,5-Trimethylbenzene 53 14.4 21.3 11.2 0.67* 0.05 0.01 0.04
1,2,4-Trimethylbenzene 53 74.6 166.5 51.0 0.81* 0.00 0.00 0.00
1,3-Dichlorobenzene 53 24 15 6.4 - 0.32 0.32 0.32
1,4-Dichlorobenzene 53 24 15 6.4 - 0.32 0.32 0.32
1,2-Dichlorobenzene 53 1.9 1.3 3.8 - 0.32 0.32 0.32
1,2,4-Trichlorobenzene 53 29 1.6 12.8 - 0.32 0.32 0.32

. . 1 o (|canister data—adsorbentdatan
1) ==
MDP (mean duplicate precision) = o .Zl( mean of two data } % 100
. 1 2. [|canister data — adsorbent datan
2 =
MRE [ (mean relative error 1) = N ;( canister data }x 100
. 1 &, (|canister data—adsorbent datan
3 —=
MRE II (mean relative error 1) = n .;( adsorbent data | %100
YR: correlation coefficient between canister and adsorbent data; \
# p: significance level;
9WRST: Wilcoxon Rank Sum Test;
' —: indicates that data is not available;
®:#; indicates that the correlation coefficient is significant at a level of 0.05.
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Fig. 6.

GC/MS characterized ion chromatograms for 10
ppb of epichlorohydrine and ethylene oxide.
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