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Abstract

Recently, there has been a keen demand for real-time automatic monitoring of VOCs not only in Korea but other
developed countries. We carried out this study to evaluate and to optimize the performance of a continuous automatic
monitoring system for hazardous VOCs(HVOCs) in the ambient atmosphere, using an on-line GC system. The on-
line system normally consisted of a Nafion dryer prior to a cold trap of an automatic thermal desorption apparatus
and a GC system equipped with two detectors, i.e. PID and ECD. Preliminary tests conducted to check out any con-
tamination of the system revealed an evidence of significant artifact formation of benzene, and it was found that the
Nafion dryer (even brand new one) is the source of the benzene artifact. Thus, all the subsequent experiments in this
study was carried out inevitably by removing the Nafion dryer.

The on-line GC method was investigated with a variety of QC/QA performance criteria such as repeatability, linear-
ity, lower detection limits, and accuracy. In order to find out the best operating condition for the on-line GC system,
three different types(in terms of adsorption strength) of cold trap combinations were tested, i.e. (i) Tenax-TA and
Carbopack-B combination (weak and hydrophobic); (ii) Tenax-TA, Carbopack-X and Carboxen-1000 combination
(strong and hydrophilic); and (iii) Tenax-TA and Carbopack-X combination (medium and hydrophobic/hydrophilic).
The USEPA TO-17 manual method was selected as a reference method to evaluate the performance of the on-line
method. A series of experiments reveded that the system performance was superior to others when a cold trap packed
with hydrophilic adsorbents(Tenax-TA/Carbopack-X/Carboxen-1000 combination) was used and operated at 25°C.
However, the system with a cold trap packed with a combination of Tenax-TA and Carbopack-X is more recommend-

*Corresponding author.
Tel : +82-(0)53-810-2544, E-mail : sobaek@yu.ac.kr

J. KOSAE Vol. 25, No. 6(2009)



524

b

e}

.‘_‘i_k] . }\{og_;ﬂ_ . o]%i‘—:]_ . o]\:‘v_E . %XIA_«] . ullug_gl_

ed for field applications since the carboxen-1000 adsorbent is too sensitive to water vapor, and hence the performance
of the system might be very unstable to humid samples or during rainy days. Furthermore, the precision and accura-
cy criteria of the Tenax-TA/ Carbopack-X combination were generally compatible with the triple adsorbents cold
trap. The continuous automatic monitoring method is, thus, considered very useful to real-time monitoring to under-
stand the variations of VOCs concentrations in ambient air, as it adopts much simpler procedures in sampling, analy-
sis, and data integration steps than manual monitoring methods. However, it should be noted that there is a high
possibility of benzene artifacts formation through the Nafion dryer, which is often installed to remove water vapor
in air samples before being adsorbed onto the cold trap. Therefore, if a Nafion dryer is used in any studies of moni-
toring VOCs, the benzene contamination should be carefully examined before carrying out obtaining the data.
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Fig. 1. Schematic diagram of continuous monitoring system for hazardous VOCs used in this study.
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Fig. 2. Schematic diagram of the air sampling part of the on-line GC system.
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Table 1. Operating conditions for continuous monitoring system for hazardous VOCs.

Air server
Sampling time
Sampling flow rate
Thermal desorber

Air server, Markes, UK

60 min

50 mL/min(Total 3L)
Unity, Markes, UK

Cold trap hold time 5min
Cold trap (low temp) Tenax-TA/Carbopack-B (4°C), Tenax-TA/Carbopack-X/Carboxen-1000(25°C),
Tenax-TA/Carbopack-X (10°C)
Cold trap high Temp. 300°C
GC CP-3800 GC, Varian INC, USA
Column CP-Sil 5CB Capillary column (60m x 0.32mm x 5um, Varian INC, USA)
Column carrier gas flow 5.3 mL/min
Column oven
Step Temp. (°C) Rate (°C/min) Hold (min) Tota (min)
initial 40 - 10.00 10.00
1 250 5.0 5.00 57.00
PID Model 4430, O-1 Anaytica, USA
Column carrier gas flow 5mL/min
Lamp ionization potential 10.6 EV
Make up gas flow 16 mL/min (Nitrogen, N,)
Sweep gas flow 16 mL/min (Hydrogen, H,)
Oven power Temp. (°C) Electronics Range Auto zero
on 250 on 11 yes
ECD Model 0200197201, Varian INC, USA
Column carrier gas flow 0.3 mL/min
Contact potential 400 mvV
Make up gas flow 28 mL/min (Nitrogen, Ny)
Oven power Temp. (°C) Electronics Range Auto zero
on 300 on 10 yes
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Table 2. Instrumentations and operating conditions for the standard reference method (TO-17 method).

Unity/Ultra(Markes, UK)

GC/MSD (HP6890/5973, USA)

R

Oven temp. 300°C GC column Rtx-1 (0.32mm, 105m, 1.5um)
Desorb time and flow 10min, 50mL/min Initial temp. 50°C (10 min)
Cold trap holding time 5min Oven ramp rate 5°C/min
Cold trap high temp. 320°C Final temp. 250°C (10 min)
Cold trap low temp. -10°C Column flow 1.5°C/min
Cold trap packing TenaxTA/CarbopackB Detector type Quadropole
Min. pressure 16psi Q-poletemp. 150°C
Inlet split No MS source temp. 230°C
Outlet split 10 mL/min Mass range 35~300amu
Valve and line temp. 180°C Electron energy 70eV
Table 3. Physico-chemical properties of target HVOCs.
Retention time (Min)  primer BP  OnlineGC
Component CASNo. Omline GC To.L7 ion y Formula M.W CC) detector
1,3-Butadiene 106-99-0 4371 11.307 39 C,He 54.1 -44 PID
Chloroform 67-66-3 15.657 20.402 83 CHCl3 1194 61.7 ECD
1,1,1-Trichloroethane 71-55-6 18.084 22.677 97 C,H;Cl5 1334 74.1 ECD
Benzene 71-43-2 19.133 23.717 78 CsHe 78.1 80.1 PID
Carbon tetrachloride 56-23-5 19.498 24.070 117 CCl, 153.8 76.7 ECD
Trichloroethylene 79-01-6 21.489 26.011 95 C,HCl; 1314 86.7 ECD
Toluene 108-88-3 25.585 30.300 91 C;Hg 92.1 110.6 PID
Tetrachloroethylene 127-18-4 28.188 33.086 166 C,Cl, 165.8 1211 ECD
Ethylbenzene 100-41-4 30.598 35.641 91 CgHyg 106.2 136.2 PID
m-Xylene 108-38-3 31.026 36.055 91 CgHyg 106.2 139.1 PID
p-Xylene 106-42-3 31.026 36.055 91 CgHyo 106.2 138.3 PID
Styrene 100-42-5 31.893 37.034 104 CgHg 104.2 145.2 PID
o-Xylene 95-47-6 32.181 37.326 91 CgHyo 106.2 144.0 PID
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Fig. 3. Comparison of GC/MS chromatograms for ambient air samples simultaneously sampled with and without a
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Table 4. Characteristics of selected adsorbents used for on-line GC.

Adsorbent Analysisvolatility range Max. temp. Surface area(m?g) Adsorption strength
Tenax TA n-C; to n-Cyg >350°C 35 Weak
Carbopack B n-Cs to n-Cy, >400°C 100 Medium
Carbopack X n-C;to n-Cy >400°C 250 Strong
Carboxen 1000 n-C,ton-Cs >400°C 1200 Strong

Table 5. Comparison of HVOCs concentrations simultaneously measured by the TO-17 reference method and the on-
line GC with a cold trap packed with Tenax-TA/Carbopack-B adsorbents.

On-line GC (n=33, ppb)

TO-17 (n=33, ppb)

5 MDP*
Component - - - - R o

Mean Median Max Min Mean Median Max Min (%)
1,3-Butadiene 0.05 0.00 0.26 0.00 0.00 0.00 0.00 0.00 - —
Chloroform 0.06 0.05 0.14 0.00 0.04 0.04 0.14 0.00 0.684 46.8
1,1,1-Trichloroethane 0.05 0.05 0.10 0.02 0.03 0.03 0.09 0.00 0.289 55.0
Benzene 0.44 0.43 0.82 0.16 0.53 0.49 0.91 0.25 0.730 24.3
Carbon tetrachloride 0.15 0.15 0.28 0.12 0.08 0.08 0.15 0.02 0.017 70.2
Trichloroethylene 0.44 0.44 0.99 0.01 0.35 0.29 0.89 0.00 0.896 40.0
Toluene 5.57 5.41 18.64 0.88 5.09 4.49 17.92 0.74 0.956 135
Tetrachloroethylene 0.05 0.04 0.12 0.01 0.01 0.00 0.07 0.00 0.623 164.6
Ethylbenzene 0.63 0.54 153 0.10 0.52 0.43 1.27 0.09 0.958 22.2
m-/p-Xylenes 1.03 1.06 2.19 0.17 0.79 0.77 1.77 0.13 0.932 275
Styrene 0.17 0.12 0.70 0.02 0.08 0.06 0.43 0.00 0.184 100.6
o-Xylene 0.42 0.42 0.89 0.08 0.21 0.21 0.50 0.00 0.765 70.3

*MDP (Mean Duplicate Precision)=| X, —X,| / X x 100%, X=mean of X, and X,

EERE RS

3.2.1 Tenax-TA/Carbopack-B =&te| Hez=#
MSHIt

Tenax TA¢} Carbopack B7} ojgto = Zx =
%%—%& ¥t e A B AT FAY) o
syoz BRA E APelME 2504 F4
A& *P%?‘f} & staov 2] e Eol F
tagS& Sdstr] $lsted *lizﬁfl Al AL
FERET o7t 2 4C2 FA8H AAl
el A _iﬂ}i_ﬂhl‘ﬂl Fe] mAE
stetslr] flsted AlgAF Al d7]e] Adg=
50%% 7|5so=w 453 A89) 7Ax3 A8 IFoe=
T3] GCol AFAIHE Hi vl waldeh 1 A
I ZAxd Aast 3 A 2F AFAl GF
AL 008% ol3ke] kg nPow F 1§71
) o3k 9] 0.05% o] ) 2 viehteh wheba) Nafion
dyerg AAsA gdw A=E AF - BAsH=
AeeHe ] ALoz fA Ay 4¥
o 23k Qe g Ao B gich

ﬁr:
1

i ‘
mlm i

W
_E

to Mg rlo

G

Tenax-TAS} Carbopack-Be] %3gtoz = A%

SR
o2 WiAlex o 1pph =52 TFA =
A2 A4

(o]

2o
= 04% o]sle] TEAwS A}
2FA &S] FeAG] AEA
T 10% o] 2 viepdt ubd 1,3-HEl <l

.
s

X-3

223, A =
AVakd e} GC A FA] ﬁsl ZH&W

o o

> 2AU4E

Bl 1?4

=2 2.z

=

- 2=

=
=

< Fr)er) S8l AlmAF e 3L 7)E

25 $43}o]

L

o] &

-2 107%=

ekt Aaden el whsE Aoz FrhEsl
ok AL 02,05, 1, 2,5, 10pphe] 69H4 = 4

F9 2EARE

el 4

fid

ohd Aoz ehdeh PIDGA 7

7 38 ¥Asigieh 2 A3 130

1,3-Hebe & Al9lska

o2 g Gua A4S
RAEHE
o} TpEe 7%% =4
ehuieh g e] HRAE
EREEREE Y
Qg rhahe A4

=% Ak

NZA 571 0.682A4] wHEE wkEl £F

FFo]

[}
AEEHE EAS

J 2 47} 0.99 o] 4
g} vhHel] ECDollA]

2219 AL 7wy} AZ7]e] A3 IS

CARE

YRehe Aoz
Koz vepd o
Al e 7

J. KOSAE Vol. 25, No. 6(2009)



532 &AM o] FH - oHlE - A - A S
0.30 - 1.2 25
1,3-Butadiene Benzene Toluene
o 025
o
<
= 020
S
8 015
g 0.10
3 005
0.00
1.8 1.0
R Ethylbenzene
g 15 0.8
£
S 06
I
‘g 0.4
c
8 0.2
0.0
0.15 0.15
_ Tetrachloroethylene
2 012 0.12
R
§ 009 0.09
S
e 0.06 0.06
g
§ o003 0.03
. .0 .
0.00 0246 8101214161820222426283032 0.00

0246 8101214161820222426283032
Sample number

Sample number

0246 8101214161820222426283032
Sample number

| ® On-line GC method (n=33)

O TO-17 method (n=33)

Fig. 4. Variations of measured concentrations of HVOCs analyzed by the TO-17 and the on-line GC methods with a
cold trap packed with Tenax-TA/Carbopack-B adsorbents.
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Table 6. Comparison of HVOCs concentrations simultaneously measured by the TO-17 reference method and the on-
line GC with a cold trap packed with Tenax-TA/Carbopack-X/Carboxen-1000 adsorbents.

On-line GC (n=29, ppb)

TO-17 (n=29, ppb)

2 MDP
Component - - - - R 0,

Mean  Median Max Min Mean Median Max Min (%)
1,3-Butadiene 0.40 0.28 2.00 0.04 0.24 0.16 0.75 0.03 0.246 74.0
Chloroform 0.13 0.11 0.38 0.02 0.07 0.05 0.18 0.01 0.373 58.7
1,1,1-Trichloroethane 0.04 0.03 0.08 0.02 0.03 0.03 0.07 0.01 0.772 29.7
Benzene 0.65 0.55 197 0.19 0.77 0.66 2.00 0.26 0.981 20.5
Carbon tetrachloride 0.16 0.15 0.29 0.12 0.10 0.09 0.18 0.06 0.708 48.9
Trichloroethylene 0.38 0.32 1.12 0.05 0.34 0.26 1.05 0.03 0.976 15.6
Toluene 4.83 4,72 11.49 1.09 517 5.10 12.20 111 0.997 6.7
Tetrachloroethylene 0.06 0.04 0.19 0.01 0.04 0.03 0.14 0.00 0.838 515
Ethylbenzene 0.60 0.49 2.15 0.08 0.59 0.49 214 0.07 0.997 5.4
m, p-Xylenes 124 0.86 5.81 0.17 1.18 0.82 5.93 0.15 0.997 8.7
Styrene 0.14 0.13 0.66 0.02 0.12 0.08 0.59 0.02 0.900 36.5
o-Xylene 0.44 0.30 2.06 0.06 0.32 0.22 1.60 0.04 0.994 35.6
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Fig. 5. Variations of measured concentrations of HVOCs analyzed by the TO-17 and the on-line GC methods with a
cold trap packed with Tenax-TA/Carbopack-X/Carboxen-1000 adsorbents.
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Table 7. Comparison of HVOCs concentrations simultaneously measured by the TO-17 reference method and the on-
line GC with a cold trap packed with Tenax-TA/Carbopack-X adsorbents.

On-line GC (n=34, ppb)

TO-17 (n=34, ppb)

2 MDP
Component - - - - R 0

Mean  Median Max Min Mean Median Max Min (%)
1,3-Butadiene 0.19 0.14 0.70 0.00 0.05 0.04 0.11 0.01 0.430 108.4
Chloroform 0.09 0.06 0.26 0.03 0.06 0.04 0.16 0.01 0.861 47
1,1,1-Trichloroethane 0.04 0.03 0.17 0.02 0.03 0.02 0.16 0.00 0.870 41.8
Benzene 0.51 0.47 0.97 0.27 0.50 0.46 0.91 0.31 0.822 94
Carbon tetrachloride 0.15 0.13 0.26 0.12 0.09 0.09 0.19 0.03 0.731 46.6
Trichloroethylene 0.22 0.17 0.78 0.06 0.25 0.14 241 0.04 0.968 26.0
Toluene 5.80 511 15.34 0.94 5.13 453 1343 0.81 0.947 14.2
Tetrachloroethylene 0.03 0.02 0.06 0.01 0.02 0.02 0.05 0.01 0.893 29.0
Ethylbenzene 0.28 0.22 0.81 0.08 0.23 0.18 0.63 0.07 0.873 24.1
m, p-Xylenes 0.57 0.48 151 0.17 0.42 0.31 113 0.13 0.833 329
Styrene 0.08 0.06 0.31 0.01 0.06 0.03 0.35 0.01 0.742 69.0
o-Xylene 0.23 0.19 0.56 0.07 0.13 0.10 0.35 0.05 0.749 49.9
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Fig. 6. Variations of measured concentrations of HVOCs analyzed by the TO-17 and the on-line GC methods with a
cold trap packed with Tenax-TA/Carbopack-X adsorbents.
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