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2 o & AFolA= GC-PFPDS} B8 A7 & o]8-3F 39 I3leHE(reduced sulfur compounds:
RSC)ell ot dekal AzRd2lo] AJ7H AAAFE 7189 o F AR7IH T2, WREFAIE 7[HS
AAIst Hrretarat Gl ol& flated, 4572 o4 93HHEE (H,S, CH;SH, DMS, DMDS)3% ©]
S0l gk UF EFAFEE CS,E FH|et) o8 EFAFEE AFE(0, 20, 50, 100 ppb)2}t TF=
Z2E(100, 200, 500, 1000 ppb)yS tE T = A WS BHZE F0|8IAth 28] 957 F(external
calibration)2] 9] ¥4 A5 F-3] 74 (fixed standard volume: FSV)Z} 5= 744 (fixed standard
concentration: FSC)= H]Wa}GAt}. gk 2214 0 2 FSV W2 e] ZAzje] &3 gl Y5 AF7HE SA9
g3t Aol AAMSRHEE)E Brtetinh # A3 A, A= tigh AARskE FsC W
2o)| vlal FSV #Aollx 2 Uelst) webk] RSC EA01A FSVHEFA]o] AAIHEE ZojF=d] At
Aoz gapHolghs AE & F AUk 221 22 FSV W o] Axte] dis] 2% 9 iAo 7w
(1&7] FHE vttt o]# g vwE AN EFHIHRSD)HSE #7181, GC-PFPD-TD Al2=H 9]
=7y Bl ke AAESE Btk AL & 4 At wEbA oleid A7) A7k AEd S
grsly) feiMe o8 7 Aol At 202 AlRH

Abstract: To learn more about the calibration properties of reduced sulfur compounds (RSCs) by the combination

2

of gas chromatography(GC)-pulsed flame photometric detector (PFPD) and thermal desorption method, a series
of calibration experiments were conducted on the basis of both internal and external calibration approaches.
For these experiments, gaseous standards of 4 RSCs (H,S, CH;SH, DMS, and DMDS) were prepared at two
different concentration levels of both low (10, 20, 50,and 100 ppb) and high ranges (100, 200, 500, and 1000
ppb) along with CS; as an internal standard. First, the external calibration results were compared between fixed
standard volume (FSV) and fixed standard concentration (FSC) method. Secondly, FSV-based calibration results
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were compared between external and internal calibration results. As FSV method suffers from sensitivity

variations less significantly than FSC, the former is recommended to maintain the consistency in GC-TD

sensitivity for RSC analysis. In addition, when the calibration data were examined in terms of RSE between

external and internal calibration data, the results were not consistent enough to show improvements in internal

method. Hence, diverse efforts are desirable to optimize the reproducibility in terms of GC-TD sensitivity for

RSC analysis.
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TAEC] By gt AFEA S grsh] 9 =
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o vl ooz st Abde] dEiATh:
St EA A A pulsed flame photometric detector
(PFPD)E 4718t gas chromatography (GC) Al 2=8] 3}
2 WS AT A, 71EY HEWA(flame
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17 (fixed standard concentration (FSC) tH] fixed
standard volume (FSV)’) 5ol 93-S vt 234221
A3 Fag s gty & A7 o]¢) 7ol
Ao AgH A, AIFAR aEd A
E4E ohds Ao m Bk up QUokos Hef o

A

TE] AR GNAM B AFellA = RSC 24

ez AREe] A7A RS WEAH 71
I AAEE AR AT A IAH R
7}7] 2 sRUE FH3 EFEAEE R A
219l FEIAGHA(FSC) F9 I A W2A(FSV)S &
Alell afshe Walo g Ao M EE W ek

b Ela 23 o g FSVel 71xe RAH
(external standard calibration) 7 35 W] 57 S(internal
standard calibration)®] ZA3}<} A7 vasls WAl
2 g9z 7o) #AAE ] tig AA1A Wit
A Y Fake AFAEEd g AP 4
T vt

=135
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2 AT A= GC-TD A &=Hl 9 458 B
A3, 452 kA4 FsEZ (H,S, CH;SH, DMS,
DMDS)& F &4 e s aei ol=d Hd
internal standard® CS,& &5t 283 FYUHF
I} peak area 7+2] AN 7123 & F-7 HF(external
calibration)A 2 & 124 o2 #4319 010 =3t 2%}
Homg ouAF WAooz W FSVe Z o
internal standard= A7 3+ CS,2] A& FAl A&
st WAooz Hlwstgth dWrE o= internal

2]
of Hla] B} & AP S Fust=d &3 2o
2 gHA AUk olv] oy & WA ] g8 thggt
Fofoll A AlE=3}AL Ut} Zn, Cd, Pb, Cu 59 &S
internal standard2 A7 s+ AP A2 A3} RSDFE
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Table 1. Basic information on two types of RSC standards used in this study

Target compounds Internal STD

H,S CH;SH DMS DMDS CS,"

< pi fat MW 34.1 48.1 62.1 942 76.0

R P?ln(;ary S‘)a“ ar Cone. (ppm) 10.0 9.90 10.0 9.90 20.0
m

P Threshold® 0.41 0.07 3.00 220 210

RSC working  Dillution ratio

Mixing volume (mL)

Total volume Concentration (ppb)

standard STD-1¢ STD-2¢ Tnt. STD (mL) Working STD  Int. STD
1000 1 1 1 1000 10 10
Low 500 1 1000 20 10
concentration 200 5 1 1000 50 10
100 10 10 1 1000 100 10
100 10 10 5 1000 100 100
High 50 20 20 5 1000 200 100
concentration 20 50 50 5 1000 500 100
10 100 100 5 1000 1000 100

“Rigas (Korea): 10 ppm, balance gas (N,), Lab temp.: 24 °C

°CS, is an internal standard originally prepared at 262 ppm(from permeation tube) and is used after being diluted into 20 ppm.
“Odor threshold (ppb): odor threshold values were measured by the triangle odor bag method (Nagata, 2003).

4STD-1 is made as a mixture of H,S and CH;SH.
°STD-2 is made as a mixture of DMS and DMDS.

(%)o.2 3 AQF o) HFHOE 5-6% W=
Folx= Aoz yebdth! E3E solid-phase micro
extraction (SPME)E ©]-8-§ VOC 4] 9] F =] o
= YWRHZFS gdstA dgstr Ao 2
internal standard *32]-& A -8-3F o] 3t APAFTE]
R A EFA Y] &8 7INte R b
Z22v} GC/PFPD A28 3} AA| g &s)gta o] 419
AFANNE 71 WEES B2S &3 A e
zrol B7] oYt B AFoM = 47k 4H 3 A
o] A4 olEH FARSE FAHERL C

standard= 4831, Tttt T E FHgE EFEA
EE o83t ols 471 ARPE Hrtel]
93 wEo g gaa Bt

21. EFEE

2 AFoME F AFNGLR 459 A=
A sAT AYE BFAEE TET] f18e], 4714
ZAA RSC QEFABEE EF 10 ppm FE2
2 3R 59 tH(Rigas, Korea). 22| 3L internal standard
ol CSdE9 YEFAIEE 20 ppm FFOE FH|&}
Atk A& EFANEE dAFAES} 257 o
(No)Z 1L Tedlar bagell 84 - FY3}= Wl
AstAh A9 ZFAEE TDY w=uE 54

H7¥sl7] flste] Asmdlel LsEtE 13T
AFrd FFANEE YETAIEE 1000, 500, 200,
1008] 8]A3le], zkzk 10, 20, 50, 100 ppb o2
FHE T olFEA 7] gE a4 F=de] &Y
4 AlZof internal standard®! CS,= Y3 F=(10
ppb)E FABIES A7t FAh w3 LEs 2
4 EFANEE YEF AEE 100, 50, 20, 108] 3]
A3le], z+zF 100, 200, 500, 1000 ppbZE A 23}
TH(Table 1). =3t internal standard= U3 T2
100 ppbs FAI3HA Zhzt "7bste] 3t ol ¢k 2+
o], ZAMNY EFAIEE WL TEHARE g
24, TDY +Hx7AE AEste deoA HAZFE
g vlwstdtt.

22. EMAIAHISl M ¥ 2H

57FA RSC &S Wg £45 Slsl, PFPD
(Model 5380, OI Co., USA)E A&71& 3 GC
Al Z=¥](DS 6200, Donam Instrument, Korea)= AR
FATE Aol ARE-SE B417]719] AlFHA AA
7 Table 29 AABHATE & A7 544 A
T 253 AEE 2§59 tde FEHSLE F
= Zo] 838t ol& 93, As® 1w

GC/PFPD®] TD (Unity, Markes International, Ltd,

(<0

i

o o i
Az 4

1 o

flo

Analytical Science & Technology



ZAA sk g A Ao T A 27

Table 2. Compilation of GC/PFPD instrument set-ups and the corresponding experimental conditions employed for RSC analysis

in this study
[A] GC system?
Injector PFPD
off (no temp. control) (Model 5380, O.1. Analytical, USA)
detector temp.: 250 °C
air(1) flow: 10 mL/min
air(2) flow: 10 mL/min
Oven H, flow: 11.5 mL/min
initial temp: 80 °C
rate: 20 °C/min Column
final temp: 200 °C name: BP-1 SGE
initial hold 4.5 min film thickness: 5 pm
final hold 9.5 min length: 60 m
total time: 20 min diameter: 0.32 mm
*GC (DS 6200, Donam Instrument, KOREA).
[B] Conditions of AS/TD® operation
cold trap: Carbopack B+Silica Gel = 1.5 : 2.5 volume ratio
split ratio: 10:1 trap low: -15 °C
split flow: 15.0 mL/min trap high: 250 °C
hold time: 5.0 min flow temp: 80 °C

°TD (UNITY, Markes International, Ltd., UK).

UQ) NzHg 2, AeEES fEshs B4

PASIT), olgd WS Fu)e RSC AR
?é %*-Er*—*&ﬂ ES 58S Hole Zlor dEA v
P AMer v sRde] Ak EFAE IF

(10 20, 50, 100 ppb)e] A< 9)3, TDS] &A=z
10 mL/min® 2 A 3tG T} o]8 3t ZAA =
EFANFY FYUE 5T, 2, 3, 4, 5 min)E A
S, FAFeRA % HTATUL 3H UFE
oleis AWAL Agelel ALERe

b 3
& -
g

ol & ‘ﬂb"w = “JST; ojm] MPATLE T3 LE
v A ES IFE 5] A, AFY A8
FRlallor grh= e st AS/TD Al2&=El <]
AzAS W8 Agshs oz gasig. 9
AS/TD| N, ¥ 7]—&% 40 mL/min -rr—,_O_i

EE/\]E% ASJ multlstream

Foll FAINE o3k 100~500 pL FEZ
2 3} A th(modified TD injection method®). ©] wj,
FEUE AR HE ) B9E1,2,3,4,5
mL7HA] 9AME EHFo RN, 53 P A8E &
B3} tH(Table 3).
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3. 43 3 n#
B AP E AT ZE(10~100 ppb)F
5 IE(100~1000 ppb)o & FE3sle] FnH|3H
AREE ©]&3te], GC-TD &4 71Hel gk
RSCO| AHELE H7tetdrt. o] wf v
P EE o HAAWSEE #-A Adstr]
A3k, Table 391 A A3 o] F 714 &
WMo FFAEE oy 71X 7|Fo =z v 7Ms
S AFATE T 330 AA AAE T RHES
ATH2009¢ 649 24U FE 7€ 299). o|H 3 Z
FoA =ES 7t HIFE e 7187 #g A7ke
Wzl tiv]ste] Hlwals WAoR AHALS Ht
stk AA olelgk AAwste] JFgFor FASH
Aol sty RV FUAFAE s 2o
HA A FHA 2 AP At A 24l
upg} Zh=e] Wyt vjwd & £o03 Yehde A
< A& OIEW 7.%59 ZAAIA AR =
atEl el ¥ A F g HAax
2 Yol F= Ho“ﬁii rsiA ¥aE 4 9l
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Table 3. An experimental design for RSC calibration experiments using standards prepared at two different concentration levels*

A. Low concentration standard® (Normal TD injection) B. High concentration standard® (Modified TD injection)
Sample Sampling Total loading . Sample Sampling Total loading .
No. concentration Volume Quantity No. concentration Volume Quantity
(ppb) nmol/L (mL) (pmol) (ppb) nmol/L (mL) (pmol)

10 4.12 1 4.12

1 10 0.41 20 8.23 1 100 4.12 2 8.23
30 12.4 3 12.4

40 16.5 4 16.5

50 20.6 5 20.6

10 8.23 1 8.23

2 20 0.82 20 16.5 2 200 8.23 2 16.5
30 24.7 3 24.7

40 329 4 329

50 41.2 5 41.2

10 20.6 1 20.6

3 50 2.06 20 41.2 3 500 20.6 2 41.2
30 61.8 3 61.8

40 823 4 823

50 103 5 103

10 41.2 1 41.2

4 100 4.12 20 823 4 1000 41.2 2 823
30 124 3 124

40 165 4 165

50 206 5 206

*TD operating flow rate = 10 mL/min °TD operating flow rate=40 mI/min and back up gas loading time=2 min

*Experiment date: 1st=2009-6-24, 2nd=2009-07-02, 3rd=2009-07-27.

Table 4. Comparison of RSC calibration reproducibility by relative standard deviation (RSD (%)) of response factors derived
by 3 types of calibration

Low concentration

(10, 20, 50, and 100 ppb) S CH,SH DMS DMDS
Calibration method Ist 2nd 3rd avg® 1st 2nd 3rd avg 1st2nd3rd avg 1st 2nd 3rd avg
FSC 35.6 284 20.0 28.0 22.2 27.5 20.5 23.4 17.0 252 18.6 203 10.8 182 19.1 16.0
FSV - External 9.23 538 22.8 12,5 238 1.89 6.72 3.66 1.853.17 6.05 3.69 2.09 5.50 154 7.66
FSV - internal 11.9 734 239 144 797 11.8 883 9.52 7.44 127 945 9.86 5.74 128 16.6 11.7
High concentration

(100, 200, 500, and 1000 ppb) .S CH,SH DMS DMDS
Calibration method st 2nd 3rd avg 1st 2nd 3rd avg lst2nd3rd avg 1st 2nd 3rd avg
FSC 174 897 41.6 22.7 289 13.0 33.9 253 10.7 129 31.3 183 129 8.63 14.7 12.1
FSV - External 19.5 189 20.5 19.6 133 194 189 17.2 22.1 20.0 11.5 179 21.6 17.8 427 14.6
FSV - internal 16.6 7.56 50.0 24.7 273 7.04 49.6 28.0 10.0 6.81 44.0 203 8.85 898 37.6 18.5

*Representative RSD value for a given compound.

Astts H8 79tste] H,SHES 402 7} 5 32850 mL BE I%E I8 5 mL)9A
5 2548 Y sEUAHEFE LE: 100 ppb ® SEg 3 AP e WHIkES AT R
E IFE IF 1000 ppb) & AW FAEIA th. Table 4°] H,S Ao HW7&71/8 47L&
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Fig. 1. Comparison of FSC-based calibration results (response factor: RF) of low concentration standard (10, 20, 50 and 100
ppb) as a function of standard concentration.
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RF
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0
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y(2nd) = 9.0215x + 45872
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Concentration (ppb)

]
CH;SH
250000
y(1st) = 36.926x + 37487
R =0.912
y(2nd) = 12.17x + 66572
200000 R =0.2769
y(3rd) = 67 682x + 66813
R = 0.6877
150000
RF A A
100000
o
50000 f’._’_,-o"/;;a e 1st
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0
0 200 400 600 800 1000 1200
Concentration (ppb)
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250000
y(15t) = -31.861x + 147643
R =0.5596
y(2nd) = -4, 4655 + BE906
200000 R =0,0807
y(3rd) = 29.34x + 117618
R?=0.3788
150000 * A
RE ><
*
A
100000 n o
o
50000 *1st
o2nd
A3rd
0
0 200 400 600 800 1000 1200

Concentration (ppb)

Fig. 2. Comparison of FSC-based calibration results (response factor: RF) of high concentration standard (100, 200, 500 and

1000 ppb) as a function of standard concentration.
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Fig. 3. Comparison of FSV-based calibration results (response factor: RF) of low concentration standard (10, 20, 50 and 100

ppb) as a function of sample loading volume.

N EE UE RSDHS 73 A5 EH H,S8=
28.0%, CH;SH=23.4%, DMS=20.2%, DMDS=16.0%
Z UEstth 4714 Aie] tiE RSDE BT §ato]
T8k FSC %219 3+ 32 22.0(£2.52)%= AA|
HAT) o)9F Ze JFEL FSV o E 5A3EHA
AL AS NEAR HE2 7b7} H,8=11.1%, CH;SH=
3.28%, DMS=3. 3%, DMDS=6.86%2 e} T} waf
A FSV W2l 9] & HIL 6.1 (+1.86)%E MEAE
HE B 4717 A FHORE Blus)] Holx

FSC W21e Mo $Uel Aol ol W)
FgHolF AL FAY 5 Ak olHF A
PFPDE] LEA AR¥e] Zstol we B sl v

sho| = B3l FU S Ap(EE 2 A7 HA)
oA A o, FSV Wale] A7t 7Hg T8 v
W70 A FYPFT Y] WSt A FFuR

oF
=<3
3 YAl e ARE AET F dueE S B

Vol. 23, No. 1, 2010

SES=

olF gt 7 7HA] A7 WA mE HIE IFE
EFAEY Aol Fgdl] BTl ek gl
FSCHH2) 9] 739, 7 A& 2= H,8-22.6%, CH;SH=
25.2%, DMS=18.3%, DMDS=12.1%%, 47}A] A &<
BT gste] e F W AEAY 3> 19.6(£2.88)%
2 Yehtth FSVHEY o] RSDAHS ZH2F H,$=17.6%,
CH;SH=15.4%, DMS=16.0%, DMDS=13.0%=% L }e}%t
th wEba F HaS 15.5(+0.94)%2 e S
T IFAAE v R Z PSSV o 2 ARt 7S
7] k] A @A o] AH o R PR v
ERtTh 8y olE Ads AwE 1Ee] Aol v
3 AA| A& RSEfte] B} wiL MY =7 Hojxl
o}, 183 FSVY FSC W2 7o) xlol v A& o=
248 $30 2 Jelygth Ed DMDSA R 4L
o= 238 FSVEHA 9] A& o] Fd o= Holx]



32 z97 -

H,S
250000

=-6453.4x + 81384

RE=0.7107

y(2nd) =-7841.3x + 118860
R =04715

y(3rd) = 13508x + BET02

R = 0.6737

yi1st)

200000

150000

100000

50000 o 1st

o02nd
Adrd

Volume (mL)

DMs
250000

y(1st) =-12354x + 130405

R = 0.9004

y(2nd) = -5872.3x + 75950
RE=06319

y(3rd) = 6098 3x + 88100
R?=06191

200000

150000

100000

50000

Volume (mL)

A714
CH;SH
250000
y(1st) = -1549.8x + 75454
R?=0.0681
y(2nd) =-7822.1x + 106385
200000 R2 = 0,5005
y(3rd) = 11438x + 76518
RE=0.7442
150000
RF
100000
50000 *1st
o2nd
Adrd
0
1] 1 2 3 4 5 ]
WVolume (mL)
DMDs
300000
y{1st) =-18585x + 196527
RE = 0.9306
250000 | ¥(2nd) = -8261.9x + 114322
R¥=0.6707
y(3rd) = 1157 4x + 135974
200000 R?=0.0943
= B .\‘N‘
100000
[5] 5 o
50000 + 1st
o2nd
Adrd
0
0 1 2 3 4 5 [

Volume (mL)
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Fig. 5. Comparison of internal calibration results (relative response factor: RRF) of low concentration standard (10, 20, 50

and 100 ppb) as a function of sample loading volumes.
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