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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.
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.M B

Adtz o 2 3|94 -57]|315HE (volatile organic com-
pounds, ©|3} VOCs)o|gt AL - AFolA di7] S
7R HEHe f71REE S XU 9
et M7 S 2R Al2E A0 = A3k
- 77184 2 Y] EEEA SRR BA F
FBA7| WO A} Folste] A= Aoz H ot

o, g fr1stE FAAE 2 B2 (&

TA] A2012-130%, 2012.7.27)°] whe} obH| EL Y| 3]
AL S 5 370 £ 2 AES AN R
3 It VOCs+= theFet viE oA sijE s =t &
g5 FAtR oSt =Ue L {718AA R
o7} MA wiEF] 62.1%F AA|ste] 7H 2 viE
o] = glom, thFog YA FolA 18.3%,
52 -HER olFeEHAdA 9.6%5 FAT= AL
2 &8 A QI (Ministry of Environment, 2015).

VOCse] BA3A A4S QWHOR = 7hx) =
"oz Qord 4= Qth AR E WFE H@ileat &
23} gefpafel Zo] I AA= Ao AHA e
2 {8t 2asty S, SR 294 g3
20t o] I AARE A gk @A [
23X goy 7] FolA AaAEE ] FEA-S
o Brofsto] oM o2 0ET Sejs|= R B 4
M) £ S ke &9 B Ara9
ATFERAZA L IS 5 4 Qlth(Field et al., 1992).

o] VOCs= 1 T/ HAggo] B3 - thofd #
g otz SFRAT Y WAE ooz Qlsty
ofghitztAy WA9F T2 g dWtAQl 7| e dE
Aof vjsf o7 71x] SHolA HHg Bt FE &
Fo= QlAFo] gt AAY7] 5 EAst= VOCs 9
AL A Upo] @A A=Y fF et E4L
Z Ao ¥ 3Y3}= On-line =4 (Son et al., 2009; Badol
et al., 20041} 7Y 2 E (canister)Q} T2 HAHL7|E
AHgstel VOCsE 893 2715 A A
(USEPA, 1999a; Na er al., 1998), 121 SxA|e} 7

o |1 o K

)

I

D71 A 2 A A3 &

< WA (media)E AHESh= WHOZ 728 + U
(Baek et al., 1999; USEPA 1999b; Woolfenden, 1997).
o|AH o7 FF AFAYHAA A S A
3t7] Aeids A s S, 24AIEE Y
FE9 712, AN EY T WY o0 &2 54
Ao 2 5& 53] asfoF gt

On-line SAHL2 =] 44 Fejo] A55%
AE 2% GCE A= 3715 2 AF st
AHBRNA vt2 E4sts PR vlad I
WdE otk o] W2 A=) %ol Fa glo
o A7 FA Z40) Thssiths Aol e A
@Rl GCot 22 2A7IAE ALSETAY 23
Al ARG Sl HA G 5& Fulsof ke o R
A3 ot F7 Aol A AEHA H3t
I ARG AREE O e dA ol £3] o] 55A
A o8 AF=RANA Bol o8-t (Son et al.,

2009).

AU2ES 2 HAHE71E 0§38t A A<
AHEglol 3715 AR AF sk WS VOCs9] 3
o QlojA EEAA Yoz AT glom A=
o= EPAS] 3732 AF AT TO-14004 Uyt
4 gi7] & VOCse & o2 AMgET gtk

ZEE
(USEPA 1999a). 7jUI 28] M-S A Th A=l o
8719 Aol Y Fa BAZ gt 3
ARG Bl Aot ABHE, PABLS FHAAY 3
HBAY Aol §7I0Re ERT Mo 2H
artifact 347} 4 A& orF 4 ik u
b UL PHe Qurdo M3y BAS g
o2 AMEHM vl EPAY TO-140]4 % F2 H|54
VOCsEL2 g ditez FAs Ut (USEPA
1999a).

AHNAE olgstel BT/l F VOCsE A3t
£ el duHos Fholg
YHBHAZ o §3H FHW AAYOE R
oAtk B4 SEAFS A4 4L o] g3

_‘g_

JuAEE F2 {718z ©

ok



A Y26 E

Az A& FU E4E0] I AMES7|7 AThE 4
ZELHB|EY o ELH S E T 22 ARA 7t
2rd7 stESo 2 Aol AgtE o] gtk (Hwang
et al., 1998). Wi o] Bk} 7o VOCso] diafjA=
AdHoez B4 A=E ¢ 5 AT AHSHAT
ot FAAE 085t 2T AF ol Bt Hol
o] &H Utk FTol= EFLTSIEY N ELT
3t 59 7l2E YA FE] Hfol= dHAHY
A Al ERREAIRE ZRAIZ] FRAIE ]85t
= AgFo] TR 1L 9lth(Seo and Baek, 2011).
dutdo s FAW YFPHLS v 2 A
222 ThEol7 Tl JFFRHAE SAN FHRF
BHE o]&sty o3 FEjo RHWS oA HEZES
o] g3t F71E FUAIA VOCsE F2HAol S2HA|
e S5 T 2gEae SR e S
olgske 454 WHoR TRAL £54
22 AT e EX A A AFRE
Au7k At Agab) ekt AL
HArEY g e »
A E)31 9Jth(Baek and Moon, 2004). wa}A]
BAY7) ZHANE AHoR BE BAE v
A A2 4 e 554 Bl g ol §HT 9]
t}(Woolfenden, 1997). 28|y} SZIHL HHE 2X4
o 75T AFgelE Ao et 53} (break-
throughy#F-F& ARG F o= 5 UEHEY &
A A ¢t} (Baek and Moon, 2004). o]} Zro]
VOCs A& FHLe dA7IA L= oj» 32 935}
Hebe T AR SR erom Wit s s
A9l - BEL AT ek ol AR A2y
o we VOCs 274 Aok A2 thad yed 47
et He AARIT meka Aoz YY)

Mo

flo o r
N

3o
o
2 hu

] Z

¥ 2 oE ox

o
<
i
L

J31d0] o

ja)
o
il
B

I‘I(‘

IF

Fol A FEE EA5HE VOCs 2ol glolA £44
= 9 PEpee] Prhs e Faw ong 2
o

ol gt WA & AolXe &% ti7] F VOCs
= 242 9iste] A4 7P ol olgH T 9k

H F9 shtel S T AYLE “”ﬂ%
NEE qo ofe ZHolA ulw Brhskna) }aa
o} ol Sistel @ AP W BAYEBeR of
Uz A2 o2 T AgA 710 BRI E 524

29 AANRE o 242 Brskech A7tk

ol m>. l’

I‘

o Aoz FPRATLY Fa4o] 2 C.C,

g s en, AT
UAH/AL-8Z/GC/MS
@91 4587 (i) %i—. HE2/GC/MS B9 A5
F7%, (iii) TAI &2 Faol A S5 HFE VOCs A|
2o gk A 7H AR E Bl A 2L
2 e vprgez 2 Aol obF o]
A AR AH B 24T FYEHA 1T IR
VOCso| tigt S47Fs4d< 3 }o}oﬂ I 2AdE &
H3tazt stq. AnHor B d7elA sotd
VOCs ZA o] WAlE BAH 2 =3 ko) 3gt
Ao) that AR Q] AR L 3FS VOCs AF& 9] o] &t
s40l QlolAl Bk ohe, ole} fARE AL A9
Sk AU WY FU B AFAEIAE FolT 3
BHE AT € Aoz Aedn

2. Mg ¥ uy

2.1 voC EFHY=E

2 ATNE BAR A 4850) SATRIhAE
4 3 PP BUPE e 2470 2
=7 (target VOCs)Z AR5 AT
4821} EA ) 7]7-3E4 (hazardous air pollutants, ©]
5} HAPs) X3 of 2 9 AFFE4 2459 A
W& & 1] Yehfigich

i)
T
ox

mlo
AN
o
Mo & o
ox

2.2 FHLIAE Wl 23 voCs £H

2.2.1 ANz iFE7| =H|
AR A A8 AU LB Ao 2T 2
o B FUst, 2§ ARFA QB g 7
A7) 9 mEE AL RS At o)
2L A Ao AFOIRE AclA R Balstgo
AULEe DEE A4S FY F 24T F R
g o%g Balstgict 2@ gl At g
UAHE 9% ¥ g AR AF 2K musty

Ny

B2 T opR of

2

2.2.2 ANz MF U™
@ A= Q3 MULEE o8t 347 A
st ojuf AHYLAE 7S] =2 —30inchy, oAl

J. Korean Soc. Atmos. Environ., Vol. 32, No. 3, 2016



08 WAL A AN HRE - oUE - T

Table 1. Priority HAPs listed by Ministry of Environment and Target VOCs in this study.

No. Compounds HAP Fl;?ggét No. Compounds HAP "l;?z)gét
1 Dioxins o 25 Acrylonitrile o v
2 PAHs o 26 Acrolein v
3 Benzene ] v 27 Aniline ¢} v
4 Ethylene oxide o v 28 Di(2-ethylhexyl)phthalate
5 1,3-Butadiene o v 29 Epichlorohydrin v
6 Vinyl chloride ¢} v 30 Vinyl acetate v
7 Dichloromethane o v 31 Nitrobenzene v
8 Styrene ¢} N 32 Dibutyl phthalate
9 Tetrachloroethylene ¢} v 33 Phenol ¢} v

10 Propylene oxide o v 34 Cobalt & compounds

11 Chloroform ¢} v 35 Phosgene v
12 1,2-Dichloroethane o v 36 Asbestos o

13 Ethylbenzene o v 37 Chlorine o

14 Trichloroethylene o v 38 Diesel & gasoline exhaust

15 Carbon tetrachloride o v 39 2-Ethoxyethylacetate

16 Beryllium & compounds o 40 Carbon disulfide v
17 Cadimium & compounds o 41 2-Ethoxyethanol

18 Chrome[VI] & compounds o 42 Hydrazine o

19 Arsenic & compounds o] 43 N,N-Dimethylformamide

20 Lead & compounds o 44 Acrylamide v
21 Nickel & compounds o 45 Dimethyl sulfate v
22 Mercury & compounds o 46 2-Methoxyethanol

23 Formaldehyde o 47 Methylene diphenyl diisocyanate

24 Acetaldehyde o 48 Toluene diisocyanate
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Exhaust

Humidifier

Calibration manifold
Calibration Zero air
gas cylinder cylinder

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.

309

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

Gas chromatography

Column: J&W DB-1(60m X 0.32mm X 1 pum)
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 Ion source temp: 200°C
EI: 70 eV, Mass range 33~350 amu

Abundance
240000
220000
200000
180000
160000
140000
120000
100000

80000
60000
40000
20000

Time —

Abundance
120000
115000
110000
105000
100000

95000
90000
85000
80000

10.00 15.00 20.00 25.00 30.00

Time — 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00

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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datgich EE2EYTIATE FAEE ot A2 Ho
Faoly AHoz Q3 £40] A7) FES 7tav)

T2 ¢ B EI|EHE o] 85to] dEWE 40°C ol
o] lm % A3

REAR 9 WRAR0] BRE VOCse] Bl
A5 Ee2HAR] (ATD-400, Perkin Elmer, UK)7} GCZ
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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 10 min, 90 mL/min
Cold trap holding time Smin

Cold trap high temp. 350°C

Cold trap low temp. —30°C

Cold trap packing

Min. pressure 20 psi
Inlet split No

Outlet split 10 mL/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 ~2.0 mL/min

Detector type Quadropole

Q-pole temp. 150°C

MS source temp. 230°C

Mass range 35~300 amu

Electron energy 70eV

D71 A 2 A A3 &
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Abundance
1900000
1800000
1700000
1600000
1500000
1400000
1300000
1200000
1100000
1000000

900000

400000
300000

200000
100000

Time — 5.00 10.00 15.00 20.00 25.00

Abundance

1900000
1800000
1700000
1600000
1500000
1400000
1300000
1200000
1100000
1000000
900000
800000
700000
600000
500000
400000
300000
200000
100000

Time — 5.00 10.00 15.00 20.00 25.00

off.

7} 311

30.00 35.00 40.00 45.00 50.00 55.00

30.00 35.00 40.00 45.00 50.00 55.00

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.
RT" Rel.)ejat— MDL? Re}‘)ejat— MDL Dupl‘ic.ate
Compounds ppb (min) ability (ppb) vOC ability , Pprecision
(%) @) "e PP (%)

Chloromethane 8.8 541 1.4 0.04 1,3-Butadiene 12.9 1.0 0.02 3.3
Vinyl chloride 92 623 1.2 0.02 Freon 11 11.9 2.6 0.02 29.8
Bromomethane 8.9 744 2.0 0.04 1,1-Dichloroethene 12.8 1.8 0.02 0.1
Ethylchloride 9.1 8.03 2.5 0.05 Methylene Chloride 14.6 1.6 0.02 66.8
1,1-Dichloroethene 9.2 11.10 1.9 0.03 cis-1,2-Dichloroethylene 14.1 1.8 0.02 0.0
Methylene chloride 9.3 11.40 1.5 0.02 Chloroform 17.5 4.6 0.04 2.0
1,1-Dichloroethene 8.8 13.14 2.2 0.02 1,2-Dichloroethane 12.2 6.9 0.07 0.1
1,2-Dichloroethene 8.9 1431 2.1 0.03 1,1,1-Trichloroethane 19.1 50 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 5.1 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 17.1 13.6 0.10 27.0
Carbon Tetrachloride 9.0 16.66 1.8 0.02 Toluene 15.7 1.1 0.01 24.9
1,2-Dichloropropane 89 17.48 1.7 0.02 Tetrachloroethylene 17.5 2.1 0.01 8.4
Trichloroethylene 8.8 17.78 2.6 0.02 Chlorobenzene 19.6 1.2 001 0.6
cis-1,3-Dichloropropene 8.5 18.83 2.1 0.02 Ethylbenzene 14.5 0.7 0.01 32.6
trans-1,3-Dichloropropene 8.5 18.83 2.1 0.03 m,p-Xylenes 14.1 09 0.01 31.8
1,1,2-Trichloroethane 8.2 19.68 1.4 0.02 Styrene 14.9 1.2 0.01 25.2
Toluene 8.3 20.05 2.0 0.03 o-Xylene 14.6 0.9 0.01 26.9
1,2-Dibromoethane 8.2 20.88 1.3 0.02 1,3,5-Trimethylbenzene 20.8 09 0.01 8.5
Tetrachloroethylene 8.1 21.51 2.6 0.02 1,2,4-Trimethylbenzene 24.5 0.9 0.01 29.1
Chlorobenzene 8.3 2241 2.1 0.03 1,2-Dichlorobenzene 22.7 2.8 0.02 0.1
Ethylbenzene 8.0 2295 2.1 0.03 YRSD of 10 replicate analysis; R 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 = QIZAL =H :
o0-Xylene 82 2386 15 003 M. ol 7 A= 2ke] DA SEARA (dupli
1,3,5-Trimethylbenzene 74 2594 21 003 cate precision)o|2t gttt &, FEAIY =(IX, -
1,2,4-Trimethylbenzene 72 2664 19 0.03 X,[/X) X 10022 AFol=n, o7] 4 X2 3 HA A=
m-Dichlorobenzene 7.0 26.87 1.0 0.03 o] = =2 S
p-Dichlorobenzene 6.9 2699 0.6 0.03 o =3, X= F MA Almel $47, Xe F AR
o-Dichlorobenzene 57 2760 11 0.02 o] HFZHS YERdTE B dFo)A VOCs HEEZ 0
1,2,4-Trichlorobenzene 5.9 3111 3.6 0.03 3t FEAEALS 7 23 7 59 YeE )
Hexachlorobutadiene 32 3215 2.3 0.01

DRT: retention time; 2 MDL: method detection limit.
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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 1.17 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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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-
pling: JW2 (Jungwang-2-dong), JWB (Jungwang-bon-dong), WSD (Wonsi-dong), ASY (Ansan-Yeok).
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Table 7. Statistical summary of comparison studies for VOCs data determined by canister and adsorbent tube methods.

Compounds n  MDP’(%) MREI”(%) MREII” (%) 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 2.5 1.5 72 - 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 32.1 102.0 -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 1.6 11.7 - 0.32 0.32 0.32
Tetrachloroethylene 53 7.5 17.4 5.5 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 2.5 1.5 7.2 - 0.32 0.32 0.32
o-Xylene 53 63.6 114.4 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 2.4 1.5 6.4 - 0.32 0.32 0.32
1,4-Dichlorobenzene 53 2.4 1.5 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 2.9 1.6 12.8 - 0.32 0.32 0.32

| canister data — adsorbent data|
X100

Y MDP (mean duplicate precision) = 72 mean of two datz

2 1 &, (|canister data — adsorbent data\\
MRE I (mean relative error I) = 72 canistor data ) X 100

ni=i

3 | canister data —adsorbent data |
MRE II (mean relative error IT) = —Z X 100

adsorbent data

YR: correlation coefficient between canister and adsorbent data; \

¥ p: significance level;

Y WRST: 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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