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Abstract: In this study, we attempted to evaluate the sorptive loss of VOC upon their contact with different
material surfaces including clothing pieces. For the purpose of this study, we developed a method to evaluate
such loss by employing a filter holder pack in the thermal desorption line of the GC/FID system. The calibration
curves of different aromatic VOCs including benzene, toluene, and xylene were made by loading them at
different quantities through the analytical line. A series of experiments were conducted repetitively to draw
calibration data sets for all three materials covering glass fiber, cotton, and nylon. The results were then compared
in terms of both material types and of VOC types. The extent of sorptive loss increased in a highly systematic
manner across different materials such as glass fiber, cotton, and nylon. The patterns of sorptive loss also
increased gradually across VOC type such toward in the direction of increasing molecular weights: benzene,
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toluene, and xylene. According to this experimental study, it is concluded that sorptive behavior of pollutint

compounds like VOC can be controlled by the combined effects of both chemical properties and material

characteristics.
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Table 1. An instrumental setting and operation condition for the GC/FID with the Peltier cooling (PC) and thermal desorption
(TD) system.

GC/FID (Varian 3400) PC/TD (Unity system)
Initial oven temp. 50 °C Cold trap temp. (low) -10 °C
Initial hold time 5 min Cold trap temp. (high) 320 °C
Ramping rate 6 °C min™' Cold trap hold time 5 min
Final oven temp. 230 °C Valve temp. 80 °C
Final hold time 5 min Transfer line temp. 80 °C
Total time 40 min Minimum press. 10 psi
Detector temp. 240 °C Sampling flow 10 mL min~!

Column information: DB-VRX (Length=60 m, ID=0.32 mm, Film thickness=1.8 mm, J&W)
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Fig. 1. A picture of Teflon filter holder pack for measuring
sorptive loss rates
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Table 2. An experimental condition for drawing 3-point
calibration curves of three VOCs (benzene, toluene,
and xylene). VOC standards prepared at a 100 ppb
concentration were loaded into the PC/TD system
at 3,16, and 9 min at a fixed flow rate of 10 mL
min~.

Sample loading condition Amount of
order Loading time  Total volume ~ VOC loaded
(min) (ml) (pmol)
1 3 30 123
2 6 60 245
3 9 90 368

J &WAF A|ZR) 22 FAAIA HFHA A 24

T35ttt olu GCO oven XL 27L& % 50°C
oA 5E7E FAIZ T 6°C/minS . 230°C7HA] 7FEA]
A HF2EAA 5% <t FX# =S 3t GC &
Ae Qg 7k v 27ASE AT H=
30; Ny(Makeup gas) = 30; Air =300 ml/min.

B AFoA W RS HHFe O dFs
100 ppb 59 Y& EFAEE 10 mL/min £5
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Fig. 2. Evaluation of sorptive loss due to the insertion of
a filter holder pack. Comparison of calibration
results is made between normal (N) and plus filter
holder pack (F) method..
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Fig. 3. A test of reproducbility for calibration method with
the filter holder pack attached. A same calibration
procedure is repeated to see the reproducibility. A
symbol with open triangle is the calibration result
obtained using a 10 ppb standard.
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Fig. 4. Comparison of VOC calibration results obtained after
passing different material types: (1) filter pack (F=
filled diamond): basis of comparison, (2) glass fiber
(G=empty rectangle), (3) cotton (C=empty rectangle),
and (4) nylon (N=x mark).
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Table 3. Comparison of calibration results obtained using different approaches and/or materials.
A. Comparison of calibration slopes “between normal” (N) and “plus filter holder” (F) calibration method

Calibration approach Compounds
Full name Acronym benzene toluene xylene
Normal N 3400 3293
+ Filter Holder F 2804 2857 2477
B. Comparison of calibration slope values between different material types
Material type Compounds
Full name Acronym benzene toluene xylene
Glass fiber G 2597 2606 2131
Cotton C 2606 2364 1542
Nylon N 2408 2001 1074
C. Relative loss percentage of different surface materials (%)*
Compounds
Material type
benzene toluene xylene
G 7.37 8.77 14.0
C 7.05 17.3 37.7
N 14.1 30.0 56.7
EE7IEE EEFE o AT A olE Table 4. Computation of sorptive loss rate of VOC across different
AR k3l A st 7o) Hls) o= HAx ESxA surface materials
o] dojib= As & & Uk FEECE AR Amount  Sorptive loss rate (ng m™ min™")*
M BRI A0 AR WO gl Ao o} 2= o) Type supplied
1 A 3= A2 =170 u‘r] O]LH\_ R= 2 T M yp (;)rflol) benzene toluene xylene
AL, R I AFAe] Ade 2S¢ 5 vk wet 3 0 9 0
5
A IEECE o3t &AL 7| EZFHo EXolgt= A
A e 74 2A4ES FAEYE Mwst) 9 % 121 11 29
3 APS st vl el o83 379 &) 123 182 176 188
= ge 2ol [1] Bld wkg-Ao] =x] gke C 245 115 169 349
2= sfolu] WE](glass fiver filter=G), [2] 27 224 <] 368 109 394 927
FA54e nasy) 9% g 712 a2 9 N o o P
= o] L7} A SES =N
(cotton=C), [3] A 29] &AM Z U E(nylon=N)< 368 184 195 1100
siel, o)

37}1] A gl gk BTX 22 52
S S5t AT). Table 39 S v A&3E A4
A 5 Az} WA, ol vlm g A4
G C, N 2418 »33 Aol AFa 278 4
W2 AAEG 22T ol AP AsE B
Bk AREH B4S Amshlnt,

%
o
x> &

oAz 2 J

R =1
Fig 4ol 77ke] A R0z Ang R F,
7t sl i A FHASAAES Al 7.7l
2 Hwd F Ae SAE AAEATE 29 49 A5
o 23}, benzene, toluene, xylene>. 2 ZH-= A7)
= 7 @4 zpo) 7} AA oAl RS & & AUk

*All values are computed by considering the differences in sorptive
loss rates between F and others.
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Y5 AR A molAw, AU A 7Py 2
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Glass fiber filter (G)
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Fig. 5. Comparison of calibration results between different VOCs is made for each individual material. Symbols of benzene,
toluene, and xylene are given as dark diamond, empty rectangle, and empty triangle, respectively.
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