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butyraldehyde (BA) isovaleraldehyde (IA), valeraldehyde (VA))S 33t 7141 XA EE DNPH7IE
AR FF F &F3t9 HPLC/UV HAE7IZ A3 o] AHE vlsst 502 ZAS A
EFFFEN AR Ao} vwsAdTt. A FFAIES dHIEIAS o, dF R AEA 47
(Fgulstel =, oA ELulslto] =)ol Blal] A AH(ZEI 2P slo] = o]/ hHES] 3|FEo] BA
e 2Rt o2 7Ad ZFAES] AHAEES 0-80% FHlFE HAA vlast A3
20~80% A AR} 1R JIRESIGHEES bl AH &9 zolrt FAFESUTE FASL AAS)
24e ARAF 7t EsRbE] S, £ #stl dial] vlv|st HskE Bt 2eu PA ©]4d

| =

BEES Bge0] T8 }% AES BT o2 AL vuEA e A= 7 AlFAM B
FARE A Blon, AEA 7tEEseE ] A, s wE IFE-HsE Ads] ngY g
27F Stk

Abstract: In this study, the effect of humidity change on DNPH cartridge sampling efficiency for carbonyl
compounds (CCs) has been investigated. For this analysis, gaseous standard of 6 different CCs (formaldehyde
(FA), acetaldehyde (AA), propionaldehyde (PA), butyraldehyde (BA), isovaleraldehyde (IA), and valeraldehyde
(VA)) was calibrated after derivatization with three types of DNPH cartridge products. Their calibration results
derived at RH values between 0 and 80% were then compared against liquid phase standards. If the results
of our analysis are compared by the RH values between 20 and 80%, the effect of RH can be distinguished
between light and heavy CCs. For lighter CCs (like FA and AA), there was no significant change. However,

for the ones heavier than PA, there was fairly noticeable increase in relative recovery ratio in RH value between
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20 and 80%. Such patterns are seen consistently from all three DNPH products tested for comparison. The

results of our analysis suggest that proper correction for RH change may be needed for heavier CCs by the

cartridge method.

Key words: carbonyl compounds, liquid standard, gaseous standard, recovery, percent difference (%)
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FE7F0 Q1 FeA Bl skt & Al A
= FE7F Hstele 210 7]%—94 A Al
A gate] FEo| Wyt 3|¢gd vAe 4TS &2
AT o] & $l8l, ?:l‘i'l‘@—o—i AH3hE 371 F
2] DNPH 7FEZA] AlF (A ZA}: Top trading, Waters,
Supelo)ye 41743514, 0-80%% w2 HE7F Hlsh=
27004 71 FFAEE AF AT ol F T
F=7t Al8AFH ol PX= TS 2AFSA T TS
Zk AEd BRI FAo BlaskiTh
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2. giqraty

£ A= HPLC/UV A&l 71 %38k, ZAMH
HEo 7 AR ¢71A] 2R Y AR (Table 1)E°) T

‘(5
gt AHE S st AAste] ¥laL - F48ax)
gkithk. HPLCE HZ & o|F =% Z(dual head
pump)E ©]-&ste], o] 5] ¢ Wste] mE ol=
(noise)E F 43}l T} CC &9 HEL vjF4
DNPH 3}3t&¢] Hej2 o] Fo7ith webs o]&L 3
FH o Feshr] 9, w573 Z7<l HICHROM
5C18 (25 cm x 4.6 mm, particle size 5 um)E A3}
o}, &2 ML 70% acetonitrile (acetonitrile : water =7:3)
S AL, FEFS 1.5 mUmin® & I AT 7}
2rd JEES9] AE0l AHE vy HE7E A=V
10" gmLE 2 A B8] ot Heolrd
UVZZ&7](Lab Alliance, Model 500)= 7121 d3}3H&

A Eo] 24-DNPHE 7hsto] 248} W02 HHalA)
20 3, ANFF4<] 360 nmollA AE3I T

22. EFENES =N ¥ x*%r

FEHst] WE 7t FFAEE 2AE] 9,
FARELS N2 A& 1 L bagell 35%4F AJele] &
TEAS S0 pL T T, 24 A7 7S A FEE
18tk U™A| 5 59 aldehyde’d ®-2 3=t Rigas

Aol A Az 10 ppme] 71AY EFAIEE 08313
Tt °]E& 20 L £FAB(TVA-101, Top Trading
Eng Co., Korea)& 533 254 & &x(nitrogen: Ny,
99.999%)Z o]g-3te] YL FEFAEE 4079 ¥
S(FA: 82.1, 164, 660, 1326 ppb)$F ET7F(AA7]F:
652, 131, 262, 524, 1058 ppb)= 31X %A sttt
(Table 2). o1W AW WHF-] 2% 25 °CE 4A3M
A8, o] M3kE 5 w0, 20, 40, 60, 80%)%
AAste] vt 1A BEARS] I5ES 3
7Fet7] Q13 FHo R AFFFAEE FAld 83}
Aot AFAIF ] A-$-, vl=F Supelco A AIFE(TOI11/
IP-6A Aldehyde/ Ketone -DNPH Mix, 15 pg/mL)S -
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Table 1. List of 6 target carbonyl compounds (CC) investigated in this study

Name of target compounds Molecular MW MDL? RSD®
Order Density N Structure
Full name Short name formula (g/mole) ng ppb® %
o
1 Formaldehyde FA HCHO 30.0 1.08 0.02 062 0.84 1
H/ \H
o
2 Acetaldehyde AA  CH;CHO 44.1 0.79 0.03 055 095 /|
3 Propionaldehyde PA  CH;CH,CHO 58.1 080 0.04 054 175 A,
o
4 Butyraldehyde BA  CH;CH,CH,CHO 72.1 082 0.05 054 173
Y Yy 3G LY /\)KH
5 Isovaleraldehyde 1A (CH;),CHCH,CHO 86.1 0.82 0.06 055 143 {/0
6  Valeraldehyde VA  CH;(CH,);CHO 86.1 081 0.06 056 0.84 PR
*Method detection limit (MDL): absolute mass in 20 pL injection
®MDL in concentration unit: a total volume of 8L is assumed for this computation
‘Relative standard deviation
Table 2. The calibration preparation for gaseous carbonyl compounds (CC) standards
A. Operation conditions
Temperature \% Flow rate Loading time Total gas sample Disolved Vol. Injection
“°C) (L/mole) (L/min) (min) volume (L) (mL) (uL)
25 245 1 8 5 20
B. Primary standard (unit: ppb)
Chemical Formaldehyde = Acetaldehyde Propionaldehyde Butyraldehyde Isovaleraldehyde Valeraldehyde
Acronym FA AA BA 1A VA
MW (g/mole) 30 44 72 86 86
Concentration 2001460 99600 20100 18600 19600 15100
C. Final working standards at 4 concentration levels
Gas volume" Concentration (ppb) Absolute amount (ng)”
Order N, Vol FA Vol Mix gas
(mL) (mL) Vol (mL)y FA AA PA BA 1A VA FA  AA PA BA 1A VA
1 9993 0.48 6.54 9.1 65.1 13.1 122 128 988 3.77 3.75 1.00 1.15 144 1.11
2 9986 0.95 13.1 190 130 263 244 257 198 746 751 200 230 2.89 223
3 9944 3.82 523 765 521 105 973 103 79.0 30.0 30.0 798 9.17 11.54 8.89
4 9887 7.64 105 1529 1046 211 195 206 159 60.0 602 16.0 184 232 178
" Total volume: 10 L
P Mix gas cylinder (AA, PA, BA, A, VA, RIGAS, Korea)
% Amount of CC introduced by the injection of 20 uL. Working Standards
)3k F 5 GAZ 324(0.15, 0.3, 0.6, 1.2, 2.4 pg/mL) HZ o] &3lo] A AT F2E AP A F=
St 28 E A E(working standard: WS)E 1] 3f E AR R BE F s E 98 30 21 71t
o] A3kt 2|3, 10 L bagE o] &3l dEFAES FEE &
F P48 3718 FUSHE PHOE 74 Fro] B
23, NEMSH ¥ 24 A8 REARE 2AAT. 2 F AL4FY &
Zt ¥ 7A APE EFAIEE 20 L & ] ¥ 3 (SIBATA-300, Japan)E ©]-&3}o] LdnkgQl A
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¢} A Carbonyl 3F3HE2] FHERA] ]3]

FAFEH 548 1 Uming] §502 & 8L A
& DNPH7IEERA ] FAIH T A& A FHA] €
AR S Aasler] faEl, 2 o=3F AF KD
2 F %13k ozone scrubberE 7IEZ A A FAPERE 7}
7} Actol] Fabste] L& AT 71AY BFE
ANEE ddeR §&317] 913+ acetonitrile (ACN,
HPLC grade, B&J) &% 5 mLS FYslo] 232 &
=39t €& Al GHP Acrodisc 13 mm (0.45
um, PALLYE A3, Bf &322 7S H4skeld
ot B3, JFEER| Y] AlzAPE oS vash] fls,
HEAOZ AlFoA 77 7k 3 /9] Al Z2AL
A Z(T: Top trading, W: Waters, S: Supelo)S X173 3}
ARESFATE 28] ARG Ao 4 39
AZ, 2= 5 71840 24 & | &}

G7hseet.

o
o 4

Kot

10

3 &4 ¥ E9
3.1 M 2Mg g8t 712
A A" 548 Hrtshr] fls A& A

(method detection limit: MDL)} 3t 3 EH =2} (relative

standard deviation: RSD)E 2F& 3t Table 10 A A|

stk Axghe] sre Al (g =z 73 F,

AEe] HIE 8 LE 7Stste] ppbRE A&

MDLE 913 oH3 A @ ol A& dsto]=F

o] B we} AE3A ) 2HI FEFFY A

EE ZAS ¥ 73] v SA S A RFYAL

3.14(7 3] wrEEA ) thEk 99% 2l Z] 77k A 9 t7h)

& Foted AdsATh! HESHA AR AT A

EHEFARE o] g3l S ELH E|EE 7]FS

= signal¥} noise ¥ L7 FHEEE HARGSN=3)S 7

ot sttt AW A3 MDLS 7+ AEEZ 0.02~0.06

ng (0.55~0.62 ppbyr&=L & et APAPS Hrt

3171918 0.6 ng/uLe] AFEFEFAIEE 3 3] vH

EA 3= w2 o 2 RSDEHS AMEalg)Th.

SD

RSD(%) = === x 100
ean

o}7]9ll4 RSD (%)E H4EF 23}, SDE 3 3] wkE
BA3 24 x)9] EFHA} (=SD/n ), Meand HHE-EA]
Z79219] g ovgitt. 1 Ao, 7F JR-ERE RSD
7} 048~1.75%2 E5F HHAQ1 AE B

3.2. 3Al DNPH7IEZ|X|2| HIEAIH
2,4-DNPH 7}E@|A] WA o 2 A 8E AHT A,
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FIERA] HiREEE RIS iR e EE Hd) F
Fng) o= T3t ¥, A 89 RIE 8§ LE et
ppbE = 2HEsIA T 2 A3 T AlFE2] FA=0.33 ng
(0.014 ppb), AA=0.43 ng(0.012 ppb) 2 JEFGETH
a8z W AEY A% FA=0.16 ng(0.011 ppb),
AA =032 ng(0.009 ppb)AE=ATE SAF] A
FA=027ng (0.011 ppb), AA=0.10 ng(0.003 ppb)7}
AZH Ut o]¢)o] PA, BA, IA, VA AEL 3A}F AIE
A BF HAEHA FAUT

3.3 AT JiAM EEAES T8 HlW

HEATE APAFelA AAIZE uke} ZEo], HE7]
of ut2 Fdste AFFEFAES] HAFAR 71A
A58 HFAHE et BA o= 34&s =
SHATE F& 0% FElelA o] Z1AG EEARE 24-
DNPH 7IEZ|X & &% & HPLCE ZHHF 43
AAE HA AJEFRFAIEE APt 4
Fhob vl astith(Fig. 1). 3 AF AlFe] FFEAE ©]
&3t 3FES v A3, R AEA
(FA, AA)°l thHlate] LEA JE5(PA, BA, 1A,
VA)E] 3|g&o] FAsHA WA vetsth A% £F
FEA TS 7AG REARY A7 22 2715
43171 213l percent difference(PD in % = [(RF (liq) —
RF (gas))RF (lig)] x 10002 -3} tH(Table 2). FA, AA

¢

LT
i)

400000
:
300000 -
*
& 200000 - X o o
.
* o
100000 - X x X <6
0 T T T T T

FA  AA PA BA IA VA
Compound
Fig. 1. Comparison of calibration results between liquid and
gaseous CC standard at RH = 0%: For gaseous data,

the mean RF values of 3 cartridge products are
derived for comparison.
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Table 3. Summary of RF values of individual carbonyl compounds (CC) as a function of relative humidity (RH)
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o] W 3480 vH%sA YeEh} 2 2pols} vlul s}
te A i‘fﬂﬁ}‘}i"%.

A% 73= (38 Al response facter (RF)E ©]-&-3}
o] FEHst] e 6 7 7R 35HEe] 348
T2 AW B (Fig 3), o] 7+ AEEE TR &
sl w2 3582 2jo]S ARAPER BelahY
SH(Fig 4). =7t 571 W 348-9] Wl s
AL Holx &y, 1 AEo ol AR 2k

23 vwr|FEoZ g8
3 73k Ao =
FrHste & 7)AY FFEAES 3
daolA F

mAo

=

53
J
AOO

TE=

=3}

o fEWSk] me 6 9] FEdagEe] FJols

FAR F3}7] S
F5 20% wiHlste] Aol =S 71 80%
o 71AE BE

SN

ST E
H\H—=

7he g gl

el

A& AAge 7HEYA AR

T3t percent difference (PD  in% = [(RF (80%) —
RF (20%))/RF (20%)]x100)E *+Z 3} 93 th(Table 4). 3
AU 7L

THE 3 AF Hde

2 Wsle] #5 BY, A +25.1% (BA)S] Aol& B

A ¥

RH Liq* Cartridge for gas phase sampling® Liq Cartridge for gas phase sampling
% L T w S Mean PD(%)* L T w S mean  PD(%)
FA AA
0 316128 318867 370711 331656 340411 -7.68 242385 197595 215871 204434 205967 15.0
20 360710 377813 358139 379586 371846 -3.09 274789 188109 185414 173582 182368 33.6
40 339128 424679 346807 338634 370040 -9.12 261842 205862 199121 184693 196559 249
60 325587 350112 389072 341138 360107 -10.6 246328 161494 185436 138326 161752 343
80 338584 332930 372554 358108 354531 -4.71 260755 176751 184751 178190 179897 31.0
PA BA
0 192326 115743 111119 120138 115667 399 152896 105145 98417 96015 99859 347
20 213706 110313 97480 86627 98140  54.1 172262 101668 99966 88097 96577 439
40 204656 118623 115757 104798 113059 448 164590 113912 116503 100102 110172 33.1
60 191729 95677 115560 88559 99932 479 153075 97578 123546 82880 101335 33.8
80 200083 113309 105214 115429 111317 444 161714 139464 100235 122817 120839 253
1A VA
0 125470 71281 62687 58682 64217 48.8 122671 92166 94289 87513 91323 25.6
20 144432 51018 57319 51964 53434  63.0 140423 68241 78885 76074 74400 47.0
40 136200 61179 56278 58725 58727 569 132091 93384 88107 81244 87578 33.7
60 121570 49085 60677 43952 51238 579 124279 72698 84524 61934 73052 41.2
80 125809 57658 58495 57695 57949 539 124727 80098 83888 82205 82064 342

Liquid phase calibration data not affected by RH charge and are presented as reference value

°Cartridge products: T = Top trading, W = Waters, and S = Supelo
‘PD(percent difference) = [(slope(liq) — slope(gas))/slope(liq)]x100
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Fig. 2. Comparison of response factors (RF) for each individual carbonyl compounds as a function of relative humidity between
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Fig. 3. Comparison of RF values of carbonyl compounds across
relative humidity.
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Table 4. Comparison of RF values of carbonyl compounds (as percent difference) between two relatrve humidity values (20%

and 80%)

RH Cartridge for gas phase sampling®

% T W Mean Spb Ccve
FA

20 377813 358139 379586 371846 11904 0.03
80 332930 372554 358108 354531 20053 0.06
PD? -11.9 4.02 -5.66 -4.66 8.01 -1.72
AA

20 188109 185414 173582 182368 7728 0.04
80 176751 184751 178190 179897 4265 0.02
PD -6.04 -0.36 2.65 -1.35 441 -3.26
PA

20 110313 97480 86627 98140 11857 0.12
80 113309 105214 115429 111317 5391 0.05
PD 2.72 7.93 33.2 13.4 16.3 1.22
BA

20 101668 99966 88097 96577 7393 0.08
80 139464 100235 122817 120839 19689 0.16
PD 37.2 0.27 394 25.1 22.0 0.88
1A

20 51018 57319 51964 53434 3398 0.06
80 57658 58495 57695 57949 473 0.01
PD 13.0 2.05 11.0 8.45 5.84 0.69
VA

20 68241 78885 76074 74400 5516 0.07
80 80098 83888 82205 82064 1899 0.02
PD 17.4 6.34 8.06 10.3 5.94 0.58

Cartridge products: T = Top trading, W = Waters, S = Supelo
®Standard deviation

“Coefficient of variation: mean/SD

dPercent difference = [(RF (80%) — RF (20%))/RF (20%)]x100

)

zg .
“%m@m
DR ]y o = R ¥ (O

S7kstth. &, 2 %9 e olA DNPH 7FEE
E3 A EFAEE AT o B =&
M ET IFgo] =A Yehe AR y_jl
AT 2 B Aol A] Eelg At A

st e 3hee Aol LEA ﬂlﬂ_‘é

oA Bl FIE S AL sl

o7 vehyt,
FEWsl] W 7Y EFEAET 2ol v
3ty MA} T FEFA B9l HAE £ xfo]E I

QAetaA sk ol F Slal AHEFEFA RS} G
st wE 7144 EEAR ol & AEA A

ZAPEE PR T o]59 HHAS o] 83l percent

difference (PD in %= [(RF (liq) — RF (gas))/RF (lig)] x100)
2 AN AHFig 5). L A, FLdstol =9 A
T =7 Wt Agte] Fol7t HHEH oz of
10%01H el W gk 2ol & Wt ofAl Edd)ste]
=] A5 F5= 0% AdTe] ZFol7t oF 15%
HAER 2 AolE HolA doy olF §EE =
of FA8E 45 F2 0% FH 4 WE o =
HH AL Apol7F Ut W, Z2 ]2 slo =,

dastol &, ojadd Edu stol =, W 2
o}ol o A5 A EFRFAE} A EF2=A
Fo] o7k BRHOR F 40%Y =] FF AolE

ueb e
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Fig. 4. Comparison of RF values of 6 carbonyl compounds as a function of humidity.
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* PD(percent difference) = [(RF (liq) -RF (gas)) / RF (lig)] x 100

Fig. 5. Relative recovery of 6 carbonyl compounds in gas phase standard samples as a function of humidity.
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