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ABSTRACT

This study was designed to investigate the characteristics of atmospheric concentrations of toxic volatile or-
ganic compounds (VOCs) in Korea. Target compounds included 1, 3-butadiene, aromatics such as BTEX, and
a number of carbonyl compounds. In this paper, as the first part of the study, the performance of sampling and
analytical methods was evaluated for the measurement of selected VOCs and carbonyl compounds in the
ambient air. VOCs were determined by the adsorbent tube sampling and automatic thermal desorption coupled
with GC/MSD analysis, while carbonyls by the DNPH-silica cartridge sampling with HPLC analysis. The
methodology was investigated with a wide range of performance criteria such as repeatability, linearity, lower
detection limits, collection efficiency, thermal conditioning, breakthrough volume and calibration methods
using internal standards. In addition, the sampling and analytical methods established in this study were
applied to real field samples duplicately collected in various ambient environments. Precisions for the duplicate
samples appeared to be comparable with the performance criteria recommended by USEPA TO-17. The
overall precision of the sampling and analytical methods was estimated to be within 20 ~30% for major
aromatic VOCs such as BTEX, whereas the precision for major carbonyl compounds such as formaldehyde
and acetaldehyde was within 10~20% for field samples. This study demonstrated that the adsorbent sampling
and thermal desorption method can be reliably applied for the measurement of BTEX in ppb levels frequently
occurred in common indoor and ambient environments.
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Table 1. Physico-chemical properties of target VOCs
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No. Compounds CAS No. MW Formula b.p. CC) d(g/mL)
1 1, 3-Butadiene 106-99-0 54.1 H>C=CHCH=CH, -4.5 -
2 Dichloromethane 75-09-2 84.9 CH,Cl, 40 1.325
3 Chioroform 67-66-3 119.38 CHCl; 61 1.492
4 Benzene 71-43-2 78.1 CsHe 80 0.874
5 Trichloroethylene 79-01-6 1314 CICH=CCl, 86.7 1.463
6 Toluene 108-88-3 92.1 C¢HsCH3 110.6 0.865
7 Tetrachloroethylene 127-18-4 165.8 ClL,C=CCl, 121 1.623
8 Ethylbenzene 100-41-4 106.2 CsHa(C,Hs) 136 0.867
9 m~-Xylene 108-38-3 106.2 CsHa(CHs), 138~139 0.868
10 p—Xylene 106-42-3 106.2 CsH4(CHs), 138 0.866
11 o-Xylene 95-47-6 106.2 CsHa(CHs), 143~ 145 0.870
12 Styrene 100-42-5 104.2 C¢HsCH=CH> 145~146 0.909
13 1,3, 5-Trimethylbenzene 108-67-8 120.20 CsH3(CHs)3 162~ 164 0.864
14 1,2, 4-Timethylbenzene 95-63-6 120.20 C¢H3(CHa3)3 168 0.889
Table 2. Properties of adsorbents used in this study for VOCs sampling
Adsorbent Mesh Target VOCs %x;nzgrcn) sur?gcegzxf;g /g) ]()ge/rrl;gg, Polarity
Carbotrap 20/40 (n—-Cs) n-Cston-Cya >400 100 0.36 medium
Carbopack B 60/80 (n—Cs) n-Cston-Cy >400 100 0.36 medium
Carbotrap C 20/40 n-Cg to n-Cy >400 10 0.72 weak
Carbosieve-SIII  60/80 —60°C —80°C (b.p.) 400 820 0.61 strong
Carboxen 1000 60/80 —60°C —80°C (b.p.) 400 1200 0.44 strong
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Type A: Carbotrep C 100 mg /Carbopack B 300 mg /Carboxen 1000 150 mg
Type B: Carbotrap C 100 mg /Carbotrap 300 mg /Carbosieve SHI 150 mg

Fig. 1. Schematic diagram of a triple sorbent tube.
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Table 3. Operating conditions for thermal desorption and GC/MS analysis

ATD 400 (Perkin Elmer, UK)

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

Oven Temp. 300°C

Desorbing time and flow 10 min, 80 ml/min

Cold trap holding time 5 min

Cold trap high temp. 300°C

Cold trap iow temp. 5°C

Cmpins SOOI
Min. pressure 25psi

Inlet split No

Outlet split 10 ml/min

Valve and line temp. 200°C

GC Column Rtx-502.2 (0.32 mm, 105 m, 1.8 um)
Initial Temp. 30°C (10 min)

Oven Ramp Rate 4°C/min

Final Temp. 230°C (10 min)

Column Flow ~2.5ml/min

Detector Type Quadropole

Q-pole Temp. 150°C

MS Source Temp.  230°C

Mass Range 35~300 amu

Electron Energy 70eV
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Table 4. Time programming and characteristic ions used in SIM mode GC/MS analysis

G&%“ p SS tcaﬁl?:gl% I;? f;k Compounds . S?lected ions (m/z) .

: : Primary ion Secondary ion
1 5.0 min 1 1, 3-Butadiene 39 54
2 10.0 min 2 Dichloromethane 49 84
3 15.0 min 3 Chloroform 83 85
4 20.0 min IS1 ds—-Benzene 84 56
4 Benzene 78 51
5 23.5 min 5 Trichloroethylene 130 95
6 28.0 min 6 Toluene 91 92
7 31.0min 7 Tetrachloroethylene 166 131
8 34.0min 8 Ethylbenzene 91 106
9 m-Xylene 91 106
10 p—Xylene 91 106
11 o—Xylene 91 106
12 Styrene 104 78
9 40.0 min 13 1, 3,5~ Trimethylbenzene 105 120
14 1,2,4-Timethylbenzene 105 120
10 45.0min 1S2 drs-Dodecane 66 50
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Fig. 2. Typical examples of GC/MS chromatograms for
standard and field samples.
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USA)S} SekzAAA 7} 2239 A2 HZ (Supel-
co, Inc., USA)YS A}8-3ld 1.5me] Fo]ojA 1.0L
/min®] $o2 oF 247} B4 T2 Al
o omg 9z &% PaiE AARNI] sl 10
cm(i.d)x10cm?] HEZ2 EH KI AL Ae
2 &~ =2)W& DNPH-Silica 7FE2]A] Qoff A3
3ted Al2E AFstder HHD AE2e 424
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3) HPLC SA4ateH

DNPH$} HH-&3led 3415l DNPH-carbonyls -
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Table 6. Operating conditions for HPLC analysis
Shimadzu LC-9A Two Pumps System

Shimadzu SCL-6B System Controller

Rheodyne 7125 with 20l Sample
Loop

Ci3 Column (0.39 X 15 cm, Nova-
Pak, with a Cg Guard Column

Shimadzu CTO-6A temperature
Controller

Shimzdzu SPD-6AV UV/VIS Detec-

Pump

System Controller

Injector

Analytical Column

Oven Controller

& A4 =2 HAste] Agatan Detectors in
2) BIZL A| 2 RYE A Calculation Shimadzu CR4A Data Integrator
- . Water/Acetonitrile/Tetrahydrofuran
carbonyls®] &A% 918 1.0cmx2.0cmXx4.3 Mobile phase 50%/45%/5117;, Y
cm®] 7}E2]X|)| 350 mge] DNPH-Silica(1.0mg  Flow rate 1.5 mL/min
DNPH)7} 243 7}E2] %] (Waters Associates, Detection Absorbance at 360 nm
Table S. Physico—-chemical properties of target carbonyl compounds
No. Compounds CAS No. MW Formula b.p.(CO) d(g/mL)
1 Fomaldehyde 50-00-0 30.03 HCHO -19.5 1.083
2 Acetaldehyde 75-07-0 44.05 CH3;CHO 21.0 0.788
3 Acetone 67-64-1 58.08 CH;COCH;3; 56 0.791
4 Acrolein 107-02-8 56.06 H,C=CHCHO 53 0.839
5 Propionaldehyde 123-38-6 58.08 C;HsCHO 46~50 0.805
6 Crotonaldehyde 123-73-9 70.09 CH3CH=CHCHO 104 0.846
7 Methacrolein 78-85-3 70.09 H,C=C(CH3)CHO 69 0.847
8 2-Butanone 78-93-3 72.11 C;HsCOCH3 80 0.805
9 Butyraldehyde 123-72-8 72.11 CH;CH.CH,CHO 75 0.800
10 Benzaldehyde 100-52-7 106.12 CsHsCHO 178~179 1.044
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Y 23 F 7 FE9 GFEFARY AlaAF
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23 F4A9 § -2 A% 9ok s 2
2B B o) = FARY S4E 3
7bstgic). 3, EF A8 9A] Type Ash Type B
o gAwe] 2EEWIaE A9 Nz oe
oz 27 2MEA TA Po} AR B
A EASHT VOCs 2 ARA A7k
Type AS} Type BS) Fa-atel djs] 2249 o
53} 7 A4 (response factor) & o] &8
97}slgl om, 2 A3 Table 74 29314
Table 76 V}Epd whe} o] debzt 9 GCRA
o) 23 AL H7hR A}, Type Ash Type B
o Fae) dal 2% 02% olvel Aoz e
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Table 7. Comparison of overall precisions of differently packed triple sorbent tubes used for VOCs sampling

Retention time (min)

Response factor®

No. Target VOCs A Type Tube B Type Tube
Mean RSD

Mean RSD Mean RSD
1 1, 3~Butadiene 8.214 0.1% 0.012 11.2% 0.013 9.4%
2 Dichloromethane 14.345 0.1% 0.014 3.8% 0.014 3.1%
3 Chloroform 19.820 0.2% 0.016 8.2% 0.017 2.7%
4 Benzene 23.050 0.2% 0.020 6.8% 0.020 4.6%
5 Trichloroethylene 25.383 0.2% 0.011 8.3% 0.011 3.1%
6 Toluene 30.444 0.2% 0.031 8.2% 0.032 3.3%
7 Tetrachloroethylene 33.141 0.2% 0.018 5.7% 0.018 2.9%
8 Ethylbenzene 36.630 0.2% 0.035 13.0% 0.037 4.7%
9 m/p-Xylene 36.946 0.2% 0.022 12.1% 0.024 6.0%
10 o-Xylene 38.794 0.2% 0.026 14.7% 0.029 6.0%
11 Styrene 38.921 0.2% 0.017 40.7% 0.023 6.0%
12 1,3, 5-Trimethylbenzene 42.540 0.2% 0.222 37.7% 0.271 18.3%
13 1,2, 4-Trimethylbenzene 44.234 0.1% 0.151 38.2% 0.212 13.6%

a) Reponse factor (ratio/nL) was estimated by the ratio of each peak area to that of a corresponding internal standard divided bythe spiked

standard gas volume (nL)-mean of six replicate runs
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dutd o7 7] &2 34 (lower detection limits,
o]3} LDL)S] H7}oll QA e 71714 &34 (ins-
trumental detection limits, ©]&} IDL)$} ¥} 7 &3}
Al (method detection limits, ©]3} MDL)® 83}
o S3gch IDLE SAX o2 GC A=rte1y
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A2 signal @ noise?] ®B](S/N 88 7|Foz F
A=, 712" o2 IDLE GC HAMeA mznts
23 Akl YElE peak®] QA 7|Eo R A 4H
A HE2g 3 F2A4L WS agx & 4 stk
22t IDLe &3t AE3A 342 BAGAA
o] F34 A GC AR 2 A&7y A=
of mel ¥ 4 glema I AArF A et
I 4 glon AdHEd oyl agn & $
Sl=}. ¥4, USEPAS] 2j3 MDL $32 99%2
A rz BAYAERL A5 57} zerod) T2
9 2aE 4 3l £F02 A5 (USEPA,
1990). MDL9] FA ub§& RE IDL2] 3~5u]
Ax HE 3 2o 2F5EAE Wilez 3
28 73] o]Ae] ubg- RS S83 F 7} B4
9 &4 Fxol NI EFEHAA(SD)F |43} o}
g2} 22 A& o] §-3le] AAHEITL (USEPA, 1990).

MDL =¢(n-1, 0.99) X SD

o714 t(n-1,0.99)= A&%= n-1,1% &24F
o419 student-t Zto]™d nd HHEEM g 9n|
gt o)s} Zbe] 33 MDLo| F&= gful& AA
EA7171 4l A 9] A HETATE ofd #
ARzl A" EHANE T HETA
of HE AHE Foe FHA VOCs £33
2ol o8] A9 As A FAHE AXE £H

Table 8. Comparison of sensitivities and detection limits for target VOCs analyzed by GC/MS with SCAN and SIM modes

Sensitivity?

VOCs (106 area/nL) IDLY (nL) MDL® (nL)
SCAN SIM SCAN SIM SCAN SIM
1,3-Butadiene 0.38 1.70 0.026 0.006 1.4 04
Dichloromethane 0.42 1.02 0.024 0.010 1.1 0.2
Chloroform 1.15 2.62 0.009 0.004 0.5 0.1
Benzene 1.38 3.48 0.007 0.003 14 0.5
Trichloroethylene 0.73 1.77 0.014 0.006 0.8 0.2
Toluene 1.75 4.44 0.006 0.002 0.8 0.2
Tetrachloroethylene 1.01 2.37 0.010 0.004 0.6 0.2
Ethylbenzene 1.91 49 0.005 0.002 0.9 0.2
m/p—Xylenes 1.23 3.22 0.008 0.003 1.4 0.6
o-Xylene 145 3.67 0.007 0.003 1.0 0.3
Styrene 0.91 2.05 0.011 0.005 1.6 0.2
1,3,5-TMB 1.27 2.87 0.008 0.003 1.2 0.2
1,2,4-TMB 0.86 2.00 0.012 0.005 1.3 03

a) defined as the peak area divided by the spiked standard gas volume (nL) for each target compound (mean of seven runs).
b) Instrumental detection limit (IDL) was estimated by application of 3 times signal to noise ratio to each VOCs.
¢) Method detection limit was estimated by seven replicate analyses, see the text for details.
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YAEA o] 7= Table 8o JeERd ule} 3ro)
AR oz SCAN R=ro: SIM 2=7} o $
3 Zlog zAMES e, 44 vl 3ol 7]
4 7A2&34 94 SIME=7} SCAN 2= ®o}
453 9% Aoz vepgo. o)t Fe) FA
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ARE o] g3t BANRE ez FA¢ A
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Fig. 3. Duplicate precisions of target VOCs for field samples.
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