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ABSTRACT

This work describes an analysis of formaldehyde employing a 96-well
microplate as multiple headspaces for the separation and paper-based colorimetric
detection of sulfur dioxide gas generated from remaining excess sulfite after reaction
with formaldehyde. The samples are aqueous extracts of various types of food possibly
adulterated with formaldehyde. A known excess amount of sulfite is added to the
extract in the well to react with the formaldehyde. The remaining sulfite is acidified
with hydrochloric acid to generate sulfur dioxide gas. The gas diffuses through the
headspace above the solution to be absorbed at the moist strip of indicator paper
placed over the mouth of well. Anthocyanins extracted from the butterfly pea flower
is used as the pH indicator giving a color change from the increase of hydrogen ions
by hydrolysis of the absorbed sulfur dioxide gas. The exposed paper strip is scanned,
and the digital images of the colored region analyzed using Image) software. The
optimized method has a linear range of 200-1000 mg L* formaldehyde with limit of
detection of the aqueous extract of 55 mg L and coefficient of determination (r?) >
0.9975. Samples of fresh produce, such as seafood, meat, and vegetables, and various
processed food were analyzed for formaldehyde content. The results obtained from
the headspace paper-based colorimetric detection method are not statistically

different from values obtained from the titration method using paired t-tests.
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naY

NAUAUTULSS

NAUAUTULSS

thwiinlaiana (g/mol)

30.03

30.03

AN 19.5° C f1AUUUTIEINTA 96° C NANUAUUTIYINIA
yanaauvad / danuds (laish) 92°C
gaumniiingd 137.2 - 1412 5°C (laisd)

Arudunsn-ane (pH)

a

28-40 ﬁqmmu 20°C

Y

ANnuuLUloduRms

1.08 figaungil 20° C

1.04 figaumgil 20° C

Log Ko,

0.35

0.35

a

3,890 wu.Usan ﬁqmmu 20° C

U

a

1.52 uu.dsem ﬁqmmu 20°C

U
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37.2 0.5 85
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37.2 10.1 64
37.1 11.9 56
37.5 14.0 56
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6. AOULAULYTU
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Reducing agents
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v
=< a

Usnamefinadlasfianusanuldlusmsiiieiunusssumdazunnssfuluag
¥iin Uswum vemAndasionns onsza nansuridedniussiuiade suaty uadly
nquLiauIeyin mmsma’wﬁlﬂumjmﬁﬁﬂwuU%mmea%mwaﬁlaﬁagmﬂ AI98199Y 81MNT
Ussamdamsathaniiuinulaenmsududovuuiunm 232-293 Sadnsusenlaniy a1ms
wUssusaugUatunuUsing 224-267 fadnsusienlansy vinmnuisleenudIunn 0-169.6

(Y {

faanSurenlansy WinneuaanuuSuia 127.8-248.2 daansusenlansy 1Judu [8]
weN9NTl European Food Safety Authority (EFSA) lévinnisussdivdSunamesuadlesi
i51aglduihgssmeanmssudseniue s 1 Alanusedu Uinaslesinadladiozlasy
TRy 100 fadndu vide Ussana 1.7-1.4 fadnfudetming 1 Alansudety @ wduauiia
vhweinlugag) 60-70 Alanda [8]

World Health Organization (WHO) &fuusinasinislésunesunadlesiigusing
aunsasulalulszdniunaslidnasiogunin (Tolerable daily intake; TDI) Aiolaiiiu 0.15
fadnsudetmiinga 1 Alandu [12] waz US. EPA ldaeAnnasinseensuldlunisusing
gmsifiesunanlesudilidmanasnenie (Reference dose; RD) 13luiAu 0.2 fiadnsusie
vhuiinga 1 AlansusoYy [13] n1sivuALNMgiAIgean (maximum level; ML) Tuusiag
Uszmaazuaneneiulunuussanuesonms Wy emsdssiandninziadnistmuaalid
933 5-60 fadnsusieilaniu nszvynassaugululsymelnezdufuszniamnuniaina
T dmussdaasuuoufinumusssued Ussnaaduit 151 (w.a. 2536) 18 iuusl
Wodinduduansdesiuluems dsmneiednanlesinsianudeswnannmsiiuansias

Tlugmmsmeinguszasesing q ldldwesunaflannintuewmiusssuyin [8]

2.6 N15AsINaIUIARNtIR

A1591935 N15ANNE AN TUNTASIVTANIUS U UNDTU1AR bIRA LU NS waENISLiDE

Y

¢ = Iz A o P Y] ¢ = & = v v a
29N UNAA IR LUSSTUBAYNANTATITA e UNA U U MISI US98 USUal
Nosuanlanlunaningio1nsandanulana1anuluAUTUADUNTEUIUNS HARALAZ U
wIndeu Weosunalaniindunusssurtugluuudassuar suiuuaiiaiiuse Wesuadlen

v v a 13 aa = Ay [y P ) Y a 1
ausaduiulusAvvuiadn 3ty nlsdu wazladu Adeunduladawlunalviinarsngu

methylol, Schiff bases, methylene bridges waz 8ialadnluuuwannnsd LagWugIULED
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Wosunadlerdaseianuuiaulaniseuivinen wazuaisusenaunasiaininduaisiie
Yuionaindula [14, 15]

a15Na5U18R LFRTN15A51 TR AR LA luraNgMAT AL Z A1 S UN1SRSI TR LY
91713 W alUntnslllawm3(Spectrophotometry) tasantnns il (Chromatography) Wgee
15603 (Fluorometry) ﬁlgﬂ&ﬁﬂmaﬁﬂﬁ (Electronic nose; E-nose) lulaiwutwes (Biosensor)
LAYAIINTIVANNTOIRLYANAAOU (Screening test kits) LTUAY WUINITATITLATIZI
Wosunadladtuenisly 2 10w 2 dnvazde nisldyansraaeudiunsunaaeueinisuen
v a wa & ac ) a I a fa A a A W & My a &
NOIUURNIT Lﬂuaﬁmsmummﬂsmmﬂasmamlamaaiwmewmmqﬂizamau Tailoinau

a a ¢ = ¢ v =~ = v a wa ]

LOINUTITUYIA kA NMIRTIIMUTIIANESIaRlEdnIewnIoslaluesU]URn1s Wunis
AR USUIUNBSUNAA LERTLANANNTITUB R kAL SINNINISRNadlY tielrlauSune
Nosu1an taRNINUADE1LUTR

N1TI5ATIEN 2 Snwaaainanlsuiuunsaiaiuaneeiu I5n1sannavdanasie
N15915297AUSUIUNDTUNBA LFANUIDNENEINUIAAUY LU NN5ANARI819919N5N Iz MU

¢ = Iz a o a v o o o 9 a A a =

mnesinadledluguuuudase agandumsadndidiviazans sgmallanduninuda vie
nswen weliesunadladavaiguasiendisanun1ndregsngdvinagaty d1u38ns
anaNwmuzd@unsunIsnsIaTavesunamlasnivanunasdeuldisnisndusialeun (steam
distillation) nneldan1azfidunse awisoadanesuiadled ldvisgluuudassuas
Wesunadlanvsiuiuansdu 1Iseniesuiadlanisnun (total formaldehyde) 35nsannd

AMNEAYTNzUSUBNULATUDNINNILNURIWSINaR lenTInTIaTala

2.6.1 INATIEINesUNaRleR lueNg

a L3 s Al o v aa o A A %
1137 Lﬂi']S‘WI/\IElﬁll'1aﬂlﬁf’ﬂu@qﬂ’liﬁqﬂqiﬂW']vL@ﬁaqE’J'Jﬁ DIAYLNAUANANIINUY

1% 1%

Tuwsae s danuvinzausieanIuiinn1veaeuazyilneewinegs 1om Uaidy AUgNADs

[

walue F19nuly @190 UNNARALALASNNSALY TunN1SIASIEITtaRall

2.6.1.1 awnlnslnlonuns (Spectrophotometry)

a A s

& [ o aaa 1 s = v
LUuLV]ﬂ‘IJﬂV]E]']ﬁEJﬂ']'i‘Vl’TUQﬂﬁﬂﬂigﬁﬁﬂﬂwaim’]ﬁﬂlﬁﬂﬂU’iL@L"GUC‘W]

[

AU Tonduansudnd e Nanu1savinnIsInAIAIUEIAAUI LWL YDIAITHY FIAL

JazwUstulumumnututuraaUsununesuian tan

&

WIUVUVDIENTHAN U
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1. Nash method

aaa

JuisiAunume Nash Aausad 1953 1WuUfisen Hantzsch
senIvesnfaosdlay (acetyl acetone) wauliiile uagwosunadlannelaaniiznisla

mm%’amﬁ'miwﬁﬁ%w lavdu 3,5-lnezdfa-1,4-lalalasqfifu (3,5-diacetyl-1,4-

aaa

dihydrolutidine) uaginusunaiiaueingy 412 wiluwns (nm) Beujisenazauysalie

Y

n15UTunIA-ae lnsueuluiiley axdian (ammonium acetate) wieufun1slinuiau
mudluaig Wiuanlvesmwmnegilamenisiangeaisasudailansy (fluorescence

& aca sa = v ° P
spectrum) LWJUIBAUATIZUN llﬂ'l']ll‘l'ﬂ‘Uﬂ']imﬁ'J‘ﬂ‘ﬂ@ HAIMHUINNE LLagaﬂ']'Jzﬂqﬁ/]ﬂa@ﬂV]‘lﬂJ

[y

f v | & aaaq v ) Y oA oA o & o P Y] |
suise AldInglias Wudsnlasuniseeusu Yaidesie Indudedvniuieudislunis

aaaa

AaufAsen nisldalunisiesizi 1Wuisiteuluwauidumsiwmsginldlunieauy

(16, 17]

2. 4-Amino-3-hydrazino-5-mercapto-1,2,4-triazol(AHMT) method

1<

Wun1sviufisenszning AHMT Au Wesunadlaatlaain

1Y

nsafnfiagne Ineduluanzndaudusratudu leasadnduanidiiaiue1inau

[
aadAaaAa

FUWIEN 550 UTULRS NSAIATITIPEWATATISULAMUTUN1SATIATRTsEAUANUTNTY

o & | Y | A a o I _a v a ~ v ) < A v aa
G]']Lﬂua'ﬂuﬁluaqua']u (llaaﬂﬁll@@ﬂiaﬂill/a(ﬂﬁ) Nﬂ'ﬂqmgﬂma\iumuaq WUNgausu 18019

% [

Taszntinaninlulgdnsunisimsizvndsunavesunan bannaluluennis waye1nis

Y

nzia TordsAelunisiinuiserdnduiesinluaneidauduaiadutu wazdans

ANSUBLALAATY [18, 19]

3. Kinetic spectrophotometric method

1Y

Duasneaninsllaumisgainsinnasesnissaujisen
(catalytic effect) 9nnsidvinuAserdussnivansilandndannidd violudnls dJesfe
asd N = ° a ¢ o aaa o A A
Fadgeiuaulinaslnudinizrensinsied wu nsvihugaseduvedlsaiiy

(Rhodamine B; RhB) Aulwivaigeu Tusium (potassium bromate) Feazdinlosunsalediiu

(%
Y 1 &Y

miselizen annuldisnaninstnlawninsiainuasinnunisiuisunuaivesansann

ArirglUaunalilid faduenimau 515 uluunas [8, 20]
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2.6.1.2 lasunng i (Chromatography)

[

wannisvedtasuilnnsfidunisuenesunanled wseaseyius

1%

pananarunanduliuIgnsmeasuimnansandounliuuigniaiuasasiainnie

A5049L877 (detector) TMLNEaUNUANSILENDDNUT TILNAELNATAGIDE1LTU

1. lamesWosuuuanialasuilnnsadl (high performance liquid

chromatography; HPLC)

35 HPLC azldnsndunaznsidasuguresiesunadileniy
nszvIumsvihldiAinansousius (derivatization) 3991 2,4-lalulpsidalansdu (2,6-
Dinitrophenylhydrazine; 2,4-DNPH) ¥11n1548na1504 W15 A28 HPLC 05333 An 8 UV
detector imug11adY 355 uiluans FEdauunzarasgs fanullunimsats

LagdANUAIMULILEGT HIRgNNMNIZANTUNITIATIZEY NGUOINTNZLA a11150n5IT0

a

lonanudutulusgavdnluiududlvautnnududuganssauauludiudi Toide

[y

A 2,4-lalulpsiidalansduarunsafauisendvasusenndanles wasAlaulalussauing

s

mguiu 1n15l6aa1n31 1 9alus Tupssuiunmsviliinanseyius [8]

2. lgaanalulasiand wnsndu-wialasuilans i (Solid Phase

Microextraction (SPME)-GC-MS)

[

ATgvilandunnuaiunsavesian e sytafiaund
ANNEINTaluNIANIuNBsINaAlen AnTINlndNTuTY wasifinaseuiuslaveLiio

Tudunauied lngldinunsngeslsivudalansendaaniiu lelasaaslsd (Pentafluorobenzyl-

o

hydroxylamine Hydrochloride; PFBHA) 31ntuvin1sugnansayiusaleisuialasuning

=

7% harRIIVTANIULAT B WUE ALNAWBS (Mass detector) 98709354 As daulise

aaa a

UATenas Tisesildegsiaidos ldaaides Jinsieiansiianududuniseaudiuly

Wuauaule veldufa 351 1

Wudasldiasoilanaztaniiilsianaa [8]

9 Y

o
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2.6.1.3 anaiil,m% (Fluorometry)

Frgoslsmniondunmsvinuveasiesigeslsiines (fluorometer)
Tun1seininetseiiios mendsaniiesuadlediinuiisentuasiedl wu evdlnesdm
Jlan (acetoacetanilide; AAA), 4-Bgiilu-3-bWuLNU-2-1 (Wg850a-#) (4-amino-3-pentene-
2-1(Fluoral-P)), 1,3-lelaatanigulalou (Fiavd) (1,3-cyclohexanedione (CHD)), 5,5-laLu
noa-1,3-lelaateniwulalou ladilau (5,5-dimethyl-1,3-cyclohexanedione dimedone) uag
2,4-wunulalou (ex@faszdlau) (2,4-pentanedione (acetylacetone)) Uafife dlofieuiy

= Y A 1 a a ¢ al ! Y oA A A A o
LATBN spectrophotometer LLa’mmmmmlﬂummLﬂiﬂz‘w‘wq\‘imﬂ LOUDLAYAD LATDINDN

lFnseniisnmgs [8]

2.6.1.4 N13ATIAANTD (Screening test)

Junsasriafiansansiunaldisisenisldyanegeu (test kits)

a ¢ o a a = Y a aaa ) 13 = I3
nwendunsinaunanisiuisuwlasdvesansiaiindaninujiseriunesuianlas
wanmanIsuiisuiunsvunasgruiewdsiuliunaiinsianu feguainaiswmaia
endiege WU wadaRaiaesiuns (Colorimetry) A5danuhinlidgunndn dngnsuniume
wiadaeslneonladlueims arsildiujisenduaislungu Chromogenic agents 714fin
dlandeaninufisenadl wWu 3-umsa-2-wwulglvelelaulansileu (3-methyl-2-
benzothiazolonehydrazone; MBTH) {Wuansfidisianas nisthluldiumegnsimduuiaasly
4-amino-3-hydrazino-5-mercapto-1,2,3-triazol lun15vilviiing widngnsuniuladieain

1w Al 3 aa S 1 Y Y aa a aaa Y v

arslunqudadlanaiulivedisideldaswnnin deffeiinufasenldisy Ysendaanlunis

AT [8]

2.6.2 ANSMSYUAIDYN

nsatanesuinailenandegnaluiziady mwszenvdmadonisinsen
Uhinulefinafladluomsiignies suuuuvesesutaledlusmsiividlugudassuazsay
fuansdu wu WUshu nsnfipddn nsneviilu oy Adiofu wazdirdlolng lnewussed 3
¥ Av reversible bond, acid-labile bond, acid-resistant bond FRLENNIIATIVIATIENR

Wosunadlanla 2 uuu fie nsesIanesunadlanluudasy wazn1snsIanesunanleniisiy
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1Y dl‘ a < Vo1 [y s a IS
AuansdulazsUkuUdase iulaaUseaeAlun1snsvinvesunadlanluomsssixg

[

AONNSLEBNITNITLASUUAIDYTAUNTAUADNITHATIZI TIANUTOENANUIIUALLDUR AR

2.6.2.1. MIASIEINasUaRLendaTY

nswleuiiegnazyinsaianesuadladmeiivinazaie
S ! ! 4 9y A o a A o .
WU Umiseansazangnsa H1un1swen viseldintasiiinaauninudas (sonicate) lun1suen
Wosuadleranemsiiavaneitidivinagane Wesunadledfiainesnuiualsvgnuily
€Y  and | ax = Y Yy aaday a4 A oa |
aseiaelsnunzausell In1snseudieg1eneisliiveadsde da1ssuniueguin

ANANTENUADATIATIEN

2.6.2.2. MIASIEANDSUARLEATINUA

I3 = o ' a Y a ¢ A s A &
WunNswSeus10819919 99015 3LAS1zAUS IS LAk Lo
anualuemns nilugudassuaslesunaflanisiuduansdu lngardenannisnausiglen

[

(stearn distillation) n1eldan1iefilunse Wesuradlads 2 JULUUILgNULENDONIIN

Ared1avaratugiivinavaty diesuiadlenniannoanuiualluiassineisnisi
i ax Y a ya ¥ oA A o o @

wngausiall An1snduaunsaanuSinaatssunmulad detdede Tdharlunisnaudu

A A 3 al ¢ Y A v
nawuieazkenesinailennTitegivaisdulvieanu (8]



2.7 Yayan1insanua1asunay wesunadladluainig

a15197 2.4 Usnamlesinadlediinuluemsussiansing 4 [8, 21, 22]

15

.. Ysunaunasunadlan o ua
NARAUNDINS e NANNMININUE IR
(Radnsusianlansy)
\odnd (Wevihuwuly ednu 5
) . 2.5-267 LEUTUAIY
way ldnsan wausuaiu)
UNLATNANA UL (UULWE BT .
L 0.041-33 T

ULER UNUTIUAS Ue)
DIMTNELA
- Uan 6.4-293 v ..

.y YaneLatIanwy g
- N9 N4 I-J 1-98

- (deep frozen hake)
- KUNEA 0.26-19.7
- pNLAIRN 0-169.6
naldwazan (haula wasen
wedly kaUUsPen uzLlioina
nadg TuNSs nenauad dngn gn 6.3-406 WinTRLNg (Winvey)
WS Tveu HNN1AT LTARTHN
1NY)
AL o o
v 4 e 3.4-16.3 QN RGRITR R
(NMuAWTNAN NILWEREILTIFU)
LATBIAY P .
o N G I AR ERG,
(NAUWDANDEDA huE 0.02-8.7 _
C o (soft drink)

Loanagna Luys)
U1ANALAYEIT ALY 0.75
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2.8 waulnlweniiu [23, 24]

woulnleenduidunaliussssianids Ausdnlnlmeiinea) Fuduaiswunuslad

a a = a = a i I3 | a a
nhgndvesiivrlanis woulnlsedusglunszganaliused waliguwuuveanardideuln

9

wiasgavinlvnanduwanm1sannaiuessUssnndy woulnlvendulaemluluindy wagd
& A a 1 1 & 'Y} £ v =l a 1 % a
sane Wadweulnloedudiuluaiduiiuvuresnenlduasnalivesisursviln 1wy ddu &

W1 @as dvuw wazduns duoulnlveidulasunansznueg1auinannlasaasne A pH,

Y

[ @ a1 =

gaundl, toulayl, $9dyd, Wadsiuwaznisilegveseandiau woulnlseiuivainvaied wu

£%
= 1

LBaNOU-YUN, UA, 19, Ydy Yuegiu pH

Y

a a

a <) d‘ 5 v P Y i 1
woulnlgenduidudnaueimssssuvianazaieiils laedumidnluanasglugig
400-1,200 waulnlgenduidd Auiudsaunsaazarelaludvihagaienided wu wniuea te

[
= 1

Muea ka1 Jukuumaeiivedkesulnlesduiveydulnalaledveunienaifeu (2-

phenyl benzo pyrylium) wsidianuuandiandlassassluduiunylansenda seAuvedud

wduvenylansenda wardnuuziazdnwiuvesesdiuinaninedivluana laseasna
vosoulnleenfudauansafiulumumunis 53507 wardnuvensnesdninvieesls
wAnfidnegiutinig lnenaly weulnleeniuasinglalediismiieie) willaswoulnle

[ £

gnfunangyiaiifiuinafnegAsudaesviatuly Anaesunimsefadulddidedlnudn
Alsa Anaduuasilnvesdvesweulnleeiviuediunsiegveingulansendauasiumen

a Y { a o a a & 8% a ‘:l' v
Fa n1susngivesngulansendainuiuunniuasudilulnudintu Tuvasnnisusingsa

'
a

YDINFUUNONTAUNTUUITITIToauauiindy Wedneulnlgerdulsznaumelasiasising
ladianvesiaulnlvenfiuwazueulsleeninu Inensuwuulnalalunfewoulnleeniiy uaves
Tnalau (non-sugar) wansdaieulslesiiu weulslwendaudrulugnuluie 6 ¥da 1w lu

tY

g1l (50%), WaTlilau (12%), pelargonidin (12%), Weliiu (12%), fa3au (7%) wagiinil

fu (7%) uenannd LLauIﬁlmmﬁﬁumwﬁmE'J’wflu‘ﬁé’ﬁ’ﬂ LU aurantindin, europinidin,
luteolinidin, rosinidin sJu@u

Cyanidin Wuiindiauns wunnluraiuesduasdniifiduns wu $19lnedsag Sumne
Judu Delphinidin i udaddunsiniufinuluits Tneunfnonliddrasunandndd
Pelargonidin tuiinddunsdy drulugnulunalidunsuaznenliid@du Peonidin Wuweuls
lgendfuifasuiaan Sduadduaulng Wy savesiuavedu Malvidin iWuueulslen

TAunTwiadae dwlwgnulunenld@in wu lidnvuguazliniuag Petunidin iWuueuls
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a0

lggndfuniwiaandunaduiazarsirladsdulug nulundunenddisvesmenlduaziuud
¢ o = 2 o a @ X o a 2 o
ALABKIUY ANAIIYesEvRlindwaulnlgetuuandsiuliiuegivsiinveadng pH was
a =3 a a @ '3 a v aa
gaund windsiu desuveslany Wulwyl sondiau wazlassadisveskeulslyeiay
AuandRUAsudnue pH vasuaulvlganiuinainsssumfveslessiinveweulnlyeiiu
Taeiialy woulnleenfuazdiduadluanmiiunse sunluannzilunans wasduduly
| a a Y] 49:’ [ d‘ [~ dl‘ dgl’ a
an1eae weulnleeniuinnuasdiaunielianenidunsngailosiniugiuvesan
deuleoauuin Fuilieulnleeduazatslaluaisazarsimdut nsiasundadlasasis
Muiudn pH vaswoulnleentiu 7 pH f1 weulnleentiudeglusuvesniduea glalva waz
Tassasremiuluuasd a1ndudswdsanimdulassasisaalau lalulnalaloduay 3,5-
diglycosides tngvialuiilnalaladegludinduoulsloanifu waziinafinulaeialy lawn
nalaa lolaa nuanlag wsulua 01510lua waggilua wenand wedaduredlaseas oy
Inlweduslensnasanifnkard uuidnazinuAuraInatgvadkaulnteeduinuly
a Y1 . IS a d‘ I a 1 1 a v
53UYIA WENT petanin AgiANatiesh pH audkoulnleentudiulngsSuaaisfiin
pH g Anuasiiveeulsleendiudusgiunisiegveingulansenfauaziunondal Wiy
lne?l pelargonidin 1ugUuuuiiatiesngavemeulsleeiau nswdeudvesuoulnlyeiiu
l@sunanszgnuaneamgiuasnisaituded Wuiinsiudufegudiindvesnenliubeud
Yaawaulnloedusutionnannnisasnadvaswauls lwendfununali ueen it birNUL Y
= Vt:lr-g a a [~ Ave o 1 YU a Aa 1
vo3dveenenliindy anuatosvesuoulnleedudunidnduinlasudninasgewinain
gaunndl dunaldindvesueulnleenfuisunndunududduudfgamgiiiies 40 a3m

EBIGEE

2.9 WANNISYINIUYBLAIANERNU [25]

' ' '
& A o

1A3 03a@uNY w38 scanner tugUnsaliiLiaudaid1iuasuianes I 9y IMn

=)

Wasuuasnmduaty (gUnm, awe, §dnws) Whiluteyadidnlnsia deyamani
awnsngnimdautas uily vieudlufiuiy Tngrunisidenseidurenfiamesii
iveuantua Tuedsimfuniednddlugunsaidu 1 18 arumangvesdrinaunu (scan)
minefis N1AN9I9 1ATeNTIAAIMIoNTIAN AT BsAUNY NWazgRYNITMTIRABUTEYA

28198 LLDUA MUSNBULLTIDNYST WIDNNLALLNATULSB9aAUNazEIU
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2.9.1 Us8LaNU8LATOdELNY
2.9.1.1 Desktop scanner fdnwagiduwviuwulsu wuadu 2 wuu

1. uuuldnszauuaiifaunsenues (sheet fed scanner)
2. WUUIaNsEawRa lihaunuiisugudeyadnnsenn (Flatbed

scanner) LATOALAUATN Desktop scanner é’fﬂLLaﬂﬂugUﬁ 2.1

Sheet fed Scanner [26] Flatbed Scanner [27]

5UM 2.1 1AT89aLNULUU Desktop scanner

2.9.1.2 Handy scanner siwwangyinsaldietiodulile duanslugui 2.2

gﬂﬁ 2.2 1A393ALAULUY Handy scanner [26]

PANNITVIUVDILAS DIALNUAD FIUDIUNNALYINULAYBIRYUANNITALNOUNTD

=

ANTADILAINIUVDILAINUNINAURUUA LA NWUAULAINS 8 1UT bas i asmnnsznunu

gunsaldiulanas (photosensitive) 3elunnamaiiaisanda Charge-Couple Device (CCD)
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L3 Qy [J Y ao P <@ 13 < 13 o a
gunsal CCD Uvimthnsunasiunannsenuiulilududnveseaduazyinnisuainduuas
YesuAaviwasianuate 9 wasliiuaduauaisdngidanuuwanansiuluduiudnsidu
Y9I5EAUANUTNTUTRLEsANIAnnSEnUTuLsagleas ADC : Analog to Digital Convertor

<

=P o [ @ aa o ¢ o v A = ! o Y £ =
Ieiwlasdygyrneudenluadviadugunsalvimihnulasnaunnusiedndiiludeyai
poufumasllasadlamioudu Waunsulunissruasidudiuaiuaunisinuees
wsessunnlisudeyaduazdaiudoyaluunasimnuuiiudeyaninvesssuupeuiinnes

sald

2.9.2 A71NNTERNY

Y

AMALERIUUIDANN NIl UTULUUARY BN TITUNUTUEIY
@ a A . I3 a a2 a <
16N 9 a9 miFend finkea (pixels) vwinvadlildsuninasiiauusznoumduiinigadn o
Srnunndudesduiu reuinesvnisussuanatastuiinAranuidunaydvesiniga
A8 1 0a wiedruauvaie q O uiuineaazdunusluiuaiuazidenuesnin

Y A o a IAa aay v ¥ (% < v = |
waginiiduudadefingaunndnlavzuinaulusig dnwaznisiiudeyaivangssuy 1wy
1, 8 uay 24 On Tunsdl deyauuu 1 Jn lddwsuinuteyasefinea 2 aouz fis 1 uaz 0
Fadunsuanamaseninlaiiesduniuwazs uwilunsal 8 On In1SuUIsEUUANLLANANSYDSE
161 256 szau Inehluunfndranenuywdienuannsasesiudlinallainnaianiss
I ! . . P a s & = ! Y] =

wid n3et38n11 dithering AniiAulazAsuRIMeTUDIAUIANA19 U Tunsdlszuu 24
U0 danasan nlvianunsawansd lalnalAgeiuainuasenniian 15endn photo-realistic 1oy
Tuszuu 24 On azfuoenilu 3 du Ao wee Weq d1ku duay 8 Jn 1o 3 dusiu

1% Y] Y = aa o Yo Yy
W’]@'ﬂﬂﬂuuaﬁﬁ]ﬂﬁ]gﬁqﬂqﬁﬂLLﬁﬂQﬁ‘VlLLmﬂmqﬂﬂu@@ﬂlﬂ"L@ﬂ\i 16.7 anud

2.9.3 ATYINUVDILATOIALAY

= ! Y a

-:4' a Ao o o a . = o
3 saRnuilduUsTneundAyAsunasnilaues (light source) Feiinty
i iauasiavarswaluinseaudn1seguuiuibingsan N Uanldnuwazidulnusaua
Mz lAN1TALNoULAAATULAG MAI1NLATBIAWNULASUAIAILMS LYY IHNve9Ty

AULBLADSVINIUVTUBALLAA DUTIAWNUNIULANTZANAINEN TUSENINWARDUNFIALNUIY

' [
U I

° Y oo v o ] « A = 2
MAUINANIULAINFZNBUNAUNIN LA N UNVDINT LAY DUTEUEY 1/90,000 $11519U7

LE9AINNTEA BT AR oW IUTEUUNSEANdmaliLasAan siuneluluiianvangaulud
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wud audvimdmtnsusueamsuladaiiusieluglaleatas iedssinawdasteys

a

waamailivioanunlugurvesnseualnii nsdidlauasiiuundlalonunnusunnveansy i

¥
= 1 v a

Tafazunduninluaie 81 dunstive s odanNUBUUA WaEIN 2N Ut azN U

Aawmasuae Weor vsetnkudazedusnuntilalan ADC ¥ntniudeuanuusulaaniu
Y Y

Y v
v A 1 a o a

wiagduilll Toyaluudazdruvaiiiuiendt finwa Inuuiingaluiiufnaueivil

wiUsEnn 300 - 1,200 finwa Tun15iAT09v0AToaunuUNIUUNUTHIANAINTEAY

(%
0 v 1

A 1a a A A Y i a A )
Q%@%ﬂ‘U‘WLLG]?N‘VILﬂa@utﬂﬁ@a'ﬁusﬂ@\?‘ﬁ'}ﬁuﬂu LLquﬂiﬂJLﬂiaﬂaLLﬂu53ﬂ‘U@jﬂuu ‘mmu%gﬂ

o al ! a o

n3vegiuisazlifmyudiugieylinssaviilulieadaun 9nnsdnisinauves

Y

2 & ° Y 2 =~ PN ]
LﬂiaqaLLﬂUEUUQ5V]q1m®@mﬂqwsﬂgﬂﬂqwf\nﬂLﬂi@ﬂﬁLLﬂu@J@mﬂ']WVIQQﬂ’N

2.10 53UU# (Color System) [29]

| & o = =

seuvandunfeuldanludagduliegnanesyuy nsinldldauagaiafsaiy

witngaulukiaz U9ty Ingundvilussuvdisuinnuaniwilounufs anfiaglu

9 Y
o
1

& A aa v o ' & A a Y a ' % v =
HUNI R NUNUAIEYNE Teudazgaluiiuiieeelunue198e LHasuNUAIULA LAY
Anududasysadu dred19naznandaruluszuu RGB Tunud lawn wnuauss wnudien
wazunudundu snedudulussuu HSV azfiunwduad we hue Aeaduu3gnsvesd

(saturation) WALLNUAINNEINE (value)

Uniinaluudaszuudniessuumswnuandgnldlununsiuiinaeuiawmesidundn

o

sruvandngninlUly daulvgiuseneulueieg 4 ssuudnieiu fie RGB, CMYK, HSV, uag Lab

[

A157UluwAaESTUUATIANUWANANIN WAL

2.10.1 S¥UUA RGB

aa a v ) =

52UUd RGB Wuszuudniieatosiuvaduas FuAnINNITRNNUeLaINIY

' Y e a g o Ao =52 = 2 vy A
wiaumMUsTLAaTuuaud M3eni183s (spectrum) asnsauendnnunisuendiule 7 & Ae
LAY AR LE09 e WY AT 439 Ausiagdifeitesiundsnuiiuanssiulusuuuuves
98 Hrmugneduiiuanaiudmanoaienuesiulaniaiy uasdindianu dadugadn
-:4' aa d' [ a a ! Y] . - a a
AAukAINdAMudgnIwadinusundt wansililowan (ultra violet) wavpfiulasELAl

a6 a d' a6 i = a I a o Aa a | a
ANUATIAR AAULEITNIAINTIEIELANTENIT BuN A (Infrared) Aiuuasniinaudgendngd
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v A

UuazANIAsnzinaliaeavesyudaliaunsosuila Wegainuan1sAinwagnuin

1%
I =] S o Aa a a

wasdnsuaLAnlanLasdnan o 3 & Ao duae dU1RU Lardlel Tudndiundanugutu

wazuasduansnetuly Wevunawyihiurin i Anddulaunnune daduioafutuu
YeRRUNIMasaNIsanudlauInie 16.7 aud mlﬂammﬂuawmLiﬂsu%”léﬂumummﬂﬂm
TEPRLVFGIR faanudnudungnarsduden deudennsuandiduiin “Additive” wians
nanALUUUIn Safumsnanadudl 1 w3e ¥1en Red Green Blue uwaunssay 2 & foglia

DI

Blue + Green = Cyan
Red + Blue = Magenta
Red + Green = Yellow

= o v ) | ! aa a s
LeE9d RGB Qﬂuqll'ﬂsdmEJ'JﬂUﬂ'Tiﬂ'P]\'iﬁ']'NUU"ﬂ@V]’JLLa%ﬁ]aLLﬁﬂﬂNaﬂ@ﬂJW?Lmai

[~ ¥ Y o a a a a a g a o val 1 1 < a
LUUﬂ']iﬁ'ﬁ'N"\]']ﬂﬂ’]{LWﬂqLu@ILLﬁQﬂLLGN GIYREERREGIRIN Vl']iﬁ/iﬁ@ﬂ'ﬂﬂﬂ'ﬂﬂ?’]w;ﬂuf\]iﬂ eUU

& RGB wansluguil 2.3

YELLOW

RED GREEN

MAGENTA CYAN

BLUE
g‘d 9 2.3 LEARISTUUA RGB [30]

2.10.2 S¥UUE CMYK

I~ dd‘Q d‘ QI =Y 6 S v a A = =l
Dussuudnteuldludedeiuinasiadosfiuy Usenaumednugiu Ae i

(Cyan), @379uns (Magenta), Aindes (Yellow) wardsn (Black) induainnnsuiiisaudan

a

wanfu uwiaglisadniidominuiinfisidanlivians TneSennsuandsts 3 fiuii

v
a A

“Subtractive Color” 38N SNANALUUAY NaNNISNAAYISEUVATLALAD Nl ndnilaay

anndudandniawdtazvioundusenunludeing o wu dganaudendniudlazyioundu
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=~ = P 4 ldnll

panududnng q 1wy dfnnnduduisasaziousenundudunty feazdunalaindq

Y
[

azvousonuItuIzlTUANSNYeITEUU RGB Huted nstAndluudluszuudansetiudunis

\Andluszuu RGB 53U CMYK uamsluguil 2.4

MAGENTA

YELLOW

Ul 2.4 uanIszUUE CMYK [31]

2.10.3 S¥UUE HSV

¥

1< a A @ =) a 3 ¥ =)
Lﬂuiwua‘wugmﬁlumma@muaiuﬁﬁmmsﬂamuw Usznaumed 3

A A r-:ll

1. Hue fa @4 9 Nagviauasniunnaininguaiiuiidigansniie

ilinsausaseaiuinguiudsng o 1o uiazdaslanuuansiisdunuanuenivesniy

%

WaeIINTENUINQUATALYoUNAUNNA9AIYaLT1 Hue Wngninlagdunianisuansduy

Standard Color Wheel #49nunufing84131n 0 fis 360 89r1 aunsaunulieylueg sy
29999A AR AR WU 0 991 FTeindU 120 9967 wazduntu Windu 240 9960

£

2. Saturation A9 AIUAANIDAUDUYDNE LALAIANNANYDIANY

A [

SuAun 0 lauds 100 mnuanvesdasiosaniiAviniu 0 waziiA1auangsganaAwiifiu

q

100 fgninlagsuniauy Standard Color Wheel fin Saturation 9giidUUAINYANINATY

o

ududueU lngAduveuaLiiantnauLaguiinan

3. Value A9 SEAUANNEINLATANULAYDIE tNgAIAINUATIN9YRIE

a o =

gyvualugaeisus 0 Tauds 100 Aanuainsazdesgafiainiu 0 szmiulude uay

A1ANAINEIFATIAYINAY 100 Faziinuadnaunseuud HSV wandluguin 2.5
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Ul 2.5 uanaszuUd HsV [32]

2.10.4 F¥uu LAB

SYUUALUU LAB Lﬁu’iwmﬁﬁﬁ%ﬂﬂ"mumﬁumﬂ CIE (Commission

Internationale d' Eclarirage) tieliduduinsgiunansveinisindynuuuu aseuaquynd

'
Y aa a

luszuu RGB waz CMYK wagldlanudniinaingunsainnegisliinazidusensuiinnes

1% 1

d‘ a & -'-ﬂl dl' 1 da’lj
LATDINUN LATDIALNULAZIY 9 druUsznauvesszuvaillaun
L %159 Luminance Ll0UN1SAMUAANNETINNT LA 0 D9 100
= & v oo & v 2 o
Waknuandu 0 aglaidudan wnunuandu 100 agladudun
A WuevasdEnlaandenluduna
B 1HuAvesdnlaandinduludivdes

SYUUA LAB LLaWQIugﬂﬁ 2.6

+L*White

+b*Yellow

-L*Black

U 2.6 uansszUUE LAB [33]
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2.11 n1sUszuan 1 (Image Processing) [34]

n15UsEInananIn (Image Processing) vianefis n1sute1n muingnisussanans

a

A ° a s A vy a v & a =
RIDNIUNTTATUIUITNABUNILADT LW@Im@GUB a'V]G]'E]\Tﬂ']ﬁVNIULGUQ?’]mﬂTWLLa%Uill']ﬂJ iy

b\
Y
v

=

[y

TuRaUaIAY ¢ A9 NITVIFEAIMEAINANTALINTU NITATAFYYIUTUNIUBDNAINAINATT
wisdnvesingnaulasenuiainaim wetinwingilaluimseimdoyaidausunn 1w
Y9 UIN wagfiamanisiedeunvesinglunm anntuindeyadalSunamailuiiasen
= o & P ) v A = &

Weasaduszuu wazielduselosuluanuaiudu 9 Inenidsluduneuveinisuszsaiananin
A NsUTzIRanadTRINNEaldszuud (Color Model) Tunisuszanananin

dl' a A Y & o
devaneduduuad n1suseuananIniy azegluguveanmsussiianadyanou
fon (analog) tneldaunsalusuussuas (optics) F9iwmantunlaldmeauay wiadnldly
1 v A Y & ] o w o [ v 1 1 = 1
wimsg el dudrudAty drusunmsussgndldnuuitedne iy alansiil (holography) el
wzsiesmgUnsaireuiunesludagiuiisagnatedrann uasUssansnimaauialy

Y]

é{ ¥ aa .. . . = Y
NsUsEINaNa kUL NMTUTTLIANaAIUNISUANININADYA (digital image processing) 3elAsU

v
14 1

AMUTENNINNINTIENITUTEIRARa NIl dudauTw wiugn wagdrglunisadeudn

¥

YNA9819N15UININULUA sunUandudouanava dig199u Tussuunsiadau

Y

Y

ASEANYAINBDY STUUMTITUIUNUNIUNEDIARYA SEUUDIUUISLAN SLUUNTIIUAINY

wasulwfion1sshunanulasase Wuduy
2.12 uIgngInUNsnsIanasunantan

nsuAnemansnisunme [35] linanyanaaeunosinadladinuluemisd
nadazmndenisnraianmeluyngunsalfananuszneuseasiaiidmiunimaasud
ddty 3 wiin uasnaondniuldussquesvanfiutonms lnegathend 1 ldudasazaneitia
lensTulelnsiaunaelsd gnihendl 2 1fun ansazaelnunadeenaslafelumesisnuas
themadl 3 1¢un ansavanensalelasnaeinidutu FBnsnsaaouiavintuieisiiensoy
LuUINfUgAMagey FansmedeusEAuANITLTumaafiannsansaldfe 0.5 Tadniude
Alansu laensuINgImIEnsnITNNg A S189IUNANITATIVABUDINIT LURAINEAY DY

NTUVNUMIUATINWIU 48 Feee nuddinesunduluvamilnnseudiuysenauluiieiied
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Yy
(%)

Bunlid i 2 dregie INTiMungy 6 §79819) 1193337 $1uu 3 g1 (Maungy

70 4 AIpYI9)

a a

British Standard DD CEN/TS 13130-23 [36] 40 u7§T1As18v n1US a1
Wosunanlandinisunssonu1nkdn s ugs1edauasziaze1ssssui neldaniy
NAaoy migration ganndl 40 ssrneadea iuian 24 F2lus Funeuazinduain
wosunailerluiviufasefuesdfaesdlauldfulawialnian anduilulnseise
sensosanlalWlndmesfiaueneiy 413 uiluwns Sausunandsoudisunaiuns
UIATFIU

A. N. Ramdzan uagae [37] lawamuazinausgunsailulasing (uPAD)

A o

ANUIEMTUNITNTITRS AR larnanualudeg1iiaty a1ssenanidualsiotanaliiin

P Y
VA o = 1

AnudsInIsiinlsauzise 433e3dlmdanuinsenvuegdunisindssninedadlad, 3-

Y

methyl-2-benzothiazolinone hydrazone (MBTH) kag iron(ll) W1y LA anE el 1Ty

formazan dye 1Jua1sdundu wanantuwds pPAD Saldsunisesnuuuluuanuidfi g

o

nSeAy 2 Tudeuriuiy warthnslduinuifiuiuuy wax U5y pPAD Tidudruiilslveuii
mugULULieanwuy wazidowindu 2 Yumsieudiseriidentdiunldoull 2 dunau
neldanneivanzaneas pPAD wananabursanududunsei 20.4 - 114.0 lalasluans
ANATITRTATIaNUWINAY 6.1 lulastuaaisuasan %RSD WAy 12.7% (n=5) aunsal
& @ Y ) Aa a s ! =
puPAD anansaiusnwlilagean 41 Tu Tunligaumaiisinii -20 esrealdya
P. Wahed wagamig [14] lavinn1sidednenisnisiiasnginesunas los ly

(% s

MsdmT vy Edlare I sdninenaialasuilansmvesrainiuiugs (HPLC) Tag

3

a

ANNENMINZALLAE MTITAOUAINYNABIVEITILATULANTINVBAMAIAINA UGS WUINIDT
anaa ) ada ¢ aa a 9 a
WHuisiidaudnuazeseidinwsziia lnefiarsaianaundudunss auies
AU ANLLUELAEAINAIMY F5AATIEYITasaUsEyndldAUAIE 199 M SN
ANUTaINYaele 0813liusEANSNMTsUWNAUIBEN9B N Ig I
O. Bunkoed wazaueg [38] lavinnswau i asd1nsun1snsianiusuim
NBSUNAR bIA LUBINTA LALLADNIS N1 IUa-42abUNITIUNUS LOLAUAT LT LUN1TASI9TA

Y o A

Wesuadled JennzdidedenldSiernuiiuesifaesdlau WeovhufAsedunesuaslen
azlmdundniusidindsadarinnisasiatalalaense neldasanlasunsnludeunseu
f19819NBUNISIATIEY LALINNNANITNARBINUINTATINAVDINITATIANUMNAY 0.03

ppmv FepnIAduRanutdugIaanenulagesaniseusielan way anludiagng
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1% '
(Y IS

SR TULTANTHUUUNINTFIUEURNSINAY 6.39 % waz 4.69 % 1AL

a

9INIANUIN 2
WUTUY 0.2 WAZ 1 ppmv AMNEIAU

ST. Girousi wazany [39] léinaueisgeslsiuvidaduizingesiiie &
Atz Aus NIz asE M UN1R ST US e dunad las ludod 19
ansananm UimaldednsseiieanazanzgIsulidenld 3,4-diamincanisole lu

ansaratlenuea-u1 luannzasduamsngesisawudiduiteiaudulaivengostsd

¥
13 1 |

wuRIueg nuesAlsenay TudaraIsuadiTunIuay 9 31n38N153ATIERnuINdlen
= o 2 1 % U 1 a 1 v = U 1 - a0
YNIINAVDINITATIVNULYINAU 0.6 tUlASNSURDENS ANSasAUNAUWNAU 93% wazilan
Dauunnsguduivsyintu 6.05% Aenududu 10 lulasndusedng

K. P. Shrivastaw and S. Singh [40] ¥IA1SAAUIITATI9TALN R1UT U
Wosuadlanluarsiinin lnstiauodulassadadsdouniindlaefinainn1svinujizen
semisansnasunantannuilalansdu Inwnaeuesnlaenlus wazeaslsnasuii dumn

| a Ao a ° a | a &

wea Usngey dellanunaisnmin dannudinnzanzas uasiindligadenisiins e

S. Teerasong kazAmg [41] laWaszUUNTIMaNANEE1MTUNITATITR
mUsuveesinadlannenavudeusgluams lnveduainuiinugiuain hantzsch
reaction waznelaanenunzanlinsidudunsainnududy 10-100 lulasiuais 1a
TAANYATINAVDINITATIVNULALANIAIINAVDINITATIVIMTIUTUILMINU 0.06 wag 0.10
a a v 1 al v o Y = d.’; v 6 a 'S r-ﬂ' o a L2 & all
Tadnsusieflansy mudinu dnnslaussyndssuvinseiietlvieeinesunanlasiy
NARAUN NINLIAT BN LazLn

Usznie adum way SU1 19A [35] LAAN®w1A98nN15 A8 nIUS U

Wosunalanninulundndusid miuanniuainmsduiiegiiniuiuasinassndun

Meluwngnaiios Yrina1ue n1snTvdeuedenann1sveslisenn1saIukiusening

'
U a £% Y A

Wesualadnunsadaiainiduduiionmnil 100 esmwadea iliAnnsiuasuuanduy

9

1J a 1 I~

a1sUsenoumluulan v duansaILdy JAN1IYANTULENEIEANIAINEIARY 578 11

)

€ a v (3

Tues lunmslesgiindndueifiegnsdiuin 6 $18n1s nuidvsunulesunanlaneglugag

5-20 lulmsnsusdefiaddng dandesvuninsgiuduinsinduiesas 0.017 (n=11) Wil

a [

a1sara1euInsgIUesnaflennNuuty 3 lulasnsureliadans IndninvesnsiaTien

a IS

windu 0.08 lulasnsumaiiadans In1snaaauUsEansnInealsimsIzinulNiA1saeaz U

AsnAUAUYRINasUNaflesvinAu 100
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2.13 ManN155IIANTUAA LIA

v
v a

TunuddeiidunisWauidinsziviuaresunadladlneordenisiiau]isen
synineulnlsedunasuiadaesinoonles Suduainufiservesnesuiad banly
megniuasazanslesndalis antudunsalalasaassnitoviufisendulaneudalg

v W

A a a [ & o L3 £ H o Y a
mnniuneinduiiadamesineanlerasstulusiuimiivluanavesiivunseawilviin

3 ] A = N N o a 2 = = 19
ANMULUUNIALALABEY ) LﬂaﬂuasﬂaﬂLL@UIWvLsﬁﬁlquuﬂqﬂauqLQUNUQIﬂLﬂuaLLWQ FIAIMTULYHVDN

AungaziUsuniulumuUsununesuanten wansnnuaun1seaelul

Na,SOs (ag) + HCHO (aq) + H,0 (ag) —> HOCH,SOsNa (aq) + NaOH (ag) 2.1)

Na,SO; (ag) + 2HCL (ag) — SO, (¢) + 2NaCl (ag) + H,0 (2.2)
SOx(e) = SO,(aq) (2.3)
SOZ(aq) + Hzo l—_l HSO3_ + H+ (24)

HSO, S SO + HY (2.5)
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U 3
ad o =Y o o
AL UUNITIUIIY
3.1 asalinazaunsal
3.1.1 a&5.Adl
M5 3.1 aseiiildlunimeass
y - - m’m‘tﬁqwé fveuazUszne
Ya&a15LAL gnsadl . -
(%) N
ninlglaspassn Signa Aldrich,
HCLl 98.1
(Hydrochloric acid) Germany
lopeusalng AR/ACS — LOBAL
Na2SO3 98.0
(Sodium sulfite) Chemie, India
Wosunanlan 37.0
CH,0O Carlo Erba, France
(Formaldehyde) (W/v)
lodeulansonlen AR/ACS - LOBAL
NaOH 98.0
(Sodium hydroxide) Chemie, India
AsALaNISN
H,SO, 95.0 Fisher, Finland
(Sulfuric acid)
Wupanniau
CyoH1404 98.0 Carlo Erba, France
(Phenolphthalein)
iusanloseu
- - Milli Q gradient
(Deionized water)
Inunadeulalasiaunnan
CgHsKO, 99.5 Carlo Erba, France
(Potassium hydrogen phthalate)
NINBLTAN
CH;COOH 99.9 Carlo Erba, France

(Acetic acid)
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A1519% 3.1 (519) ansednltlunisnenasy

4 - - AAUIENS BvouazUszne
YoasAll gnsiall . -
(%) WNER
pzAManlan PanReac AppliChem
C,HO 99.0
(Acetaldehyde) , Germany
walgaanlen ACROS ORGANICS,
CHO, 99.0
(Salicyladehyde) Belgium
Wumanten AR/ACS - LOBAL
C,HO 99.0
(Benzaldehyde) Chemie, India
D¥lau
C3HO 99.5 Merck, Thailand
(Acetone)
3-wiia-2-Uluu ACROS ORGANICS,
CsHy,O 98.0
(3-methyl-2-butanone) Belgium
Dxlanluu
CgHsO 98.0 Merck, Thailand
(Acetophenone)

3.1.2 \Asesllenavaunsnl

1. lulasUiUe (Micropipette size 10 - 100 microliter; NEXTY-100 - BIOLAB,
Japan), (Pipette size 500 — 5000 microliter; SL-5000PL - Mettler Toledo, USA),
(Micropipette size 5-50 microliter; Pipettor 12-channel - DLAB, USA)

2. ATEANENTOUUDS 1 UM 110 Hadlums wazlues 42 vuia 70 Hadiuns

(Filter paper qualitative — Whatman - GE Healthcare UK Ltd., UK)

3,105 patanAdey 4 §1unUe (Analysis balance; CPA224S — Sartorius,
Canada)

4. 105 panrundndn ndeuliarnudeu (Magnetic Stirrer — HARIKUL
SCIENCE CO., LTD.)

5. 1A383auNY (Cannon scan LIDE110, USA)

6. N32ANINA1 pH (Universal indicator pH 0 — 14 — Merck, Germany)

7. Unnes
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8. YU, gnens

9. iannYn

10. U2L3m

11. ATEUDNAN
12, anguasy
13, WASLAIAUANS
14. GouAnans
15. N32ANUINNN
16. WIRN1AULIAN
17. 1R IUSUINS

18. aunquwanasn (96 well plate)
3.2 nISs8UdNsazansy

3.2.1 NSWBENAITAZAIEUINTFIY
3.2.1.1 arsazateuinspiunesunaflenAututy 1,000 Tadnsusiodns

Ynasazarenasuianlen (ANUINTUSREAY 37 wA) 0.27
fiadans ldaslurintausuinsouin 100 daddns USuusuinsaeiusiannlossuy dou
Feuanududuvesansazanevlofunailesdsd

1. TwWnansazanslotdeudalis (AU uTu 0.10 luanedns)
U315 50.00 daddns asluvingusun veafluedWn1du 3 vea (Indicator reagent)
mmzmmmﬂﬁsu@u%mm weansatafasnaududy 0.05 luadedns 3-4 vien Uz
dvaymely

2. Uwlpansaranenasuan banmututy 1,000 Jaansunaans
U3uns 10.00 Haddns ldasluvingUvumyiay miazma%w?{auﬂé’umLﬁuﬁﬁmm nnsm
mensadaiain (mnududy 0.05 luadeding) ubegaegd Evunmell) TuiinuTunsves
nsadaiandld Ynduasmenuitiduresansaraeunsgunesinadles auaunns

[y

D!



31

FA = [30.0(C,V,) x 1000] / V2 (3.1)

A a 1YY s a I a a o 1 a
LB FA AD f’n']llLSUNGU‘UGU@Q?{'ﬁaSa']ﬂwaimqaﬂlaf’ﬂu‘wuj?Jllaﬁﬂﬁlmaafﬂﬁ

C1 flo mnuuduredasazatuunsgunsadaisnildlnmsaluniielug

V1 fg Usunsvesansazansunsgiunsndanasniumeliadans

V2 @9 Usunnsvesansazatenasuantantumiieladans

3.2.1.2 @1582a18U1955UN05NARLEAAMLTNTY 10,000 dadnsusiodns

¥ 14

Ywnansazarenasuiamtamdulusovas 37 wiv Usuins 2.57
Taadns (USu1nslaannnisAulinIsaauiisuanuutuasazatevasu alas) Taaslu
INTAUIUING 100 Daddns USUUSUIn5A811U51A1N b0 0UaUDITAUaNUINT AU

[

USunsansazaneanasyurlesunadlenmuaunisdil
U3u1As (mL) = (10,000 mg/L) x 100 mL / (C mg/L)  (3.2)

We C Ao AUTUTUYRIaITasaIsuInsgIunasunaflafaInnIsaauisuaI

WU (Standardization)

3.2.1.3 @158¢a8u1nsWasuan bananuutuluegig 200 — 1,000 fadnsy

I a ] [ ¥

20119k mmuaswnswﬂmmgm

Ywansazaneuinsgiunesunanlandudy 10,000 adnsu
feans Usuims 0.50, 1.00, 1.50, 2.00 way 2.50 §adans Auaeu adluyIninusunnsuuin
25 fladdns Usuusumsaisunusiminlessuauisliauaniiuins laaisazaisuinsgiu

NasuanlanmduuTL 200, 400, 600, 800 way 1,000 Nadnsusodns
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3.2.2 NSLA3UUILERUATLGLUNTIATIZNBS LR ban

3.2.2.1 a1savaaelomeudalng (Auduty 0.10 luanadnsg)

U2
v

sundnealaeudalnd 0.315 N5U aratemeuUsiAaIntesau
warldadlurininusuinsuunn 25 Jadans Usuusuinsaeuiusieanlass waudelnuen

U3u1915

3.2.2.2 @sararensnlalasmansn (ANULTNTU 0.10 luanadns)

Ywansazaronsalalanseansnidutuusuins 0.98 fadans ldadly

ITAUSUINTILIA 100 Tadans USuusunnsaeuiusaantossuauta@lauandsuing

3.2.2.3 mMawssnansanauoulnleeiuainnensyduwig

(% o

ansazangloulnleeiunududu 6% wiv wsenlaetinens iy
witsiudn 3 N5y asludninesvune 250 Taddns Wuwiuseanloesudsuins 50 Jaddns

=) L3 U

asUninesiau Tousmeulinendgyduuisanegluaisazaty Undninesimenszanuiing
yrdnneslulvminusou 100 asanwalded vulAsaanualstvausaulduian 60 uld
AINUUNTOIAITALALVULIDUMENIZATYNTONUDS 1 MsanTazaenaulnlaedulmduasd

¥

RRIVRIITON
3.3 NSWNSENYANAFIULUUNIZATEEMIUIATIZINBUaALEN

Y s & o A A v v a a

AnnszATEnTaNUes 42 WudmasuRuivwinaundg 15 Tadiuns A
817 65 faduns tnszmunsesisaudsluguadluansazarsueulnleiuainde 3.2.2.3 1Ju
181 30 Fuit Manseavludnuardudaiuiansesiulvdesiian Ydesnseaulviuviene

yaadunan 150 - 240 Junit Fahluidludunsuinsizissly
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3.4 AsAnwviaveasnsadinanzausaufizerdmsunisaiisyanagaunae

NITATY

1. Uwansaranglodeudalididudy 0.10 luaseding Usuns 20 lulasins
asluaunqunanain 6 vau AUy

2. nansazatsunsgiunesunanlannnududu #aus 0, 200, 400, 600,
800 wag 1000 dadnsuseding UTu1ns 60 lulasing asluarunqunatain 6 vy
pudU WweumaEmananegaszsinsz Tadunat 60 Junl saumquis 9 TruAzen
Ansialudn 90 Fui

3. Ywansalalasmaasndutu 0.10 luasdeding Usung 20 lulasing adluy
MUNQUNATARN 6 QUANAUEIAY

4. Aunseawyuansavareueulnleeniiy nde 3.3 Mevewdaunuiaa Un
asuumquita 6 vigu Tillnatineghadesamdiniafunialelnseasin weraumauedis
seifasyds wiu 10 3wt 1eumauila q IR uAndelUSn 50 Funil

5. AUNsEAUMARBUINAIUULATBIALALBE1IT IS METNATUMTUALIAN

Y

= ad a &£ v =
Uumﬂﬂ@ﬁw AAYUUUNIEATYNIYLAIDIELLNY

o

6. UsUnnliiasizsinad RGB aaelusunsy Imagel 1A RGB Ailawn

Y

A319n5MMANUAURUTHAN 9 UaTTATIZVANUMNIZANNTNTELMIVRIToYA

'
a

7. ¥N1snaansdnven 1-6 nedsudaulvainnisuenansalalaseassniive
3 1 unsedaiasn, nsaneanasn waznsALdRn MAIUTUTUYINTUN 0.10 Tuasnadns

AIUAIAU

= Yy v ~ ¢l 1 aaa o o
3.5 N19ANYIAMULIUYUYDIA1TaL a8 LQ‘UGWIL‘ViﬁJ"lgﬁﬁJﬁa‘UﬂﬂiEﬂﬁﬁVﬁUﬂ'ﬁ

A5 9YANAFIUAIINTEANY

3.5.1 anudutureansatalaseassn

1. Ywpansazarelafeudaligainudutu 0.10 luasadns Usuins 20

Lulasing asluumaunanadin 6 vau sy
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2. Unansazatsunnsgiulasunanlananududu aaus 0, 200, 400, 600,
800 wag 1000 dadnsuseding UTu1ns 60 lulasing asluarunqunatain 6 vaauiay
MINEINU eI UgUNaIaRnag19sElnsrTnduan 60 Ui 2 unqunanafnli

=

Ufnseinseludn 90 Funil

3. Ywansalalasmaasnidutu 0.01 luasdeding Usung 20 lulasdns asly
MUNQUNATARN 6 QUANAUEIAY

4. Aunszavyuasavanekaulnlyentiu 9nde 3.3 meerawnuad Un
asutia 6 v Tdnaineg e mdnisidunsalalasnaein wenanumauogng
edinsE T WK 10 Junil enumaunanain iU seindeludn 50 Juni

5. AUNsEAUMARBUINAIUULATBIALALBE 1T IS M TNATUMTUALIEN
SufinraiAntuuunsznuieedosauny

6. thgunluTiaszvinead RGB felusunsa Image) 1hend RGB filsn
ASNTIMMANUFURUTAN 9 WagIATIETANIMINEAIN1INTEEMIVDITaYa

7. vn1snaaesdded 1-6 Tasdsudoulvainnisvennsalelnsaagin
Anuudu 0.01 Tuadedns e 3 WunselalasnassnAnududu 0.05, 0.10, 0.50 way 1.0

1Uaseans AuaIAU

3.5.2 ANUduTureIasarans e eugabis

1. Dweansazanglafsudaldaiududy 0.01 lasedng Usuinsg 20
Lulpsdns asluauvaunaiadin 6 viqu muaRy

2. Unansavaneanasgiunesinadlesanududu daus 0, 200, 400, 600,
800 wag 1000 dadnsuseding Usu1ns 60 lulasing asluarunaunatain 6 vauiay
PINEWTU wENMurauNaaRnegsszinsyiadunan 60 3wl Mwuvgunaaliufizen
\Aasialudn 90 Jui

3. Uwansalalaspae3nidudu 0.10 luasedng Usung 20 lulasdns adu
MUNQUNANARN 6 NQUANALEIAY

4. Aunsgavyuansavanglaulnlyeniiy 1nde 3.3 merewiawnuad Un
asuumquita 6 viau Tillnaiieshadenaimdiniafunialelnseasin weraumauedis

52inE 3 WK 10 Junil enurguunaainiuiseiadeludn 50 Juni
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5. AUNTEATNARBUINAIUULAS BIAUNUBE 9T IS MAINATURMUALIEN
ufingeAfiAnTuuun sz ueATesaLy
6. thgunlUTiazvinea1d RGB felusunsa Image) 1hend RGB filsan
A319n5MMANUAUTUSHAN 9 UaTTATIZVANUMNIZANNINTELMIVeIToLA
7. dmaveaestidodt 1-6 lewdsudoulvanmanenasaranslnfionda
Irldenududu 0.01 wasiedns fide 1 Wuasazanelefondalndaududu 0.05, 0.10

wae 0.50 luamadns AUaIRY

3.5.3 anuduturesansazatsuaulvleenfiuainaendytuui

1. Uwansaranglodeudaliddudy 0.10 luasefing Usuns 20 lulasing
adluumguNaIaRn 6 gN AUEGU

2. Umansazarsunsgiunesunanlannuludy #aust 0, 200, 400, 600,
800 wag 1000 dadnsuseding UTu1ns 60 lulasing asluarunqunatain 6 vauiay
AINEIAU wE1uRaNnatafnegesrnsEuluign 60 3unil Meeunaunanafnli

=

Ufnseinseludn 90 Fud

3. Uiansalalasmaasnitudu 0.10 luasiadns Usuns 20 lulasing aslu
MUNQUNANARN 6 QUANALEIAY

4. Aunseawyuansavareueulnleeniiy 1nde 3.3 Mevewdaunuiaa Un
asuumquits 6 viau Tillnatineshadenamdiniafunialelnsrasin weraumauedis
52dinsede Wy 10 Il 1enuvaunaadnlvuiseinsdelusn 50 Juni

5. ﬁUﬂi%ﬂ’T@ﬂ@ﬁ@‘U?Na\‘]‘UuLﬂ%@\‘iﬁLLﬂUQ‘EjW\‘ﬁ'}ﬂL%’Jﬂgﬂﬁ]’]ﬂﬂﬁUﬁ’WMum’Ja"l

v
Y

TuinInENAnTuULNTEATYILLATOIAWNY

o

6. thgunluTiazvined RGB felusunsa Image) 1@ RGB fildan
A5NTINANUAURUTHN 9 WALIATIZAAUMILAUNIINTEIBRIVDITBYE

7. ¥mameaessided 1-6 laswdsudeulumanieunseaumaseuguiou
Tnlweniiu Aife 4 anarududuusn 6% wi Wasudumsyunszaremaaeuseasazans

aNALaulN eI RUAUINTY 1%, 3%, 9% way 12% w/v AUAIRU



36

3.6 msAnwaldlunisiaufizen

3.6.1 namldlunisiaufisendutiwsn (T,)

1. Ynansazansloheudalndidudu 0.10 lwasiedns Usung 20 lulasans
adluaumgunaIain 6 N AuEU

2. Wumansazaneunsgruresinailadanududu daus 0, 200, 400, 600,
800 4az 1000 Jadnsunedns Usuins 60 lulasdns asluarungunaiadin 6 nauiy
MINEINU LI UgUNaIaRneg19sEinsyTauduan 60 Ui 2sa unqunanafnli
UfAsewinsioludn 150 3u#t (T, wiriu 210 Fun)

3. Uinnsalalasmaasnitudy 0.10 Tuadedns Usuns 20 lulasdns adlu
PMUAGUNAERN 6 NYUAUANFIAY

4. Aunszavyuasazanelaulnlyentiu 9nde 3.3 meerawnuad Un
asuuvaua 6 vigu Tnlnatinegrafisrnnimdininfunselalaeasin werumauesng
5edingeds win 10 Jwdl MNunqunanadnliiseinseludn 50 Fundl (T, windu 60
)

5. ﬁummwwmamwawuLﬂ%@qmmuasmimL%ﬁﬂé’qmﬂmuﬁmu@nm

v
Y

TuinndNAnduuunsEAYReLATOIEWNY
6. tsunnludinsgsivend RGB Aaglusunsy Image) W1Ad RGB lown

A319n 5 ANUAURUSHAN 9 UaTTATIZVANUMNIZANNINTEEMIVRIToYA

'
a

7. yhnsveassgiden 1-6 lnaidsutouluiailunisiinufisentiausn
Y8 2 970 T, vy 210 FJud wWaswdu 60, 90, 120, 150 way 180 U suasu agasi

LAY AL

3.6.2 nanldlunisfiaufisentuginisiuisusdasdvaanssany (T,)

1. Ynansazaneloheudalndidudu 0.10 luasiedns Usung 20 lulasans
asluRIUMAUNAIERN 6 AN MUAIGU
2. Unansagansunnsgiunesunanlannnududu daus 0, 200, 400, 600,

800 uay 1000 dadnsusodng USuns 60 lulasans asluarunaunaiadin 6 vaudy
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AINEIAU eI uRaNnataAnagesrnsEulungn 60 3unil Meaunaunaadinlyi
UfAzewinseludn 90 Fudl (T, windu 150 Fund)

3. UwansalalasaaeInidutdy 0.10 luaredng Usu1ns 20 lulasdng asu
PMUAGUNAERN 6 NYUAUANFIAY

4. Aunseawyuansavareueulnleeniiy nde 3.3 Mevewdaunuiaa Un
aquumquis 6 vigu Winatveghafermndmdsnsiunsalelnsnaein wehauvquesis
sedingeda w10 Jui 1eunqunatafniiugaseinselusn 140 Jwd (T, wiriu
150 Jund)

5. ﬁumzmwwmaam’mm‘uum‘%mmmua&iwi’mL%Wé’&mnmuﬁmumnm

[
Y

= Na a v =
'U‘I,J'Wﬂ"i‘]]@aﬂ/l AV UUUNIEATYNIYLAIDIELLNY

o

6. trsunmludmsizvivinand RGB salusunsy Image) W1ANE RGB 1AL

Y

o L3

A319n5MMANUAURUSHAN 9 UaTTIATIZVANUMNIZANNINTELMIVEIToLA
7. iNsneaesgten 1-6 lnswdsuReuluiailunisiinufisentianis
N = =~ a a =~ a I a =~
WagULUasaURINTenIy NU8 4 210 T, LAY 150 71U wasudu 30, 60, 90, 120 1UN

ANUANU TALAITILIALYE AL

3.7 N1SAN®INISLAINAIE RGB 7 tUUIZAUFINTUNI5ILATITHNIUS U

wWasuadlanfleyanagaunssay

1. Ynansazaneloheudalndidutdy 0.10 lwasiedns Usung 20 lulasans
asluaunqunanain 6 vau MUY

2. Yinansavarounsgiunesuianlananuduy #auws 0, 200, 400, 600,
800 wag 1000 dadnsuseding Usuns 60 lulasins asluarunaunatain 6 vauiay
AINEAU wE1uaNnataRnagesrlnsEuduign 60 3unil Meeunaunanafnli
Ufiseninsaludn 90 Jud (T, wiriu 150 Ju1i)

3. Uansalalasmaainitudu 0.10 lwadadns Usues 20 lulasdns aslu
MUNQUNANARN 6 NQUANAUEIAY

4. Aunseauyuansavareueulnleeniiu 1nde 3.3 Mevewdaunuaa Un

aquUMauIe 6 vau Iidpaiivedafesiasmanisifiunsalalasrassn weraunaued



38

5edingeds win 10 Fwd MNRunqunananliiseinseludn 50 Funl (T, windu 60
W)
5. AUNTEATENAROUINAIULLATBIARN UL NTINSIMEININATUAMUALIAT

Ly

SufinraiAntutunsznuierdosauny

6. dhgunmldiinsgvivne1d RGB melusinsy Image) d1A1dLAS (R, Red)
ldnadrsnsmimanuduiuging q wariiengienumngaumnszanedvesdeya

7. nsneaesgdedt 1-6 Tnawdsudeulalunisadransivannuduius
sErianuuduresasazatsansguresinadlandunny x wazarnduldaduns (R,

Red) uunu v 7ide 6 wWaswdurdden (G, Green), 3 (B, Blue) mudsiu

3.8 A13ANYIANTIUNIUABITIATIZRMIUT BT uaRland ey anadaU

N3ITATY

1. Ynansazangloheudalndidudu 0.10 lwasiedns Usuns 20 lulasans
adluaungunaIain 6 vau muay

2. Yupansazaneuasgiunesinadledanududu 400 dadnsuredns (7l
LUNITAITIUNIUYHEA Acetaldehyde AT LT Y éﬁgum' 0, 40, 80, 120, 160 waz 200
fadnusiednsnanead) Usuns 60 lulasins adluaiuvqunanadin 6 nauaunua1fiu e
urgunatainegeszlinszindunan 60 3w 1sunguwanafnliujiseninseludn
90 W9 (T, WiNAU 150 3ud)

3. Uansalalasmaasnidudy 0.10 Tuadedns Usuns 20 lulasdng adlu
UNRUNAFRN 6 VRUAUAUA Y

4. Aunseawyuansavareueulnleeniiy 1nde 3.3 Mevewdaunuiaa Un
asuuvaua 6 vigu Tnlnatiegafonndmdinindunselelaseasin weraumauesng
5edingeds win 10 Jwd MNunqunananliliseinseludn 50 Funl (T, winfiu 60
9)

5. AUNTEATINAFEUINAIUUIAT DIALNUBEITIAL M 19 NATURYLALIAN

LY

TuinIRENAnTUUNNTEATYIELATOIAWNY
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6. thgunmldiisevivne1d RGB melusinsy Image) d1A1dwAS (R, Red)
FlgunadansmauduRuSAUANMUT LT UYEENTIUNIY LarBATEIINTIIAUNUVINLYES
DUATITURBUSUIUEIIUNIU (Tolerance limit) unazviln

7. ¥nisvnassnded 1-6 Tadswdeulalunisifuaissuniuasly
asazarsunsgiunesinadledanududu 400 Sadniusedns Ao 2 MR duans
Acetaldehyde mnudadu 0, 40, 80, 120, 160 way 200 fadnsusedns wWaswdy

7.1 Salicylaldehyde aa13LTuT W 0, 100, 200, 300, 400 Lag 500

Haaniusiodns

7.2 Benzaldehyde A2131L0' U9 W 0, 300, 400, 500, 600 Laz 700
HaanTusodns

7.3 Acetone ALLTUTU 0, 300, 400, 500, 600 ag 700 dadnsu
HOaNT

7.4 3-methyl-2butanone AL U YW 0, 300, 400, 500, 600 LLag
700 Haansunodng
7.5 Acetophenone AL WY U 0, 300, 400, 500, 600 Lay 700

o '

NAaNSUMNBANT MIUAINU
3.9 n1sane1AulYlAve9dsAAsIER

3.9.1 e duldunsewesnsinainaisazatsuinsgiunesuiadlanniududy

Tua9 0 — 1,000 fadnsusedns

Twnarsazanalofoudaldadnududy 0.10 luasnedns USu1ns 20
lailasAns adluamumaunanaiin 6 wauaudfy Mntuvesasayaemsg e nadled
AMULUTY 0, 200, 400, 600, 800 way 1,000 Tadnsunedns USu1ns 60 tulasans aslu
01AYIAY 6 MAUANANULAN 1w uMqunataRnduan 60 Wl s uvqunanafinli
AaufAsendelusn 90 Fundt annduneansalelasaaeinaududu 0.10 Tuasednsg
U3ums 20 lulpsdns weraumaulunan 10 3undl Aunszawyuaisazanewoulnlseniiy
1nda 3.3 Fevedaunuaa Iaasuuvauiis 6 viau Wlaadnedrafisrnaimdamaia
nsnlslnsnanin MsauvqunanadnliiAnujiseideludn 50 Tuidt Tudinnmaadunsd
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TU5UNTY Image J k83831905 1MANUFURUT TENTNAWTUTUVDIETaEa18UIATFIY

Wasunad laanua1AINUdNEuLae (Red Intensity, R) wagniA1duusedns nisandula

(Determination coefficient, r?)

3.9.2 Apdninresnsnsiany (Limit of detection, LOD)
anansavmlaainnsminnsgiu laeldgns

LOD =Yg + 3Ss (3.3)

Yg D y-intercept

Sg A AANAAIALARBUlULWILAY y (Random error in y-intercept)

(v —T:)2
Sp = /2—'(11_2?‘) (3.9)

& I a avy A A
y1 Ao AnasanlaannieIesile
Y; Aa Ailaannisunual x asluaunsidunss y
n Ao TIWIUYANITNAGDI
3.9.3 AINAVINTTAIATIZH (Limit of quantitation, LOQ)

LOQ =Yg + 10Ss (3.5)

Yg A9 y-intercept

Sg Ain AANAaIALARBUlULWILAY y (Random error in y-intercept
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2.10.1 3A5NSMS8UAIDES

Fadregneemmdn 50 nfu adluviagusuy wuu1UsIAIIntessu 100

v v
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a aa 1 <@ v a, ¥ a a Y & a 5

Taaans wenanusy Ununvinsmenisilay aenalidunan 30 i antunsesansazany
f19819AUNTEATLNTOIUDS 1 aw’mgﬂ%mjﬁﬂ% NaaauANULUNIALUATDIEITAYANE
Y} 1 ¥ v 1 v v 1 Y} 1 v & d' 1 [}
FoE19NTEAIYINAT pH WiaUUSUAT pH Uesansaratsstegslmlunayl pH windu 7
frvasazatensntalnsAansn nseasazatslatfeulansanlamitutu 0.10 Tuanadns U

U1nuamen1siiaudnasisenisiiaisazatemag1eluinsiesitunausa

3.10.2 FFUATIEVATALANEFIRENMEYANAGBUNTEATY

1. Yuwearsazanelafoudalvdidudu 0.10 luanedns USuins 20
Lulasing aslurmuvaunanadin 6 nau My

2. Upansazaneding1aU3ung 60 lulasdns asluauvaunaiain 3 vau
usnuazifuiunannlessuludn 3 vaudauitelfidugauisuiiioy Wumshe 3 ads
Tuusta 1 1Ban1svnaes ntugauvaumanainagnasziinszYaduna 60 Juidt g
PurgEnaERnlviufAseninseludn 90 Fui

3. TolulasUavangviwua Uwansalalasaasinaduituty 0.10 luase
05 Usuns 20 lulasing adduaruvaunanadin 6 vigusiy

4. Aunszawyualsazarewaulnlyeiiy 91nUe 3.3 mevsirUaunuiag
Unasuusts 6 nqu Widaainegrafersiadmdsnisiiunsalolnsaasin werarumgy
waraRnag19sEinseda Wy 10w Meuvaunanainliugisewinsieluan 50 Junil

5. AUNTEANINAGDUINAIUULATBIALNUDEITINT NI NATURMUALAN
TufingeaiiAntuuunsznuieeiosauny

6. 1hguamanias ssaunuludiasizvimeardluluun RGB delusunsy

Image J 1Ad RGB 7lauuusuatazmuiamusunamesunadloninuludegiseims
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3.11 NMSUSHUNBUISAATISHANAIUN ‘U’Jﬁmsqm'i'wwmmg’m'lmmsm
USunamesunadlanfingininannisiessiiiaudugnideniiuseuiisunaiu
Buwsgrulnnsawuudaiu legldn1sauiameada pair ttest Tunisdndula daunis
W3BNFI0E19A8NTITUIRIFIUNmIAAZALTuNIITaaesmilauduten 3.10.1 anduns

NAaRIRIFalul

1. Ywnarsazangladsudalils (Aadudu 0.10 luaseding) USuins 50.00
fadans asluvingUrun vealued Wiy 3 vea (Indicator reagent) @15aza18Y
Wasududvam vennsadaiiainenadudiu 0.05 Tuasedns 3-4 nea aunseisdvunely

2. Ywmansazareesunadlandiog1s USuins 10.00 Saddns ldadluvinguouy
fin ansazansazasunduanidudvay lnmsesonsadaiiain (aAududu 0.05 Tuasie

a

dn3) Autiagngd FEvunmell) Juiindsunsvensadailisniild muisamanududuves

]

[V

No5UNAR LFAlUANITAZ A8 AUANNTHIT

FA = [30.0(C1V1) x 1000] / V2 (3.1)

= d [ ¢ = 9 o | I a a oo 1 a

e FA fie anududunesunadlenluiegslumeiiadniusiedns
C1 Aa ANULNTUaIsazaTIeNInIgIunsadailznilnmseanieluasodns
V1 fe YSunsansazateuinsgiunsndaiisntuniieiiadafs

V2 Ao YSuwsansazatewasuianiantunileliadans
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31nn1sidandfisenitilunisnsiaindedgiunseavuudasinuniioansavane
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HAnSusNURsemaniunsalalasnae3n nan1sAnwinisidenidaisialianng g Ndawasie
ANNANNTAIUNITIATIEAVDIYAVIAFOURUUNTEATBANAIUNTUIZILERIT Ba B anAIsa UL

[ ¥ 14

4.1 wan1sAnwvilavasnsafmunzausaufiserdinsuadisyanagaudie

NITATY

NnMsAnvImeiavesnsafivnzandmiuujisodldfuyanaaounuunsyay
FaulFeuifsuiuseninnsa 4 sdafienandudu 0.10 Tuadednsvindulsiun

1) nsnlalasmassn

2.) nsndaiaEn

3.) nsaneanasn

4.) NIADLIFN

nansAnwvTinuenIaTinaufuYANARBULUUNSTA AR STUAMT 4.1 uaz
U 4.2 nuinwilavesnsnlalasnasiniiliiingadunsuunseanwyuneulnlveduiidaoy
waranansamaanuduLasdunsldesaditeddny winsaveanes naglvinadindrety us
nseveaneindanuviauinnidmasornuainanevesmainuiisendntes madenls
nsadainzmilrArdunsunseaulddanuuideiinseidimelusunsuudiafldaing
nsMRagUT 4.2 fidhsenanduduansazanemimsgiunesunadiles 0 - 200 fadn3usiedns
nsatai3nviliAndunsnniiulugaduddunilndyageanvesueulvledudunseay

sUasuLUasluE 9T REUIN NNNISANEINTANY 4 FUANAINUAMULTNTY 0.1 Tuasa

dns nudnsalalasaasindanuminzandmivuiseiunnign
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0.1 M Hydrochloric acid 0.1 M Sulfuric acid

0.1 M Phosphoric acid 0.1 M Acetic acid

aaa 1

3UN 4.1 PAFWAIUUYANAADULUUNTENTEAWTLAAT W BIAAUAT81581319 0.1 M

Toneugalng, 0 — 1,000 ppm Wasuiadlen way 0.1 M nsaviasig 9 NdeIn15ANY)

250
1 slope -0.0009 -0.0232 -0.0228 -0.0257 Formaldehyde
200 | ® 02272 0.9506 0.9940 0.9710 (mgL™")
i mo
150 4
m 200
x -
400
100 4 -
m 600
50 4 I 800
i | 1000
0
Acetic Phosphoric Hydrochloric Sulfuric
Type of acid

UM 4.2 nemluansanuduiussenineanududuvesnasunadlan 0 - 1,000 dadnsuse

ans AUAIAMUTNLASELASUUYANAGRULUUN T wTLENSATTAsIY 9

4.2 wan1sAnwraududunsalalasaaainimanzaudaufiisendinivyn

NAGHDURUUNICANY

nansAnwnansliivinsalelaseasinaududu 0.1 lasednsinnumunzay
FoUfRsenddmiumsasyanagouLunszniaiuldangu 4.3 nsmiandditionis
ns¥gvasmIANNNdwnmadensudaludanududy 0.1 luasedns Wvinugasendu
msaza1EJmmnga%mﬁaﬁlaﬁimwiamhm’;mLﬂﬂ’wﬁuﬁf‘iy'qLLG]' 0 - 1,000 dadnSunoans
Tudgudalwiiunnifuneaninufiserfunsalslasrasiniiduaslufiaiduuiadamesle

gonlys Usinauialazgeduasuunseauviiinduudsunduluauanududuvensalalag
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Aagsn MAnududunsalalasaaeintosndt 0.1 lwasedns dAn1snszeiivesteyatioy
nndladisuiudeldnsarnudugeau Wunsganududuiidesiuluiiliujisenina
wiadamlaslaeanludlatoenszaviiguneulniuefuianisuasudanindududung

WosunAaziuldaingud 4.4 dwaliliaiunsansiaianisdsuutasla wiidagainy

a

alaNeUeINIINTELMVeITaLarEnUINnTalalasAaeInAAtuTY 0.1 WWasednsdl

£ =

nsns¥eRvestayanangs andeyanisAnwmasuldinanududunsalalaseasin 0.1

Y

' ¥
aaa s

luaredng danuminzauideufisenldiuganagousuunseaiwil

250

slope -0.0238 -0.0260 -0.0226

r 0.9979 09317 0.8969 Formaldehyde

El
200 (mgL')

-0.0018 -0.0058
0.8495 0.7905 mo

150 4
W 200

W 400
100 4
W 600

50 4 W 800

| 1000

0.01 M 0.05M 0.10 M 0.50 M 1.00 M

Concentration of HCl

SUN 4.3 N9 1NWEAIAUANNUSVDIAIANUTULAIE wAIAUANUT UYLl alATAaRS NAIY

v

WYY 0.01, 0.05, 0.1, 0.5 way 1.0 luasedns

1.00 M

UM 4.4 sUnanagndunsuunseavanmsfineanududunsalalaseasin 0.01, 0.05, 0.1,

0.5 waz 1.0 luaseans
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4.3 wan1sAnwanudaduaisazanglafeudalwdnmunzausauisen

AMSUYANAFIULUUNTEATY

¢ v o ¢ Y v a o sal ! a o

HAaNSANYIANF NN T VRNt UlgAsuda AN danaronisiindwasuy
nsgAYNAdU INJUT 4.5 uay 4.6 uansbiuinenududuladendalng 0.01 luadedns
nasndnnsalalasaaasnuavi AN sdsuiUasdunsuunssauliios e mguuwsn
A a o o 3 s . a o 2 v = a
Afiaufadaesineanlediianefidmanisindunadntos vauiwdednisia
wiadaueslneanledladesiiunitazdwmaliuoulnlyeduvunsemulasududundle
doiuanudndulasndaludidu 0.05 wasedns wuinduasuunszawisingdaiueeis
Fauuamndunnainguil 4.5 namluansduiusaimiuduuasduniziiuiiteyainig
nsrangiitioy Jeyansynemiiuldainiaus dennaesiugun 4.6 AunIUuNTEAIYYIAY
Y Y s Al L3 a a o A o Y LY ! 1 a Aa
Wuduesuanlan 800 - 1,000 fadnsusiedns NdundlnalAgsiuuindanasaysydnsnm
N153A3 RSB UNA LA L uE1UBIYANAGBULUUNTEAY N1SANYLANAUTUTY
losndaludidu 0.5 Wwasedns aududuiunifuneilvinliasazanenaulungunag ou

neunsiiunsalalanas3niiesaufiseniAnuiadamesinoanlentuiivsinalyafends

Irldegunniiunimusunansaiduasluasssuiseliinuiadamesineanludyuuvinla

'
=

woulnleenduvunszawuasuudandudunlddisgui 4.6 msfnwanududuladeuda
W7 0.1 Tuarodns nuinlaunuinT uuunsEaufiTaaud uazAIAdULEIELASIN
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250

Formaldehyde
71 slope  -0.0151 -0.0303 -0.0188 -0.0008 (mel?)
200 4 7 0.4874 0.9246 0.9952 0.2978
mo
150 W 200
= 7 H 200
100 | 600
W 800
50 4
W 1000
o 4
0.01 M 0.05 M 0.10 M 0.50 M

Concentration of Sodium sulfite

JUN 4.5 nsmiuansanuduiiussenineatnuduwasdunsiuaududulafoudalng

0.01, 0.05, 0.1 kag 0.5 luaseans

0.01 M 0.05M

0.1M 0.5M

JUN 4.6 JULaRRndLAIULNTEAIEINNNSANIAVIILTUYadlafieudals 0.01, 0.05,

0.1 wag 0.5 luasedng
4.4 wamsanwammanganlunsiiauisendmiuganagaunuunseane

UfAselElnseiUsunamesunafland muganaae uLuUNTEAYENITALUIYI
nsfnwnaimugateandu 2 99 leun
4.4.1 wanmsfnwiaamvangadlufaufisedmsugnae UL uUNTEAEY TN

nsiauAserraswsnidunisiinufizenseninsleifendalnduay

41582878 N05U1aM LaA L NARA U T L5 1aUulaR aUS U UlwLR o alNe 7 LAd auaIns
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aaa A 2

Anuisen nslianugasesduluuansiuldemalidiinalansudalndnimaend

nsiinuasendanuwanansiuidsesinisfnyimnainuangaulunisifia]isen wa

nsAnwIalunsinu)isenavuansdeyaniugui 4.7

250

{ slope -0.0259 -0.0180 -0.0196 -0.0208 -0.0221 0.0213
2 0.9567 0.9912 0.9562 0.9960 0.9964 0.9941 Formaldehyde
200 A (mgL™")
mo
150 A W 200
< J W 400
100 4 W 600
W 80O
50 4
W 1000
0 4
60 s 90 s 120 s 150 s 180 s 210 s

Reaction time ( T1)

v 6 1 1

UM 4.7 nemliansmnuduiussenineamanudunasduasiualunisiinufasentasusn

v

60, 90, 150, 180 wag 210 w1

Mnuantsinuuandidiuindelinalunsdniuluresufitendausd 150
Jurihiduduly wavesarauduuasduaiidudoyadidglunisiinsgriuiuna
wosnadlerdmivyemaaeuuuunszauilmanuuUsUTuresdeyatesningieilinaly
nseiuluresFAzelurag 60 - 120 Funit Wuwdertuiuiing 180 wag 210 Fundl 91n
nateyanisinufinadliduiinisldnalunshuiiuluesufizenlurasusnum 150
Juridunariitesiigaudlirianunususuianindamnzandmsunsiluldly

AsAnETusaly

4.4.2 wamsanwiianiwinzanlufnu)isend msuynasuluunsea¥ienis

Waruwlasdveanseay (T2)

aaa

nan13AnwIUgA3enluyr9n19Ud sunUasdvesnseay (12) 1dunis

a aaa ' a o & A aaa ! Y o aaa LY
WnufAzesenlshendalidnmaeainufizelutissnidvijisedunsalalasaas

A a

snidnativluaumqunatainndainasuiat 150 3ui mshiianlunisaniulyves
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UfAseuanseiuinasenisiiausunaniadaesinoonlun il undnsudiddglunis

o

TasgRUsumesnadlanfiuannugui 4.8

250

1 Formaldehyde
slope -0.0182 -0.0232 -0.0184
(mgL?)

200 4 P 0.9913 0.9985 0.9513
mo

W 200
W 400
H 600
W 800

W 1000

30s 60 s 90 s

period for the color change of indicator paper ( T2)

3UM 4.8 nvluananuduiusseninemanudikasdiasiuiatlunsiinufasentiens

v

WagukUasdueanseamuitaan 30, 60 wag 90 W7

30 second 60 second

90 second 120 second

150 second

=)

sUN
Y

aaa |

4.9 sUunansgaduasuuganagaukuunseatulagdinalunisiinu]ise1yienis

WY ULUAIEYDINTLANYLANANGAU

ntayaluzun 4.8 nuiiarlunisiiaufisendianisivisuwdasdues

'
oA

el' a N oA o o 1% aa =
AFEATEN 60 U llﬂ']ﬂ'l']ll“ﬂu‘?]@ﬂﬂi']WLLagﬂrJ']llﬂigﬂ']Um?‘ﬂ@ﬂ‘ﬂaﬂda‘ﬂﬂﬂj']wmaqau f 97N

a

JUT 4.9 e 30 Awdigndunsuuganageuwuunszauduinlaldfiufifinnnuiduduns
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U ISP 2/ )

SELAUASANTANLBY ANANUTILLESAWAINANUTLTUNBSLNaALER 0 AU 200 JadnSumedns

Y9

aaa |

finnanasndsainliiarlunisiiau]iserrmandunaininnia 60 Jundl dewali
UszAnsamlunsuendrsnnudutudndnanas Snadelinainisinufasetamas
Junawnnndi 90 3wl gedunadunsznszmuiidnvazdowiuiu ankansfnyiiailu
nsiAnUfAsenthmdanandiiiuininat 60 Juiidmnumsnzauseujiselideyanis

A5£AUAIANUTUBEIFLAINFNINFNMUNzaNd s unsin lUlglunsAnevusia by

4.5 WANISANYINAYDIANULTNTURDUINlwanTiu

o

nszAunsesnlddmsuanaaeukuunIEnwIzgndanuieaniuulikazgniiluyy
adluansazansweulnleeduadaifinnududu 1, 3,6, 9 waz 12 Wesiusduminee
31195 maannsAinwianududuvesweulvleenduainasuanissun 4.10 waggui 4.11

fasaluil

1% wiv 3% wiv

6% w/v 9% wiv
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=1
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300
-0.0006 -0.0126
482 Formaldehyde
0.948 0.9814
250 (mgl™)
200 1 slope -0.0285 -0.0270 -0.0243 -
] r? 0.9963 0.9886 0.9369
T B 200
= 150
B 400
100 4 W 600
i m 800
50 4
W 1000
0 4
1 % w/v 3% w/v 6 % w/v 9 % w/v 12 % w/v

Concentration of Butterfly pea flower extract

SUN 4.11 NSINANUAUNUSTEMINAIAIUTUBEIA AN UAULTNT UV DI UIN ety 1,

v
14

3, 6, 9 way 12 WosiusinindaUsunng

d‘ = ! ¥ v a dl ¥ 1 1 Y A
*’\]’]ﬂz‘U‘Vl 4.10 wanINaN1SANYIIIANUTNTUYe sk uln e dunlddmanonnudud

ihidukardnasuunszany fanududunoulnles 1 Wesidudmimindeusinns Yinga
51L“udauLU§8uLLUaﬂLLasﬁmeé’ﬂLﬁm‘dﬁﬁ%mﬁfastﬂLﬁaamﬂﬁmmwmuﬂiuﬁuaauaﬂwhﬁ
grfuidusuaninsiddsunasddesiliaanudulasdunsiinsaialddeadosnly
fefaapiulugudl 411 Wefiuarudutuseulvlesiuiudu 3 wWesidudimidnde
U103 nafivsngAediniiunazunsuunseanuiinudaauiu Amanuduasdunda
anuduresnamiiatu Weldarududuseulnlesiugs 12 Weddudbmindouiuns
danarensyaundsuioulnladuinlitiueulnles dudnifuilissmeoenlunuand
e Wosnfimnandudusananansazarsuoulnlveduiimnuviindugs msszmedu
wRavesansazarslunauisaniesawiliussdnsamvesnsiiasizianas ey
nagovaaoulnleeiuazsunmunsiinsziaudiuadunsigndesuazusiugl finam
ity 6 uar 9 wWeddumimindeuiuing Tinanisfnuiaulaldaaudunasiunei
TndiAestu usnavesauituduneulnlosiu 6 wWosidudiimindousues TWanis
nszefvesteyaiiaiiaue fidanuduvosnsmia Wuarududuveaoulnlveiud
yliAansdsuudadiiiuduiunddun fafuansansfnmanududuseulnls
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enfuinzaudmiuganageukuunIzaYie 6 lWesigudumidndousuns
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4.6 Wan1sAnwINISERNldAMUILEIMNNzaNsaU e d T uYaNaEaU

LLUUNITATY

1811309797 dedg1unsnvuuY o 1wmtearsasated1nsun1sIAIIey
WosunadlannsAinwiidenldarudunasnlaainnisiiesziaielusunsuuunauiomes
HaANwIN1SEeNaNwIINgaNd niuMTTaTeiliuanfagui 4.12

NAIMNANYINUIN AWANAANUANNZENNILLA DN TE NS UNITIATIEATING 12T

(% '
) ! e

WisuwlasdnnsiainlageanindiiRuuasdilen Arnnudunasiagdmanlinisinsend

ANNgNFBdLazIugINIINTEeN YA ULAITY)

200
@ ...
180 @ ..., ..
............ ..
T I; = -(0.0102£0.0003)x + (184.6+0.2)
160 -
- r2 = 0.9961
= Red
%\ 140 J I, = -(0.0218+0.0006)x + (130.4+0.4) 4
é HI:::;ZZ:;_‘; ---- | o omer -
E 120 : _________ ... ® Blue
5 | e, PO I
s 4 e N “H
100 - o
| 1, = -(0.0265+0.0006)x + (128.4+0.4)
80 J rz = 0.9979
60 L
0 200 400 600 800 1000 1200

Formaldehyde ( mg L")

SUT 4.12 A5 muanenuduiussendeAInudilasdnie 9 @, Sle7 wagduu)

AUANULTUYBIANTATAENDSUNARALER Y9 O - 1,000 Nadnsufeans
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4.7 WaN1SANEIEITIUNIUABNITIATIZUUSU U DsuaR lan

N13ANYIAUNUNIULALVOULURE NS ULAURIU AT Tisioanssuniufdenasie

AnugneedlunTinseivsinamesinailedlananisfinulinisedi 4.1

A15199 4.1 P15 19naEnIUSIua1ssUNIUgausule

Interference Tolerance limit (ppm)
Acetaldehyde 80
Salicylaldehyde 500
Benzaldehyde 500
Acetone > 500
3-methyl-2-butanone > 500
Acetophenone > 500

4.8 wan1saneInNlYlavaedsIasngi

4.8.1 ﬁﬂ’n%LWSJ’]%&@JIUﬂ’ﬁﬂ%’N“Q@V]Wﬁ@ULL‘U‘Uﬂﬁ%ﬂ’]‘i‘f}

AUNTDNTLUYANATRULUUNTEAWENTUTTIATIzvleuanlen Lagld

- @ =
ANMITIRUNTAUAUEATIUANTIIN 4.2

M19197 4.2 msReuluiazaniisreslfAsenvungd miuganaaeuLUUNTEANY

EREIOH anmsfinzay

ANUTNTUYBIETATANY

- asavangleifeudalng 0.10 luasodns

- nsnlelasmaesn 0.10 luasodns

- asavansueulnlveiu 6% w/v
USunmsvesansavarelopeudalng 20 lalAsans
USumsvesnsalalasaasdn 20 lulAséns
U319 5999813828181 10 3 1U/A1502 180819 60 lulAsans
nanilFlumsiieuiisenduneuusn (T1) 150 Ui

nanlglumsinuiisentunauass (T2) 60 39l
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4.8.2 Aududunss (Linearity)

WetAIAMNLTLILEELAS (Red Intensity, /5) WAZAIUINTUVDIENTAZANY

wmsgIunesaflanuasansminsgIu nadsselul

140

120

Red Intensity (/)

100

I = -(0.0272+0.0006)x + (127.07+0.4)
rz = 0.9975

80

0 200 400 600 800 1000 1200
Formaldehyde ( mg L)

UM 4.13 n5ML19I5IUT0ENTaEaBNIRTTINNesIafleR ANt uluYe 0 - 1,000

CaN

o

ASURDANT

)
f2)))

a
9IN3UN 4.13 NUINTNIRTEINTBIETAraIeNInTTIuNesIadladdaudy
Wunssogluaae 0 - 1,000 fadnusedns Jaun1siadunss Ao y = -0.0272x + 127.07

wardlAduUseansnsenaula (A windu 0.9975

4.8.3 INI1NAYIN15AII@BU (Limit of detection, LOD)
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ARTICLE INFO ABSTRACT
Keywords: This work describes the analysis of formaldehyde using a 96-well microplate as multiple headspaces for the
96-well microplate separation of sulfur dioxide gas generated from the sulfite remaining after its reaction with the formaldehyde in

Headspace colorimetric detection
Anthocyanins indicator paper
Butterfly pea flower extract
Generated sulfur dioxide gas
Formaldehyde

the sample. The quantitation of the gas is by colorimetric detection of an indicator paper placed over the
microplate. The samples are aqueous extracts of various foods that are possibly adulterated with formaldehyde. A
known excess amount of sulfite is added to the extract solution aliquoted in the well. The remaining sulfite is
acidified with hydrochloric acid to generate sulfur dioxide gas which diffuses through the headspace above the
solution to be absorbed at the moist strip of the indicator paper placed over the mouth of the wells. Anthocyanins
extracted from the butterfly pea flower is used as the pH indicator giving a color change from the increase of
hydrogen ions by hydrolysis of the absorbed sulfur dioxide gas. The exposed paper strip is scanned, and the
digital images of the colored region analyzed using ImageJ software. The optimized method has a linear range of
200-1000 mg L™! formaldehyde with limit of detection ((2.57%SD of intercept)/(slope of calibration line)) of the
aqueous extract of 40 mg L™! and coefficient of determination () > 0.9979. Samples of fresh produce, such as
seafood, meat, and vegetables, and various processed food were analyzed for their possible formaldehyde con-
tent. The results obtained from the headspace paper-based colorimetric detection are not statistically different
from the values obtained from the titration method by paired ttests.

* Corresponding author.
E-mail address: wiboon.pra@lkmitl.ac.th (W. Praditweangkum).

https://doi.org/10.1016/j.aca.2022.340704

Received 30 August 2022; Received in revised form 18 November 2022; Accepted 3 December 2022
Available online 7 December 2022

0003-2670/© 2022 Elsevier B.V. All rights reserved.



N. Yodpach et al.

1. Introduction

Formaldehyde is harmful to human health and has been identified as
a potent cancer-causing compound by the International Agency for
Research on Cancer (IARC) [1-3]. An aqueous solution of formaldehyde
known as formalin is commonly used as an embalming fluid and as a
preservative for biological materials [4,5]. As it can prevent protein
decomposition, formaldehyde is sometimes illicitly added to preserve
fresh and processed food for longer shelf-life in tropical countries [6].
Most countries do not allow the use of formaldehyde in food including
Thailand where formaldehyde is prohibited according to Notification of
the Ministty of Public Health No. 391 B E. 2561 (AD 2018) [7,5].
However, the United States Environmental Protection Agency (USEPA)
allows the use of formaldehyde at a concentration of 2.5 g kg~ for food
preservation [9]. Although the maximum daily intake of formaldehyde
has not been set, the European Food Safety Authority (EFSA) has rec-
ommended that this should not exceed 100 mg per day [7,10].

Various instrumental methods for formaldehyde analysis in food
have been reported, including high-performance liquid chromatography
(HPLC) [9], gas chromatography-mass spectrometry (GC-MS) [11],
electrochemical analysis [12], capillary electrophoresis [13], Raman
spectroscopy [14], fluorescence spectroscopy [15], chemiluminescence
[16], and UV-visible spectrophotometry [17,18]. All these methods
provide good sensitivity but require laboratory instrumentation and
trained operators. Miniaturization is a logical step towards reducing the
size and operating complexities of instruments to a small device with
ease of operation [19]. Miniaturization can be applied at all steps of the
analytical process, especially in sample separation, analyte separation,
and detection [20,21]. The use of miniaturized analytical devices also
reduces reagent consumption to a micro or nanoscale [19]. Recently,
colorimetric methods for the determination of formaldehyde have been
developed employing micro-volume centrifuge tubes with transmittance
of the solutions recorded by a smartphone [22,23]. The method
employed solution volumes at a microscale and small convenient con-
sumer devices. However, the color of the food sample itself can interfere
with the measurement of transmittance of the solution [24-27]. The
sodium sulfite titration method has been employed for paper-based
analytical devices (PAD) with direct optical detection for semi-
quantitative determination of formaldehyde in food [27]. The PAD de-
vice provides advantages of simple fabrication, low cost, ease of use and
rapid analysis. However, an extraction step may be needed to avoid
matrix interferences.

The separation of volatile gas from a sample solution can be achieved
by employing a headspace volume above the sample. Such membrane-
less gas-diffusion (MGD) unit was first presented by Choengchan et al.
for on-line gas-liquid separation in flow-based systems [28]. Other
headspace configurations for gas diffusion have been reported,
including glass vial in a close chamber [29], 3-dimension pPADs [30],
multi-wells [31,32], and 96-well microplates [33]. The 96-well micro-
plate with wells arranged in an array is convenient as multiple head-
spaces. Colorimetric detection is commonly used for measurement of the
gas absorbed in the acceptor solution. The latter can be in the form of a
hanging liquid microdroplet [34,35] or impregnated on a paper [32,33,
36-40]. The single drop microextraction has been employed together
with a mobile phone for the determination of formaldehyde in textile
and wastewater samples [41]. The paper-based colorimetric detection
has been employed for analysis of formaldehyde in indoor air [42].

Anthocyanin flavonoids are water-soluble compounds with blue,
purple, or red color and are found in many kinds of flowers, vegetables,
and fruits. Anthocyanins are composed of one of several aglycone cores
called anthocyanidin which are bonded with a glycoside, such as
glucose, galactose, xylose, arabinose, rutinose, or rhamnose [43]. Three
major anthocyanidins that occur in butterfly pea flowers have been
identified as kaempferol, quercetin, and myricetin. Their flavanol
glycoside structures are shown in Fig. 1 [44]. These aglycone cores are
affected by pH and the color of their solution can be changed by
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adjustment of the pH. Pigment from the butterfly pea flower has thus
been used as a pH indicator in acid-base titration [45,46]. Besides
miniaturization, the sustainable analytical approach is another concept
of green analytical chemistry which can be into an analytical process
[47,48]. Natural anthocyanins have been employed as a colorimetric
indicator in paper-based detection of ammonia [33,37] and in the
Ormosil coating for the optical detection of formaldehyde [49]. These
methods have sustainability through the use of natural products as
reagents.

We report a paper-based colorimetric detection of formaldehyde in
food using a moist filter paper impregnated with the butterfly pea flower
extract. The paper strip, acting as a pH indicator, is placed over the wells
of a 96-well microplate. The analytical method is based on the reaction
of excess sulfite with formaldehyde. The sulfite is added to the sample
solutions in the wells of the microplate. The excess sulfite is acidified
with addition of acid to generate sulfur dioxide gas. Each well of the
microplate operates as a headspace for the sulfur dioxide gas to diffuse
to the underside of the moist indicator paper. The gas is absorbed and
hydrolyzed, acidifying the moist pH indicator paper which changes
color. The exposed paper is removed, scanned and the images analyzed
for color intensities using ImageJ [50]. A linear calibration line is con-
structed using the relationship between the red color intensities and
concentrations of standard formaldehyde solutions.

2. Experimental
2.1. Chemicals and materials

All chemicals were of analytical grade. Solutions were prepared in
deionized (DI) water (>18.2 MQ em, Milli-Q, Millipore). A stock stan-
dard solution of 10,000 mg L' formaldehyde was prepared by diluting
2.70 mL of 37% w/v formaldehyde (Carlo Erbra, France) in a 100-mL
volumetric flask and making to volume with DI water. The stock form-
aldehyde solution was standardized following the NIOSH Manual of
Analytical Methods [25]. Working standard solutions of formaldehyde
(200-1000 mg L") were prepared daily by appropriate dilution of the
stock solution. A solution of 0.10 M sodium sulfite was prepared by
dissolving 0.316 g of Na;SO; (Loba Chemie, India) and making to vol-
ume with DI water in a 25-mL volumetric flask. A 0.10 M hydrochlorie
acid solution was prepared by diluting 0.20 mL of concentrated HCI
(Sigma-Aldrich, Germany) in a 25-mL volumetric flask and making to
volume with DI water. The paper used for colorimetric detection was
Whatman Grade 42 filter paper (70-mm diameter, GE Healthcare Life
Sciences, UK).

2.2. Preparation of solution of butterfly pea flower extract

Commercial dried butterfly pea flower was purchased from a local
traditional medicine shop (Ladkrabang, Bangkok, Thailand). A 6% w/v
solution of the flower extract was prepared following the procedure
described by Saptarini et al. [45] with some modifications. Briefly, 3.0 g
of the dried flower was added to 50 mL DI water in a 250-mL beaker and
the mixture boiled for 5 min. The cooled aqueous extract was strained
through a muslin cloth. Extracts of 1, 9, and 12% w/v were similarly
prepared using 0.50, 4.5, and 6.0 g of the dried flower, respectively.

Kungsuwan et al. [51] found that the concentration of anthocyanin
in the extract solution can be predicted from the amount of butterfly pea
flower in the extraction by the equation y = 0.587x + 3.922, where y is
the concentration of anthocyanin (mg dL ') and x is the amount of
butterfly pea flower (g). For a 6% w/v solution of the butterfly pea
flower extract, the concentration of anthocyanin can be calculated as
being ca. 7.44 mg dL .
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2.3. Experimental procedure

2.3.1. Preparation of indicator paper

The indicator paper strip was prepared after the pipetting steps of
standards/samples and sulfite reagent solutions into the wells (proced-
ure @ in Fig. 2(a), Section 2.3.2(a)). A rectangular strip of the filter
paper, 1.5 cm x 6.5 cm, was immersed for 30 s in the 6% w/v flower
extract contained in a Petri dish. The indicator paper was then lifted out
of the solution using forceps gripping a corner of the paper and drawing
the surface of the paper against the top edge of the Petri dish to remove
excess solution. The wet paper strip was placed lengthwise leaning
against the wall of a clean Petri dish to drain further, and making sure
that the surface of the indicator paper strip did not touch the bottom
surface of the dish. After completion of the addition of the 0.10 M hy-
drochloric acid solution into the six adjoining wells (see procedure @ in
Fig. 2(a)), the moist paper strip was placed over the mouths of the six
wells with the moisture acting as a gas sealant.

2.3.2. Procedure for formaldehyde analysis using headspace paper-based

colorimetric detection
(a) Measurements of formaldehyde standard solutions

A 96-well microplate (12 x 8 wells, 7 mm diameter, 300 pL capacity:
Thermo Scientific, Denmark) is employed. The plate is oriented so that
the 8 columns have the markings H to A, reading from left to right. The
12 rows are marked 1 to 12, going from the top to bottom (see Fig. 2(a)).

Three 60-uL aliquots of a blank sample (DI water) are simultaneously
dispensed into wells of the rows marked 1, 3, and 5 of column H, using a
12-channel micropipette (DLAB Scientific Instrument Inc., USA), as
shown in procedure @ in Fig. 2(a)). This is followed by dispensing three
60-uL aliquots of a 200 mg L' standard formaldehyde solution into
wells of row marked 1, 3, and 5 of column G. This is repeated for the 400,
600, 800, and 1000 mg L~ ! standard solutions which are dispensed into
wells in rows 1, 3 and 5 of the columns F, E, D, and C, respectively (see
procedure @ in Fig. 2(a)). Then six 20-uL aliquots of 0.10 M sulfite so-
lution are simultaneously added into the 6 wells of row 1 (containing the
blank and five standard solutions) (see procedure @ in Fig. (2(a)). This
step is repeated for row 3 and for row 5. The 96-well microplate is
shaken briefly and allowed to stand for 150 s (see procedure @ in Fig. 2
(a)). The indicator paper is prepared (see Section 2.3.1) during this
waiting period. Then six 20-pL aliquots of 0.10 M hydrochloric acid are
simultaneously dispensed into the 6 wells of row 1 (see procedure @ of
Fig. 2(a)). The moist indicator paper strip is now carefully placed over
the row of the 6 reaction wells. The 96-well microplate is shaken briefly
and allowed to stand for 60 s. The strip of indicator paper is then
removed and the side that was exposed to the sulfur dioxide vapor
scanned on a flatbed scanner (CanoScan LiPE210, Canon, Thailand) (see
Fig. 2(a)). Procedure @ and subsequent steps are repeated for row 3 and
row 5. The target wells for the various dispensing steps of the solutions
described are also given in Table 1 for clarity.

(b) Measurement of food samples

OH O OH

|
Monoglycoside

kaempferol

quercetin
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Food samples, which include fresh squid, shrimp, fish, raw cow tripe,
mushrooms, bean sprouts, coconut shoots, Thai pork sausage, ham, and
rice-flour noodles, were purchased from local markets in Ladkrabang
District of Bangkok, Thailand. Samples (ca. 1 g) are accurately weighed
outin 10-mL vials. Then 2.0 mL DI water is added into each vial and the
vials sonicated for 10 min. The solutions are filtered with a Whatman
No. 1 filter paper (GE Healthcare Life Sciences, UK). To prevent decrease
of the added sodium sulfite by acidic extracts or the amount of added
hydrochloric acid being insufficient due to alkaline extracts, the pH of
the filtrate is adjusted to pH 7 by adding small aliquots of either 0.10 M
hydrochloric acid or 0.10 M sodium hydroxide. A 50 g weight of sample
in a 250-mL Erlenmeyer flask with addition of 100 mL DI water is
employed for the titration procedure.

The procedure described for the blank/standard solutions (Section
2.3.2 (a)) are carried out using samples #1 to #6 instead of the blank
and five standard solutions, i.e., using wells in rows 1, 3, and 5 and
columns H to C of a new 96-well microplate. Further sets of 6 samples
can be analyzed in the same manner.

2.3.3. Quantitation procedure

The recorded digitalized color images (JPEG format with 600 dpi) of
the paper strips are analyzed using ImageJ software [50]. A circular
region (50 x 50 pixels, 1.5 mm diameter, 7.1 mm?) is selected at the
center of each colored zone. The red intensity of the 3 areas of a
standard/sample are measured and the mean red intensities (Ig) used as
the quantitation variable.

A linear calibration curve is prepared by plotting the mean red in-
tensities (Ig) against the concentrations of the formaldehyde standard
solutions. Section 3.2.1 describes the experiment employed to select the
suitable color intensity values for the quantitation variable.

2.4. Conventional titration method for formaldehyde analysis

The pH-adjusted sample filtrates (see Section 2.3.2 (b)) are analyzed
for formaldehyde by the titration procedure following the NIOSH
analytical method [25] with some modifications. Briefly, 20.0 mL of the
filtrate is mixed with 20.0 mL of 0.10 M sodium sulfite and 3-5 drops of
phenolphthalein added as the indicator. The solution is titrated with
standardized sulfuric acid and the endpoint recorded at the color change
of the titrant from pink to colorless. The concentration C of formalde-
hyde in solution is given by C (mg mL ") = (30.0.N,.V4))/Vs, where 30.0
is the molecular weight of formaldehyde, N, is the normality of sulfuric
acid, V, (mL) is the volume of sulfuric acid at the end-point, and V; (mL)
is the volume of the sample.

3. Results and discussion

In this work, formaldehyde in the sample solution reacts with excess
sodium sulfite in the first step (procedure @ in Fig. 2(a)) by reaction (1)
[26,52].

Na,SO0; (aq) + HCHO (aq) + H,0 (aq) - HOCH,SO;Na (aq) + NaOH (aq)
™

Hydrochloric acid is then added to react with the remaining sodium

Monoglycoside Monoglycoside

myricetin

Fig. 1. Molecular structures of flavonol glycoside of three major anthocyanin flavonoids found in butterfly pea flowers [44].

3
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Fig. 2. (a) Schematics of the calibration procedure.
Procedure @. The blank (deionized water, 60 jL) and
formaldehyde standard solutions (200, 400, 600, 800,

N. Yodpach et al.
(a) (0.10M Na,SO, ®0.10MHCI
LU Oy
(@std/Sample

(IXIXL}

s 990000

1000 mg L', 60 pL) are pipetted into designated
wells. Procedure @. The 0.10 M sodium sulfite solu-
tion (20 L) is pipetted into the designated wells. The
reaction time of formaldehyde and sodium sulfite is
set at 150 s. Procedure @. The 0.10 M hydrochloric
acid (20 pL) is pipetted into one row of the reaction
wells, e.g., row #1 (dotted boundary in Fig. 2(a)).
Subsequent steps. The damp indicator paper is placed
over the row of the reaction well (dotted boundary in
Fig. 2(a)). The period for the generation of SO»(g) and
absorption on surface of indicator strip is 60 s. The

indicator paper is removed and scanned on a flatbed
scanner. Procedure @ is repeated for rows # 3 and #
5. The color intensity of each exposed indicator strip
is evaluated using ImageJ software. (b) Example of a
calibration plot of mean red intensity (Ig) (from three
indicator strips) vs formaldehyde concentration. Error
bars are the standard deviations of the mean I. The
inset is the images of the circular color spots of one
strip of the indicator paper used in the calibration
procedure. (For interpretation of the references to

e 2 2
o .
. -
" "
150s
(b) 140
130 - I, =-(0.0265+0.0006)x+ (128.4+0.4)
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Table 1
List of the pipetting steps for analysis of standard solutions using the 96-well
microplate.

Procedure  Pipetting Solution Position of well
Step
@ 1 Blank (DI water) (60 pL) 1H, 3H, 5H
2 200 mg L™ standard 1G, 3G, 5G
formaldehyde (60 pL)
3 400 mg L' standard 1F, 3F, 5F
formaldehyde (60 pL)
4 600 mg L' standard 1E, 3E, 5E
formaldehyde (60 pL)
5 800 mg L' standard 1D, 3D, 5D
formaldehyde (60 pL)
6 1000 mg L ! standard 1C, 3C, 5C
formaldehyde (60 pL)
7-9 0.10 M sodium sulfite (20 nC, nD, nE, nF, nG, nH
pL) (n=1,3and 5
(] 10-12 0.10 M hydrochloric acid nC, nD, nE, nF, nG, nH

(20 pL) (n=1,3and5)

sulfite to generate volatile sulfur dioxide gas, as given in reaction (2)
[53].

Na,S0; (aq) + 2HCI (aq) — SO, (g) + 2NaCl (aq) + H,O 2)

The sulfur dioxide gas diffuses through the headspace of the well to
the surface of the moist indicator paper impregnated with butterfly pea
flower extract covering the opening of the well. The increase in [H'],
resulting from the absorption and hydrolysis of the sulfur dioxide gas,
changes the color of the indicator dye (see Section 3.2.1). The headspace
colorimetric method was optimized and then applied to the quantitation
of formaldehyde in the food samples.

3.1. Optimization of the headspace paper-based colorimetric method

The starting conditions for the following optimization study are 60
pL standard formaldehyde solutions (0, 200, 400, 600, 800, and 1000
mg L 1), 20 uL of 0.10 M sodium sulfite solution, 150 s reaction time of
formaldehyde and sodium sulfite, 20 uL of 0.10 M hydrochloric acid, 6%
w/v butterfly pea flower extract, and 60 s for the time of the color

color in this figure legend, the reader is referred to the
Web version of this article.)

1200

change of the indicator paper. The solutions are added to the wells as
described in Section 2.3.2 (a) and the recorded color images analyzed as
described in Section 2.3.3.

(a) Selection of optimal concentration of hydrochloric acid

Hydrochloric acid was selected as the acid. The concentration of the
acid was varied (0.01, 0.05, 0.10, 0.50, and 1.0 M) to select the optimal
concentration. The mean of the red intensities (Ig) of the six standard
formaldehyde solutions were measured for each concentration of hy-
drochloric acid. Fig. 3(a) shows the plots of I of the standard solutions
for each acid concentration.

The blank sample (0 mg L~ ! formaldehyde) has the maximum con-
centration of sulfite. The Iz value of this blank sample increased with the
amount of hydrochloric acid, indicating that 0.01 and 0.05 M HCl are
not sufficient to convert all sulfite to sulfur dioxide gas (see eqn. (2)).
However, the I values did not increase greatly when using [HCI] > 0.10
M.

For a fixed concentration of HCl, increase of the formaldehyde
concentration gave a linear correlation between Iz and formaldehyde
concentration (cf. Section 2.3.3). Fig. 3(a) shows that the slope and
coefficient of determination (r%) is maximal for 0.10 M HCl, indicating
that this concentration of acid is sufficient to convert the remaining
sulfite to sulfur dioxide gas (and neutralize the NaOH produced in the
reaction (eqn. (1)) with good precision. Thus 0.10 M HCl was selected
for use in the routine procedure.

(b) Selection of sodium sulfite concentration

The maximum concentration of formaldehyde of a sample analyzed
by this method is set at 1000 mg L ™! (0.03 mM). The concentration of
formaldehyde in the well after addition of all solutions (i.e., 60 pL
sample, 20 pL sulfite, 20 pL acid) is therefore 0.018 mM. The concen-
tration of added sulfite (20 pL of 0.10 M sodium sulfite) in the well is 20
mM which is sufficiently excess to react with all the formaldehyde (see
eqn. (1)).

() Optimization of reaction time of formaldehyde and sodium sulfite
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Fig. 3. Optimization of sulfur dioxide gas generation for the headspace colorimetric detection of formaldehyde. Calibration data obtained for (a) various concen-
trations of hydrochloric acid, (b) various reaction times of formaldehyde and sodium sulfite, (c) different periods for the generation of SO» gas and the color change of
indicator paper, and (d) various concentrations of the butterfly pea flower extract solution. See caption of Fig. 2(a) for experimental procedure. The starting con-
ditions are: 0, 200, 400, 600, 800, 1000 mg L™ ! standard formaldehyde (60 pL); 0.10 M sodium sulfite solution (20 pL); 150 s reaction time of formaldehyde and
sodium sulfite; 0.10 M hydrochloric acid (20 pL); 6% w/v butterfly pea flower extract and 60 s period for the color change of indicator. Error bars represent the
standard deviations for three indicator strips. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)

Using the optimized conditions for the concentrations of sulfite and
hydrochloric acid, the period for reaction of formaldehyde and sodium
sulfite was set at 60, 90, 120, 150, 180, and 210 s. The time for the color
development was fixed at 60 s. Fig. 3(b) shows the calibration data
obtained for the six reaction periods. For reaction time of 150 s and
longer, the slopes and coefficient of determination (%) are almost con-
stant. Therefore, the reaction time of 150 s was selected as the suitable
period for the routine work.

(d) Selection of period for the color change of indicator paper

Using the optimized conditions for reaction time, sulfite and acid
concentrations, the time that the indicator paper is exposed to the sulfur
dioxide gas was set at 30, 60, and 90 s. Fig. 3(c) shows the calibration
data obtained for the three time periods. The 60 s period gives the
highest slope and coefficient of determination (r%). Therefore, 60 s was
selected as the suitable time interval for the routine work.

(e) Selection of concentration of the butterfly pea flower extract

The concentration of butterfly pea flower extract (Section 2.2) will
have an effect on the change of the red color intensity of the indicator
paper strip with concentrations of formaldehyde in the well. Using the
optimized variables for measurement of formaldehyde, Fig. 3(d) shows
the calibration data obtained for extracts of 1, 3, 6, and 9% w/v con-
centration. The 6% w/v extract gives the highest slope and coefficient of
determination (r?). Therefore, the extract concentration of 6% w/v was
selected for the routine analysis.

3.2. Analytical characteristics of formaldehyde analysis by headspace
paper-based colorimetric detection

3.2.1. Quantitation and limit of detection (LOD)
When the generated SO,(g) is absorbed into the moist indicator
paper, the following hydrolysis reactions take place.

S0:(g) = SO:(aq) (€))
S0, (aq) + H,0 = HSO; + H* @
HSO; =S80} + H* ®)

The generation of H' produces a decrease in the pH of the indicator
solution and hence a change in the absorption spectrum of the natural
dye. The color of the butterfly pea flower extract, is due to a mixture of
the red flavylium and the blue quinoidal compounds, giving the blue to
purple color. The solution is red when it is acidic due the increase of the
cationic oxonium group of the flavylium [43,54]. The aglycone cores of
anthocyanins are affected by pH as shown in Fig. 4 [51]. The increase of
[H'] is related to the amount of SO,(g) produced in the well, i.e., the
higher the formaldehyde concentration, the less is the remaining sulfite
and thus the lower the concentration of SO,(g) in the headspace.

The recorded images of the circular spots are measured as described
in Section 2.3.3 but with the red, green and blue intensities measured.
Fig. 5 shows the plots of the mean red, green and blue intensities for the
formaldehyde standard solutions (0, 200, 400, 600, 800, 1000 mg L ;
see Section 2.3.2 (a) for experimental details). Linear regression linesare
obtained with negative slopes, i.e., as more SO2(g) are produced at lower
formaldehyde concentration the color intensities increase, reaching the
maximum intensity for 0 mg L' formaldehyde (blank sample). The
regression line for the red intensity (Fig. 5) gives the largest slope and
highest coefficient of determination (?) and was thus selected for
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Fig. 4. Visible absorption spectra of butterfly pea
flower extract at pH 2.4 (red plot), 4.9 (blue plot),
and 9.2 (green plot). The molecular structures of the
anthocyanins (Ry, Ro: H or OH) [51] and the color of
the solutions for the three pH values are shown.
Experimental conditions: 1 mL of 6% w/v butterfly
pea flower extract solution diluted to 25 mL with
deionized water giving the blue solution with pH 4.9,
adjusting to pH 2.4 with 0.10 M HCI and to pH 9.2
with 0.10 M NaOH. (For interpretation of the refer-
ences to color in this figure legend, the reader is
referred to the Web version of this article.)

described in Section 2.3.2 (a) for the blank (DI water) and standard
formaldehyde solutions (200, 400, 600, 800, and 1000 mg L 1). The
results of the measured red intensity values (I) are shown in Table 2.
The precisions of the measured color intensities of the indicator paper
strips for all formaldehyde concentrations are less than 2% RSD (n = 3

The possible reaction of aldehydes (e.g., acetaldehyde, salicylalde-
hyde, benzaldehyde) and carbonyl compounds (e.g., acetone, 3-methyl-
2-butanone, acetophenone) with sulfite was investigated using a 400
mg L' standard formaldehyde solution spiked with each presumptive
interfering compound. These solutions were analyzed as described in
Section 2.3.2 (b). The tolerance limit is defined as the highest concen-
tration which gives an absolute relative error <5% of the measured red
intensity (Iz) of the 400 mg L' standard formaldehyde. The results are
shown in Table 3. The tolerance limits of acetone, 3-methyl-2-butanone,
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Fig. 5. Plots of the mean intensities of red (Ig), green (Ig), and blue (Ig) with
formaldehyde concentrations. Error bars are the standard deviations of the
mean for 3 strips of indicator paper. See caption of Fig. 2(a) for experimental
procedure. Experimental conditions: reagent blank (DI water, 60 pL); 200, 400,
600, 800, 1000 mg L™ ! standard formaldehyde (60 pL); 0.10 M sodium sulfite
solution (20 pL); 150 s reaction time of formaldehyde and sodium sulfite; 0.10
M hydrochloric acid (20 pL); 6% w/v butterfly pea flower extract; 60 s period
for the color change of indicator. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

constructing the calibration line in the routine work (Section 2.3.3).

An example of the regression equation of the red intensity is Ir =
-(0.0265 + 0.0006)x + 128.4 + 0.4, with r* = 0.9979 (see Fig. 2(b) for
the calibration plot). An inset of the images of the color spots of the
indicator paper strip for the blank and formaldehyde standards is also
shown in Fig. 2(b). The LOD is 40 mg L ! calculated using (2.57*SD of
intercept)/(slope of calibration line) and the limit of quantitation (LOQ)
is 140 mg L ! calculated using (10*SD of intercept)/(slope of calibration
line) [55].

3.2.2. Precision of color formation
The precision of the method was measured using the procedure

and acetophenone are >500 mg L. Acetaldehyde has the lowest
tolerance limit at 80 mg L™ as it can react with hydrogensulfite ion
formed from of the remaining sulfite ions (see Scheme 1) [56]. However,
the tolerance limits of acetaldehyde (80 mg L ') and the other aldehydes
(500 mg L) are still greater than the levels normally found in food
[571.

3.3. Results of analysis of formaldehyde in food samples

Samples of fresh seafood (squid, shrimp, and fish), fresh meat (raw
cow tripe), fresh vegetables (mushroom, bean sprouts, and coconut
shoots) and processed food (Thai pork sausage, ham, and rice-flour
noodles) were prepared and analyzed using the developed method
(see Section 2.3.2 (b)). The results are shown in Table 4 with the

Table 2
Mean of the measured red intensity values (Iz) of the indicator paper in the
analysis of standard formaldehyde solutions.

Formaldehyde concentration (mg L~ Yy Mean Ig = SD (n = 3 strips) 9% RSD
0 128.7 £ 0.7 0.5
200 123.0 £ 0.3 0.3
400 1179+1.5 1.2
600 1125+ 1.2 1.0
800 107.1 = 1.1 1.1
1000 101.3 = 0.4 0.4
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Table 3
Tolerance limits of presumptive interfering compounds for the devel-
oped method of headspace-colorimetric detection.

Compound Tolerance limit (mg L 5]
Acetaldehyde 80

Salicylaldehyde 500

Benzaldehyde 500

Acetone =500
3-Methyl-2-butanone =500

Acetophenone =500

concentrations (mg L 1) of the sample solutions used in the measure-
ments and also the calculated amount (mg kg !) in the original sample.

The headspace paper-based colorimetric detection was validated
with the titration method for formaldehyde (see Section 2.4) [24,25].
The formaldehyde contents using the titration method are also given in
Table 4. Using paired t-test, there are no significant differences between
the two methods for all samples (tyq = —0.9972, t; = 2.2622, P =
0.95).

The effect of food sample matrix on the analysis of formaldehyde by
this developed method was also investigated. Food samples (fish,
shrimp, and rice-flour noodles) with no formaldehyde were spiked with
three different concentrations of formaldehyde within the calibration
range. The recoveries of the spiked samples are shown in Table 5, with
values in the range of 98-102% and %RSDs of 1.0-3%. The data showed
that the headspace paper-based colorimetric method is suitable for
analysis of formaldehyde in food samples with no significant matrix
effect.

3.4. Comparison with previous works on analysis of formaldehyde in food
using colorimetric detection

Table 6 lists previous works on the determination of formaldehyde in
food using various colorimetric methods [18,22,27]. The first step of the
reactions employed in this work, i.e., reaction with excess sulfite, is the
same as that employed in Ref. [27] but in the latter work the NaOH
produced was measured (see eqn. (1)). The reduction by formaldehyde
of silver nanoclusters (AgNCs) modified Tollens’ reagent [13] requires
an incubation time of 25 min (see Column 2 in Table 6). The formation
of the yellow complex with acetylacetone also requires heating to obtain
completion of reaction within 1 min [22,58]. All reported methods
employ a single sample per analysis cycle using either absorbance
measurement [18] of the sample solution or recording the digital images
[22,27] (see columns 3 and 4 in Table 6). This developed method has a
wide linear range of 200-1000 mg L' formaldehyde, with LOD of 40
mg L' (1.3 mM) and precision of <2% RSD.

4. Conclusion

Using a 96-well microplate as multiple headspaces, six samples can
be simultaneously loaded into the wells to react with added excess
sulfite. The excess sulfite is acidified with addition of acid to generate
sulfur dioxide gas. The air-space above the solution acts as a headspace
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for the sulfur dioxide gas to diffuse to the underside of the moist pH
indicator paper that covers the mouth of the well. The indicator is an
extract of natural pigments from the butteifly pea flower. The gas is
absorbed and hydrolyzed, acidifying the moist pH indicator paper which
changes color. The exposed paper is removed, scanned and the images of
the 6 spots analyzed for color intensities using ImageJ [50]. The

Table 4
Measured formaldehyde content in food samples using the headspace paper-
based colorimetric method and the titration method.

No. Type of Concentration of formaldehyde = SD (n = 3)
food Headspace colorimetric Titration method
sample
method
Extract Calculated Extract Calculated
solution content in solution content in
(mgL™h sample (mg (mgL™) sample (mg
kg™") kg ")
Fresh seafood
1. Squid 741 = 11 1460 = 20 730 =17 1450 = 40
2. Shrimp ND ND ND ND
3. Fish ND ND ND ND
Fresh meat
4. Raw cow 214+ 6 427 £12 190 = 17 380 = 30
tripe
Fresh vegetable
5. Mushroom 2985 595 = 11 290 =17 580 = 30
6. Bean 828 = 19 1660 = 40 870 £ 2 1738 =3
sprouts
7, Coconut 917 =7 1829 = 14 970 £ 17 1930 = 30
shoots
Processed food
8. Thai pork ND ND ND ND
sausage
9. Ham 370 = 10 740 =20 395+9 789 =18
10.  Rice-flour ND ND ND ND
noodles

ND: not detected < LOQ (140 mg L™ 1).

Table 5
Recoveries of spiked formaldehyde in food samples using the headspace paper-
based colorimetric method.

Food Concentration of formaldehyde = SD (n = 3) Recovery RSD
sample (%) (%)
Extract Amount Amount
solution (mg added (mg found (mg
LY e | P |
Shrimp ND 400 404 = 10 101 2
600 595+ 6 929 1.0
800 807 = 13 101 1.7
Fish ND 400 3948 98 2
600 610 = 20 102 3
800 798 = 18 100 2
Rice-flour ND 400 402 = 11 101 3
noodles 600 589 = 6 928 1.0
800 804 =9 101 1.2

ND: not detected < LOQ (140 mg L™ 1).
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Scheme 1. Reaction of acetaldehyde with hydrogensulfite [56].
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List of formaldehyde analysis in food using colorimetric detection with chemicals employed, reaction time, type of reaction device, number of samples per mea-
surement cycle, reaction product, and analytical characteristics of the method (linear range and precision).

Chemicals Reaction time Reaction device No. of Measured reaction Separation of Linear range %RSD  Reference
sample/cycle product product
Synthesized AgNCs Incubated for 25 min 10 mLvolumetric 1 Yellow complex in No 0.9-1.5 mg <3 [18]
flask solution L
Commercial reagents Mixing for 1 min, 1.5 mL centrifuge 1 Yellow product in No 1-25mgL~! <3.10 [22]
heating is preferred tube solution
Commercial reagents Step 1" = 1 min, Patterned PAD 1 Pink product on No 100-1000 mg NR [27]
Step 2" = solution filled paper 1
all test zones
Natural butterfly pea Step 1° = 2.5 min, 96-well 6 Generated SO gas Yes 200-1000 mg <2 This work
flower extract Step 2" = 1 min microplate L=t
? Formaldehyde + Sodium sulfite.
b Product to be measured, NR: Not Reported.
concentrations of for[naldehyde in the sa_[npla are determined us]_ng a [8] V. Yurayart, W. Sanitchua, Formaldehyde in foods, Thai J. Toxicol. 32 (2017)
: . . . . 53-66.
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