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Abstract: The sixty nine chemicals that are closely linked to chemical accident are designated as the substances
requiring preparation for accidents and managed for public health under the Toxic Chemicals Control Act. In
this study, storage stability of allyl chloride (AC) and carbon disulfide (CD), which are highly inflammable
and volatile in tedlar bags, was studied for gaseous chemicals sampling. Storage stability was studied considering
storage temperature (2 °C, 25 °C), chemical concentration (low conc. ppm, high conc. ppm) and storage time
(0, 48, 96, and 144 hr). Also, the stability of bags containing one type of chemical substance and the bags
containing a mixture of chemicals was compared against each other. As a result, two chemicals showed
decreasing storage stability based on storage time. Also two chemicals presented statistical significance of

concentration and mixing type.
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TFolA thFeAl A& =0l A 3L tedlar, polyester,
aluminized polyethylene, teflon 5] TSt A& ©]
Sl Azdh W 217 28 Al HEHOE AR
= AL polyvinyl fluoride A Z =7 HEES 4
o7 tE Fy o &71AF w2l vl AMg 2 #
g7t A1 g sEEEdd tiE) vkge] e &
A& Ad Aoz dHA 7] Wil voc i %
SAANES AFsted 2 o] &=L vk 2L,
ol gt BlEet W AHYHE AR Ak o] A AH

up 9lom 3 sletEd 9 ofg] x| o]t} REA
o] ztol7p WA stE Ao Wi 9uh HEet
ul o] &2l vinyl fluoride polymer= T3 HE &
gol 7] Wil wi-g- Bt g 22 Ho|glr) H]
BAH AQAR FA ] don ZHe F714 5t

P

A F2A2A A8 McGarvey 52 ¥
g o FHYIG SEE FHED BB
4o oEahe] F2AY, 4, v 2s Jag
goll ol FA/H o5 2 JFS W oz
BT e TFUE FHEY TS BR
Stk AL SUsolEFE B FHEY,

ek
¥ ATME HE 0 ol gate] Al B
F WA SASPY ol we YYo=

B>

(allyl chloride, AC)®} ©] %3} €+ (carbon disulfide, CD)
o ek B, 2%, F%, EFIH e A5
HEAGE U A3

2 Alsidlbed

21. 22 M¥ o 22EEH Sd

sl AL B 69 F 5 3ol 4L v

7] § 8] (National Fire Protection Association, NFPA)
o] JA=IR7IEY A 9P TFel =2 st
4 =420 ACS CDE i =2 = A8tk AC
= BT WAZE e T AR 3, s,
S0l A, &Aool Aok AAFEFS Ao} Fo
Zdztolu 713, 352, A &5 L 3
A =717 e AR HE A e e U
CD= FA 9] 38y AA =, Wert w3 33d 3
7HAA 0] =& F40] g & 2ot FE FF
A S F= R gHA don F =&
AR FYol g =Zolvh. didER L] 714
B - 31514 5492 Tuble 19 A|A 3L

Table 1. Physical and chemical properties of target compounds

Chemicals AC CD
Molecular formula C;H;sCl CS,
Molecular weight 76.53 76.14
Boiling point (°C) 45 46.5
Vapor pressure (mmHg, 25 °C) 368 359
NFPA code 3,3, 1 3,4,0
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Table 2. Analytical standard materials

Table 4. Analytical parameters of GC/MS

383

Chemicals Purity Manufacturer Parameters Conditions
AC 99% SIGMA-ALDRICH Column DB-5MS (30 m x 0.25 mm x0.25 mm)
CD 99% SIGMA-ALDRICH Carrier gas He (1.2 mL/min)

Table 3. Storage conditions of tedlar bags

Storage Storage

Chemicals Conc. time temp. Type
AC L 0 br 2 ingl
ow 48 hr single
o High oM 25 ixt
ig 144 hr mixture

22, EEJIA =X A ANE =

ACS} CDE] B4 & HF712E

HE2} W(SKC Inc., USA)Ol ZZ=5%E(99. 999%) Al
A€

7125 AR FYUEL Table 291 A =
& rlo| ARARAE AHg3te] TSt FEDAE
EF7taE 27) TR TR EE/RE 2

o
Aae} EFSRE Ao 3astel
7ro] ZAE TZIAE 44 ASS

r:im

Z71 Apolel| W W) BEA Hto] g3tk =
g HEY APS flste] Tuble 33} 7101 YA
°C)F 4225 °C) 2710 M ] AL E MA s
HA7IHE A J AZAL0 AIZHSE ©]F- 48 A7, 96 A

=

7 144 N7k 2 A s BAAEE £33 H 9
T

TEE A

slal ARETL

 H

2} F
§912 EF/I2E A Fo 2AY E27}

Injection mode

Inlet temp.

Detector temp.

Oven temp.

230 °C
230 °C

Split ratio (10:1), 100 pL injection

40 °C (6 min) = 10 °C/min — 160 °C

1 A A skt

24 HEM FHY A HEEHA

B A

3 A AR AFR)7F ACE 0.9985, CD=
Z Yehgth BE A=

%A, 47

Agulal o

3] Wt

A=} [
SRS

22 DB-5MS (30 m x 0.25 mm x 0.25
mm)g A}%é}&it}. A oleo g ACE
2 AAston A

41 m/z, CD

EXNZAL Table

2 AxgAe 24

0.99832.
Y,

HHEREA ) gt EAYLEFNEFA)E ACE

1.54% ol 3}, CD=
21 100 uL FHE 71

oizjq

1.63% ©]3lZ YElsth GC U
31A] (Method Detection

Limit, MDL) 24243 ACE 0.11 ppm, CDE 0.16
ppm .= LEFS T

31. 1% He B2

2 AFoeE na

i
CERE ST

29} 2T AAE SFSE o2 AT o] &4ES 13 < ol &
SATEIE ACSE CDOll ek HIET Woll X o] BkA]
23 =Mz 7ol whE ?Hrg A ()3 o] ¥t &= g4
45 98 GC/MSD (6890N/5973N, Agilent)S A} &)} AAASFE Table 59 691 2H2 YFeh At}
Table 5. Correlation of determination and parameters for first-order decay model of AC
Temp. N C,, ppm
o Type r Co, ppm k/hr
(°C) P o PP (=48 =96 =144
Sinal 0.967 10.0 £ 031 9.8 + 0.03 92+ 0.02 874003  0.001
ingle 0.792 458+ 063  439+027  437+055  395+037  0.0009
2
i 0.550 10.6 + 021 8.6 + 0.02 8.7+ 0.10 854006  0.0012
ixture 0.864 495+ 174  462+0.17  464+036  41.8+£022  0.001
Sinole 0.977 10.0 £ 0.31 9.8 + 0.06 93+0.10 89+0.14  0.0009
’s g 0.795 458 +£0.63  427+038 4264026  397+054  0.0009
Mixt 0.853 10.6 £ 0.21 92+0.16 92 +0.02 86+0.12  0.0013
ixture 0.909 495+ 174 47.0+045 4624046  41.7+031 00011
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Table 6. Correlation of determination and parameters for first-order decay model of CD

Temp. Ci, ppm
. Type r Co, ppm k/hr
() P o PP =48 =96 t=144
Sinel 0.956 10.2 £ 0.24 9.8 + 0.03 8.7 +0.07 7.6 £0.08 0.0023
) mele 0.676 47.1 £ 1.06 46.9 + 1.70 439+ 0.19 372+026  0.0013
Mixt 0.888 12.5 £ 0.28 10.3 + 0.04 9.9 +0.09 10.0 £ 0.12 0.0016
ixture 0.963 552 + 1.81 5244020 494+ 038 4414014 0.0015
Singl 0.872 10.2 £ 0.24 9.6 +0.16 9.0 £ 0.15 7.4 +0.29 0.0021
s mngle 0.913 47.1 + 1.06 46.4 + 0.76 43.4 + 050 3874028  0.0017
Mixt 0.812 12.5+0.28 10.6 £ 0.11 10.2 £ 0.01 9.6 £0.10 0.0014
e 0.969 552+ 1.81 52.1 = 0.34 48.8 + 0.46 434038  0.0017
ClCy =™ (D B2 9 399 cpe) AHAFF 07 mRoR ojs}
Ao A= B AE Fol7] $8] &34 k
CE BBAATHA8 A1 7Y, 96 A7, 144 A 7ol up& s A&t AT ol At o]9e] 21
AC® CDY] 559 3 3] s ol &30, Co= oAM= ACS AAAT= Het 0.880(0.792~0.977)°1 %
ACS CDY 2715 %9] 33 HagS ol &3t 3, CDE AAAIFE Hd 0.910(0.812~969)2-2 L}E}
Table 59 6 HW, A¥Eel FHEA WS WAR U | ANSHEA Hgo] 71 Zole wera
I PE AT ACS x| TddEF wg WA 24T 32 ACS] -5 ¥+ 0.0010 (0.0009~0.0013)
120 12
S 110 81
g g
o 100 o 1
< <
E 090 E 09 4
2 3
E 080 2 pg
s s
% 070 1  —E-lower conc. (Single) é 07 9 —B-lower conc. (Single)
g —E—higher conc. (Single ) g —©—higher conc. (Single )
© 060 1 —|ower conc. (Mixture) @ 06 1 —®-lower conc. (Mixture)
e —@—higher conc. (Mixture) e —®—higher conc. (Mixture)
050 T . . T . 05 T . . . T
0 % 4 72 9% 120 144 0 24 43 72 9% 120 144
Elapsed time (hr) at 2°C Elapsed time (hr) at 25°C
Fig. 1. Preservation rate for AC at 2 °C (left) and 25 °C (right).
12 12
g1 811
= =
52 =2
a 1 [=]
¥ v
8 8
€ 084 £
H i 8 h
® 071 —H-lower conc. (Single) ® 071 —B-lower conc. (Single)
uE. —©—higher conc. (Single ) E —©—higher conc. (Single )
@ 061 —Elower conc. (Mixture) @ 06 —Elower conc. (Mixture)
e —®—higher conc. (Mixture) = —®—higher conc. (Mixture)
05 T : . . . 05 . . T . T
0 24 48 72 9% 120 144 0 24 a8 72 9% 120 144
Elapsed time (hr) at 2°C Elapsed time (hr) at 25°C
Fig. 2. Preservation rate for CD at 2 °C (left) and 25 °C (right).
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steld = AT €D 27)% % 102 ppm< 48 A)
ZHll= 94%, 96 A7l = 88% HEFHJL 2715
47.1 ppme 48 A 7HlE 98%, 96 Aol 82% HE=
go] A=A} upehA HES 9 o4 A ACY] A
2 96 A ZHEA] A BT} 90% o] BEE I 144 A
7F AANTA] BEEO] 6%~11% =Fo| 7} HA 3T,
CD2] A= 48 A|ZWHA] A 87T 90% ©]4F HEEQ

lo
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>,
=
=2
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Table 7. Preservation rate of AC

Preservation rate (%)

Temp. Time Single Mixture
O (hr) Lower Higher Lower Higher
conc.  conc.  conc.  conc.

48 98 96 81 93

2 96 91 95 81 94
144 86 86 80 84

48 98 93 87 95

25 96 93 93 87 93
144 88 87 81 84

Table 8. Preservation rate of CD

Preservation rate (%)

Temp. Time Single Mixture
O (hr) Lower Higher Lower Higher
conc. conc. conc. conc.
48 96 99 83 95
2 96 85 93 79 89
144 75 79 80 80
48 94 98 85 94
25 96 88 92 82 88
144 72 82 77 78
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3L 144 A7 AIA A BEEO] 8%~22% Aol 7t i
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EEAY AL Axre yrre] REFoO] 7zt
80~87%, 84~95%= FRIESAL, CDE A9+ TdE
Az sFEAAA FE e HES Zol7t e
Stk Table 991+ FERAA W& BEG O] RfolE
gelslr] sl Fel=E 0.05004 A3 AFAE AA
SHATH 220 wE AolE AR Ve A,
ACE GHEAY 75 F28E(p-value) 3te] 0.7714,
EEAY AL 012972 FQ1H UYL CDE HUYE
A3 TFEANA 24zt 0.8353, 0.8518F H 2o
2 HEA ] 2ol gle Ao FIFHJUTH
oo e BHEA AolE ACY AR ¢
0.5678, =}=H2 0.0041Z &3 %2‘%
upel xpo)7t YEhE A2 ER1ENA
TUEZL 0.0020, EFEZ L 0.0204Z %ﬁﬂ
HEAC] o]zt ERIET o= HAA 7k}
T TS =AM HES W W F2HE
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Table 99 AAE ZF ol W}E A7 B
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r‘0{|
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Table 9. The p-values of T-test for temperature, concentration and mixture

Concentration Tempeature Mixing type
Type (p-value) (p-value) Tilgp' (p-value)
AC CD AC CD AC CD
Single 0.7714 0.8353 0.5678 0.0020 2 0.0459 0.2287
Mixture 0.1297 0.8518 0.0041 0.0204 25 0.0911 0.1154
oA ©drtAe E87bAe] BHES o]V} 2. National Institute of Environmental Research, A study

9~17%i G AR LA A B BEdao)

age AL AT 5 A
4.4 B
2 AT slEEE Al - HE A giElste] <l
shd 2 3ol =& AlagiHER ACS CDE
gdoz HET Mo A& BE 54L ATst
Atk 53], Al BE EX ¢S & F de o
A2 AR B3 A7 BE 2x B 5k, 23
£ vty FYteh. HaAIZk mE Alg BE
& B2l 43, ACE B F 96 A7, CDE 48 A 7k
7HA 90% o]l REES YR e B
itoﬂ WE zpol= YERA] QA oA B
&0l B ZA ALYt B AT AH}E EUYR
Eﬂ gt oS ARt AlE A F A] A=A gk
A ENPRE AFsted T=wo] 2 A= 3
cEch MEY e gt i%%*é% Bz B o}
Yzt didEd s W Aol apebA = 2ol 7t YER
o2 FT gNELS Fuste W AQEEE vud
T7F FZ1=ofof gt
ZnEd
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