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Micro-channel Device: A New and Low-cost Concept for Chemical Flow Analysis

and Automation

Nathawut Choengchan, Ph. D., Department of Chemistry, Faculty of Science,
King Mongkut’s Institute of Technology Ladkrabang

Abstract

In this work, a novel concept, using small acrylic devices, was developed for chemical
analyses based on liquid flow-based technique. Two patterns of devices were employed. ‘Pattern
1’ was designed for sample and reagents introduction to liquid flow system while ‘pattern 2’ was
exploited in corporation with gas permeable membrane for selective determination. Pattern 1 was
applied to measurement of iron and creatinine in urine, collected from Thalassemia patients who
were under treatment by iron excretion medicine. Pattern 2 was used for determination of ethanol
and acetaldehyde in local alcoholic beverages for the sakes of food safety and quality control.

Detection reaction for iron is based on reaction of iron chelation reaction where complex
between iron and 2-(5-bromo-2-pyridylazo)-5-(N-propyl-N-sulfopropylamino) aniline (5-Br-PSAA) is
monitored at 580 nm. While for creatinine, a product, according to reaction between creatinine and
picric acid was detected at 550 nm. For ethanol and acetaldehyde, similar detection reaction was
used. Acetaldehyde can be directly measured by its reaction with mixture between morpholine and
nitroprusside at 600 nm. However, for ethanol, prior oxidation with acidic permanganate to become
acetaldehyde was necessary.

Results were indicated that the developed principle with pattern | device was applicable for
determination of iron and creatinine in urine samples. Linearity ranges from 1 to 25 mg/L iron (as
Fe(lll)) and 50 to 1,000 mg/L creatinine were achieved. Advantages of this method are listed as
the followings: (i) simultaneous loading of sample and reagents with minute volume (ii) low cost and
(i) rapid determination. Similar to the method for determination of iron and creatinine, the method
using pattern 1l device for measurement of ethanol and acetaldehyde was effectively applied to
alcoholic drinks. By means of pattern Il device with gas permeable membrane, the method provided
high selectivity. In addition, it also consumed small amount of reagent which can lead to minimize

waste production.
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= 250 mg L creatinine 05 -
E ELE 1
= 05 4
S 2 04
T o044 g 04
: — 1 mg L creatinine 03 -
b |
< a4 07 -
- 0.1 -
0.0 4 —_ 0.0 T T T T 1
20 105 130 155 180 205 0 100 200 300 400 500
Time {Se¢) myg creatinine/L

3N 4 dred RN TINANAITIWE BT M TIERRIRE A HANATTIURANLAATEEE

a

Wik

ﬂ'mh:ﬂqﬂ@“l:ﬁl,ﬁamﬂ%mmmﬁﬂme%'azaﬁuluﬁaazi’mﬁama: NANNTILATIZALFAIAS

=
AN 1

t:i a = 2 aa a o o A A dAa Y
M99 1 ﬂi?J’]nH'ﬁaﬂLLﬂ:ﬂiaZ@luuluﬂaa’]')zmaﬂﬂuﬂﬂ@]LLﬂzf{dll']Elﬁ’]aa‘lnﬂﬂlﬂ'uﬂf’]:ﬁwl,@

fINADIN3 TAUANNTNTY (Mmg/L) AMMTIATITRAUNAL
AR fasaanwy / | mauaeld el / (%)
Mean + SD Mean + SD
Wan/
frognafi 1 - 2.0 1.92 +0.09 97
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2. 35 Hwn13
2.1 1052930

mianviasyyaldiesasyiamdasniniluinsiiines 289 Jasco V-630 dmiu
szuuInaduanTy saulunmstunfenansazasazls peristalic pump (4 channels) M3Mn&aNT
dmathadhgszuuazld Six port injection valve viavsssnaiduziia Tygon (id. 0.95 mm) uaz

poly(tetrafiuoro ethylene) (PTFE, id 0.05 mm) uaz sauvasufiganiagu (GD) mulufl PTFE

membrane (pore size = 0.45 J.lm(

2.2 35aiwn15

seuulWaduiandu (F1) udseanidu 2 Uy 12uuf 1 ugeeaagui 2.1 (n) Fyanmild
I3 Q A v A 6 & :/ QI/ v 1 k% g
andudygmveserdniadlad lavazdy shnaudneaannlesswdrgrzuudivdannslina 1.0
I v A « @ & o ) o o @ '
mLmin" s fidudimn nntudasssraodatnidngnIzuanadang axBmad ladazuns
[l A A [ . o aaa o a < a o 6al gy ¥ A
Fiwdaidendu (GD unit) Yujfissnduansazaonsy aduandaduyiadn dgieas
UV-VIS spectrophotometer #32330619aNaUULEIN A2INE1IARK 600 nm
° a A [ A (g AV o & o A v A [
fATUTLUN 2 uaeeaogtf 24 (@) Aygunldwsdudyyinesenueauszazdviadlad
lagansazaelnunaidouidafuaaniua AT (WazansazmuNaNIznines Inaunulofon
o & ¥ 1Y o . -1 &
lulaswizlod  axgniuldlnadigrzuudisdannslva 1.0 mLmin®  nnudessazans
daddngnizuarasiamn  emuesandhujisoiuaazanslnunsdouaiuuiniue
aduas@adlad uwsiwdiaiandin )GD unit)y dfisennussazaensn Hadluas
WRaAIFH 19N§1AT09 UV-VIS spectrophotometers @113 1A 1ANALENT ANAIE1IARY 600
nm RYQIVDIONIBEA [MIMNINFIWINNIZULA 1 Anaunuszuun 2 350l5luiinanzsim

PIuafa I5mIaiInneneszu



16

317 2.1 usasszuy FI NaTnedd axviad baq (n) uazianuaa (2) IV: Injection volume, SV:

selection valve, MC: Mixing coil GD: Gas-diffusion Aeludl PTFE membrane (pore size = 0.45

Wm ( D: Detector

Aa a 6
3. andsguazITNaNIINARDY

[
fal a =

3.1 msﬁnmmﬂmﬂ%’umi@mnﬁmmawaawﬁmﬁmmmnmmu

lagltUisenseninedvad loanussazaanan  daslWaunuloaslulaswsalad
TadMIganfuusIzaImNIAZANBNNa T ETIaG ladniszduaNuTuTude g lasviniinaaas
LUL Batch sinaiuuaasasgui 3.1 wiadmsiniiaandjitenszninezdnad ladnuasazas
= wa A o & =< = a n? s
AN EANINQANAULET IATIANAE1IAAYU 600 nm dinuIaiananusaduilulilunanaia

ANBANIINAND
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317 3.1 ugaIsLUnasuraIRIIREALasINAG laarny §iTenszndng snvazanonan vedlwdu Au
Tmden lwlaswialad

a & A

-:' A a ¢ 3
3.2 MTRIENNITNL R NITANDBIIEUD FI mem‘nwawﬂamlaﬂLtaxtamuaa

3.2.1 aN5NWaVI Injection volume

@nw Injection volume @nluLFuNaITIe 100-500 UL Wud1 AINIIgANALLEILAY

=S a A |a &/ ' & & A:? A o A o
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SELECTIVE DETERMINATION OF ACETALDEHYDE BY MEMBRANE
PERMEATION WITH SPECTROPHOTOMERTIC FLOW INJECTION

P. Inpota’?, A. Kongsakphaisal®, D. Nacapricha'® and N. Choengchan®%*

! Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs),

2 Department of Chemistry, Faculty of Science, King Mongkut’s Institute of Technology Ladkrabang, Bangkok,

10520 Thailand

% Department of Chemistry and Center of Excellent for Innovation in Chemistry, Faculty of Science, Mahidol
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*E-mail: nchoengchan@gmail.com

Abstract: This work describes method development for
selective determination of acetaldehyde. The method is
based on using gas-diffusion flow injection (GD-FI) with
spectrophotometric detection. . Detection principle is
based on monitoring of a blue-colored product of the
reaction between diffused acetaldehyde with nitroprusside
and morpholine. By the developed system, linear
correlation between absorbance reading at 600 nm and
acetaldehyde concentration (0.5 to 5.0 mM) was achieved.
Application of the method to determine trace acetaldehyde
in Thai alcoholic beverages was investigated for the sake of
food safety. Results are compared with the results obtained
from gas chromatographic (GC) method. They were
successfully validated. The method also provided high
precision (RSD = 3.7 % for 1 mM and 2.9 % for 5 mM),
high accuracy (Recovery = 92-101 %) and high throughput
(40 samples/ h). By means of GD, samples were determined
selectively and directly without any pretreatment or
dilution.

Introduction

Acetaldehyde is toxic and is carcinogenic substance
which can raise cancer risk for human, according to the
International Agency for the Research on Cancer (IARC)
[1]. Trace acetaldehyde can be contaminated in foods
and beverages. For alcoholic drinks, acetaldehyde can be
produced by further oxidation of ethanol by yeast during
fermentation. Level of acetaldehyde in beverage should
be legally under regulation. In Thailand, its quantity has
to be lower than 160 ppm (approximately 4 mM) [2].
Therefore, measurement of acetaldehyde in beverage is
necessary in term of quality control and food safety.

There are a great number of analytical methods for
quantitative analysis of acetaldehyde. Electrochemical
techniques with different detection patterns, such as
conductometry, potentiometry and cyclic voltammetry,
have been reported [3-5]. Colorimetry has also been
presented for determination of acetaldehyde in variety of
sample matrices [6-11]. Advantages of the colorimetric
methods are their simplicity. However, the absorbance
measurement is strongly perturbed by sample color and
its matrix. Sample pretreatment step such as distillation
before detection was essentially included for selectivity
improvement [6, 7].

The other analytical methods for specific analysis
of acetaldehyde are separation techniques. Some
researchers proposed gas chromatography (GC) for
separation of acetaldehyde from sample containing
high acetic acid concentration [12]. Whilst another
presented the GC with headspace as a method for
direct analysis of acetaldehyde in food packaging [13].
Liquid chromatography with electrochemical detection
for monitoring of acetaldehyde derivative was also
reported [14]. Although the mentioned methods were
selective, they consumed long analysis time which is
not appropriate for routine work. Flow injection (FI)
technique [15] then becomes more attractive due to its
rapidity and automation.  Usually for selective
determination of acetaldehyde by the
spectrophotometric-FI, the immobilized enzyme
reactor was incorporated into the system [16-18]. Not
only high selectivity but also high sampling frequency
were achieved [16, 17]. Nevertheless, the cited
enzyme-based FI method required dilution of beverage
samples (>100 times) in order to eliminate
interferences from sample color and matrices. This
could lead to high risk of contamination and error.

In this work, a non enzymatic FI method for
spectrophotometric determination of acetaldehyde is
presented. Selective analysis can be accomplished by
using gas-diffuion (GD) unit, fitted with gas
permeable membrane. Diffused acetaldehyde was
scrubbed into the acceptor stream of nitroprusside and
morpholine. A blue-colored product was developed
and was subsequently monitored at 600 nm.
Application to alcoholic beverages and validation of
the proposed method were also investigated.

Materials and Methods
Standards and reagents

All chemicals used were of analytical-reagent
(AR) grade. Deionized-distilled water was used
throughout.

Acetaldehyde standard (1 M) was prepared from
99.5 % (v/v) acetaldehyde (Riedel-de Haén, Germany)



(Vie]

and was standardized according to iodometry.

Calibrators were prepared by appropriate dilution 67%01

stock standard with water.

Acceptor stream (AS in Figure 1) was freshbys

prepared by mixing 2.5 % (w/v) of sodium nitroprusside

(AnalaR, Australia) and 5 % (v/v) of morpholine (Flukgy |

Germany).
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The GD-FI manifold

The manifold of the GD-FI system is depicted 90
Figure 1. The system was established with Teflon™ 40

tubing (0.5 mm i.d.). A peristaltic pump (P1) (Ismatec,
Switzerland) was employed for delivering the streams of
carrier (CS) and acceptor (AS). An AS-90 auto-sampling
with another peristaltic pump (P2) (Perkin-Elmer, USA)
was used for automatically loading standard or sample
solutions into an injection loop of 300 ul. A flat type GD
unit (Methrohm, Switzerland), fitted with a circular
PTFE membrane (47 mm diameter, pore size = 0.45 um;
Sartoriuos, Germany), was used. Detection was carried
out by a 630-UV-Vis. Spectrophotometer (Jasco, US).

‘
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Figure 1. Manifold of the GD-FI system for
determination of acetaldehyde. AU: Auto-sampler unit,
P1, P2: Peristaltic Pump, IV: Injection Valve, MC:
Mixing Coil, D: Detector, GD: Gas-diffusion unit with
PTFE membrane, CS: Water and AS: Nitroprusside (2.5
% wiv) + Morpholine (5 % v/v).

Results and discussion
Absorption spectrum of detection reaction

The reaction between acetaldehyde  with
nitroprusside and morpholine was firstly proposed by F.
Feigl [19] for qualitative analysis of acetaldehyde.

In this work, absorption spectra of the blue-colored
product was monitored. Results are illustrated in Figure

2. Maximum absorption wavelength (An.x) appears at

600 nm. This wavelength was therefore selected for all
next investigation.
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Figure 2. Spectra of standard acetaldehyde (a to e). a:
5,b:4,c:3,d:2and e: 1 mM. Spectrum of 0.6 % w/v
nitroprusside, mixed with 1.2 % v/v morpholine (f).

Optimization of the GD-FI system

All chemical and physical parameters affecting
sensitivity of the method were investigated by uni-
variable approach. Each effect was discussed in
subsections below. Summary of the studied ranges
and the optimal values are shown in Table 1.

Effect of acceptor concentration

Effect of concentration of the acceptor stream is
shown in Figure 3 and 4. Results in Figure 3
demonstrate  that increasing in  nitroprusside
concentration results in improvement of sensitivity.
Similar to the effect of morpholine (Figure 4), the
sensitivity is increased with concentration of
morpholine (upto 5 % v/v). At grater concentration
(10 % v/v), the solution became more viscous. This
leads to significant dropping in sensitivity. In
addition, higher concentration of morpholine brought
about strong alkaline solution. This can also affect the
method sensitivity (See effect of pH of the acceptor
stream). Concentration of 2.5 % (w/v) nitroprusside
and of 5 % (v/iv) morpholine is considerably
appropriate since they gave adequate sensitivity.
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Figure 3. Effect of nitroprusside concentration.



Effect of sample volume

As expected, when sample size was increased from
100 to 500 ul, sensitivity was also increased. An aliquot
of 300 ul was selected as compromising between
sensitivity and consumption of sample.
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Figure 4. Effect of morpholine concentration.
Effect of donor and acceptor flow rate

The flow rate of donor and acceptor streams were
examined simultaneously for the sake of simplicity.
Sensitivity was noticeably declined when flow rate of
the donor and acceptor stream were increased from 0.5
to 2.0 ml/min since residence time was decreased. The
flow rate of 1.5 ml/min was selected with regards to
sensitivity and sample throughput.

Effect of mixing coil length

When the length of mixing coil was prolonged from
50 to 300 cm, sensitivity was also enhanced. This was
because of increasing in reaction time. However, at
longer length (400 cm), sensitivity was slightly
diminished due to dispersion. By taking into account for
sensitivity and sampling frequency, a 300-cm mixing
coil was chosen as suitable length.

Table 1: Studied and selected parameters of the GD-FI
for determination of acetaldehyde.

Parameters Studied  Selected
range value

Chemical parameters

Concentration of nitroprusside/  0.5-5.0 25

% wiv

Concentration of morpholine/ 1.25-10 5

% viv

Physical parameters

Sample volume/ pl 100-500 300

Donor and acceptor flow rate/  0.5-2.0 15

ml/min

Mixing coil length/ cm 50-400 300

Effect of pH of the acceptor stream

M. Khanmohammadi et. al. [11] presented that
the reaction rate between nitroprusside and morpholine
was inhibited by acetaldehyde itself in strong alkaline
medium (pH 9.5). While the other researchers [8]
reported that hypsochromic shift (blue shift) was
occurred when the reaction was taken place in acidic
solution.  This brought about pink-colored product
instead of blue.

In this work, pH of the acceptor solution with
various mopholine concentrations was measured.
Very high (10 % v/v) or low (2 % v/v) concentration
of morpholine resulted in alkaline (pH 10.1) or acidic
(pH 3.5) solution, respectively. Low sensitivity was
observed when pH was not appropriate. Highest
sensitivity was achieved with 5 % (v/v) morpholine.
By this concentration, pH of the acceptor solution was
6.9. This can be an evidence for the highest sensitivity
obtained when this concentration was exploited.

Analytical performances

Under the optimal condition, in Table 1, linear
correlation between absorbance and acetaldehyde
concentration (0.5 to 5 mM) was obtained with the
following  regression  equation:  AbSggonm =
99.5[acetaldehyde] + 0.0039, r’=0.999. Example of
profiles when standard acetaldehyde was injected are
shown in Figure 5.

Relative standard deviation (RSD, n=10) were 3.7
and 29 % when 1 and 5 mM were studied,
respectively. Limit of detection (LOD, 3S/N) was 0.42
mM. This was below regulation concentration of
acetaldehyde in beverages [2]. This can guarantee that
the developed method is capable for investigation the
contaminated acetaldehyde in this kind of sample.

Accuracy of the method was also investigated in
term of analytical recovery. It was found that recovery
of seven samples was ranging from 92 to 101 %. This
implies that the proposed system was not perturbed by
sample matrix. Regarding sampling frequency of the
system, throughput of 40 samples/ h was achieved.
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Figure 5. Profiles of standard acetaldehyde.



Interference study

D. J. Clancy et. al. [8] revealed that the detection
reaction was positively interfered by formaldehyde. In
this work, effect of foreign species, namely the other
aldehydes, (formaldehyde (0.04 M) and propionaldehyde
(0.02 M), were examined.

Results indicated that signal alteration was within +
3SD of the averaged absorbance of 5 mM acetaldyhyde
when high concentration of interferences (value in
parenthesis) were studied. These concentration levels
are much greater than their naturally found contents in
beverages. This suggests that the method was not
interfered by the investigated species.

Application to samples and validation

Synthetic (trace acetaldehyde in medium of high
ethanol concentration) and real samples (wines and
whisky) were determined. Red and fruit wines were
made in Thailand, accordingly to ‘OTOP’ project. All
samples were directly introduced into the GD-FI system
without neither sample pretreatment nor any further
dilution. The acetaldehyde concentration was validated
against the GC method in which its operating condition
was described elsewhere [20]. Results are presented in
Table 2.

Table 2; Comparison of acetaldehyde concentration in
alcoholic drinks, determined by the proposed method
and by GC.

Sample Acetaldehyde concentration*/ mM
This method GC

Synthetic sample 1 0.93 + 0.001 1.09 + 0.009
(2 mM in 20 % Ethanol)

Synthetic sample 2 2.12 + 0.006 2.04 +0.007
(2 mM in 30 % Ethanol)

Synthetic sample 3 3.07 +0.002 3.11 +0.001
(3 mM in 40 % Ethanol)

Red wine 0.68 +0.003 0.63 +0.001

Lychee wine 1.41 +0.001 1.36 + 0.002

Strawberry wine 1.27 + 0.003 1.30 + 0.005

Whisky 1.18 + 0.005 1.21 +0.007

*mean + SD, n = 3 replicates

Results in Table 2 are not significant difference by
means of statistical paired t-test [21] (tcriticar = 2.45, tops =
0.37) at degree of 95 % confidence. This specifies that
the proposed method gave high accuracy. In addition,
the acetaldehyde levels of all real samples are also lower
than regulation limit (4 mM).

Conclusions

The FI system was developed for spectrophotometric
determination of acetaldehyde in alcoholic beverages.
Selective analysis was achieved by using membrane
permeation technique instead of enzymatic method. The
system allows ‘on-line” separation of acetaldehyde from
sample matrices. This can lead to direct analysis of
samples without any prior preparation.

The proposed method was successfully validated
against GC. It also provided high precision with high
sampling frequency. Therefore, the method can be
considered as an alternative method for determination
of acetaldehyde in routine analysis of beverages.
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Abstract

A recent flow-based technique, called ‘cross injection analysis or CIA has
been exploited in this work for simultaneous analyses of two analytes. CIA is a low-
cost design of flow-system, which scarcely uses injection valve or selection valve.
Flow channels are made by drilling small platforms of acrylic (match-box size) to
obtain some cross-patterns. By this design, microliter-plugs of reagents and samples
can be inserted at once, into the platforms and this offers rapid analysis with minute
amount of waste. This work shows investigation of performance of a so-called *dual-
CIA’ system, for dual-measurements of iron and creatinine. The system was
developed in order to do simultaneous detection of iron and creatinine within a cycle

of analysis. Utilization this dual-CI1A concept for clinical analysis will be discussed.
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This work describes a simple gas-diffusion flow injection method for
colorimetric determination of acetaldehyde and ethanol. Detection principle is relied
on the reaction between acetaldehyde with a mixture solution of sodium nitroprusside
and morpholine. After injection of standard/ sample solution into donor stream of
water, acetaldehyde was passed through membrane inside a gas-diffusion unit.
Permeated acetaldehyde was afterward reacted with the acceptor stream of mixed
reagents. Blue-colored product was developed and was subsequently monitored at 600
nm. For the ethanol analysis, on-line oxidation of ethanol to become acetaldehyde
was carried out using acidic potassium permanganate as the donor (instead of water).
Under optimal conditions, linear calibrations of 1 x 10 to 5 x 10 M acetaldehyde
and of 10 to 50 % (v/v) ethanol were achieved. Results were shown that selectivity of
the method can be enhanced not only by means of gas-diffusion but also by using
specific mixed reagents. Discussion will be also made on validation and application of

the method to beverages.
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Thalassemic patients normally are suffered from the status of iron
overload. These patients are often treated with some medicines that will bind with
iron for excreation as iron complex during urination. Effectiveness and
pharmaco-kinetics of the medication depends on various parameters, and this
could be followed by monitoring iron contents excreted in urine. Like other cases
of urine analysis, measurement of creatinine is also required at the same time for

correction in the analysis.

In this work, we developed a microfluidic flow system, based on ‘Cross
Injection Analysis’ or CIA, for simultaneous detections of both iron and creatinine
using single wavelength detection. Within the system, two CIA platforms were
connected in series before a visible spectrometer (540 nm). Detection principles
for iron and creatinine were respectively based on Fe(11)-5-Br-PSAA reaction and
Jaffé reaction. For iron, the linear working range is 1-8 mg L™ (A-Ag at 540 nm =
459 x 10 [Fe(111)] + 8.55 x 107, r* = 0.999). For creatinine, the linear working
range is 50-800 mg L™ (A-Ag ats40nm = 6.55 x 10 [creatinine] + 2.79 x 103, r? =
0.999).
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[Introduction] This work describes method development for selective
determination of acetaldehyde and ethanol. ~The method is based on using gas-
diffusion flow injection (GD-FI) with spectrophotometric detection. Detection
principle is the reaction between acetaldehyde with nitroprusside and morpholine.
Prior oxidation of ethanol to acetaldehyde is necessary. The method was applied to
Thai alcoholic beverages for quality control.

[Procedure] The proposed GD-FI is depicted in Fig. 1.

Fig. 1. Manifold of the GD-FI system for determination of acetaldehyde and/or
ethanol.

AU: Autosampler Unit P1,P2: Peristaltic Pump SV : Selection Valve IV: Injection
Valve

MC: Mixing Coil D : Spectrophotometer GD: Gas-diffusion Unit with PTFE
membrane

(Pore size = 0.45 um) DS1: Water DS2: Permangantae (0.05 M) in Sulfuric Acid (0.2
M)

AS : Nitroprusside (2.5%w/v) + Morpholine (5%v/v)

Detection was performed by monitoring a developed-blue product from the
specific reaction of diffused acetaldehyde gas with morpholine and nitroprusside. For



the ethanol analysis, ‘on-line’ prior oxidation of ethanol to acetaldehyde by acidic
permanganate was required.

[Results and Discussion] By the developed GD-FI system, linear correlations
between absorbance reading at 600 nm and acetaldehyde or ethanol concentration
were achieved. Application of the device to determine ethanol and toxic acetaldehyde
level in “home-made’ and ‘industrial-made’ Thai alcoholic drinks was investigated for
the sake of food safety. Results are compared with the results obtained from gas
chromatographic (GC) method. They are summarized in Table 1.

Table 1 Concentration level of acetaldehyde and ethanol in alcoholic beverages

Sample Acetaldehyde / mM (mean + SD) Ethanol / % v/v (mean + SD)
This method GC method Label This GC method
method

Thai whisky 1 3.57 3.69 35 36.8 37.9
Thai whisky 2 3.21 3.07 35 34.8 33.7
Fruit Wine 1 5.24 5.37 10 9.81 9.88
Fruit Wine 2 5.11 5.24 10 8.97 9.01
Fruit Wine 3 5.87 5.78 14 13.5 14.7

By statistical paired t-test, the results were not significant difference between
the methods compared. (Acetaldehyde: topserved = 0.50, teriticar = 2.78, Ethanol: t gpserved
= 062, tcritica| = 278)

[Conclusions] The GD-FI system for spectrophotometric determination of
acetaldehyde and ethanol was successfully developed. The method allows selective
analysis of acetaldehyde and ethanol. It also provided high precession (Acetaldehyde:
RSD = 1.2 %, Ethanol: RSD = 3.5 %) with high accuracy (Acetaldehyde: Recovery =
92-101 %, Ethanol: Recovery = 89-95 %).
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Gas-diffusion (GD) flow injection (FI) method can be classified as membrane-based
technique. By means of this technique, separation of volatile analyte from non
volatile interferences is accomplished with exploiting gas permeable membrane.

In this work, the GD-FI method was developed for the selective determination of
acetaldehyde. A standard or sample was injected into a donor stream of water flowing
into a GD unit. Acetaldehyde was diffused through a PTFE membrane (0.45 um) into
an acceptor stream of morpholine and nitroprusside and forming of blue-colored
product was further detected at 600 nm. Under the optimal condition, a dynamic
working range was 1.0 to 5.0 mM (Absgoonm = 0.032[Acetaldehyde] + 0.069) with
detection limit (3SD of blank) of 0.52 mM and RSD of 2.9 %. Validation and
application to determination of contaminated acetaldehyde in Thai whiskies and fruit
wines were also investigated. Based on statistical paired t-test, there was no evidence
of significant difference between results, determined by the proposed method and by
the standard gas chromatographic method (topserved = 0.50, teriticat = 2.78) at 95 %
confidence. The method is highly accurate and allows rapid measurement
(Throughput of 30 samples h®). Thus, it is an alternative choice for selective and
routine determination of acetaldehyde in alcoholic beverage.
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Abstract: This work presents a method for colorimetric detection of acetaldehyde
and ethanol using a gas-diffusion flow injection system. Detection principle is based
on the reaction between acetaldehyde with sodium nitroprusside and morpholine.
After injection of standard solution into donor stream of water, acetaldehyde diffuses
through hydrophobic membrane inside a gas-diffusion unit. Permeated acetaldehyde
afterward reacts with the acceptor stream of sodium nitroprusside and morpholine.
Blue-colored product is developed and is subsequently monitored at 600 nm. For the
ethanol detection, on-line oxidation of ethanol to become acetaldehyde is carried out
using acidic potassium permanganate as the donor (instead of water). Under optimal
conditions, linear calibrations of 1 x 10° to 5 x 10" M acetaldehyde and of 5 to 40 %
(v/v) ethanol were achieved. Results showed that selectivity of the method can be
enhanced by means of gas-diffusion.
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