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ABSTRACT

This work presents a simple flow injection analysis (FIA) system with gas-diffusion
(GD) for selective detection of acetaldehyde and ethanol. By means of GD, acetaldehyde in
injected zone of standard/ sample solution is permeated from donor stream of water, through a
hydrophobic membrane (fitted inside a GD unit), into a mixed reagent stream of
sodiumnitroprusside and morpholine. Blue-colored complex is developed and is consequently
monitored at 600 nm. For determination of ethanol, oxidation of ethanol, using acidic
permanganate as donor stream, to become acetaldehyde was carried out with subsequent detection
of acetaldehyde. The system provides the linear working range of acetaldehyde and ethanol in the
concentration range of 1 x 10~ - 5 x 10” M and of 10-50 % (v/v), respectively. By using the GD,
selective analysis of acetaldehyde and ethanol from matrix can be achieved. The system can also

be exploited for speciation of acetaldehyde and ethanol.
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SCH, CH,0H+ 2KMnO, +3 H,8O,—p 5 CH,CHO + 8H,0 +2 MnSO, + K_SO,
19N 1UeD oz viod lad
CH,CHO (g) + Na, [Fe (CN)NO}-2H,0 + O(CH,CH,),NH _____,  Blue-colored product

pzavadlen  Tw@oululaswsaled  wefIWau At



[
oy QL =

2.8 nsaudunddeningvea [5]

1
=~ ol = 4/ ar

A9 2.2 e naveadsefineivestumimnevienuea

B

o q‘ - s L T = =
(3} N #¥OATUHIDY 132813 Naayioa !i)ﬂﬂ‘lié,NEN
- iRl stopped-flow
- Eva Forster, Manuel Silva,
- 751N : DTNB
Kinetic enzymatic detesmination of ethanol / Synthetic mixture Mathias Otto and Dolores Pérez-

methanol mixture by the stopped-flow technique

(ethanol and methanol)

(Chromogenic reagent)

- Detector : UV at 412 nm

Bendito, 1993, Talanta, volume
40(6), 855-861

Simultaneous enzymatic determination of

methanol and ethanol by flow injection analysis

Synthetic mixture

(ethanol and methanol)

- mﬂﬁﬂm‘g: flow injection

- NANN17 ; Differential —kinetic
enzymatic method a4 reactor
ﬁmsq alcohol oxidase on

controlled-pore glass

A.Maguieira, M.D. Luque de
Castro and M. Valcarcel, 1987,

Micro chemical Journal, volume

36 (3),309-315

Simultaneous enzymatic spectrophotometric
determination of ethanol and methanol by use of

artifical neural network for calibration

Binary mixture of

ethanol-methanol

A .
- malan 1Y : enzymatic

spectrophotometric

Marcelo Blanco, Jordi Coello,
Hortensia lturriaga, Santiago
Maspoch and Marta Porcel, 1999,
Analytical Chimica Acta , volume

398 (1), 83-92
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Rapid quality control of spirit drinks and beer
using multivariate data analysis of Fourier

transform infrared spectra

Spirit drinks and beer

(ethano!l and methanol )

-madanls : FT-IR

Lachenmeier, Ditk W. , 2006,
Food chemistry, volume date
2007, 101 (2), 825-832

Simultaneous quantification of methanol and
ethanol in alcoholic beverage using a rapid gas
chromatographic method coupling with dual

internal standards

Alcoholic beverage

(ethanol and methanol)

- mﬂﬁﬂﬁal‘tsf’ : GC ( mega-pore
capillary column

- Detector : FID

- Internal standard : 2-pentanol

and acetonitrile

Wang, Mei-Ling, Jih-Terng
Choong, and Youk-Meng, 2004,
Food Chemistry , volume 88 (4),
609-615

Simultaneous Determination of carbohydrates
acids, alcobols and metals in foods by high-

performance liquid

Juices, isotonic beverage

and wine

-maianle . HPLC-ICP-AES

Paredes, Eduardo Maestre,
Salvador E. Prats, Soledad, Jose
L., 2006, Analytical Chemistry,
volume 78 (19), 6774-6782
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- matanld: HS-GC
Gas-liquid chromatographic determination of Climic Chimica Acta, Volume
11 Blood - Reagent : sodium nitrile-

ethanol and acetaldehyde in tissues

sulfosalicylic acid

116(3), 1981,389-395
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- meian 19 ; catalytic
spectrophotometer
- Ashraf AMohameda, Ahmed T.
- A3AN : N N-diethyl-p-
Highly sentivity and selective catalytic Mubaraka, Zakaria M.H.
1 Rain water phenylenediamine
determination of formaldehyde and acetaldehyde Marestani a Fawy, 2007, Talanta,
(Chromogenic reagent)
volume 74(4), 578-585
- Detector : UV at 512 nm
Headspace gas chromatographic determination Lena Kristoffersen, Liv —Ellen
of ethanol: The use of factorial design to study o daw Stormhr and Anne Smith-
- mAdAN 14 . HS-GC-FID
2 effects of blood storage and headspace whole blood and plasma Kielland, 2006, Forensic Science
conditions on ethanol stability and acetaldehyde International, volume 161 (2-3),
formation in whole blood and plasma 151-157
- E. Priego-Lopez and M.D.Luque
Pervaporation-gas chromatography coupling for -maiinfild GC-FID
Yogurt and difference de Castro, 2002, Journal of
3 slurry samples: Determination of acetaldehyde
kind of juices chromatography, volume 976 (1-
and acetone in food
2),399-407
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- wAtiaN 1Y : HPLC+SPE
Determination of acetaldehyde in blood by solid Weidong Ma and W.R. Klemm, 1997,
-Reagent : 2,4dinitrophenyl
phase extraction and high performance liquid blood Alcohol, volume 14(5), 469-472
hydrazine
chromatography
Flow monitoring of NADH consu mption in n daw
- matanly -

bioassays based on packed-bed reactors bearing
NAD -Dependent dehydrogenase :
Determination of acetaldehyde using alcohol

dehydrogenase

Organic and inorganic

Chemiluminescence
- Reagent : luminal-potassium

hexacyanoferate(1II)

Kenji Sato and Shigeyuki Tanaka,
2001, Analytica chemica Acta,

volume 467 (1-2), 225-232

Determination of acetaldehyde by flow injection
analysis with soluble or immobilized aldehyde

hydrogenase

water

-madanld :Fia

- Detector : Spectrophotometer

Ala’ddin M. Almuaibed and Alan
Townshend, 1987, Analytical

Chimica Acta , volume 198, 37-44
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a daw F. Lazaro, M.D. Luque de Castro
Individual and simultaneous enzymatic -maianld : FlA
and M. Valcarcel, 2001,
7 determination of ethanol and acetaldehyde in Wine - Dtector : Spectrophotometer
Analytical Chimica Acta ,
wines by flow mjection analysis
volume 185, 57-64
~ daw D. Lucas, J. F. Menez,F. Berthou,
Determination of free acetaldehyde un blood as - mauaf 1Y : HPLC
Y. Pennec and H. H. Floch ,
8 the dmmitrophenylhydrazone derivative by high- Human blood - Reagent :Dinitrophynylhydrazine
1986, Journal of chromatography,
performance liquid chromatography - Mobile phase ; Acetronitrile
volume 382, 67-77
- madanld : G Nancy A. E. Steenaart, David W.
Gas-liquid chromatographic analysis of ethanol
- Reagent : Perchloric, sodium Clarke and James F. Brien, 1985,
9 and acetaldehyde in blood with minimal Blood from rat, pig, sheep
azine in saline Journal of pharmacological,
artifactual acetaldehyde formation
volume 14(3), 199-212
o dayw Jytte Molin Christensen, Helle
Determination of acetaldehyde in human blood Blood - mauanld : HS-Ge
Angelo and Joachim Knop, 1981,
10 by a gas chromatographic method with neligible - Reagent : sodium nitrile-

artefactual acetaldehyde formation

sulfosalicylic acid

Clinic Chimica Acta, Volume

116(3), 389-395
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Liassumsazaeauaied 1 lasuaazanizlsullsuasdlrni

naulsieninlessu

M919n 3.1 namsnsAssumsazaonau luanmzan

da GERGEGRLTAGEY WA Ifinng
anzifAnm —
sdnadlsn | leMmnea (mL)
i 3x10° M - 50
2 3% 10°M 10% viv 50
3 3% 10°M 20% viv 50
4 - 20% viv 50
5 1X10° M 20% viv 50
6 3 10° M 20% viv 50

2. 14 Injection loop UT1nas 300 uL Wailuldmsazanenaunay
Truma@sunlesnusnuua Tnakuszuuansanal d206a31015 1va 1.0 mL min”

3. dhimstamsazaiean1azd | 91gH 6-port injection valve 1u

° ) o Y ¥ o 3 a = 4 .. . & o (]
awmiaTuaa Taudad 1Ay loop 910171 USuaing 6-port injection valve 1dednis

inject

o
13

4. 9sdie 2-3 uanddouduaniazi 2, 3, 4, 5 uaz 6 MUSIAL uAaY

. o &
AT 3 AT
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1 - o . . . o
AINB4UBIIT AT IEH Flow Injection Analysis Any1Tasnistiiansazaie

nasgUezdng lednmnduduiiszd 1x 10° uaz 5x 107 Muazasaza A FIUEM

r ¥ ¥ ]
UIAAIMVNTUNTEAU 10 UAZ 50 % v/v HIN15ATIDTAFT 10 A5 WHan TAuF 1M

AUNAY (mean; x) ANDIUVUIIATEIM 1X 10° (Standard Deviation; SD) iz Sounsvesn

dsauuanas guduing

[] r 4 ¥
AN 4.6 HDIARINIAANAULTIN TR 10 AT

. L | mIganauues '
MmIazag NN 4 f1SD % RSD
(908 n=10)
e an v 1X10° M 0.1974 0.0072 3.6635
9 AI0A 180 -
5% 10°M 1.0680 0.0315 2.9470
10%v/iv 0.4377 0.0197 4.4955
BN 1YL
50%viv 1.4049 0.0306 2.1814
4.2.2.3 Anwnnuusiy
A3I9AINIAANAUNTIVOIMITAZAIOHANIZTHINEZ TN AR leAnazIonueD
ludasidudang

MINN4.T HTAIAINIRIY (% recovery)

anzi mIaza BNy A1N15 Fund % Recovery
AWl | ex@vadled | emupa | gAPAuUAY | Bxdviadlad | lemuea | esdviadlad | temiuen

1 3X 10° M - 0.05179 | 3.00x 10° M - 103 -

2 3x 10°M 10% viv 0.5993 141 10°M | 14.9344 473 149
3 3IX10°M | 20% viv 1.0797 246X 10°M | 29.9470 820 150
4 - 20% viv 0.6944 - 19.5250 - 98
5 IX10°M | 20% viv 0.9225 144X 10°M | 26.1292 1363 131
6 3 10°M 20% viv 1.0797 246X 10°M | 29.9470 744 150
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gasmamuim
Cm‘
% Recovery = — X 100
C.Y
Taen ¢ fis anduduvesmisazany
c, Aennudinduvesasazaronasgiu
29819015 HIY

-
anazh 1
T A o A o s 9
- 11 % recovery ¥BAE15ALAWALFNAA 184 Iaammun1s Tasanududuy

BB FNNA 1aan1A1 18910 ATIHLIATEINYBIMITaTA 188 EN0A 187 y = 15.5% + 0.0039

Y — 0.0039 3
X= ——— =3,09X10
15.5
3.09X10° M
% Recovery = — X100
3.00X10 °M
= 102.9892

» )
- 11 % recovery ¥aaa1sazatsemusariu luansania 1dideain

an12zi 1 ANUITUTUUIATAZABNTUIN N 0 % viv

-
anzh 2
4 A o 4 '
- 1 % recovery ¥BIA15AZA WA FNAA 18aN A1 TAAWaLMS Tasaau
uduvesesdiind lean 1dnmirinsganiuvesasazarorauuinaudumnisaaniy
HAIYDIATATAWINATFIMOMUED 10 % viv ndnhmmisganduneas Tdwmnamududy

INATIHINATFIUVINIAZA V0L TNAA 184 y = 15.5%-0.0039
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Signal of acetaldehyde = signal of mixed reagent — signal of standare
= 0.5993 - 0.0517
= (0.5475

Y —0.0039 5
X=———— =14IX10'M

15.5

1.41X10° %

X 100
3.00X1073

% Recovery =

= 472.6882

- 1 % recovery UBSATALANBNIUBAN IRA WA WS TAsAIMITUTY

yasipmuean IRointihminsganduvesmsazaenauuMnauiuminsganfunaves

a A '4 -3 a_ 1t =) ' k3
ﬂﬁf’l:f’l'ltlll"mij'mﬂz‘ﬂlﬂﬁ]]ﬂﬂ 3xX 10 Muﬁ"m1mmsaﬂnauum"lﬂmmmm:ﬁmumn
ﬂﬂﬂ‘uﬁ‘ig‘nﬁ]ﬂ%ﬂﬁﬂ%mtllimﬂ-!ﬂﬁ y = 0.032x + 0.0696

Signal of acetaldehyde = signal of mixed reagent — signal of standare
= 0.5993 - 0.3755
= 0.2237

Y - 0.0696

= 14.9344
0.032

14.9344 % viv
% Recovery = ——————

10.000 % v/v
= 149.3438

wname 701980u9 lumsiei 47 awsoMuINa % recovery 18LLUIRSINU Tag

dyaNUVBIMITATMIWIATEIUG IR0 A151990 4.4 A15199 4.5 d s exdiod laduay
eMuen AdIAL
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N 5

Y
aylwanazveravenus

5.1 aglHansAniuIHIdY
w ada o a Ao A o A A o
MsRAUIT IS nwezdiod laduazionuealuniesduueanessed Tay
o ) o : o aan 10 o o o 7
1¥mnilaTdadwendu usududeamalfasorfisumznznadimiumsinns s
[ ' ar 3 3 -~ Y 4
a2e6719 duiulusunsnda1dd@nuiandulil 1dveanisiinszies Inad laa Taold
o = o <A [ '3 v = o
arsazataman ues 1HAY Ay TadenluTasnialyd wud msazmemauiinnuinnz
a I's o A o
mizadlunisiinszezdviod las
= 4 4q & . . o
Taseufiantl 18152gnAlds2 00 Flow Injection Analysis (FIA) 37WNU Gas
. . LA s s a Ao Ay o
diffusion (GD) unit medinszimlSinuesdian laduazieniuen Taseanuuuszuy
Py o v 1 - = o o '
Taswendu iiu 2 szuu 18un szuudin Dumsdmszinniliuia ezdsiad lsaniiegiu
o T 9o : a A = 'd -~ A o oA {d' =
msaredne Iinilumsazarsdim szuunz2 funsdimsgdimdSaez #ad laaiina
4w Sl o ' EY Y a s
VInEMUsAIaBFTian laanil lumsdiesns I¥msazarsdanuily Tnunmdomlesuug
ANUA
n13ANE1TU1ATYBY Injection loop vz ey 9z¥iINIsAsIvTAAINITQANIUIAT
A o A s A . . = v o 1
YOIMIIALAIBINATEIUDZ AV AR 1eanazion1uea 1ila 1 Injection loop UTmasarsiuldun
100, 300 1A 500 pL WU Injection loop Y511@3 300 pL iualSinasfimuzaufidmiuns
- o o o
ATIIMBL IR leatiazionIuen
= at 9 & Y
msnSinavesezdian lad 1dv 18 Tasatrensmunasgv &l aunmsivadu
1 s 1 o - A( Qo Qs v L = 4
D y = 0.032x + 0.0696 ImdulszAnsanduius () Mty 0.9931 nagiianuhioans
A52938 %RSD = 3.6635 uaz 2.9470 luszAunududu 1x 10° nag 5x 10° M aWd 181
A 5w e Ao A &3 [ 3 )
Yadad1qavesezdniaa ladfinsiamy 1€ (LOD) 1111 0.7548X10°M nag aandudu
drganiadiinuvetezditad led 18 (LOQ) ML 2.5161X10°M
-9 é - 1 Qs
msuilsinavesenuea lRonnsadnsinasgiu e ldaumssadumiiy
fioy = 0.032x +0.0606 HmdualszdnTanduius ) = 0.993 laziindmumedn1sasedn
%RSD = 4.4955 uny 2.1814 TuszAua1undudu 10 1z 50 % viv amd1au vadiad1qaves
renuoafias 19w 1@ (LOD) 1Y 6.5250 % viv ez anuduiudigaiialsumuves

PN Uea 1A (LOQ) ML 21.7500 % viv
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211 FI-GD @ 19 umsiasginilSuaezavad laanazieniuea awiso

A9 70 anA 1ad IUFTEAUAMMTNTY 1X 107- 5x 10°M uazaninasiniaeniuea
! @ & ) t 1 - ° : :

TugreszaunIundudu 10-50 % viv deeglusii nsuassnmiialadmualdiniedn
I A 1a A o o o 1 & -3 Py v [

neanpaed lTumezFNan 1a¢ 11U 160 ppm (3.6X10°M) uazTua musasglugin

» I 4 [
15-40 % viv Mtlgansdeananszuuds 1t nissoinszuudaldaniumiulidne

5.2 UBIAuDIUL
1.Gas diffusion 11911015 A3 129 152301 20-30 #2613 AT ABUNILT UMS1E
anitamsaaduandsanysn v liefiia ldlesninnuiiusic nazaisimnuazeraya
Gas diffusion A28IM3 120190 AN 5MN 12 HT09v049 Gas diffusion
ar P . . * - 9 ¥
2. Tunsvutioails=neu Gas diffusion Tiaseanusanniu 11 msizesyiiln
‘: L d é g b4 0"
Fuanuuanld Faemildmssiesnin
2 o .. . . . - ar s
3. 1‘umi’3lﬂ‘i1:11!8?11148?1?1’]5510 Mixing coil #18 ascorbic acid maﬂmnumiqmu
YBIAZNOU KMnO,
a ¢ d ' M A o &
4. lumsiasznIsiiasaoAaved mbe alinaues iMailaanssiduvems
d' i -1 3 d'l o A' P! LY d‘n "
5. Tunsilasumanysunis lagptenaasuneflesdudsamlsanie ludunfamia
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toyatihyrteanunimaasy

ASHIA1 SD ABAIRIINTIBNUULIATFIU (Standard Deviation)

AN

SD
%RSD = - X 100
X

Tas SD = Audlounuinas§iu
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fhmigﬂnﬁuum’r"i 600 ANuNdveImsazan

nm BNIUBA (Y% VIV) azdviad 1ae (M)
10 50 1x10* 5% 10°
T 0.4458 14439 0.2089 1.0939
Asedt 2 0.4314 1.3985 0.2004 1.0464
adad 3 0.4129 1.4075 0.1994 1.102
Ated 4 0.4085 1.3879 0.2024 1.0788
At 5 0.4493 1.3687 0.1935 0.9989
Afait 6 0.4458 1.4148 0.1858 1.0634
atai 7 0.4205 1.3636 0.1957 1.0926
afei 8 0.4489 1.4396 0.2052 1.0432
aei o 0.4407 13795 0.1943 10899
ade 10 0.4735 1.4453 0.1886 1.0711
Aunay 0.4377 14049 0.1974 1.068
SD 0.0197 0.030647 | 0007233 | 0.0315
%RSD 4.4955 2.1814 3.6635 2.9470
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