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Abstract

In this study, the effect of standard phase difference in calibration of carbonyl compounds(CC) was evaluated by
using their standards prepared in both gaseous and liquid phase. For this analysis, standards in both phases were
prepared for 6 different CCs (formaldehyde (FA), acetaldehyde (AA), propionaldehyde (PA), butyraldehyde (BA),
isovaleraldehyde (IA) and valeraldehyde (VA)) at similar concentration levels. Their gaseous standard was
calibrated after derivatization with three types of DNPH cartridge, and their calibration results were compared
against liquid-phase standards. Although there was a strong compatibility between 2 phases for CCs with lower
molecular weights (e.g., formaldehyde and acetaldehyde), it was not the case for the heavier CCs. The results of
our analysis indicate that the analytical bias of the heavier CCs can be significantly large (by more than a few tens
of %). As aresult, underestimation of hevier CCs can be significant, if their gaseous samples are quantified by liquid

phase standard.
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Aol sgshe 7hadA 3HkE-E (carbonyl com-
pounds: CC)-< 33}t w7 84 2 Qlie] x|
B7EA o3 Foz i w2 HAE I Fo
2 F2A s g} (KMOE, 2008). o}A] Eatd 5o
= (acetaldehyde) W o] & Abs}HE2] 7% S o)A
EA=7 2gabe, Fodd|ste] = (formadehyde):= &

—



PHARARA & 2, F ASsta 71wA A
A, 3% e ar] 55 dedle Aem A A

2lt} (Hwang et al., 1996; Zhang et al., 1994; Grosjean
et al., 1993). w3k, o442 CC AHEES djiio] 7}
g AN Tl AY 3 glo], AHE 9JAIF o=
7 AEAE FEE A= S WAska 9l
ohoutebA o5 B BARokY] FoF AT
o 7 ksl thEelx g} (Hong and Kim, 2005).

uk 749)7] % CCE A23}7] 93, 2,4-DNPH
7tE]A] MEZHE o]|43le] DNPHSE carbonyl
compounds®] f=4 2 HAYA7IE AHPAE F2
AMgsl3 g)eh (Pal and Kim, 2008). =] 1 ©}&-
HAR o]E 7tERAY f=AlE £EF F high
performance liquid chromatography (HPLC) £ 7]
o @Azl wAS PAE F2 F4sky Al
(Hong et al., 2010b). 721} carbonyl compounds®]
PHe oy EFEFARE AHgSte] APHE
st o]E Edz 47] F v=F A AEse A
o] wao]c} ufebr), AepebA|e] vl &3t (matrix
effect)el] )3k 4 937} 4T % ek

B AT & 7] 7hEd A #REE (formal-
dehyde(FA), acetaldehyde (AA), propionadehyde (PA),
butyraldehyde (BA), isovaleraldehyde (1A), valeralde-
hyde (VA))& ¥4 die=z ARt 12jx
o5 AR U HpArlEe] ANsE wus
7] Ssked, Are) 93k 2ele @Ak, 94
2FA 8 7Y 2EAETE] ARl diF
238 AA oz Atstaa shget o 91, F
A A BEARE o) g3te] A ZeF 7127
5 AbEsta, A VA 2E:A R0 HeEE 3
Zhkiet. 71 28] A2 g es At
4313 9lE 371 72| DNPH cartridge (2] A}k
Top trading, Waters, Supelo)E o]&3}o], AF 7]+
o) AFE AR Al B msleieh A ot
Hel| 7]¥ksl 7] = carbonyl compounds A -£-5-2]
AFE A 2EA8Y 48 V|EoE AXET
ek whebd B)7] FM ARG A AnE A4
w£FAER s ) e ) w9 (matrix effect)
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2.1 EFAE A=

B A7 AR ez AAF 6714 car-
bonyl compounds A& (& 1)E<] A 7]AAe
EFA B A3 AFEAAE vl 6, 7
72 m2A g Azt AAke] A, el g =
ZF A& (working standard: WS)= u]= SupelcoAl2]
Z) % (TO11/IP-6A Aldehyde/Ketone-DNPH Mix, 15
ug/mL)e o] -&3led 5ukA = 34 (0.15, 0.3, 0.6, 1.2,
24ugimL) & F A3l

NAe) A g EFARE Azstr) gsted, for-
maldehyde /-2 35% A4} AJef o] Y =FA 5 (pri-
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50uL 91 F, 24417 718417 ¥ 5=E BHelshd
o v #) 53] adehyde ¥ 35 Rigasitel A
Az 10ppme] 7144 QE2FA8E o] gl =
98 BFAEE M =EA sk o] 52 10L PEA
(polyester luminum) bagel] <<= 2 4 (nitrogen: N,
99.999%) % ¢ F 524 = (FA: 96.1, 190, 329,
769, 1547 ppb, Mix gas(AA7])5): 65.2, 131, 262, 524,
1058 pph) 2. 34 3te] 2l g wFABE FH|sel
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Table 1. List of 6 target carbonyl compounds (CC) investigated in this study.

Name of target compounds

Molecular

MW

Order Densit RY Structure
Full name Short name formula (g/mole) Y '
i
1 Formaldehyde FA HCHO 30.03 1.083 32 O
H H
o}
2 Acetaldehyde AA CH;CHO 44.05 0.788 38 )‘
o
3 Propionaldehyde PA CH5;CH,CHO 58.08 0.798 4.8 \/H\H
o
4 Butyraldehyde BA CH3CH,HCH,CHO 72.11 0.817 6.2 /\)k
H
5 |sovaleraldehyde 1A (CH,),CHCH,CHO 86.13 0.8209 7.9 —<_/°
o]
6 Valeraldehyde VA CH3(CH,);CHO 86.13 0.8095 8.3 /\/\/
YRetention time based on acetonitrile: water (70: 30) mobile phase used in this study
Table 2. The operational conditions of HPLC/UV system for the analysis of carbonyl compounds”.
1) Injector 3) UV detector
Volume 20uL Model 500, Lab Alliance (USA)
Wavelength 360nm
2) Pump 4) Column
Flow rate 15mL - min?t Model 5 C 18, Hichrom (UK)
Mobile phase ACN : H,0=7:3 Particle size 5um
Analysistime 15min Temp 20°C

YHPLC (Series 1500, Lad Alliance, USA)

28] <k FE LA F FE A o]F YA (4
°C o]3}) mslet. A =38k 7|AY BEAIRE A4
o3 8237 93}e acetonitrile(ACN, HPLC grade,
B&J) §H o= s5mLE FYste] &AL fx=dlsdct
4% All= GHP Acrodisc 13 mm (0.45 um, PALL)
£ AMgsled, B B9 7Hd & FAskelgleh

2.3 BMEH|9 M F gy

Carbonyl compoundsA| € ¢] RS 3} 2%
3 A =7} FHeoldt HPLC/UVA|2EE: o] 4-3]e], A
A} 2ol 4 =342 (liquid phase WS: L-WS) £} 714
2 2444 2F A8 (gasphase WS GWS)9| A &
A& vlwstas} shch (& 2). HPLCE- I =& o|F
¥ =3 = (dual head pump)E o] -4-3ke], o] g2l gt
2 W3le] whE o]z (noise)E FHAFEH car-
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bonyl compounds 3}3tE2] 7% w]=Alel DNPH
3Ee] R o] FoiRth wEtA o] &S &IA
oz 22slr] ¢)8), u|=A4 A=l HICHROM 5C18
(25cmx 4.6 mm, particle size 5um)E ARE-3133c}. o]
ZAF gL 70% acetonitrile (acetonitrile : water=7:
3 AHEEkH ol Akl 2 15mb/mineg 31
AN ZANA A5} ek UV Z7] (Lab Alliance,
Model 500)¢] ¥4 871 $laiAe We] e &
% 4 ol WS S oF HZel sbsslt vt
2}A], carbonyl compounds #3E53 2,4-DNPH2]
RS YY) F o5 fEA HgEst b

ol 360nmel| A 7 &3k}

2.4 FOIX| EEAMZ2 HEM Fst7|
Carbonyl compounds A3 #-2] 7efx-2 A} 4



97] % Cabonyl JE-E52] A=k ¥4 7|+
HAE o] g3l 1xH o2 HFAE =&} 18
3 7IAA =FEA 8 DNPH-7LEZ ol A# 3 F,
ACNeo =z g823le] EXA3}9iw (KMOE, 2008). mhet
A 2 QAFelME dutd oz AgEle WA 254
ong o]_&%} 743& 73_7,}3]. 7]_/\/\]- EFEA ]E—E— 7]._«31
Aol F-42% AmerE 73 APAE 789
o F EZAIFJH 3eES v adFseh

3. 23 o E9

3.1 3Al DNPH cartridge2] blank test

DNPH-7}EZ| A2 o]43le] Alas AAT 7
| Z=2A FANA A $F2] carbonyl compounds
JEEo] ol xEHE A9t WA T Thef o]
A RS WA EAIHH Aexs AERES
o7 8 Aoz wje Z X} HA
& 4~ 3Jo}(Hong et al., 2010a; Pal and Kim, 2008). u}
A B4 A dAleA 7FE"A] blankF=E Eel
stodeh Blank Al 2.9] w=t A A (g = +
& F oo BAle] AR R3)E 8L Ztsiel
ppbetsl = Abzshaleh. 7 sk T AlEIA for-

o‘l‘x

3*‘_,

Sy

o o3& A

Dt ) ZIAd mEA RS e B4 AF 55
maldehyde=0.20 ng (0.01 pbb), acetal dehyde=0.13 ng
(0.002 pph)7} HE= 3z, W A E2] 74 formade
hyde=0.04 ng (0.03 ppb), acetal dehyde=1 83ng (1.4
ppb)7t AZEstArr 28y S Al FEA= formalde
hyde=0.23ng (0.18 ppb)3t # &=| 31T} o] <)ol propi-
onadehyde, butyraldehyde, isovaleraldehyde, valeralde-
hydex= 3AF Al Foll Al 27 AEH A Aot o] & +
A Aol B4 7<% Slope AAA (R = 1)
D qRE A s s

3.2 AT JtAN EFAIRS 848 HD
® AT Qe g Fol A4 EPE

FA8Z HPLCe| ulz Flste] 73t Hzte} 7
A} EFAZE QU AR} Lol FERlAE F
FEAS P =AM 73 HFr1L7] e v
I FA s

® 3] AAF %
FIERA| S o] 43t 7
Hie o] 43l 19
vl A A SR} FAbR
I A oz 2 Ex}e] &35l formaldehyde, aceta-
Idehydet= 54 2.9) A Abzelol] mHE zpel7} 7w]

Table 3. Comparison of CC calibration results between liquid and gaseous phase standard.

Carbonyl compounds Calibration Ligws” Gas WS

L w S Mean PD?
e
— e
oo e ML i s U6 e
Butyracenyce % o omee o owe % ®1
sderatyce "% owes  oms oo owrns o0 48
Vaeradetyce % s ose  oses  oaes O8O %9

YTO1VIP-6A Aldehyde/ Ketone-DNPH Mix, 15ug/mL (Supelco, USA)
L: liquefied mix standard
AGas Standard: 10 ppm (RIGAS, Korea)
T: Top trading
W: Waters
S: Supelo
3PD (percent difference)=[(slope(liq) —slope(gas))/slope(lig)] x 100
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Fig. 1. Comparison of CC calibration results (response factors: RF) between direct injection (liquid standard) and after

cartridge extraction (gaseous standards).
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ol s}3l= propionaldehyde, butyraldehyde, iso-
valeraldehyde, valeraldehyde A 252 4 Ake] 7ekA
ol wlsl 71AAke] Akt @AsA A eb
weba] Al Awks] 2 3o et 245
e 4 4 ok

a8 20 AT As Bd, 43 EFEFEL
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FA| 82 739 sopegkol propionadehyde Aol o]
2717 FASA ol 2 FEE W) ol
3 Zoz vepgeh mRate] A, keelAeln &
5% ket EFA RS YT AT S2o] ol
FoIA A e TRsAe] 2 Aoz F2Hc) 94
3z oaa) JAA 23 LN B AT | o3t
z}o] = percent difference (PD in %=[(slope (liq)—
slope(gas))/slope (lig)] x 100)2 F3}e] 23 3¢ A
A3teiTt. o] AA W)7] = carbonyl compoundsE-
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Fig. 2. Comparison of calibration slopes derived by both
liquid and gaseous phase standard.
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YPD (percent difference) =[(slope (liq) —slope(gas))/slope(lig)] x 100

Fig. 3. Comparison of percent difference (PD) for 6 car-
bonyl compounds.
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