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Abstract

In this study, storage stability of reduced sulfur compounds (H,S, CH;SH, DMS, CS,, and DMDS) and SO, in
sampling bags was investigated in terms of two contrasting storage approaches between forward (F) and reverse (R)
direction. The samples for the F method were prepared at the same time and analyzed sequentially through time. In
contrast, those of reverse (R) method were prepared sequentially in advance and analyzed al at once upon the prepara-
tion of the last sample. In addition, relative performance between two different bag materials (PVF and PEA) was
also assessed by using 100 ppb standard. The response factors (RF) of gaseous RSC samples were determined by
gas chromatography/pul sed flame photometric detector (GC/PFPD) combined with air server (AS)/thermal desorber
(TD) system at storage intervals of 0, 1, and 3 days. There is no statistical difference in @l RSCs between two storage
methods. However, the results of relative recovery indicated 2.58~ 12.8% differences in compound type between
the two storage methods. Moreover, loss rates and storage stability of H,S and SO, were considerably affected by
bag materials than any other variables. Therefore, some considerations about storage methods(or bag material types)
for sulfur compounds are needed if stored by sampling bag method.

Key words: Reduced Sulfur Compounds (RSC), Storage stability, Storage method, Polyvinyl fluoride bag, Polyester
auminum bag
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Table 1. Information of sample code of RSC standard samples prepared and analyzed in this study (First, second, and
third denotes storage method, bag type, and elapsed days, respectively).

Elapsed time (day)
Storage method Polyviny! fluoride (PVF) bag Polyester aluminum (PEA) bag
0 1 3 0 1 3
Forward (F) F-F-0 F-F-1 F-F-3 F-A-0 F-A-1 F-A-3
Reverse(R) R-F-0 R-F-1 R-F-3 R-A-0 R-A-1 R-A-3
Concentration 100 ppb

Table 2. Operational condition of TD/GC/PFPD system
for RSC analysis.

[1] GC system?
1) Injector 3) Column
Off BP-1, SGE (Austrdia)
filmthickness: 5um
length: 60m
2) Oven diameter: 0.32mm
initial temp:  80°C
rate: 20°C/min 4) PFPD detector
final temp: 200°C detector temp:  200°C
initial hold: 5min air (1) flow: 17mL/min
final hold: 4 min air (2) flow: 10mL/min
total time: 15min H, flow: 14mL/min

IGC (CP-3800, Varian, CA, USA)

[2] Combined application of air server (AS) and thermal desorber
(TD)”

coldtrap:  Carbopack B+SilicaGel=1.5:2.5(Volumeratio)
splitratio:  10:1 trap low: -15°C
split flow:  15mL/min trap high: 250°C
holdtime:  5min flow pathtemp: ~ 80°C
YTD (UNITY, Markes International, Ltd., UK)
& zuew Azskez 33 o4 AHT Fo, bag
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2]} o] =43 100pphe] WS w7t== 33}
FEL 7223 4 9l GC(CP-3800, Varian, USA) -
PFPD (Pulsed Flame Photometric Detector; Varian,
USA)$} #-&5=odebaa el (Thermal Desorber
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Table 3. Preparation of RSC working standard and sam-
ple loading volume for the AS/TD system.

(A) Actual concentration (ppb) of gaseous working standard
(WS) prepared by mixing ultrapure N, and primary standard
(P9

Compound

H,S CH,SH DMS CS, DMDS SO,
997 100 100 997 977 99.7

Conc.?

dConcentration of WS

(B) Loading volume of gaseous WS (100 ppb) and their corre-
sponding mass quantities?

L oading Mass(ng)
volume(mL) H,s CH,SH DMS CS, DMDS SO,
5 070 099 128 155 189 131
25 349 493 639 777 944 655
50 697 987 128 155 189 131

IModified injection through a TD (MITD): The back-up nitrogen gas
supplied at 50 mL/min for 2 minutes during injection of WS.
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(A) Forward method
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Fig. 1. Result of calibration curves derived from storage methods and bag types.
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Table 4. Comparison of response factor (RF) values between different storage methods and sample bag types.

RF values
Storage method Sample code Mean+SD
H,S CH;SH DMS CS, DMDS SO,
F-F-0 75,084 62,856 58,615 97,362 79,783 43,948
F-F-1 78,438 60,103 59,944 96,305 76,733 31,477
Forward (F) F-F-3 65,167 55,217 53,857 86,969 71,104 17,686
F-A-0 74,773 62,565 61,014 99,254 81,479 40,904
F-A-1 72,537 59,384 61,131 94,405 75,040 35,933
F-A-3 49,031 50,660 50,862 83,929 65,466 30,707
Bag recovery (%) F-F 86.8 87.8 91.9 89.3 89.1 40.2 80.9+20.0
=(RF3 gay/ RFg o) * 100 F-A 65.6 81.0 834 84.6 80.3 75.1 78.3+7.05
R-F-0 76,029 58,948 57,156 91,385 77,375 38,287
R-F-1 69,199 56,421 49,819 83,678 65,310 19,251
Reverse(R) R-F-3 70,661 57,813 52,383 85,098 65,522 12,908
R-A-0 73,726 58,037 54,958 88,348 73,799 46,910
R-A-1 60,777 53,121 50,189 81,097 65,990 34,720
R-A-3 55,363 55,883 52,206 82,153 66,377 30,615
Bag recovery (%) R-F 92.9 98.1 91.6 93.1 84.7 33.7 82.4+24.2
=(RF; gay/ RFg 4a)* 100 R-A 75.1 96.3 95.0 93.0 89.9 65.3 85.8+12.6
110000 H,S 110000 CH,SH DMS
100000 - 100000 -

LL
[4
1 2 3
Elapsed time (day) Elapsed time (day) Elapsed time (day)
wn oS wn ows
b1 e,
90000 D
L 80000 { w
4 [i4
70000 1 EF
60000 1 | —=— F-A 60000
cme RE
50000 1| g R-A 50000
40000 + : T \ 40000 v 1 01 , :
0 1 2 3 0 1 2 3 0 1 2 3
Elapsed time (day) Elapsed time (day) Elapsed time (day)

Fig. 2. Temporal changes in response factor (RF) values of sulfur compounds (100 ppb) across 3 days storage period.
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0.1325, 0.2328, 0.5571). Z2]1} sampling bag®] 34  oJe] o Als)d 79} w)ws| ®obeh. 10ppb 2239

#¢ uch AR 2uolA 3715}7] 4 RSC RSCE PVF bagel ZAlsle] Feb Rubalez 7Aa
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(A) Relative recovery of sulfur gases between storage
methods (F vs. R)
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(B) Relative recovery of sulfur gases between bag types
(PVFvs. PEA)
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o]
o
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H,S CH,SH DMS  CS,
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DMDS SO,

Fig. 3. Relative recovery (%) of sulfur compounds between
storage methods and bag types.
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0.03642 Jelch o] FEx 41277+ 90%= &
AatadS o, RuHAe] CH SH, CS,, SO = F 7] &
9] bag 240 AFA=2RE Fol7 Feols FIT
4 i9iet 2yt RukAle] ] AR5 (H,S, DMS,
DMDS) ¥ Fulale] mE 3slgtase A KR
folgt Ael7t gl Aoz el o] 4% bag 4~
Aol w2 3)4g vlwel M AR AdEl HS
£ ALt YA JEELS T Rpo|rt Zad Heow
vephgoh 22y tteste] Ao 238 B aEa)
% A H-E (CHSH, CS,, SO,)¢] bag A& 2] Ao o
QA s e 4 Stk A HeFErh o)
2hr] A3 Al i E WA ] e of el FAe] A
3t bag 2415 A= A= AFsHA e of
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Table 5. Results of paired t-test between two major variables.
(A) Comparison of PVF bag results between storage methods (F vs. R)
Elapsed H,S CH,;SH DMS Cs, DMDS SO,
time F R F R F R F R F R F R
0 75,084 76,029 62,856 58,948 58,615 57,156 97,362 91,385 79,783 77,375 43,948 38,287
1 78438 69,199 60,103 56,421 59,944 49,819 96,305 83,678 76,733 65310 31,477 19,251
3 65,167 70,661 55217 57,813 53,857 52,383 86,969 85098 71,104 65522 17,686 12,908
p 0.8502 0.5165 0.2705 0.1613 0.1338 0.0846*
t 0.21 0.78 151 2.18 2.45 3.22
(B) Comparison of PEA bag results between storage methods (F vs. R)
Elapsed H,S CH;SH DMS Cs, DMDS SO,
time F R F R F R F R F R F R
0 74773 73,726 62565 58037 61,014 54,958 99,254 88,348 81,479 73,799 40,904 46,910
1 72,537 60,777 59,384 53121 61,131 50,189 94,405 81,097 75040 65990 35933 34,720
3 49,031 55363 50,660 55883 50,862 52,206 83,929 82153 65466 66,377 30,707 30,615
p 0.7210 0.6554 0.2815 0.1325 0.2328 0.5571
t 041 0.52 1.46 247 1.69 0.70
(C) Comparison of F method results between bag types(PVF vs. PEA)
Elapsed H,S CH,SH DMS cS, DMDS S0,
time PVF PEA PVF PEA PVF PEA PVF PEA PVF PEA PVF PEA
0 75,084 74,773 62,856 62,565 58,615 61,014 97,362 99,254 79,783 81,479 43,948 40,904
1 78,438 72537 60,103 59,384 59,944 61,131 96,305 94,405 76,733 75,040 31,477 35933
3 65,167 49,031 55217 50660 53,857 50,862 86,969 83,929 71,104 65466 17,686 30,707
p 0.2491 0.3047 0.9151 0.5659 0.4689 0.4088
t 1.61 1.37 0.12 0.68 0.89 1.04
(D) Comparison of R method results between bag types(PVF vs. PEA)
Elapsed H,S CH,;SH DMS Cs, DMDS SO,
time PVF PEA PVF PEA PVF PEA PVF PEA PVF PEA PVF PEA
0 76,029 73,726 58,948 58,037 57,156 54,958 91,385 88,348 77,375 73,799 38,287 46,910
1 69,199 60,777 56,421 53,121 49,819 50,189 83,678 81,097 65310 65990 19,251 34,720
3 70,661 55363 57,813 55883 52,383 52206 85098 82,153 65522 66,377 12,908 30,615
p 0.1470 0.0978* 0.4823 0.0024* 0.6849 0.0364*
t 231 2.96 0.86 205 0.47 5.10
*Correlationissignificant at 0.1 level.
& aglel Aoz Alzdd. 4] CH3SH, CS,, SOl di3f zte]7} Sle Zo=z
U 249 F 714 sampling bagel] H3ted & vebd B A7 Aol v Abeld AP S
3

Wl zak Aol ojalw, RSCe| P

7+ 0.0355 (H,S), 0.1633 (CH,SH), 0.1868 (DMS),
0.0117 (DMDS)®] 4=3o]g]ch(Kim et al., 2005). o

g Adad7o Z= HS9k DMDSe| 7+ £ 4.

Q72 FAT A=A TFHENA Pk 2] Aol

b %o)a g vehich o9} e Ashs R

sk

2 A7elne 3

3}3E-5 sampling bagel] 233
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2 Aoz vepdoh ymA] 485 (CH;SH, DMS,
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