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2 9 ¥ A7oIXE Tedlar bags AHE-3te] AT 2918 71AY BEAEE 933 GCFIDE =
Gt Al agom E4T ), B T3 @S BHrhstaAk skik ol & fl8l, o2 7HA] vOC R
(Benzene, Toluene, p-Xylene, Styrene)yS $Hirdhs RFAIEE 4 7HA] 2715 =l(4~40 ppb)oll Al ZA)| 5}
Atk 2L o]E FAY] A FEE ol&slo, Azke] AFAFE RSO Bl S AA] ik & 4
Aol A4 g 4~40 ppb s ] AFA S vlaslr] flal, 37 REul/A s/ 22 871 (Air server/
thermal desorber (AS/TD))¢} %38+ GC/FID Al2=8)S ARE3lith B A7) AF), EFRA 59| 2AHH2
oluf 29} AdE 71EEe] Ao|7t A Sl dFE vRHAL sl ot 282 WE 3
Ak 2 HEH S AR S 7, ot RS Bl Styrene’d oA =7t HolAe o]
27 ehhs e S0 S ATk

Abstract: In this study, an attempt was made to measure uncertainties involved in the VOC analysis for the VOC
working standards prepared by a dilution technique using Tedlar bags. For this purpose, VOC standard gases of
benzene, toluene, xylene, and styrene were prepared at four different concentrations (4, 8, 20, and 40 ppb). These
standard samples were then loaded on to the GC system equipped with air server/thermal desorption (AS/TD)
system. Each of these four standard concentrations was analyzed individually to derive their respective calibration
results. These calibration data sets were then compared across four different compounds. According to this
comparison, differences in calibration patterns were moderately insignificant within the selected concentration range
of 4~40 ppb. It was also observed that the loss of styrene standard was fairly high compared to other VOCs
investigated simultaneously. The results of our study suggest that the analytical uncertainty associated with the
preparation of VOC starndard gas using a dilution technique can be assessed in a fairly reasonable manner for
samples with a narrow concentration range.
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Table 1. The total amount of VOC loaded into the system for the derivation of calibration data sets is computed by considering
the total volume loaded and the transferred standard concentration

Initial concentration of Time Total amount mean +
Oder VOC standard pmol ng deviation
(ppb) Point (min) All Benzene Toluene p-xylene Styrene All

1 1 5 16.3 1.27 1.47 1.73 1.70 1.55+0.20

2 4 2 10 32.7 2.55 2.94 3.46 3.40 3.10+£0.40

3 3 15 49.0 3.82 4.41 5.19 5.10 4.65+0.59

4 1 2.5 16.3 1.27 1.47 1.73 1.70 1.55+0.20

5 8 2 5 32.7 2.55 2.94 3.46 3.40 3.10+0.40

6 3 7.5 49.0 3.82 4.41 5.19 5.10 4.65+0.59

7 1 1 16.3 1.27 1.47 1.73 1.70 1.55+0.20

8 20 2 2 32.7 2.55 2.94 3.46 3.40 3.10+0.40

9 3 3 49.0 3.82 4.41 5.19 5.10 4.65+0.59

10 1 0.5 16.3 1.27 1.47 1.73 1.70 1.55+0.20

11 40 2 1 32.7 2.55 2.94 3.46 3.40 3.10+0.40

12 3 1.5 49.0 3.82 441 5.19 5.10 4.65+0.59
*All VOC are loaded at a fixed flow rate of 20 mL/min
7o 7 g A$, ZHzF 12950, 25900, 64750, 129510 o] FJ A 7H(loading time)S ZFZ 3} tH(Table 1). A
pglLol SIFTh). ol F ASIE EEvEAe HANEAE  BW FARAS YA HA A, 238 WA
10 L#2] Tedlar bag(Polyvinyl fluoride)oll =4~ N, 7} o2 Ak e Mg Hgd)] Fe wrow 7hz}
2o} QA ko) HENEE 2B FA)@as o ARAE SulAT. Tuble 19] AN vhsk 2o,
tight syringe)= 3|4 ale WA 02 FH|sIIT 25 309 ARl algate voC
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S benzeneS 7|FOFE H|WEHE, 16.6,

332, 49.7 pmolel 3|3t} o] & ThA] A A FHng)
o7 Fakshd, 1.29, 2.59, 3.88 ngell s gt

AS/TDA| Z=®loll F712E FUsHA, HEj o) F

& (Peltier cooler)Z cold trap«] =5 -10°CE #XA
ste 27004 vOCe] AxEEFHE FE3tnt. ol

A& Fall, AxEFol o]Fof3 ANEE A G
23S FEAAT, o] o] Fol VOC ARE
< GC column(DB-VRX(Length: 60 m, ID: 0.32 mm,
Film thickness: 1.8 um, J&W))2 = Xﬁ%o} It} ol &
MBS A GCFID A28 AAA el 2814 o)
wz}t FEHFo] o] FolAth & A7 %ﬁﬂ GC/
FIDA| 2=8l¢] AZ 37 = benzene 0.26 ng, toluene
0.25 ng, p-xylene 021 ng, styrene 0.32 ngo|F+<S
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Table 2. The detection limit of VOC for the GC/FID
measurement system used in this study*
Detection limit
Benzene  Toluene Xylene Styrene

ug/m’ 0.44 0.41 0.35 0.53

ppb 0.14 0.11 0.08 0.12

ug C/m? 0.41 0.38 0.32 0.49

ppb C 0.83 0.76 0.65 1.00

ng 0.26 0.25 0.21 0.32

*All experiments are conducted at a fixed flow rate of 40 mL/min
for the tatal duration of 15 min

F7t2E GCeF 43St AS/TDAI 2B o2 48 2
= A A SISt Table 3). Table 39 AF2E AFE3F]
A AAE AN Table 45 B, 271559 A
719 Lq..ﬂ. Z_jak@;}gq z}o] 7} oix_qu: JTFe wr=
= A& & 5 AtiTable 4). 28U A= 2 =}
St o} Aok, BINEAN AS AR HE 47
olgk AL st 5= UtT}. Tuble 4Bo| = E XA~

WSl 1EAY RAAELES W £ Sl EAT
59 540 AAGAT. E FEre] AW

FAgateo, Ao EELAE T8I T/‘r 71 73}, Benzene
2.01%, Toluene 4. 17%, p-Xylene 1.84%, Styrene 1.69%
= Uehdt. ojsh o] AYEE LA B A6l
ARG BE RN 4% olstE, 7t ZiE A
Azl ARGl Faaie AL L & k. mWeA,
2 Agol|A AT 4~40 ppb T

Ry
EFVIEE 2
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Table 4. Comparison of calibration slopes obtained using
standards prepared at four different concentrations
A. Calibration slope value

Calibration slope

Oder conc. (ppb) Benzene Toluene p-Xylene Styrene

1 4 3662 3735 3296 2406
2 8 3419 3288 3413 2509
3 20 3392 3803 3228 2514
4 40 3354 4026 3506 2614
B. Correlation coefficient of calibration slopes
Order conc.(ppb) r
1 4 0.9999  0.9920 0.9953  0.9984
2 8 0.9998 0.9958 0.9972  0.9987
3 20 0.9978  0.9934 0.9958 0.9943
4 40 0.9935 0.9890 0.9858  0.9940
Average  0.9978 0.9926 0.9935 0.9964

C. Relative standard error (RSE) of VOC derived using their
calibration slopes

RSE(%)

Oder Benzene Toluene p-Xylene  Styrene
Average 3457 3713 3361 2511
SD 139 309 124 85
SE 70 155 62 42
RSE(%) 2.01 4.17 1.84 1.69

Table 3. Calibration results of VOC standard gases made at 4 different concentrations are compared in terms of integrated

peak area*
Absolute Peak Area
Oder quantity Ist run 2nd run Average

pmol Benzene Toluene p-xylene Styrene Benzene Toluene p-xylene Styrene Benzene Toluene p-xylene Styrene
1 16.3 60,958 73,191 62,853 42,885 59,548 55,869 62,166 38,193 60,253 64,530 62,509 40,539
2 327 122,057 141,686 111,164 83,907 121,846 119,290 103,272 88,912 121,952 130,488 107,218 86,410
3 49 189,385 189,477 160,754 120,118 174,322 174,191 159,429 128,029 181,854 181,834 160,091 124,074
4 16.3 57,948 55,879 46,553 39,358 54,606 44,996 50,626 35386 56,277 50,437 48,590 37,372
5 327  124,405130,503 121,742 84,825 106,175 96,305 106,935 75,430 115,290 113,404 114,339 80,128
6 49 161,449 159,557 165,223 124,721 177,029 166,769 172,750 118,357 169,239 163,163 168,987 121,539
7 16.3 50,250 50,752 40,317 26,103 51,962 58923 51,723 42,600 51,106 54,837 46,020 34,351
8 327 111,316 125,763 92,135 73,742 112,088 129,258 111,371 84,290 111,702 127,511 101,753 79,016
9 49 174,911 198,633 156,469 118,512 166,885 185,961 171,568 128,682 170,898 192,297 164,019 123,597
10 163 51,766 45,445 39,092 26,103 46,242 53,616 50,498 42,600 49,004 49,531 44,795 34,351
11 327 118,653133,999 113,541 76,112 93,776 131,717 113,184 70,963 106,215 132,858 113,362 73,538
12 49 181,199 219,625 174,783 119,987 163,324 196,127 181,271 118,412 172,262 207,876 178,027 119,200

*For all sample loading conditions and the corresponding amount of analytes
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S WA RS EER ] 7AY A S A 9 EFHEA 2 o 7] 28 A =] Wt 557
4 ppb 8 ppb
200000 o 200000
T) = 3735x
YRZ 00508 y(B) = 3424.1x
2 _
150000 'y (B) = 36617 150000 yTX)_ Oﬁ%ﬂx
g R? = 09999 ] R’ = 09916
& 100000 ¥ (X) =32955x S 100000 | y(T) = 3287.9x
g R? = 0984 ] R? = 09945
N 4 X B © - X B
o y(S) =26136x ge? " o y(S) = 2509.4x
50000 | R* = 09968 &~ AT 50000 | o _ - AT
. px R?=09975 & . P
0 o s o o s
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Concentration (ng) Concentration (ng)
20 ppb 40 ppb
250000 2
y(T) = 38025 80000 7y = 4026x
| R*=09917 R®=09718 A
200000 -, ® - sa025x 200000 1 %) = 3506.1 T m
R? = 09956 2 -
© L o R® = 09781
% 150000 y(xg) = 3227 5x g 150000 y(B) = 33536x
3 om0 1200 ; e
8 100000 'y )= X X B $ 100000 | y(S) = 24068x - x B
R®=09887 AT R®=09881 -: AT
50000 . px 50000 . Py
0 2 S 0 . : LS
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Concentration (ng)

Concentration (ng)

Fig. 1. Comparison of the same data sets shown in terms of 4 concentration values. In each Fig., calibration results are compared
across 4 different chemicals with short names of B, T, p-X, and S Correspond to bernzene, flouene, p-xylene, and

styrene, respectively.

APE o, 271550 Fagle] AFEA o] 4Es
FrArstthE A & 5 St Table 4COl= Tuble 4A
of AAIgE Ao HHd8ES gRls) Bttt 2 A3
37FA] Ad¥-(benzene, toluene, p-xylene)ollA] 5
3] Fugt e Zhe AS IAF F At 17
1} styrene®] 73-%- T} S0l B3] FAAdo] thax
oA & Ao & eyt

Fig 191 ZFAIES] sEER st d3&
A A ATHFig. 1). WEbA Fig 12 &Y F=dollA
H W A REZRS] AFEAE S Hlwd 5+ 3
W Fol] FA }‘Zﬂé}b
137]4 ’“EH’G 9 A A BAE %
7¥she Aol 7}3“0‘]":} olggh Hlael o3, A
7re] 71&7] kel vl S A A A
o] EA3t= RS el 4= 9t} Benzene, toluene,
pxylene?] A5 HW, tolueneo] 7F¢ & 712715
Bk 22y AR o5 34 Atole] o ]
7] =919 AUNEZLLAF Fhe] 5% oW E vl
2719 71€7) #& FAsR Zigi ERSTE WA,
styrene> 2715 =7 THE 479] W RIFoA o 2jgl
°], & ‘év‘i‘%oﬂ Hls] 7171 #hel oF 284% A=

i o

=)
R
5]

L

O

3}
o]

gl
g
a

Vol. 19, No. 6, 2006

4500

—O0—Benzene — —® —Toluene ---A -~ p-xylene —-X%-—styrene

s00 -
/’.—____
X _-" .--A
» 3500 k\iré/ ____
g oW e
? 3000
[TV x—
2500 ———m_L e x
2000

0 4 8 12 16 20 24 28 32 36 40 44
Concentration (ppb)

Fig. 2. The variation patterns of VOC calibration slope values
as a function of working standard concentration.
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