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This special project s putpesed (o find out the optiimuii condition for the determination
of ethanol in-dléeholic beverages by éxiraction ef ethagol into\chlofoform-phase and detected
using gas | chrematography-flame ionization -detector (GC-FID) and fourier tragsform infrared
spectrometry (EF-IR). Phe extractionratio between chloroform, <+ Samplecwas optimized at the
ratio of 5 mLY; 10’mL. The precision for the extraction of{a same boftle show relative standard
deviation (RSB)\value .of +1.84% for-GC-FID.and #2.03% fof\FTAR{ The RSD value of
precision for the extraetion‘of;different bottles was +1:84% for GG*EID and +1.38% for FT-IR.
The precision of the injeCtiofitand the detection®was found"atRSD of +2.92% for GC-FID and
+1.60% for FT-IR. The determination of"ethanol"in alcoholic beverage samples was illustrated

that at the 95% confidence level, the analysis results and the label amount was not significant

Determination of Ethanol in Alcoholic Beverages
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Mr. Saravoot Leng-iam
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difference. The accuracy was obtained as the recovery of 85-111%.
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3C,H, + 2H,S0, —® CH,CH,0SO,H + (CH,CH,),SO,

CH,CH,0SO,H + H,0 ___ » CHCHOH + H}SO,
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fmsonlunaolsosy wuhanefmnzaudmsumsinnzindsunaemuealy
a T o = 1w Qs 1 1
Srathand 1lasasims Inaveauan iy 7 psi sasraauszniienas Isvlesy : -
{q g o LY 1 = v Aa 1 { @ w
woad 1 lumsasasigy 2 : 4 Wmanuissvesnsasasadusidsuuinnasgudining
1w =) 'd - Y 1 Y] T 1
My £ 3.94 nans3aszrrSnasemuealudiesiaundt 10 @619 1WA ttest
1w 2 1 A d | A 14 T s 4 o 4 o
Wiy 1.68 Gedohwansinzisueise] ifimauuanarsiufissauanudeiu 95 %
Prapatsorn T.\agfime. [8] 1&nsanunSunaitonivealuwmdr Iav1dmaiia Flow
injection U ¥ inmagalayld) earinfrared spectrophotometer Taothiedng
Y ° o A 3 31 9/ - o 3 9) 13
wmduvims andieugndrioen i las 19nae ey — (9Mmiu@myoadsLenN s
= o a 1 & A 3‘ 1 A e 4
assunIsudarinliae lassiine o s uiils mvimiidhg s, cell Miwdow 1iudalunes
NIR Fnaeis 18 5anmdsiaat 2305 11642636 am YIwdieyansa Tidagn 1dnnms
deufunsiaing Ty fplet-se waw_msitase lilve sl fAbsorbance AuaRNuTNdUYD
TazalInT g INIeNTIEY (1A00sWLIRTFIMAZNAT linear BYTHY IS 20:60 %( vAv) UAZ
=Y = 6’; 9 o =y G 9. YA I~ = ar = Il g/
mafian ez figa nidlds aoms aSetituwaiunamsans i 1a
a e Y
NMITAUATICHA T8 gas chromatography
J. M. Garrigues dagame, [9] YadnEnTsms vapor “phase-foupier transform infrared
4 a 4 = Y ] s ]
spectroscopy tile 1 #lims i zymFinetenupatiaenimuea lin1gtlvounad Ausy
A A Aa o =2, o = = =
S osdufitiennosoaias Inlag dmbandnmmnalovousiiay’ Anmnadisliua
= =1 9/ o 1 a o 9 g/ Ay A =%
Fivadndosvasdiotilsaeianagnnaziinadh 1oy Teactorfii pyrex Mo denmaluil
A o & :
gauinil 80°C 2 upmuoaLamIMeas s onainit Tendudng long-path IR gas cell 1ng
~ Y] 1 a '3
19 N, fuufamw IR spectra N IANANYAUZRNIZVOINIUANZ YA Tasilsinguuuaeniuen
4 2 < s = o A A
2 LUUA (1050 ag 880 ecm ) wazilanguuuamnIuea 1 uuua (1030 cm') MIdaiuives
A o 9/ =1 d' [] ] ¥ -1 Al 9/ = '3 =
et IdunTlmunanogluaaesendng 1025050 unz 950-820 em” e limsTinszriviine
mueanazmmuealudleseglusiufeaiulaslddadiuiinidu f1 detection limit f
1@ nnsaaasUsNIng 1 ul YoueNILeaiY 0.21% v/Av uazmnIuea IAMIT 0.04% v/v
112 AN relative standard deviation DY3EMIN 0.5-3.5% v/v lagezd lay Biinozdan 1-Twswn

] F=Y oAl w ar v 3
uoa uaz2-Inswivea lsumumsinsznszduanududulndfenummusamaniy
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A
Uhn 3

asy 0 =y =y S
ATMIAUUUNTIVY
3.1 maniiazgnsaimlslumanaaes

a13tadl

1. Ethanol (99.8 %v/v) Analytical-grade-¥@d.CARLO ERBA reagent
2. Chloroform (Analytical grade) Y99 LAB-SCAN ANALYIICAL SCIENCES
3. Acetoné (Analytical grade) Ya4-1.T.Baker
15720619

1. ﬁqaai'mqiwnﬂé’i’u (4B 28, 30,4003
2l [§eenailed @, ale, da, et

3. s?f’aatiwqﬂﬂﬁu (bt Tasd it Tean)

4 Saaidl s (Indisai)

qilnanl

Ll

2. Ml

3. gnond

4. NSTUDNAN

5. NIILYN

6. 1IR3 UAT

7. NZINUIAM

8. (FuAAE3A29819 (10 pL)

9. Liquid cell LiQ1¥ spacer 1wos 1851
insoaiionlFlumsnanes

1. 11304 Gas chromatography 1 SRI 8610 C

2. 195304 Fourier Transform Infrared Spectrometer ';: U Spectrum GX @¥® Perkin Elmer
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3.2 IEmsduiumanaasy
3.2.1 msfnmsanamSnaiimnzanlumsana
9
1. W5 U5 aLAENIATTIUENIUOA 1 10, 20, 30,40, 50 % (V/V)
E ¥
2. Talassazareasgiuemuealush 10 % (viv) inlalunsreusamiuilula
b
aaelsvlesuadllusandumsazaemaspiuemusaluidonas Iswedy N
¥ i
20 mL 10 mL. Mmsasaieusnemusadigiunaslswedy
3. lunsrsueniiefuasazaedauans (Fuaae Tswesy)
o = ¢y A &
4. 1 115ms512v A en5ee GC-FiD-Hasa o FLIR
4.1 Aaeisasaelsuno WL (Y1e509 GC-FID
o s o a9 Yt o o 5 o
44 FmsunSms iz iy FTAR Tdaeerisazanod Liquid cell 1agly
spacer (1831851

s ' v
5. Admsnanoedatiase 2-4- aplauensfauaisazmeuasg wemuealuih

donan 17esundl1205,10:10,10:5¢ 5:10,5:5 anardna

32.2m3nalnaIgTy
1. m?ﬂmmazmﬂmmyummuaaﬂlm{w 10,20, 30, 40, 50 %(V/Y)
A ?hﬂﬂﬁﬁazmammgmmmuaaim% 10.9( ViAV) 1435 mL Tilunsaouonaintiy
Miln nae TaWeSraal1 10 mL ﬁwmsﬁﬁ’mﬁmwnmmuaaﬁ’:’ig:%uﬂaﬂsﬂmdu
3. ”lmﬂs'wuﬂmﬁmﬁumﬁaza1ﬂd3uﬁ1a(ﬁi‘;”uﬂaakﬂa{u)
4. 1 1 3e 50z e amn 304 GC-RID st 0T FT-IR
4.1 deisaz ato IS ENa 1 L 1dART 88 GC-EID
4.2 SmsumsinaieieneFrar i s aza10idn Liquid cell Taold
spacer L‘JJﬂ‘g 1851

9 v
5. famsnaaeddaudte 2-4 Taowlasuaisazarmanasgiu W 20, 30, 40, 50 %( V/V)

ERITGREHT

3.2.3 MSANHIANNNEIVDINTANA
3.2.3.1 feeneg 31117 30 AN3 VIAAHINY

1. 195 8uA29E19g5 1917 30 AN3
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fhinvesyana WszvoundaIAnIye

i
2. Yuladed19g351917 30 AN W1 5 mL Tdlunsrouennnivililanaslswesy ag
] 9 v E4
Y9 10 mL s adaieusniemuoadigiuaas TsWesy (ohd1 11 A5Y)
) 9
3. Junsaousniiefumsazatsduaa@uaas Isvlesu)
© = a9y d‘! d‘l
4.1 113ns5 11 denT 09 GC-FID tagn3ed FT-IR
4.1 AaesazanedSuis 1uL 19uA599 GC-FID
42 SmSumsnseyidas FTIR Idaamsazaiodn Liquid cell Tagld

spacer (o3 1851

3.2.3.2 feehaga 30 An3 ANYVIANY
1. 1380193191330 AT I3 498
9
2. Tuladedresm 30\ 808 Uangdaeul Sk TdTnpsaouenaniuilinle
¥ ki ¥ ¥
aaelseduadly 10 mL M5 dAnineLemameadigiunae oG vIAaz 3 ASY)
A g v ’ % o
3 Nansreugnivaiuasazmedauadinaalsiesn
4 fi Tz ARIGIRE BY GCFID HginTo PT1R
= = g A
4.1 aemsazmvilsinudpl wnn$e 1 GC-FID

o o = a9 9/ 3 3 - 9/
4 7 gt iy PTAR Wnamsrasaiedi Ligdid cell 1ao 14

spacer 11 951851

= ci =1 u
3.2.4'NM3ANEINNYNLIUVD I TAANALNNTIA
1. 93 0URIBEEII 1) 30403
F
2. Tuladredngsan™3eans 1 5 me ldlunitougatimindile annlsweiu 9
] 9/
4 10 mL s afaiousnioniteadagyunnelsweiy
¥ Fd
3. lunsasuonieiumsazarediuaa@uaas Iswasy)
o = s A & =t oy 3

4. 11115512 d1en 599 GC-FID 1azin3 09 FT-IR (RAG1 11 AS9)

4.1 AamsazawlSuna 1pL 1Wun504 GC-FID

42 mSumsSinsienaan FT-IR 18aamsazaiedh Liquid cell Toold

v 9y
spacer 1193 1851 (k1 11 ASY)

b
G
<
16,
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3.2.5 mﬁmi13??1]?3419;1@11maaﬁué‘fwdwm%aﬁmmnnaaaﬁ
1. Ynladaeenegs1v1d 28 N3 11 5 mL T lunsrousnnmiuilinla aaelsresy ag
1) 10 mL ﬁ1m‘sﬁﬁ’mﬁmwﬂmmuﬂan’fﬁjﬁi‘?uﬂaﬂhﬂa{u(uﬁazﬁ’mehaﬁw 347)
2. llﬂﬂﬁiﬂltﬂﬂlﬁmﬁﬁﬁ’lﬁa%ﬁ'lUff’Juﬁ'N(ﬁi%uﬂﬁﬂTiﬂﬁ{m
3.l vdhonies GCFID uaziAies FT-IR
3.1 §aasazanoilsine 1uL €undes GC-FID
3.2 dmsumsanseiais FT-IR 1daadsazanedn Liquid cell Taold
spacer Lll‘ElSd 1851
4. ﬁmﬁmaaaé”mdi’fa 2-3 Tﬂarﬂﬁﬂwﬁmmﬁaadm*ﬂuﬁaaéwqawn (30, 40
An3) sedaiios @ aredi Tda, ale, R, leiin) srogne Dhiltutw ( daets : T
ugii), @reondran @ T300T: wdTvy, nerdlawm)

5. Walsinasemusani Wdasis lasngnduns iians g v

= 1 Aniay ¢
3.2.6MIANKIANUINNTDIIT HATICH
1. 193 AR 195141 30 A3
v
2, | Titadeenadimny 41 25 mi dauaniarTuwas ywa 5o ml | mmiutila
A3azaItINSTIHENTLDE (Absolite) W15 mL-tdluvmdeisings wanlfuilsuesday
nw < Qo a o uy ¥ 9
Windu autelaenisutas (haenulNuLay 3498)
9 v 9
s.onutlafamiaseenmssiddlude. 2 a5/ mL ddlunsrouennmiuile
1 9
ano Tsvlosy adlINOm, MmsanamonsniomMueaigiudas lstlesu
4. lAmsziadnas 09 GC-RID wag@T o F T-IR
4.1 Apensazandtiunal L 1A504GC-FID
o w a dyY Y y . . E
42 SwsumsamzHae FT-IR Idaaasazaiodh Liquid cell lagls
spacer !,'Llﬂg 1851
F v
5. fansnaaesdauade 2-4 lasldouilsummsazareniasgiuioniuea(Absolute)

714y 17.5 mL
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=
unn 4

nansnaasazanilsiana

NNINAADUNDMAN1ILNUNUZ Y TumsunlSinaenuealuniosdy
o =S @ 1 — [ = T a a -~
upanoges  lasmsanmiiledvaieg Amahezinansznuaelszdniamlumsmiinm

A A Jgnn v s dy
UBIONIUDA Glu&ﬂiﬂﬂﬂuuﬂaﬂ@aﬂﬂ hlﬂﬂﬂﬂjﬁ'ﬂﬂﬁﬂﬂﬂ&ﬂ

=1 [ T d' o
4.1 mifnmdananlsnanmsnzalumsana
SmsnadadmenilSinaane e sutiidzan lunsviSuateniuen laeld
F1
asazaIvaad giuenuen st 10520, 30 40, 50 %( V/V) A ud anlalunsaevenlne
F1
1%’@@1swmumiazmﬂmm31ummuaaiuﬁ1mﬂaaiswa{{u a1 20:104 20:5, 10:10, 10:5,
o @ Al 1 3 I's
5:10, 5:5 I afaMeliunRNdaTIgTHANS linsy
4.1.1 M UNILHAITMANA GC-FID
= 4 - AS'$H k'l 3 o Pl =
wansaas e MaalsaeLeanane W lusuada lsdasy | awnaua  GC-FID
Tnoldan s Ubunsast MU MANYAN i IAHANENRaB RIS 19T 41174.7 uazqilP
4.1-4.6

{ 4 o 1 1 1 o
maeh 4.1 Aamsnaaediin 148ns Idousen19E pganu R I anonan 1snesu

Tudas1aIu 20 wml 10 mE

§a5181 Std Ethanol # Chisroform 11101 20740

A1I0TAYUINTTIUONIHBA Retention time
Area
(%V/V) (min)
10 3948.708 1.616
20 10214.954 1.600
30 19129.611 1.566
40 34130.489 1.566
50 43260.105 1.566
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s#1suassu Ethanol:Chloroform 20:10

y =1025.4x - 8624.7 |

50000 1
40000 |
o 30000 -

g |

< 20000 - |
10000 -

0 _ | . . L

0 10 20 30 40 50 60
anuuimivuas Ethanol (%VIV)

§ @ Wl 1 34 ar 1 o =
11/t 4.1 nsludatanuduiifszmdnn nudstiogomueasuiildfing Idenmsld

Sas1dusehiaTazaTeIaig BN ionaoaae 15#as 1das 1% 20 mL : 10 mL

NhnaMTRAaesdleldeasid i iumsatasgnisasazaeinsg menueade
o 1 as 9/ Q) ok u ¥y 9
aae Isvpsy AT 20mL = 10 mE gy 1ans W A aea HFURHEFE N9 MU TNTUUDIUBNT

1 Jﬂ' 1 Qs - Q‘f Qr ar T Qr
upasuhunEin Wi aulszdns anduims &)1y 00808

§ i ) 1 3 1 o
M319f 4.2 Waniinaaniiloldas a IR AT aE AR T Ul uBanenas IHeTy

TudnIraiu 20k : 5'mb

$615 16914:Std. Ethanol @8 Chloréform $A1011 20 : 5

T1T0TDWYHIATTIHDNIUBA Retention time
Area
(%V/V) (min)
10 3924.010 1.600
20 10491.576 1.600
30 23959.064 1.583
40 41452.919 1.583
50 54240.661 1.566
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[ sg1sunas§ U Ethanol:Chloroform 20:5
y=1315.9x- 12665

Area
w
(e ]
o
o
o

L

R2=0.9811

20

aangdudiuzias Ethanol {(%VV)

30

40

50 60 ‘

1 - \ 3/ [ H
v w & T o ~
g1 4.2 A rludennuduiu En s g ssamyearuiuildfiad 1dnnns 14

o 1 1 v 4 o 1
ﬂﬁ5Wﬁﬁuiﬁ’;ﬁ')'lﬂﬁ'lﬁﬁga"lﬂﬂ'lﬂﬁﬁ'lul@ﬂTuﬁﬁﬁﬂﬂﬁﬂIiﬂﬂﬁu 11.!'&']?’]51’!1")1‘! 20 mL : 5 mL

i Y ar 1 @ v v
INHAM INAT BN Sﬁ‘ﬂiﬁiﬁ]ﬁﬁ "lﬁ’Juiuﬂ’l‘iffﬂﬂi:iﬁ’JNﬁ’]ﬁ AZ[NWINRATYIHIONIUDAND

1w o e d ]
anoTsneiy Sl 20 mL s mk vy lansmliaasaamiaais s Ahsanwuduvaaen

3 v
yoanuNun 1ana Mg R wian1.0.9811

4 y as ¥ ] ' '3
A13197 4.3 hamsnaaoiie lEeRTIal s RTAEAIINA T T IwE VI Badenae 1Wesw

Tudas1au 10 mby: 10 mi

SH31928 Std. Ethanol #8 Chloroforf Manu10™: 10

TSN IPUINTTIUENIUDE

Retention time

Area
(%V/V) (min)
10 3836.308 1.633
20 9295.683 1.616
30 17689.051 1.600
40 27997.839 1.600
50 37242.140 1.583
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s#1sunas§u Ethanol:Chloroform 10:10
y=855.14x-6441.9

35000 | . '  R?=0989

Area
N
o
(=]
o
o

L

0 ‘ . r ‘
‘ 0 10 20 30 40 50 60 ‘

gty as Ethanol(%VIV) |

H . - 5 3 3 ]
o w d 1 ar =t
51l 4.3 asludatnnudwiu rdiudmmasamyeasuiuhldfan 1dnnms g

Y i J 1 a ar v
ﬂﬁﬁ'lﬁ")‘l‘l'ig‘ﬁ’J'Na"ﬁ'ﬁ3ﬁ1U3J1ﬁ'§§11413311“ﬂﬁﬂ?3ﬂﬁ915w?]311 Gluamwmu 10 mL : 10 mL

NanaRhs hahos e 19ens @ uilunIsiasyn TN AZaNeIAAs § THIONMUBAAD
a T o ad ) e ld [
aaolswedu i1 10mE £ 10 mL ol gad e asanidinsssgrhannuRyduve oM

8 v
ueasuAun 1aRA Win 1R Wnio.9891

Y 4 o 1 1 J -4
Mseh 4.4 Kap1sNaaoi EREINESHATREAIENIAT T eI BaRBARe TTWlBTY

Tudns1d1 10 mbs: 5'mi

98318 33Std. Ethanol A9 Chlorsform N 10: 5

miazmﬂmmsgmmmuaa Retention time
Area
(%V/V) (min)
10 3840.597 1.616
20 10869.059 1.600
30 22830.052 1.600
40 36526.324 1.583
50 51187.366 1.583




23

s#sunsgru Ethanol:Chloroform 10:5 l

y =1203.5x - 11055 |

[4)]
S
o
o

Area
w
=t
)
o |

e SR e

. RE=0.9848

10 20 30

40 50 60

Andaiaiau a9 Ethanol (%Vi{V)

! v @ d ' -\ 1 1
3 4.4 nslaidmmdiinisenimududuveuemeaduimiildiinn ldnnsly

ar ' ) 1 o ar 1
SandusghAsa T aznpenT§nevHsanaana sl lnea 1@ UI0mL : 5 mL

NAHAMI TR ABY- e M eas I ilumIgdasgnaiaasateias Mo U0AAD

4 i 9 Y et v ' ' 9| 3
ﬂ'ﬂﬂiﬁwﬂiu 1010 mls ;57 mL ﬂz]lﬂﬂ'i]ﬂllﬁﬂ\’ﬂq'luﬂuwuﬁﬁgﬁ’JTQﬂ?TﬁJlmuﬁJuma\iiﬂﬂ"

3 .
yoanuNun lana tarR’ ninin0.9848

Y 4 [y 1 ' 1 o
Maan 4.5 ranveasuie len dasEr I AZAIIAs T IWeMILBadDAnD liNDsY

Tudns1e1 5 mh W0 il

DM318394 Std. Ethanol @8 Chloroform A5 10

ﬁ']iﬁzﬁ?ﬂm']ﬁﬁj’lﬂlﬂﬂ'l'ljﬂﬂ Retention time
Area
(%% V/V) (min)
10 4106.989 1.616
20 8125.703 1.616
30 13688.989 1.600
40 20629.444 1.600
50 26736.998 1.583
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#153nas51u Ethanol:Chloroform 5:10
y =577.64x - 2671.5
30000
25000 | R2 =0.9916
20000 -
2 15000
10000 -
5000 - ‘
0 - . T |
0 10 20 30 40 50 60
adusiunas EBthanol (%VV)

& R ' vy o W Wdgya Ay Y
311 4.5 nsmluAdinnudniusszninndiresiomueaiuiildian ldninnsls

s 1 1 ] 8 Qs 1
i’]ﬂiTﬁ?ﬂi:ﬁﬁ'J'I»iﬁ'l'iﬁ$ﬁ’]ﬂli'lﬂiﬁ'lumﬂ’luﬂﬁﬂﬂﬂﬁﬂiiwﬂﬁu 11.1?]{51‘5'1?[314 S5mL : 10 mL

Nhndsnaaes a0 lepasid mium sadasy i arane g ienuende

3 ) 9/ YRV i E
aanlswosy e 5 mE + 10 mL 9y 1A A AT IA NN HBFE NI AN UUUDUON

9 v
woaruNuf AR a1 R M0 Y.0.9916

4 4 W 1 v T o
31 4.6 Wanshaaedo SRS SR R AIDTAs e BadonnD lsWesY

TudnsraIu 5 mly 5 mk

B8 5182%. Std. Ethanol A9 Chloroform 115 5

AT DYNIATTIULNIUDA Retention time
Area
(%V/V) (min)
10 4017.061 1.666
20 8220.692 1.666
30 16634.558 1.650
40 26694.909 1.650
50 35726.269 1633
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‘ a1sunasgau Ethanol:Chloroform 5:5

y =818.93x - 6309.1

Area
o
o
o]
o

0 10 20 30 40 50 60
a-uiainauaay Ethanol (%VV)

¥ : X af |-_ [ .
[T .. ! o
51/ 4.6 nsmludadnuduius e innudutiegemyeadufiyilanan ldnnmsls

Sas1duseANemIaTa B Iasg e eadenaslswesy ludasaa i SmL : 5 mL

¥ 9 as 1 ar [} 1
Nanamsnansd. uio l¥oasiauluesaias sn INF13 a0 §IIBNIUDAAD
4 1 @ 9 e/ ) an o v i 9
aaolsiedy Rt 5 mL 5 5 k02 1AnSANI T A ATUR IR I1IAINILTUYBUIM

8 ¥
woanuAun 1dRa a1 R ind.0.9826

" 1 a i v ' o
ﬂ'li]\‘l?l4.7 LLﬁﬂQﬂ’leﬂl@flﬂTiHW)ﬂi']ﬁ'Juizﬁ 'J’Nfﬂiﬂgﬁ'ltlll’!ﬂ‘ij']ukﬂﬂ'mﬂﬁ(ﬂﬂﬂ'ﬁﬂiiﬂﬂill

Tusasdiueds Tadmsains A teua Ge-FID

$n31871 Std. Ethano! dp Aaslsnesy ¢
(% VIV .

20 mL : 10 mL 0.9808

20mL : 5 mL 0.9811

10 mL : 10 mL 0.9891

10mL : 5mL 0.9848

5mL : 10 mL 0.9916

5mL:5mL 0.9826
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4.12 MiIRTIzHaumaila FT-IR
11ANANISNAABS M915841 IR spectra NiAUFAvBInadudy Awaasluninnuan A
Yo ' A A | @ 12 e A 2 ' 22 g I
1€ unisvesmvaauiaule whdy 877 em” Suiuavaduiinldlumsma R &aldlums

uaasan iy linearity vourazsnTd M Asudaalumisned 4.8

4 ' a T ' 1 o
M15194.8 LAAIARYDINITHIBATIAIUITHINMTazBINATTIMENUoadeAAD lsWeTw

Y] 1 1 a o a
Tusasiaauaien TasmIdinsiasemailn FTIR

$as1d9UStd. Ethariol#® nae l3nlosy .
(%V/V) N\

20 mE 7 10ME 0:9870

20 mL {54mL 0.8805

10.mk 1 10 mL. 0,:9926

10 mL s 5mL 019874

5oL 10l 0.9953

5 mL 5 mb (.9845

nnkanTaTinae v e ImnianT I3 IE T LR UASATILEITazal

=

oy ¥ o 1w J a [
snasgiveniuaa ufhdenaslsnaa viimi s mL: 10°mi fuyaliiudd R® ge uazdadl
9

9 a = o :}’ = = L4 r_\\y A g/
E.L‘LI‘JI‘H11ul‘]Jtl‘lﬂl‘V]Ff‘VI'I‘QLﬂU’Jﬂuﬂﬁ’dﬂﬂmﬂuﬂﬂﬁ’ilﬂ‘i’lzﬁ muuiumamamm:maﬂh

ar T v J d o " ¥
Sas1duTErIeds e RsTauemLeandnapl sWesu 8T 1@ 5 mL : 10 mL 1Wo

Anuine 'l

4.2 mamnannsgu
Mmsana asasaenasgIdionueanaududy 10, 20, 30, 40, 50 %V/V 5 mL

o ° = '
Tasldaaelsvesy 10 mL udwhnisndeadlunivasgunamsnaneudaslumse

4.9 uazgii 4.7

42.1 MIINTILHAWNATA GC-FID
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Mmaah 4.9 lLﬁﬂQNﬁﬂ'liﬂﬂﬁi’Nf‘]l'l Area L% Retention time UBIF1IATDWUIATFIULONIUDD

DA .
TwhnszauauANIUAIE)

ﬁ]iﬁ%ﬁ‘]ﬂ&l']ﬁij'm!f)ﬂ'l‘lﬂjﬁ Retention time
Area
%(V/V) (min)
10 4242 .892 1.583
20 8513.768 1.583
30 15351.399 1.583
40 20940.859 1.566
50 26484.436 1.566

Calibration Curve

j\rt--'v u

B/ ﬁa‘(w\'f\

y = 569.1x -1966.4 ‘

arnaudunas Bthanol (%VIV)

51l 4. 705065 gaus Area Y8330 WL WTFAUEMUDA

INHAMINAABIUTANTIHNAAIZINAT Aa-tiBeeisazatvnasguenuoalhia

R =0.9964

422 MIAATIEHRAIMNATIA FT-IR

nnmMsnaaed 12 ldnsminasguniia R® = 0.9951

a 9}3 = a 4 =] 1 — TN | 3 A
iﬂﬂNﬁﬂ'l‘a"ﬂﬂaﬂﬂﬂulﬁ‘l’li‘lﬁﬂﬁmﬂuﬂﬂ”l‘i’?l!.ﬂ'i'l$ﬂ %zmmmﬂﬂmmmmﬂ% UATR N

¥
1ndAsesuTaaunainmIang 12y ao maila GC-FID 1¥ia1 R’ = 0.9964 uagimaiin FT-IR

' £ = ' & o a S AN
T¥a R® = 0.9951 FafiuuaTiue R fige uazdaiimn Tl luiamaferdu daiuluns




28

=2 ] ~ Y :qy =1 =1 = :‘ Y]
naapsssmmsninsasguildnt  wFeudeulumsfinmanunssresimsana
aNussreamsaanisia msmdsuateniuealudiedis LazmsANEIANULLUYDS

3 ansenlumsnanss ldae 14/

4.3 MIANEIANNNEIVRINMSANA

=

Ed
Tumsnaassfiagiimsasadiesiagsvny 30 an3  adeaae lswesuudanily
a o = ] I~ asd add o w 3’ g
SaszrimilSinaemuen Tasmifiisnesesssnliin2 350 159 1 shimsanadt 11 A3
Taoldiaetags1uni 30805 vaadeadu ez 35 2 19aa8adga11 30 Ans S1uau 3 vn

) ¥ ¥
aTmsasadanat 3 ase Mewman ligiveuveimaanalagrhianududuild
-3 r { — r 4 h - Y
Arunara iy (Mean; ¥ ) AuDesuNATINIA3§11 (Standard Deyiation; SD) 1azI0Y
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9 9 Ao P
anudutunsun 1l )

Area (y)
(%V/V)
1 14007.414 28.07
2 13530.136 27.23
3 13901.280 27.88
4 13793.082 27.69
5 13525:882 2729
6 13850.349 27.79
7 14092.605 28.22
8 13700.854 27.53
9 13450.673 27.09
10 13195.078 26.64
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3 13744108 27.59
1 14107,500 28.24
7 2 14087.096 28:21 28.26 0.06 0.21
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1 14918.038 29.67
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43.1.2 MIAATIZHANATA FT-IR
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3 28.97

1 28:37
3 7 28:77 2843 0.31 1.09
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s . Area anududund w1l )
ATINRA
(y) (%V/V)
1 13411.922 27.02

2 14533.221 28.99

3 14572.027 29.06

4 14780.138 29.43

5 14077.105 28.19

6 14095.679 28.22

7 14250.093 28.50

8 14594.927 29.10

9 14080.045 28.20

10 13307.977 26.84

11 14338.272 28.65

Aisine 28.38
S.D. 0.83
%RSD 2.92
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4.1.2 M5InTIEiaemaiia FT-IR
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(%V/V)
1 26.71
2 26.72
3 26.66
4 26.66
5 26.66
6 26.63
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8 26.62
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10 25.04
11 2656
o &
Alnal 26.51
S.D. 0.43
7o RSD 1.60

anuilmnia

ey (% VIV)

4

34

§ @ ' A A o a o o &
51/ 4.11 n3luana Repeatability ¥0adI0619731912 30 AN ieThmsdinsghdnll a3



35

nramsnaaesi ldnu g ldmdesazvesmaidsauuinasguduning  (%RSD)
= o = 1 = =
1835 3as1zr Inenailn GC-FID If1 %RSD = 2.92 uagnAmMsinsizhalemaiin FT-IR
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N33 A > MMy 4 [11-[2]
Sample 4 Area AR IR nnanigy
N @v/v), 1] (d)
(%V/V) (%V/V) 2]
1§ 12707.005 25.8
319712
. 2 [\13430.846 271 26,50+ 0.71 28 -1.50
28 AN3 -
3 | 13186.357 26.6
1 14107.500 28.2
31917
P 2 | 14087.096 28.2 78.23+0.06 30 <173
30 N3
3 | 14154.022 28.3
1 |21135.067 40.6
LEREEE
_ 2 | 20542.126 39.6 39.87 +0.64 40 -0.13
40 N3 -
3 | 20477.567 394
1 2841.329 8.4
diesdha | 2 | 2765.010 8.3 8.43+0.15 6.4 2.03
3 2902.052 8.6
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3 Sueniuen .4 sumemuea
79 a v AUNTY 4 [11-[2]
Sample | ; | Area nsedla finanszy
N (%V/V) [1] (d)
(%V/V) (%V/Iv) [2]
1 2605.287 8.0
iflesale | 2 | 2365.696 7.6 7774021 5.5 2.27
3 2438.950 7.7
1 2210.258 "
dlesda | 2 | 2350469 7.6 7 604+ 0.30 6 1.60
3 F536.552 )
_, | 1/ 2361798 76
(oS
2/ | 2534,598 7.9 277 40.15 5 2.77
lorunu v
3 24947750 7.8
, 199 16456.871 324
wman
, 20| 16338.722 2 s 3243 +0.42 35 -2.47
uai T s 4
3 16807.142 33.0
) 1 ©}20016.:823 38.6
ALY
I 2\ [20688.129 39,8 48 9%+ 096 40 -1.07
Ty Ty
3 19870.789 384
5 1 5049.583 123
1
. 2 5209.050 12.6 12'30 + 030 12 -0.30
UL =
3 4871.993 12.0
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unum lugasRIuIUNI S,

de _(_Z_dj

n-1

Sa

AU S, = 1.89

U lugasAIUIUNIAT t-test

a7, = -0.16

a1t RszatiauTeI95-% N34 (el 10 yARa001N = 2.262

442 M3anHaaunuaFT-IR

H a o = Qs 1 ¥ 4 a
M 417 LAaRN IS s FIT S nfie T ion lAaet1#H3 0 3AuIe AN aDa

FHUAAN
1S @muea TR ilFimalionusa
P o N AUNAY L
Sample | | B59N | pRIAT 1ZH 1A RMNT2y [1]-[2] (@)
@V /Vy- 1]
(%VIV) @V/V) 23
1 26,6
GERLTRP
A 2 7.1 T 28 -1.17
i 26:83+0.25
3 2678
1 28%6
GERLTR
- 2 28.7 28.77 + 0.21 30 =], 23
30 AN3 -
3 29.0
1 38.3
GERLNE
. 2 39.3 + 40 -1.33
10 B 38.63+0.69
3 38.3
1 10.2
!ﬁtl‘;%ﬂ 2 10.4 10.33+0.12 6.4 3.93
3 10.4
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1Sunaemuea .4 1Suauenivuea
JA| o y L 4
Sample | ASaR | AIAsAlA fnanszy [1]-2] (d)
%V/V) [1]
(%V/V) (%V/V) [2]
1 9.8
L‘ﬁﬂidaiﬂ 2 9.6 9.80+0.20 5.5 4.30
3 10.0
1 9.9
s da o
BTN 2 9.5 067021 6 3.67
3 9.6
L. 9.6
o3
Y 4 97 9702010 5 4.70
lanunu ?
3 9.8
, 1 326
Mal
. 2 32.6 3230 +0/52 33 -2.70
13 Tag A\
3 317
3 i 370
ALY
2 37.3 37.17 £ 045 40 -2.83
Taw %
2 3712
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1l
- b. 14.3 1243+ 0732 12 2.43
UN -
3 142
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unum lugasAuINm S,

dez _Mz

n-1

Sy

AU S, = 3.088

unum lugasA IR ttest
U
/1, ,~1.00
a1t Razadifuyadilos v Mams1e  fall 10 pfiedie = 2.262

a 9 = s 3 =) A A
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= '3 = 1 = a
TnomaSitas 1h A aniiniin GC-FID WAL, =~006 lnéainkan1s dinsneatftmniin FT-IR
91 &Ly 9 1 21 at 1 a ddw =) N ot A
Ta t, = 1008 lapglushangani LAY IINAN T RATIZ I MIDaNWRNA1SAUAIN

4 o A o A
i$‘].q|ﬂ§$ﬂ‘]Jﬂ’J'liJl‘]fB?Ju1’l 95%

=2 1 aaley d
4.6 MIANHIANUUNTNYDIIT NAT S

Tumsainn TaomsiediIgsmIa-30-As anfudsazmouasuenuealy
J511a5 0, 15, 17.5 mL mudwy aeliTuaradadings 50 mL udlSudSnasauds¥avuen
= Y o w 9 d ¥ g i a i &« o 1Y
WSias idninnadedlenas lsesudedasdmidnmld nahninnduiummses
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(C i e C e
%Recovery = i sonpi) x 100
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9 s s w
(o Copiresampie 112 anudutuueIa1saza1e Spiked sample NA304ATIATA
=} gy 9 Y 1 dl d‘ ar 9/
s Ao anuuTuvesasazaeiedansoIns I ia la
A Y 9 Ag 9 .
Coung  AD AMUNIUVOIETAZAONIATTIUATY Spike

J [ T v [
AUNNITUONTUUDINT Y%Recovery ag“luma 80 —120%

43.1 MIAATIZHAINATIA GC-FID
9 = T ada d 9/
nnnsinasgulFlunsfnganuuinveslsins e wldaums y = 569.1x -
£§ o o o 1 if 4 1
19664 @saunsorhindnamammddEvesssazawdets ) 18 deunumly

aums Tagm y Ao Area MASATHIMMT %Recovery 16 AulEadiug1319% 4.18

A151971 4.18 LahdHan TSI TZRNIIF Y Ethanol Juehsazaterspiked sample

Std. Ethanol/4) . At dRs a1 )
YIAN Area(y) %Recovery
add (%V/V)
0 I 5614335 135 =
1 23484.152 44.72 104.67
15.0 mL
y 22830.384 43,57 100.84
(30 %VIV) i
3 23261.081 44,33 103.36
1 26038.327 49.21 89.72
17.5 mL
2 25032.536 47.44 85.30
(40 %V/V)
3 25859.200 48.89 88.93

=2 1 =l o & 9
fn1ﬂr-mmsmaaq‘lum&ﬁﬂmmwmmmm3ﬁ'31ﬂ§1z14 Ieun599 GC-FID ]lﬂ‘m %
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15191 4.19 ugaanansaaszYsusuenivea luasasag spiked sample

Std. Ethanol 11 a anudnduisald
YIAN %Recovery
add (%V/V)
0 1 15.95 -
1 45.37 98.08
15.0 mL
2 43.80 92.81
(30 %V/V)
3 43.95 93.32
1 57:53 103.96
17.5 mL
2 60.52 111.44
(40 %V/V)
3 55.05 97.76
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A5 00eUsDran1s AT 181NN ANEIAIINLN YOI TUATIEH
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