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Abstract

In this work, flow injection analysis (FIA) with spectrophotometric detection for
determination of hydroquinone (HQ) is presented. The detection is based on the
reduction of Fe(lll) to Fe(ll) by HQ. In the presence of o-phenanthroline (phen), Fe(li)
can react with phen, giving a colored complex of [Fe(phen)3]2+. The formation of
resulting complex is proportional to HQ concentration, which can be
spectrophaotometrically monitored at 508 nm. Chemical and physical parameters
which influence to the detection were investigated. Under optimum condition, the
linear range for determination of HQ was obtained from 5 to 250 pmol L (regression
equation: peak height = 0.0045+0.00001[HQ] - (0.0022+0.0013), R® = 1). This method
provided high predision (%RSD < 1.15) and high accuracy (recovery = 99.9 - 111.8%).
The developed FIA method was applied to determination of HQ in six skin whitening
samples. The obtained results were validated against HPLC method. Results obtained
by the developed FIA method and those obtained by HPLC method were not
significant difference at 95% confidence level (¢, = 0.01, toy = 1.81).

Keywords Hydroquinone; Flow injection analysis; Spectrophotometric detection;
Cosmetic



naenssuUsEnIA

Aot dufeamslulihed felduamnianen e1asdiivinuiinendwus
Jihemansasd asiammad Srmss onwnduszimeiiall auzingimans donu
L‘V]F']I‘L!IaEJW‘i"'ﬂEll[Lﬂﬂ’]Lﬁ]’]ﬂm‘V]Wﬁﬂ’]ﬂﬂiuUﬂ ‘w’lwmLLu.,mLLavﬂ'lUsﬂm'Luwnﬂ] Funouros
nsvifmenimusiiagndlnddn SefiTousomaunsznauduedisgun o il

YOUDUNTZAM NIsUNITERUINYTnuS nnedviall pavinermand anidu
wialuladwszreunddnamysainnssts ldua feiemansiansd asdyad Usshivg

o wadtiemans19138 anfgd Bedu Aldduusdnieatunisiauidingsy
suifeduusuumdunsdagiiauineiinusligndesuazFoudas

VDUVDUNTEAN NTTUNITABUINITNUTIINATBUDN AR FYI8r1aRTI115H
3. U3ares FUdud  e1asduszdiamr el ausivetmant unninende
w3unFunsilsa Aliduuninfofumstannisinsed

YpravANANsIngImans aartiunalulagnszremndndrquvnisainanseds
dwSunuaamunsinunssiulafinfinm

gareuRnnineifaLAlliATeidssand AugInemans annduinalulad
wszaasndLigummsatnnssts dwsuiedosdleTingen

yevauguiioutumheifuladiinssiiessend aazinermans aady
weluladnsyaounduitaummsaianseds fnestomiediunas fuanes

anvhetl voveunn On1 wnsen wazasauadh Aaduayuuaslimddedidou fod
HEHY

maanﬁmws aaugsam



Wi

UNPEDAMIUMG oo ssssssss s s ssass s s n
UNARGDATY VAU, 11 eoneeeencerere e smesseare e s ese s en b y

A T T T U TSN ettt eee s eeee e e e e e s eeeeeneeemeemeressmenesneeeereneaen

1.1 AU I A AT B AU B TURT et et 1
1.2 U T AU DI TUTTE et isiebees et osires s dsss s st et 2
1.3 RS oUATHARTITNARE. oo 2
1.0 YoutnenodafitRy. .. Geeessiasietp | - ol N I3
1.5 UROUYBINIITAR oottt eses e 3
1.6 USIEBUARNATIVEIATU oottt et

£

UMN 2 MU UAZIIUITETNEATD. et sssessansssien 5

2.1 BUATHU (MELANTN ittt s sessasmsessmsssemsessmsessssssssssoss st 5
2.1.1 ASEUIUATETNATIU (Melanogenesis). ... oo 5
2.1.2 U TUBUMANIU e 6
2.1.3 U3 RTHARE M TET MR, e 7
2.2 anshwimuils (WhiItening ageNnt) ... s sseisneessescenenns £
2.2.1 anshwimuilsileangrdluturountsasiadindua i . e 7
2.2.2 ashrimuilefleengrilufusewiensaadefuadu.. .8
223 enslnimuiliioangrilutundninnisaiadiadiua . ... 10

2.3 lalasailus (HydroquinoNe) ... 11




2.4 Flow Injection Analysis (FIA)
2.4.1 MaNN15YBISEUU FIA
242 Lﬂ'%;mﬁaﬁ’ugmmaﬁxw FIA

2.5 Aaaduiliiasesindsinalalasailuu

251
252
253
254
255
256
257

o @f

2.4 hwddail. rrracal. s V. Sy \\[ 7 prrrr L. oo b

= ad o o
UAN 3 9ALURNTIINARDY

3.1 ansalluavaunsel
3.2 nswseLEIsavany
3.3 FEANTUNTTVIRRDV. ccereereeeenrersemeere s eesessssessees aessesesessissssesseses s sssesesesacne

3.3.1 anwrnuiululalbesziusunatalasailuulngendunisyin

33.2
333

334
3.3.5
3.3.6
337

#1508yY(si0)

wAlA Gas Chromatography (GO e

W@l High Performance Liquid Chromatography (HPLC)

wiatla Capillary electrophoresis (CE)........ccooiieeerceeeeecee.
MIATIA LUMINESCENCE .vvvvtverremsereeeesesoreeeeeeeness s sseneeneeeeeeeess
walia Electrochemical techniqUe. ..o
INAUA SPeCtrOPhOTOMEY. . co it st

ella Flow Injection analysis (FIA) .. eessesennas

UA3e3anveamndn Mmen1sins e iluy batch.. ..o
FEUUHABUAATU. . cccrcrrrmeerrcsmrsernrnsesrsses e

drudusaunisilarziviunnlalaseiluulagendonisvina

UARSESAnveanin fessuuTHABIOAT. .o

= - - o w =
ASANY NI EN TIBVILRUNZANSETNIU ATAATIEN

s = =
SR ININTFIUTAR N T e

U UAENYEIAUTBIT AT s e et

asgavumnUldlae RN TufUISAs AT IEUS U

lalasedluuiamalinlasininnRUa WA 1EUTTOULE . e

---------------------------------------------------------------------------------------------



d15URy(sia)

o

Wi

VIT 4 HANTT I VU AED AU TV R eeereeeeeeeeeeeeseteeesessseessesssasseeessaseassssessasessesesasesassesassasren 40
4.1 wansanwmadululd Tunsimssvndsunalalasedluulagedenis

YUFATEIndureandin fMen1sIATIBARUU BAtC. oo 40

4.2 WamSARYIRENANT S IVINEEE M UATTIATIER o B
0.2.1 FUUVBIDETPRIUIIND T oot esesens e sncssessiass e sene 82
4.2.2 ANUGUTULENTAYANIIAAN (I).eeoceirieoes et seesescemenesnneeens 43
4.23 ANUANIUTRENTa5a 180D LUUUINTAL. oo, a4
4.2.4 wamsnwavinaUiinmsuesansiegwianidngszuu..............44
4.25 WANISANYIBVNENADATINTING (FLow Rate)....oooooo oo 45
4.2.6 HANIANEDVENAAIINETITNTIABEATIN Lo 46
4.2.7 HANSANEIDYENAAINENINTRREREAT 2 WAY 3o AT

43 ﬂiMmmimﬁlﬁmﬂamaxmiwmaaafr’immzau ................................................ a8
8.4 UssliUAMANHABAUIOIITUATIE . oo er o besres e 49
G401 AITUUUUYBIIT AT I ot reeereciiseesiasatesessesssessen ot eetes i sscssssneeseans 49
8.0.2 AIUTERUDTTTNATII ..o eestsess et s e 49

443 Tasinaeluntnsedn wagladfnagstunsinneyiss
WLt 2 T YR . N A 50

& -:Ldnl .7} ct’l ot oal = L3 =
4.5 msvasuauldlsmedsiianntutuisnisimssidsunalalasailuu
FenaAlATINN STV UARIAUTIOUTEL oo

= a
UM 5 SUNALAZIDTTUHBNTTINRD e euecrmneeersrenmsracsssessessossssssssesssssesasossossssaseessssassssaes 53
5.1 AFUNBUATIAITOINANITINRD. eevrarrmresrrsereressraressssesesessssrassessssssssssesessseee 53
D T TDTEBer e eveceeentseressersossessessasasesessssssseesasesseasssatasssae s esssessessssessassare s ssseaeeneessentsaseseras 54
VTP e ceeeeeeeeeeee e seeeees s saessesseee s ssenes e eeassseeneassaseessaseassas sasess esassesesaseesaeesse s sessseseaseas sesnmssen 60
USETREI U rvrene e camssansssssssssse st sssssasssss s s s ssssssass st s s s ama st e i 69



AN9797 4.1

A1597 4.2

=
A9 4.3

A15197 4.4

f15199 4.5

#1708A1519

TATy
asUnansnvinaneimvuzanlunshesiziuinalalaseiluulag
DN TEUUNTT CARTITIUIT U, ovvee oo s a7
HANIIATUIIMNIATIDUALIDINITUATIHAUNGY EMTUNITIATIZW
Usualalasmiluulusheegnaniesdatauseen i, o 89
wansAnade drdeaunnnsgiu (SD) wagdrdsavumnsguduing
(9RSD) WoAmssnilalasailuuasdudu 5, 10, 50, 100, 250 lulaslua
FOANT T 3 ASI AIBTEUY FIA AWRIUNI oo 5O
ayuannuaisuredtiaseilunmslieseisinalslnsailuulaeede
SEUUNTIVR FIA AWOUNTU. oo eeee e sseeesess 5 ]

= £ e = at 1 4‘ o '3 a‘

nanTiAseUsuatalnsedluuludladnaasasdanalssian i

TAEAE FIA PRI HUAETE HPLC e 52



d15UeusU

o

il
Uit 1.1 uisoitldlunsasiailelage iAot o2
gﬂﬁ 2.1 nszvaunsasuanfiunely Epidermal melanosomes.. .o veneee 6
U 2.2 Ta59a3 AT 00 lETOSAAUL. .o L
U 23 nalnnsdudanszuunsaiasindiuadulaeleTnsed i o 12
Ul 2.4 uansdnunsRiigaeisnunindneeniiflalesedlung oo 13
Ut 25 uansdnussveshamsiimaudy finwasdusiigu (caviar - like) fitinan
MLl AS A UL WSS ISR .o it 14
gﬂﬁ 2.6 LLﬂmé‘ﬂwmaﬁﬁwmQﬂaEJ'T,iﬂﬁha‘mﬁlﬁmmnﬂﬁlﬂﬂa‘lﬂ'sﬂ%qu ............................. 14
gﬂﬁ 2.7 LAREAIUUTENDUTBITEUU FlAucoriieiieiesiasreserass s sesssssssessesessesseenessessssssssssssess 15
g‘dﬁ 2.8 UAAINITNNIUTDY PriStAltic PUMP.. . iiveee oo ssess st eeessseseessessensessssenees 16
‘3‘1J‘171I 2.9 WAAINITVINIUVB SiX=POrt INJECHON VAVE....ocorvvrioriserrirreneeinsesssseresiesessesessseneens 16
U 2.10 WARSFURUUSANG TS TEACKONS ..ottt sserres 1 7
gﬂﬁ 2.11 wamsnsld mini - column Tunns preconcentration Tusguy FIA . 17
'g‘LJ*?'i 2.12 uanansld phase separator Tunsafialusguu FIA. i 18
gﬂﬁ 3.1 syuulvladueaduiiianndudmsunmsinseiviialalasedlu . 35
gﬂ‘ﬁ 32 syuuladueatuleduildilevaamsfimnsandwiunsinmsivina

1T ™ T P T oy~ PP SR So MV /A 36
g‘uﬁ 4.1 wang (n) AnniuvesEisiateu [FE(phen)3]2+ waz () ATNHINIFIUVDY

gnsazawlalasailuulutiarnududu 0.1 - 20.0 lulasTuanodng....onn..... 41
U 4.2 wans (n) nsmnasguresansazanelelasedluutisenudidu 10 - 250

TulasTuasedns () duaraiilfainnsiesesiasasaouuad (3 ) Lilaldl

TAHDSRLOUAN) LUUAITAZANTIN ..o sssssssr s snsssrsssneen 42
Ul 4.3 wannTweaEIRuSTe il TeasaraeuiaTgy

lalasadtuuaudiudu 100 wag 250 lulasluasedng fuaisavarewdn (1)

TR U 0 O - .
U 4.4 uamsnsmsnpsgiuesasazanelelnseiluy aennudadu 10 - 250

lilpsluadedng WaldasazanaealsHuuunTAUANUTNTUANGT . ....ooo..........0d



Uil 45

@alt
c
=D.
i
ON

Uit 4.7

4.8

=b.

7u

U 4.9

d15UsysU(e)

i
wags () neanmsguvesasazadlolasailuu Faanududu 5 - 250
TulasTuadedns @) dynradidannnsieszilalasaiiuuanududu
0, 5 uaz 10 lulpsluarefing Wiedafoenad g ssuuUUIRTANY e a5

nymluanipudiiusssnisanuegeiiavetalnsniluy 100 lulastuasiofing
wagsaTINTAeTed LilendnansenesnsnsIvada. .46
wanansminsgivresansavanslalasediuy dasrnundudu 10 - 250
Tulasluasiodns wleld MC1 1A11877 0 UAY 50 [URMAT..o ..o 86
Az muasAsdIiussenInauaiinvedlalnsailuy 100 lulasluasedng
wardmIINITIATIEN Bl MC2 wag MC3 AAINETIANY. .o 47
uansfegndyaailfannnsiessiasazareinssnilelaseiluy
AYIHTLTU O — SOOUITATIHAADERT.coeerreecirrsincssrssrsmrsese e eesessserssees 48

A =g 1 L2 L
EUVI 4.10 LLﬁﬂﬂﬂ‘i’]WﬁJ’]ﬁ]‘iE’]u‘ﬂﬂﬁﬂﬂiaSﬂ']U‘Lﬁiﬂiﬂ’ﬂuum?\‘]ﬂ?'mlfﬂimu 5 - 500

B ilaila artddna e ey, NOXOIAIDION, . o I = A 48



TydnwaluazaAnge

FIA flow injection analysis
HQ hydroquinone
phen o - phenanthroline

2



=1
=

Un

UNUI

1.1 anuduniiazanudrAyre e ive

Y] a e = o ~ . . s = 1
Uagtundadneininsdransssianlainuils (whitening) lafumnuiignaguin
lvtinsudsndndasiwaniasnuniremuislunaaraiaduduiuinn Faudasnans e
ffldruvsznaurssanslivimuils (whitening agent) uanaaiuly i Foiud Janfiud way
") o = o1 ¢ a o = ooy
nsalatane 1udu lelasailuu (Hydroquinone) Wuashiimuilesiavisniiauanansa
Tumsdudanszurunsadadinduasiomids A5end1 lwaitu (melanin) 9inayinlwfiae
Juleuaglanas)

pgalsimulolasmiluuiinadraimesilifianisseaeafoai Adianulsouasnn
Tu 1agad e miintih mnldfade fudunauumzilidensvdsuwaeniade
melufindayliinduiaans vaseraduansnousdufionidels [1.2] ilesand
mfnwuazneasslunymnasanuai dslalasedluuiinnuduiie Taeddn LD50 orally in
rats 11ANT 375 ﬁaﬁn%’wiaﬁmﬂ'nﬁmg 1 Alansy wazdmutilalasailuuduansneanane
fuguazusiidlunyveass 3] ibinanedssinalieugyaliiinisldlelnsailuuly
LASasdans

dwiulsunelne lalasmiluugnimumiduansiesinluiniesdronsmmusenie
nIENIEsIIAgY Bastmuaingiviuliifudunalunisudniaiosdions (atui 2)
Uszne o il 30 Suna wel. 2554 Taseynslildlalnsadluuldowislundn Susigavi
dudien Tudnsdngegalundnssidisagulitiu 0.02% wivu 14,5]

aghalsfmusanaiinaasranunistutiouneslelasailuuluaiesdran (6]
desnngrdnunsedainsanduyulunisnds Tnsnnninfagdvulfidudiunaniy
wAnS T ATesd1e7e 1 Usen waglalasadluy wnunnsldanshimudisssaninnfiug
niud wazioiane iewnansdnaafimunaziiunatind ﬁaﬁu%’iaﬁmu"’ji’ﬂﬁhm
g Welessimusinailelaseiluy wu nsléimadalasuiinasluaziadilny
Failfasfaldemuluasmusuimzsizadumsieseidia sgrlsfommadaildinarlu
mMslassiu Tuneumaaiouisduaznsliiaiesiiofideenn foserderudiuigy
Tunsliiedesiie wieddiodamsisimunauazsivinelng wldensensnasudiedmsu

ANTIATIERAAEUN

-2

Astlunidelidsldvaussuulnaduiaadu (Flow Injection Analysis: FIA) Saufy
nsnsianuauninstwlnumsdmsunsiessimidiualalaseiluu nenisnsiadn
afigUfATen1s3Rd Fe(ll) T Fe(l) Taelalasailuu a1ntiu Fell) AfiaTuazyii



UjRdeiuvealsivuinsiuinfuasdstoudivnives [Fe(phen) fgandunasgsgni
mugInauuEs 508 uiluwes saunsiinasidadouiendudadnlnnsaiuusuna
lelaseiluu Timautuiiduisine iammmsuiuiesenuitodumsinsgig fan
Tmdlunsiaeedt wazfinudndedelunisiilviimseimviunatalasailunly
DN CAOSY

1.2 IngUseaenvaanuidy

A .7 1 o ot =] dl -,
1.2.1 WaRau1szuU FIA saufunsasiadanuaninsiwlaum’d fisnisimsnsi
yiUsundlalnsadluu

d o = | ar g b = = o L} ﬂ' o
1.2.2 iaurisnmuduludssendliniiuialelasailuulusediuaiasdians
Usztanhivimuila

1.3 nguiuianuianuaanlyluauiy

PINMTANYIIUITBVDe R Belcher uaz W. Stephen [7] wuid lalasadluuil
prwanansnlun1siaed Fell) oy Fe) 19 udnudouduniluu andu Fe() AAnty
aunsavhufisefueslsiuuuinsiu (o-phenanthroline) inliuasUssnoulledauduns
99 [Felphen):” Ssanansnaanduuastéiianusmaduuas 508 wiluans GUil 1.1) Fadu
Tueided Faldhugisodnanussgndldlunisesatauiinulslasailuy Tasende
szuuladuaduiielinisinseivldethemniuasiauiudealudd seuuiitanty

suihludsegnaldniFunalalasailuuluipiosdon

3+
W+ HO—@—OH o:@:o s w4 o

Hydroguinone Quincne

Ol Ol
OJ O} (2)

o-phenanthroline [Fe(phen)s]™*

sUR 1.1 Upisedldlunseiainlelasailunlunwized (7]



1.4 VDUUATDNIUITY

141 Fawwiieniieliliansimusualalnseiluy feordossuu FA uay
a5 iamsmatraninslwlnums

1.4.2 Waunszuu FIA Sauiunnsasaaiasameiaanlnsinlnams weldlunis
Aaseimdsunallalasailuu

143 Faviammenimeassiiviiizavdmuiviemeinuiinalaliaseiluy fonde
s8UV FIA uazsnisnsinmeamatinaiuninslulawvs

1.4.4 dAsiTaudulussgndldlunsmuiinailelasailuulugiedananiu
wisdasUssavilavimuisluiomann

145 Wisuifisunansiaseive Safiimuniuiumaialasunlnns s uan
ausTnuegd (High Performance Liquid Chromatography: HPLO)

1.5 YUABUYBINISANYI

15.1 AnndeyauazanAdeifadesiumsiinssinuinalelnsailuy Tnewiy
MmAdeiifiniserdisssuunsivalunies et waedluuulidewes (Batch analysis) fiflnns
ny1insawmataaunlnglwinumg

15.2 AnufAsoudelienginmBinalelaseiluy

1.5.3 Wanszuy FIA Safunsemaiamemadeaninsiiiouy? dieldlunisi-
aszvusualelasailuy

154 fnwammynswaassfivnzaldmiunsinTisimuzuialalasailuu 3
91dusEuU FIA aufuntsasiatamomainaninsinlnum? vamued Taun rdunns
AnuAzen anududuvessioaud aruiduduuasfiteresaisazangdvied (Hufiu uay
yamenm 16un Samnisine uazUBunsiedieiidadngssuumemnain Wudy

1.5.5 AnwUsydvEamee diiwaunty T drseududunsslunisasiaa
Telnseiluy Indrinmandmiumsnsiainuazdndidamgadmiunsieseiideuiun
vaslalasailuy arugnies aruiiins uazarmsandalunsinses

1.5.6 Anwinizuaunamssuasiegnadmsuinssimusuinlalasailuuly
\dasdans

15.7 ﬁﬁﬁﬁlﬁﬁ'ﬁum%ﬂﬂﬂixqﬂﬁ‘L%’mﬂ%mm‘LaImﬁqu‘Luﬁ’mEi'mwﬁmﬁmﬁﬁ
wipsdonsUssabiinuidudiomans

158 wWisuiflsunadamsiilienisinauniuiudd HPLC lunsnsaaialalns-
aluvlusiegrwdnsasinidensUssamlvimuiiduiimas



1.6 Uszlyvdfiaindnaglasu

L2

1.6.1 léiszuu FIA fiendemsaraiadiawmaliaaiuninglvlnuniafianugndos
waztaug lunsiesizivnusunalalasailuu
1.6.2 @Msn3auiseuy FIA avauduldiasievvusunailelasailuulusiagng

A‘-‘i o 3 q' 2
WA UsEL A b imuiala
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2.1 walu (melanin) [8 - 9]

v X el

wanilu Ao Luﬂawnﬂaﬂwﬂmawaa Foi Luaﬂulw (melanocytes) sdmasﬂ,‘u

= o

ﬁ’muwaauuwmmxam LN@ELUHWA%UQUET’]& Aunaany %QLQWﬂ‘U@QLﬂﬁWUHU“ﬂU@HﬂU

I'U
= of o

Musnssuvesiazyanade dduauiifnaduied weildad viswaniiuunadiiauiiias
17 wanduainsautseanilu 3 vl

1. guianiiy (eumelanin) isdariuedadidudiedfimatsi auoifsuasauis
fananesfifiadtinnneuiidusunifiorm

2. Wlawaniiu (pheomelanin) L?J'uLﬁﬂﬁﬁme%ﬁﬁ‘andman%%“lluiﬂaﬁu (oxyhemo-
globin) wisadindes msﬂﬂmm‘liwu (carotene) Tupufhemeeilidndinnmiaufiaad

3. wuunay Feflifindivariuiiaomeauifu Bend1 mixed melanin

2.1.1 nszuaumsaitauaiu (melanogenesis)

nzuIURNsas LAy ue melanogenesis 1istumeluanlulsuvosiu
Hawils (Epidermal melanosomes) Tnendntudteiiauledlulsdiua (Tyrosinase) Fadu
Lau“l.suﬁﬁé’ﬂﬁﬁuﬁﬂﬂlunivmumsa"i"mLumﬁu \sninluanstimuasng (rate lmiting
agent) N1sas LA LauleuﬁlﬂssnLuaauwmummﬂgmm hydroxylation ¥84ninazi-
Tukealnlsdu (L-tyrosine) 1Anilu DOPA %&197n1iu DOPA 9ziinufjiieeandiadu
nanaLiiu DOPAquinone Tunsdififinsaosiilu cysteine v3a elutathione lunszuiuns
iUfATe iU DOPAquinone (s dusyius benzothiazine veawarfiuaiinfilowaniiy
Tuvnefidn cysteine  2USumdae DOPAquinone agtinntslaisorisunfiniiadu
DOPAchrome unu wdsainiiu DOPAchrome tautomerase (TYRP - 2) aziiaufjigen
tautomerization 981 DOPAchrome vil#ifiaidu 5,6-dihydroxyindole-2-carboxylic acid
(DHICA) Bavdannifumsiasgnoondladluifiunisgosves DHICAmelanin WAz DHICA
uiinUfizeneendeduluiuuafurdngwaniiu Inen1sisaujiie1ved DHICA oxidase
(TYRP ~ 1) Tumendufiumnnlaiil TYRP - 2 wijasuandares DOPAchrome agaangly 1in
u 5,6-dlihydroxyindole (DHI) @s¥ia DHICA uay DHI sududulszneumiedesvotg-
LAl nizmumiﬁqﬁﬂénmLLaﬂaﬁagﬂﬁ 2.1



mm HQQYCMH H cooH
NH2
NH; HHz
He ) Ho \; ?\’
Tymsine HA
Cysteing e
- Glutathione CooH
== L -

(rosese ) EeniBe

e . l

NHz PHEOMELANIN

- T o
DOPAZuOne

DORA (Dihydraxyphenytalanine)

[ Dorachroms 1auwomerase (rYRP-2) | \

HO / Q — HO
| W lj + cos
# coos COOH H
H H
DH

DHICA DOPAChrme
DHiCA cxidase (TYRF-1) \ /
1 :1 I\ 1
COOH
H H
Indote-5,S-uinore-carboxyic ackd T IdiolesS,6-quinone
EUMELANIN

SUN 2.1 nssuiumsairsmaniiuniglu Epidermal melanosomes [8]

walulgdidusadasrafinduostuiiontsdu follicular wae interfollicutar
epidermis  wwanlulgdvimiiindnlalalaufiiieafusesuniuaditedn watlulas
(melanosome) meluwailulen aismedwesvesdaduatugndunmeituiioliasy
Ml uagin saailedenedae ndteTeiaaiuidesivaesnszuunslulsiu
figndseananieulanaraiinisigdil (endoplasmic reticulum) wazsmivlaalalusiuiid -
wngLogasraianiulen Faadouagiuns (vesicles) u1an Golgi-apparatus @4 vesicles
fagvhuthiivudsdustusanarluduaivlen waginsfaasneiddeulusiuludusm
iy La.laﬂu"l.smvaEl‘lwuuwaumwm Faudarsuandeufuinsiluled ( (keratinocytes)
wanun 36 wwad Wisdwnumalilnuasniodfninugiiifielunnuauns vanani
Uinamazviaveauafufignaaiazdsiniudaeniluledesifanissusiu uaaady
At

2.1.2 nihflvaauaiiu

1. YBENALMaULAUNT BILEY TR LaaY89319N18AINDUNSIUUBITIAN
I " e (7] & . a 2 Py

vasliviu laun Sdoansililatdn (Ultraviolet: UV) wagsa@ausnas (Infrared) loeluaniiu
fignasisiuagyimihiinseeedifinsuhdunaewadimil

2. BNTEAIBLEY LY LEIRdaueTARUA U g asdl 9N anSE N URAI UL
zgniinvieaniy

o W = = =1 w 1 17 [ o
3. aAdused LV wazuasiniviumendan uanszangesniduaiuiay
4. vimihdueyyadase



2.1.3 Jadediinasansadrauaniiu

1. uauAn v3esid UV wandussgnaadiunntudleldfuuas LV duite e
Aisdudadiuuasuennnivilswaniufiazgnasnstusinwiity Reflaetastulailiuas
UV Manetgadiiavife uaz DNA Tugwuilunagusnenieeg Tansed UV ailn A Husediid
t19AnusIAduET wasu sznszdulisadiontauanluled adradedwaniuld
Togmsa nefunsvienmaseuladivlsiiualiienildunty uasvlfeadimisduuy
fio iasialules Suassanuldinntudmalidfadutu SeiliAnnded Hnth vionse
uaz¥ed UV aiin B efivasemuenaiudu wdsnugs ssvilinmsinurevaduanlules
uaziadimtaariluliuszauiulditulumssudadafiuantuiliioedldduiy

2. Wugnssy Woriar TassuimsturiiliiesfuasUinameaniuitads
Jusieudne Suilosnusanvmsiugnssy

3. queweaualuled Juwsasuanasinnmeauailulediuandneiy Favild
Vhunuveamanfufignastuselsadiinuandisiy

a. Tsavnedn  flsevanslsafionadwademsairamantu oy Tsaien @yl
annsaasiuuaniuld) waglsarnun (Msgedeanuanansalunsaiiaailuled)

2.2 arslainuiis (Whitening Agent) [10 - 14]

5 n: A=l 3 ey o as « q'
AN LIVIMUTIAD AN5IYNIVRN7 TABNTEUIUNITHIIUNANYDIATS IIYIULeAe N1
=y = i/g = =5 " 1 o [T =) 2 o
annsuanlnalaTuRy deazusngegluateguuuy wu Wuersnw Wuasesdians
2 o = ¥ 2 os as | W &
AIAL Lasasnddianfiansamaalanaly ﬁﬂquuaﬁhﬁmuwgnwwmmuﬁﬂa’m
sUluU Feannsednunmuddutunisesnguiieanusunauuan Tuldda

PP e &, 2 =
2.2.1 aslavimulisieonguslududaunisadradnduaniiy

Aanstasiunssuannsaiauandy lua arstesiunasunaviensuiuuan
yniildnanindisdy ues Waduteduddiitaeisanssuiumsnandadwaiy fuiy
nstlesfusasnningadmiluled faansovhlifionituld feanstosfuuaman uis
sonidiu 3 wia &l

- L2 1 | o 2 of
2.2.1.1 Chemical Sunscreen 1JuAIUAULAANTIATUNANYD 1A TLATIAVIIUTNT

Untosuaunn laonsgadundsuusiuaiuanlinauinasunnzduadl Uidmids &9
answndimardiannsoaaduuamanifdmasniaridy ldudufemeiutuuanvosy
v3eldndufuuneiidl SPF guq FelldrunanvssansipiiuTinaann sraililAanisssane
Fosrefviidld aslunduiifiogvateiin aunsasuunauanseangvislaweil

- a’liaaﬂqw‘%nduaﬁmﬁﬁﬂaqﬁu UVA leiun Oxybenzone, Sulisobenzone,

Dioxybenzone, Avobenzone Uag Merxoryl sx



- msoenguisnguatsiafifitesdtu UVB 1#uA Aminobenzoic acid (PABA), Homo-
salate, Cinoxate, Octyl methoxycinnamate, Octyl salicylate, Padimate O, Phenyl
benzimidazole sulfonic acid, Trolamine salicylate o Methyl anthralinate

2.2.1.2 Physical Sunscreen [JuaSufunanitiidunanosansiaiiiaiwisa
ayviausad UVA uag UVB sanluanniamilald wu Titanium Dioxide(TiO,), Zinc Oxide
(ZnO) Wudu aﬁluﬂz—juﬁmmsmﬂaaﬁ'ﬂﬁﬁgﬁ UVA, UVB, Visible Light waz Infrared Light
Feenslunduilesiinaszae fosteRmilstosninanslunguusn uilifadesde atutuuan
UssLamilalanansalsl SPF figaq 1§ uasilomuuiimiauds wlhazgumunn weanases
iwdovuufimtisiuuuiileseuasnseny Tefinispadugides

2.2.1.3 WUUKNEN Chemical-Physical Sunscreen \Wunsiasudod andenaslu
wiavahu thifie anmsssmediewsRminaslssamansall wazanauiienedy
waziasudssdnsamilunistlesiunauaasauiu

o Py RN .
2.2.2 @stiwulisheengndlutusendnsmsaiiadiedwaniu

q‘ 1 55 2 1 -y [ e‘a‘ o e AJ
nfinanundduasnuii eulsllvlsduadueuleifid fyngalunsyuunis
asauantiu  detudanusadudanisviuraweuledivisdualy Avzatuisoanuse
doarremaaiaaniulivesadldiduiy duiuarsinimuiafosngnsluduiBsliwune
SiyRentsannsyieueedouledvlsdus Jsamnsaduunmunalanisiaulddel
H Q‘ L] =y
2.2.2.1 AguiisengvissunIunsnureeulvllnls@uaniawanlulauly

nszUIuMsas1adindwaniiu ulsdes Il

- Hydroquinone (HQ) iuansiaiintwdudimsaiadafinanduld snsusznev HQ
= = ar = = = W = 1 = =3
figusuusslunslosiunsfineuyadaseiaslunsesueuledlvlsfiuglnlisinmsudnidn
= a o v 4 o ar A o oW Y e wr o
fuaniy Undudaazldlumnududy 2% Twesesdiatinll visddudunintufasdaeld
mldaFaunye agralsannu HQ duatrafswiliinn1sseateaasia Aadlanulme
wasnTu Lingasse v mnlifadefuduamussyilinifanisidsuulaves
& A . v o v oa g & | = a w Y ° w
Watganielutinilewiliiadud1a19s wazeradvaisneuzisalufiawmisld vinldnane
Uszine saumsuszmalng Liougaaliiingsly HQ Tuadesdiens

- Vitarin C Imfiudivaneguuuuinn Bitaziu Magnesium ascorbyl phosphate,
L-ascorbic acid, ascorbyl glucosamine w3a ascorbic acid 1uasiaiesuinuasil
Usgavsnmlunsreimeyyadasydmsuiy willnwldsdwutdessnniuansianaiveiu
somsdudinsasiadiadiuatu eannanuaasalumsdudteyyadassiaglnsedu
touludlnlsdiuals Jailamuiululdfestiersasnisadradieduaiy

- Kojic acid nsaladnidunawassldinmnnssunsulinwdrainvesdiu eangvslag
\Ju Chelating Agent W ihduifu Copper Sudulaoulstdvenaulaiinlsdiualunssuiunis

w 2 a & » a < o Y =1 \ a = &

asrudied dolaeulwiantesassuludfinlsgiuadvihnuldenniu uinsalainluiatesiile
a ) 1 o o A [%} 7] o I = g E
UnlUugrunaulunsasdnn Taadansenufukdwanduazidasududimianazi@ay
Usgdninmwas daludndnniesdiondalivasuuildladnlaniaiiam (Kojic dipalmitate)
ct" = 1 3 [-1 o A o ot ot & 2/ =3 o
Fuatesnunu agalsAnuiinsideiinisvaassdudainaasdlnenislvnsalainduiy



snifiuiaan 26 uai wuiriteauiiaunddudu (iseen) dmiutuuyed melluuunngs
dAuldagviliiinnisssanadossiaiulsle

- Arbutin eryAuduarsatnanfiviifuundssssumaves HQ SnfinilsiiFenty
hydroquinone-beta-D-glucoside Tngasuuadu alpha-arbutin, beta-arbutin Waz deoxy-
arbutin aAufimmuasnfeunni HQ uasguiiidusanieoyiu aswafesninuieny-
fiu wazduiifeunitlumstanyiseilriolansesnetu Tuedinfavdadindanldne
thunuen HQ wildinansinwidiniusfiinadradegios

- Licorice WusAnfusiflatnanuieand ssion Jogtulumiuiaanlueiosdion
wiuudlisasiiy Aduthgsfianth fanne Svafin kdndustdneth fenuasiaunnniansi
Bun Tunfjui’f

- #81587N195TTUYR LYY Green Tea Extract, Compositae (#13ain91n matricaria)
asanmainUean (paper mulberry) asafnaInieUia (Apple phenon extracts), Ellagic
acid, polyslutanmate, tanaka extracts @15@finaIniUdsnuzuia (Mahad) @13&inan
vasEiia a1sainaInan esanaviniUfenauniilngd (Pynocare) wazeansarmnuinayulng
duq

- srfulszmudnmih 1w Tranxemic acid daiugngusinumsaanesuesdy
o Tinwuagtlestunnuidensanseniuidnuagndeidn dalagtulinisinwgries
tranexamic acid Tuns$nwni Tasnalnnnseengviveserannsadiudsieules tyrosinase
Faduauleidldairadodivariu Seidldhesadld

2.2.2.2 ngudugainsnaun (Maturation) vauweuladinlsBus

- Glutathione ngalslouluanslasulng (Tripeptides) vosnsnoziilu 3 6 fie
= = " = A J =l - or s o s
FendU (cysteine) naangniun (glutamic acid) waztnadu (glycine) Autuagyimainiigenis

]
- 1

=l L =i | = = - | o
Wasu DOPAquinone ldiluilowwaifinadidvdosuns  ununazmdovaosliniu

2 2’
= o a

d: =) = = = et af 1 [0 g o
ﬂi%UTuﬂ"l'ia‘u‘i}‘UﬂaﬁEJL‘UuL‘Uu%JLNﬁWuU PIHFUI -7 muummmmmU’waaluﬂaﬂm

i £ o a
2.2.2.3 nguisengusiiunsdarsfaveveulvdlnlsdius

. . . .. = W =
- Alpha linoleic acid vJuans Antioxidant fiagannissntau @suadannundus
499 Skin Barrier wazdaflaauandRlunisissnsideuaasvesovledivlsBiua Fedanalinas
nandirdlnesiana

2.2.2.4. ngudutsnnsairvaulailinladius

- [ = = = L4 o
- Hydroquinone wanatnardestunisiineyyadassiinzlunszduminnuues
ulnilvlsBuaudy Sansgdunisadie ROS Bunnievhanedeaiuuaslusiiuvaseulsiln
LsBlua uazann13aing DNA waz RNA saswadiuanluledlfgndoe
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- Lactic acid fismuannsolumsdudnssuiumsaitsouledinlsdueg wenanil
al R ' o co o B8 2 &l = I
il Peeling Effect nyziumIndaadiy iliwatuledilonmanavdwnuuailuleunds
fuvulatosas aa19A13eA0e 28

ar

&4
!

- snung (Placenta Extracts) sonqvidfitnsduvanssuiunisaiamaniiu fo asd
fudinnsadraoulasdinlstiua sldnssurunisiasuansdunuunlsduluidu DoPA s
awnsaiatuld uasdifidunenssdunalnmesdaadinaznmsadamadiolvl

- Azelaic acid [Juansfiatnangafiv wudiad druiad Wuiu Tuedssdrand
msldnseiinarududulszana 20% Taeluasllunstnumds wrenmdsowuiiananse
finasians$nufafifdfaunilethe uarn1s@nudug wanaBndinsaomednaiunsatn
namsasadiediuanduldins e ludufinsiauveseuledinlsiua wilasUndiudaes
wunsaiiiussavsnmwilumsaamiswaadinafunaivlulueadfimtuuaniuled useglsl
Aoefinalun1sannisudnuiaduuiontiaiiung 1wy nssfAnluamegfiuintu lusuidnd
msldnsmormadnmudiudu 209% Tunsinundanasnuianududuawn 209% SRazld
waAna s MuvFefndt HQ feuidudu 2% Feannmgeaiiosaiuuasadeves HQ Tavinly
nseolasninnunaulananlunmswuald

2225 nguiiesngnssunaunisinuveseulesl D.tautomeras  uay
D.polymerase

- Kogic acid yananiinsaladnossumumsynanuroseulniinlsdiuaudadsuniu
msvi1aaeuley Dtautomeras was D.polymerase daduauluidldlunszuaunis
Polymerization 84 DHI kag DHICA lunseuaunsigsmasntsasiadad

- Albutin refudinsiureseululivisdiuea uensnideedudanisdai
Liind ﬁau‘ummﬂﬂiumumsas'mLumalu‘tmﬂaamu‘uulﬂﬂa‘uum Epidermis

- Alpha-tocophernyl ferulate (3nMuE) Vl’mm‘wmuauWaam%@m%’ua'ﬁaqga
Sasivzlunseduouluilvlsfiua Swvilinsasrauarduanad

2.2.3 aslimuiisfioangnslutundannisairadindiuaniiu

- AHA (Alpha Hydroxy Acid) nsmaieviadunsafilénsssusd Wondnsanals!
Falinnunevaneia aaﬂq%ﬁlmamiaammwaammaamuuuammmﬂumaaﬂ Tneiaad
ﬁqmuuuammﬂuusnmwuminiuaﬂmmmLumammuumnmaﬂ

- Niacinamide %3a Nicotinamide Lﬂumwuwaaﬂqmmﬁuﬁ%aazawaﬁwlé’ wazdl
amaaeadogs Snmiwlilunsilifauinnigedeuwiuemiy idassmilidens
sgenelfastios ansaaanininild voninifheduemuguiuliiuiouavansesiten
gdula

- #@13and (Depigmenting agents) ﬁw%’u@'ﬁﬁmmimaﬂwﬁqﬁﬂﬂﬂﬁcﬂg@uﬁiﬁ%ﬁﬂ
(vitiligo) Fawfindunuinamedinsifam uwivinalnds fundududsmadini Q’ﬁﬁmm
AnunfnuuiersasdoenisilifafidadnavesuuntulasnsldarsussneuduvSduns
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ety Tuluiuuleu (Monobenzone) tieandRafidudufivaoas sgndlsfinny Tuluiuu-
T liAnnsvinassadamisuailules wazvinatsdindeg1aa1s Snisuileananunsa
' & o wray o . o | ) 2 = =
HruanLlindailafe waduea (Mequinol) wildiiaiurunit eenslsinuansiadinanila

= o . & | arad o = a 1o = P =
wingNag iRy enciuwegfianuiiaunfduiauuddude Wawiniinisseany
\AD3ga

[ = S o = o = o Sra

- d15Usen (Mercury) \uarssiinusnmisnldluadasdronsnvinlviiem lasusen
a a = o ¢ o &£ e
mpvadlluadoediens wwagluguusennaalss wieusenuenludy sengvasuniuoules
Inlsua Tnesusniulusiugedugiulsznavteaaules wisduiulonourevauaafiil
agluaulad vhldaunsoaanisadrawailuld usaerslsinnn msldndnsmsiddiaiunay
vasusaniamatulluatuiu agiliiinisazaulsenluiovils wazgaduingnszualaiin
ey waglaiinng ulsaladingns Wudu Jegduusendsgnivuaduansdaldly
RN GRONEN

2.3 lglasa?luu (Hydroquinone) [15 - 20]

Hydroquincne  {HQ) . ﬁ'?iavmx‘imﬁ’i’l benzene-1,4-diol %38 1,4-dihydroxy
benzene Huansusznevdunideslsinfinussianiluea uisiianin asusynaulanseni-
Wluedin (hydroxyphenolic compound ) fgnsiANd1 CeH(OH); dnwaurlassasnmiunll a¢
inylansan@a (hydroxyl eroup) aawy}%amiaﬁ'muuu%'u Snuaiznsionsaidunuy
para HauansfsgUdl 2.2 danugaes HQ Ngampiiesuasanuduussenmeduvasudedam
dloavisen annsafinufissreeniiedunaraliumsnunlasiluu (p-benzoquinone) w3a
AFend p-quinone 1¢

OH

OH

Uil 2.2 Tassamaniivaslelaseiluy
(http://silhouette.ca/blog/hydroquinone-and-rebound-hyperpigmentation/)

HO gniwnldiluarstrsanuFuraveudndlutuimds w3eldiduashivinuie
l#‘ = o = c: n‘A o ar d'
11999 INIlANANNNSO NI TUNIUNYSYNuYa s enleTinlsTiua muﬂumulmwmﬂmquﬂ
Tunszviunisadadegivatiiu wesnnduaisivussnsinisasrudindwaniiv

S v W e 3 2 =y S
AnAnaNUTaY (e 2.1.1) Tunszuiunismsadisdadiwaniu toulaadlnls-
-~y o d 1 =8 . = = L7 0’:
Frugriuthfiss et hydroxylation resnsaesiiluuealvlsdu fiadu DOPA waswinty
DOPA Iinufjisenesndindunateiliu DOPAquinone wazaavinavznanerduiiadiuandud
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wansdfivesrulst usled HQ lunszuiunis HQ AwIWARU{ATeN 2 UASe ALY
wulafinlsdualiannadsuasreiulnlsduludumaniuld Ujisewsniie HQ
\inufiiseSmandiiu DOPAquinone ¥i1l# DOPAquinone tinuff3andaunduiiu DoPA
Fadn @ HQ wWaswiu benzoquinone (BQ) Fsilnnuiadiasndy lkeuledinlsdialy
aunsawdsy DOPAquinone Liuaniuld dsnaviliiniidfidouas uazufasenfiaeadu
UfiiendrdgiviliiAssadhafonileld HQ lussezen dufedled HQ Tunsguaunis
DOPA aznateiuasisaufjisen hydroxylation wpe HQ Amu 1,2,4-trihydroxy
benzene (THB) Tnofilaulmiivlstadunznedaninluufiter vdmnduauledlnls-
SluaazisaUfifiSen dehydrogenation 484 THB 1AaLu hydroxybenzoquinone (HBQ) 4
annsafaUfise3nendiu HQ wWasw HQ 1 BQ uay HBQ mIARZeFoundudu THB
wananil HBO Ssanunsnifiaujjisen dimerisation fiuansiluedn uazailuusssaue \in
Judaddunainng (reddish — brown pigment) Setiunaredunadradvswenisld HQ
Aasofudunannu UfAsodanauandugui 2.3

I’YAOSIHASE

b ‘“‘r@ I

tyrosine dopaguinane

JUR 2.3 nalnastiugsnszuaunsaiadinduaiiiuleslslaseiluy [15]

wananil HQ Fansedumsad ROS Funitevhareiferuuaslusiuveneulaiints-
fuua annnsadna DNA uaz RNA asswadiwailules vihld HQ iduansliviinuflisiis
Usvawﬁmwaaaﬂ Ltmamﬂiﬂmu HQ TWwadnaABeiisuasieaniduiu dennsld HO 4
uadoviauuudundu uasioss deil

1. vilRAnmsseaneiAes uk wazfuds Tasmwzediedadleliswiunsnindue 7
ugmsifenlusiuesnnii mslindnfuridtdunansas HQ asdaaiiiofifudvosi
gfiwiueusyyeg uagagneldinsruauveiunmd

2. 1A Rebound Sufinarnnsvesldenid HQ siuft esnfmiasdmaad
ndumaunudshlifnrdaniuiy wedseulainlstuagndudilas HQ awvhlans
dasuilnlsFudseglumalulwidseglitudeyfiondy owgald HQ nevtuiy avsilstlaiiisn

ot

FuduauludvlsBua Uszneunulnlsduissed seiliinlsBugniudeudumaiiiueds
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=

sAEazunNuY YilrRndunmLagAa NIy Aaunanslugui 2.4A uananil HQ dadl
¥ e oA ' ) o P o = & =
JoiduAe liasann gnesndladlddieliognuasunauazeinia lagiudsuainduridud
YIR1a
3. iindduLiien (Telangiectatic Melasma) vieenalienimasaidenllines vieven
9 1uannzfduidentsgvensdiuuunids inlmaaduwnawnsldiamds dnvazuos
. . = o v a v I v v rala P i A4 o
Telangiectasias Mau1sadanalavuiaviime Wududeaaluddnas Adunluss wied

dnvasilumtneiduidon uanasaguil 2.48

F4

JUN 2.4 uaasdnwagRamtihensnudhieenadlelasmilu (A) fdeduandudiinia
WNNNTU Uay (B) HEidumasaUuRunu [17]

4. minldie3esdrenavdesniil HQ sgsralesnadididussozinauasiliinnis
Wasuulaseaiiodemeluian fadulsafands 16un

- chronosis %38 defiguring effect fla #hamsatiiuand dnunsdurguyueguinm
Tvunufy wazduayn Jaduuiionding HQ Uee9 31 HQ Fudintsvineusesoules
homogentisic oxidase Fevimihioandlad homogentisic acid Tunsiumiuslan (meta-
bolite) vaslnlsdu vilkiAnnisagay homogentisic acid Tuioifaifieniu uaziinnes-
woeslsd (polymerizes) (Huifindduunslufinty dermis warluuresieiianisasanau
nanewdusuyudaadu adedultvatendides (caviar - like) fauandlugud 2.5

- Leukoderma %#38l3AmITM Lﬂu‘[iﬂt‘hwﬁwﬁwﬁasﬁaﬁé’ﬂwmmmmsqmﬁamm
annsalunsadadediwariu iesnwalulesdoe wisliawnsavhouldmuund fadi
namundnedu HQ nszdunsadne ROS Tunievhareidoruuaziusiuvesouledinls-
Fuua il TsFudeglumaluled uenanni HQ diannisadis DNA wae RNA Tovaadia-
aluled i liwanlulesgniinaneegnanns Fotun1sld HQ edresaiflowasldidusses
nandailiiAelsassmld dnvusdivesitielsadaemiinannisld HQ wansds
Ul 2.6
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JUN 2.5 uansdnuugvadiinnsduiimady danwazusuyu (caviar - like) Minainn1s
glelnsailuudusseziian [18]

3UN 2.6 uansanuurdiivesUlglsadseifiiiaannsldlelasedluy

(http://winchesterlasercosmetic.com/practice-safe-skin-hydroquinone-part-i/)

5. wWilomadestenisifunsidelmfuilelinsesdronavianidl HQ athesalilas
waglfiduszaznaiunu LﬁmmﬂﬁmiﬁﬂmLLazwmaaq'luwwwaaawuiﬁ HQ Hanuduiie
Tneslen LD50 orally in rats wnndn 375 fadniusodiuiingany 1 Alandy uazdawuin HQ
uansnenaneiuguazuziilunynnassdneie
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2.4 FLOW INJECTION ANALYSIS (FIA) [21,22]

2.4.1 WANNITVITLUU FIA

FIA findnnsfuguannisdnasazarsisesnisiinseidngnazuadang
(carrier stream) &efinaslvanasainan a1savatefdeansiaseieniniiuioulouiy
meluviedifes 01afinTEUINNTANY AT TEMINEAMN LavNILAl nougnw1lugs
srUURTITIndayay1al (detection system) flanansatuiindyanaildegiedeiiios udnn1si
ddingues FIA aguliwei

i ¢

1. asazaneiifesnsiiesziosgnidadrgnssuavesiimidaduansiionudlng
ase asiidesmsinsizdivTielauddmassiniiioiuesiinduasndnious Foazgn
thdaidiedasmsaindsly

2. A3n3397e (dispersion) Uesansaransfifeamsiiesiziazgnmunulngszuy
s Tasfiszuuldsudufeaddaunalag ieau

3. msauressruussgnamumpilildssasaniiviifunaesn duile daudia
aﬁasmﬂﬁﬁaamﬁmiqsﬁﬁmﬁamiﬂ’uﬁﬂﬁ’ay,fuﬁmﬂ%’na'lwhﬁ’unﬂmzq Flvadlftdau
waugge

2.4.2 1A393HBNUFIUVDITZUU FIA

LUU FIA aansaueenlaiiu ¢ dn WARIAIFUR 2.7

mbududod wisuim ¥
mrnzen yzundneisozow  (EaldA% seuuindygu
O SAMPLE
ey B (e DETECTOR
' ul W flow cell RECORDER
INERT @ INIECFION I —l |
Gas N VALVE e lzh O\
||
'. PUMP .
@ WASTE

g‘dﬁ 2.7 wansduusenauvesssuu FIA [21]

2.4.21 wilwdndusarsazate (Propelling unit) umiiedamnsaduies
aravaresausiviesaranetull msddededliiisnsinslnafindinaannisveass as
TunsufTReeld peristaltic pump wisldsevuamuduroia uwifidoutuesaunsvans
lun peristaltic pump ﬁqﬁumﬁﬂﬁmzﬂixnauﬁqa"qmmaaﬁmqu (rotors) Fsanansaniuay
Tlamnnilunsmyuiteduansens (pump tube) Wusvazq iansazanggnandes
Tigmadiemnsnsuyuvesimyu duandugui 2.8 Tnsfiaegnsilésniudondonl
mmsamﬁumsasmaﬁaﬁ'sﬁﬂasmaﬁwgﬂﬁué’aa
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gﬂi?'i 2.8 KEARMINISYINI1UYDY Peristaltic pump [21]

2.4.2.2  szuudagnsazan (njection system) Wussuuilddnansazaned
Foamsilaneidngszuy FIA Tnefiannsomuaslinisdauiazafaiiuinesvitunasn
mMaveans TullagtuarliBmsasnunsnununisdnuaziniasiiofidenld 1éun rotary valve
Fadunsinauves six—port injection valve LLamﬁﬂgUﬁ <

Position A Position B
SAMPLE
\ v
l VENT/WASTE VENT/WASTE
BV~Cw L
ainp e P Y

? 3 '
e , | ( N
S .
y 3

COLUMN <= ’ o ; }
LN

CARRIER ARRIER
MOBILE PHASE MOBILE PHASE

31]“71 2.9 L@AINITNNIUTDY six—port injection valve [21]

2.4.2.3 wiwiiTlAiRaUiite11e tazensudnszuiunisane idudly
Tuszuu (Reaction zone and additional process) lumiseiiusznausearsdndes
ansazanesingg Jeenavindhauiamienaafnfinuseaisiaiiaie wWu PTFE tubing eiléu
tugudnansuszann 0.5-0.8 mm lusiu drwdereszivatagluuy wu dode 2 v de
79 3 NN uazdose 4 9 %fz%u@;jﬁué’ﬂwmzmﬂ%’mu ARG R LRI IR R R Dty
msfnUfAseluaeduivhlinansuu fuandusuil 2.10 daunszuaunisduiiiiudnly
Tusguv 19U mini - colurnn 14lunsdififinas preconcentration LLE’imﬁ{!gUﬁ 2.11 %39
phase separator Tlunsdififinnsaa LLamﬁﬁg‘U‘?i 2.12



dilnvedyanan wszvoNIndIaIAnsI

D
mwrm

<GSO

A = Straight open tube B = Coil tube C = Mixing chamber
D = Single - bead string reactor (SBSR) E = Knitted reactor

U7 2.10 uanaguuuUA1eg v84 reactors [21]

recorder

recorder

LA

P = Pump S =Sample E = Eluent
CH-100 = Chelex-100 D = Detector W = Waste

g‘dﬁ 2.11 uansn13ley mini - column Tunns preconcentration luszuu FIA [21]

144004

17
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rnl/mln
LAQ o0
ORG o

08w

e

AQ @ © AQ

S = Sample A = Segmentor b = Extraction coil

C = Membrane phase separator  FC = flow cell
W = Waste AQ = Aqueous phase ORG = Organic phase

sUfl 2.12 uansnsld phase separator Tunnsadaluszuy FIA [21]

2.4.2.4 mheiadynm (Sensing system 1138 Detection systern) Lumniaei
Tndyanauanasiiedsiinanla detection system #ldlussuu FIA fyategluuy M3
onldartuiussauivasiisevessyuuiimdsinm Tnshlunuinasedionildluweg
FasreiAsunnesinaiuisaidtunldilu detection systemlu FIA Tatau
spectrophotometer, spectrofluorometer, atomic absorption spectrometer, ICP wag
i3asilantadulrifinaduresiin Hud
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2.5 Asaufunlgimsizinidsunadlalnsadluy
2.5.1 weaila Gas Chromatography (GC)

Anja Judefeind wazAmz [23]  lANaUNTT gas chromatography-mass
spectrometry (GC-MS) dmiuidlasizvinidsununsaenaladn (SA) waz HQ ludnags
Favifavasingud wasiiesdronsdndiatu Tnonsld Deuterium labeled SA-d6 uag HO-
d6 \Juans internal standard n1swe3pusiednevildlaenisadameuniuea vinliuia
amelaannsufalulasiou vagylviduaisoyiuddie NO-bisltrimethylsilyl)
trifluoroacetamide (BSTFA) + 1% trimethylchlorosilane (TMCS) inafinilliardinsain
mgadmiunFieTeyt (LOQ) Wiy 50 wag 10 ng mL™ iU SA uas HQ mudwy A
%RSD U1l 5% WasliA1iosas09n1sIlATIZRANNGY (Yrecovery) 93.1 — 103.3%
#m3U SA uaz 97.3 - 100.8% dm3U HQ

E. L. B. Lourenco wazamez [24] lawmundn GC-MS g msudiasiesiwiusunmu
phenol (PHE), HQ wag catechol (CAT) Tuednsiiaante Faanusodasenildlunsn
e 3%“7iﬁ'ﬁum%’umﬁi’aﬂg’jﬁ%aﬂlsimila%aﬁaansmmeﬂs‘diaﬁﬂau conjugated phenolic
compound winiuiinsafia analytes @aewaila solid-phase microextraction
(SPME) lnaigu polar polyacrylate coated fiber adlusinaena 20 urd w%’auﬁ’umsﬂumu
vdvannsdlwiuesidl analyte ssgniluiululevatdioraud hexamethyldisilazane L‘INE]‘VI’]
'Lmﬂmﬂumiauwuﬁ waamﬂuummm‘sauwuﬁwLﬂﬂ"uuvu"l,wl,ua'%‘lﬂamﬁm UY GC-MS 'Jﬁm
weuuwu‘lwﬂWﬂmﬂmmqmmmumsmqmm (LOD) winfiv 0.3, 0.15 uaz 0.02 pg mL?
d115U PHE, HQ was CAT muafu

wnile GC T sensitivity Wwag selectivity Tun1s3iasisvigs ilasniniinisuen
Aaufiawrinsasaata uimaiiaiidianlunisinssiuiy sldlbasenlunisiasesians
Frothafiiduaunn wdsdlefldiisiaums uazensemsiasieilunpaunuiiasain
\3peflofivwalvin

2.5.2 wnlla High Performance Liquid Chromatography (HPLC)

Cheng-Hui Lin wazAmg [25] Waru13s microdialysis sampling $2uRUA13
= & W >3 U 3 = ar 1 a4 o o o s Ry g
AAs1Reneg HPLC dwisuiiasisimyiuim HQ Tusetiuasasdnstindatu Tudunou
n19911 dialysis THihusaaanleasu (DI water) \uarsazae perfusate T4lwsu (probe)
[ aoa ar 1w = 1 I
W polycarbonate fiber 811 10 Siadwums wazansmisiuawiniu 5 lulasansneundl dau
HPLC Ttamedilu Hypersil Fluophase PFP column uazld potassium dihydrogen
phosphate aya1elu 40% (v/v) methanol Tuasazany 0.020 M phosphate buffer 1Uu
waphaunvaliadlidsanuiudusssdunisasain HQ Tutsududu 2 pM - 2
mM 1 LOD W1y 0.2 M Fedlaugnaes (%bias) asnisiaseinelutndeadiu (n=3)

1 o t o =) L4 ’o’ o 2 1

kasszninelu (n=12) aglugi 9.5 - 13.0 % MTEBILBINITIATIERE RS NLFAINA
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%RSD Failentipandt 7.55% waslAn %recovery aejlutie 89 - 112% Junadaiidadi
2 1

@ | R ) = o w a <
s eudiadailfiag aunsaatiandsuynansifesnTitasizvieanainglognaliagng
5157 nazliinildsviazanedunsd

P. Lopez Garcla wasAmy [26] Waun3s HPLC was?s ultraviolet derivative
spectrophotometric  (UVDS) method  &1msuitasizsiniuisa HQ  d1msy HPLC
o o w o ar =l I
anlunslaeltinada reversed phase Tagldnaaud RP — 18 \wiwaasi wazldunuea

H - < v 2 R | ]
wazi (20:80 v/} uaLAdoudl asiadadioiaIas Uv—vis Detector fimueniniunas
¥ 1 2/ o ' [V -1
289 wluns Wranududunssunisamain HQ Tudrsrnududu 6.0-30.0 pg mL
9./ r 1 1 ot '1 o &S o Ql o @
WFBUAUAT LOD thag LOQ n1fiu 0.08 wag 0.26 pg mL audiau d113uid UVDS onde
awaniuiuguees HQ Tuadanswayiusi 1 fAensivaruduiiussning AVAL uas

P [V Y | o . Ao ar
amnugmaiukas Ingliiadinduil 302 wilwues Weanugaesfiiafildluadansam
ANuANALSUAITNYUIDY HQ lnladisaandudunsdudrianumdudu 10.0-26.0

-1 o o e 2 w1 1w -1
ug mL Tunsadadasn 0.1 pN wEouriudl LOD was LOQ winfu 0.14 way 0.46 pg mb
o L7 5 = A L7 ﬂy o 2/ ot ot 1 i 0 =y
mudwiu Mesesianautnhludssandldngiaia HQ lusoiursosdrnnseliagg waz
al P =i P W em & ey 2 ol ] 7=
F3ll WallSeulsunadns Tz uiilaanaadiiing t - test waz F - test nuinlifinnu
wansiusdiitydAy Asefiumnutiaiy 95%

Wenhui Gao wag Cristina Legido-Quigley [27] Watursyuu HPLC Wiedmsed
wiFun HQ, phenol wazansiiuyadn 6 ata ludethariosdevinaiy a1sidosnis
Arswinndhgnatneenaindastsalude 60% lniues anmgilvnzaldniung
Taseildinansiidunedinl C 18 (100 mm x 2.1 mm) LLax'L‘EfLWamﬁ'auﬁLﬂummuaa
Waz 0.05 M ammonium formate luth (bR = 3.0) §1¥Un139h gradient elution a4
ansanenansifesnsiesesieenantuldiangly 10 unit madadlil sensitivity g4 Tne
Tithsemududunssdmdumansaaiawinfu 1.0 - 200 pg mL” dw3u phenol, 0.1-150
e mL” #msu sorbic acid, 2.0 ~200 pe mL~ dm3u benzoic acid, 0.5 — 200 ug mL
d1m3u HQ, methyl paraben, ethyl paraben, propyl paraben LLa“ butyl paraben 1@
LOD glute 0.05-1.0 g mL " Tnel¥en %RSD AuduniTiinssien 6 ada daunin 5 %
wag Y%recovery aglutN 86.5 -116.3 %

agelsimu HPLC fasinedeiumaia GC Ao walailldiailunisiasis
o t = s o 1 o :ﬁ : 2
i i ldaeanlun1sinsgiarsdegruduiiuiuunn wissdlafildisaiune wazean
' = E o = |
men1saTsdlunmasuuiiosniaiasieivunivg)
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2.5.3 waila Capillary Electrophoresis (CE)

Claudia Desiderio wazay [28] lawmunaila Capillary electrochroma-
tography (CEC) dmiuiias1eviviunamed HQ wazayius loaun methyl-, dimethyl,,
benzyl-, phenyl-, propyl-HQ derivatives Iﬂamwﬁﬁg octadecylsilica (ODS) Tu fused-
silica capillary \el#idumansiilumaiia CE uazld 20 mM Ammonium acetate pH 6-
acetonitrile (30:70%v/v) Wuwaindaud Wendluith 25 kv wazaudu 5 bar lunisuen
LaynTraindieaies UV-visible diode array detector finnmuemaduuas 205 wiluwns
Frammasfainannaanouen HQ wazeywus Wmelunan 6 unfl s duduludas
aadiudiu 5-90 pg mL” w¥enffus1 LOD uaz LOQ WAy 1.37 uay 3.35 pg mL - 337
Wannfugninludszgndlunsiiasigin HO uavayus Tushethaedasdrens

Yi-Hui Lin wazmse [29] ldiauunadaiiannseiiasiziniuiunn arbutin (AR),
kojic acid (KA) uaz HQ lalumsrafeaiu Tngldniswendaemaiia micellar electrokinetic
capillary electrophoresis (MEKC) gafl sodium dodecyl sulfate (SDS) 1umrnaluivad
anmgfuungay 14 sps farududu 100 mM uagldtwimesamududu 20 mm 7 pH
6.5 Ju running buffer W@ndlnn 20 kv lumswen Felivrrmmdudunstlugany
\iudiu 20-200, 20-100 uay 8-80 pg mL way LOD wiifu 5.4, 7.1 uaz 2.2 ug mL
dmuiaseiviUiinn AR, KA uay HQ mudndu FBiwmuntugninludssandlunis
ATz AR, KA wae HO lufethunsesdians

wiadla CE aunsousn HQ Tusegnslsagafivszaniam 1ia1 LOD #n
iflasaniinnsuenarsneundafensiada vilsldiinnssvnivainumsndludaedne uas
annsafmnliifundeddiaswvivenieal HURnsld unfifumeadaidsniune was
f{hLﬂuﬁaﬂ*ﬁqﬂmﬂiﬁ'ﬁﬂ’nm*z‘hmmtl,am%mmﬁgqa

2.5.4 wallA Luminescence

J. McCall wagpg [30] WauniddmiulngizvimuSuia Phenols, Catechols,
Benzoquinones Uaz HQ Iawaziiin electrochemiluminescence (ECL) wa4 Ru(bpy)32+
(bpy = 2,2’-bipyridine) lelddndludin +1.4 v unasazaremauves Rubpy)y way
CoHyyN  (tri-n-propylamine) oR Phenols, Catechols, Benzoquinones Lag HQ @11156
Fuds vie quenching ECL AAnTUlE Trnsanastos ECL aeuUsfumuuTun Phenols,
Catechols, Benzoguinones %38 HQ

M. Pistonesi wazamy (31] Wauiflamisadiasssimiuiuna Resorcinol uag
HQ Tushagnamalaluainufeiu Ingldinafia Synchronous fluorescence spectro-
fluorimetry fivhalagnisaunuiia excitation Waz emission monochromator Tunsaug
fu Tnsftrmusliruuand1ivesaaiueaiy (AL) 189 excitation wag emission iAAsf
Tuswidl A% Ay 15 wiluams uanignismarasiunzauiige BiwaunTuily



22

Ussgnalimuiuial Resorcinol uag HQ Tusedsenie Tnalitrsauduidunsslunis
A729¥A HQ uag Resorcinol lutraamnandudu 0.02-0.16 me L (0.416-3.3 mg m ™ air)
Waz 0.05-0.6 mg L (1.04-12.5 mg m™ air) wiausedn LOD wirfu 0.125 me m™ uaz
0.292 mg m > mwddy Wiiterne 533 918 warlduaiduivihasanwiniu

Guirong LI nazanz [32] lawmunisdmsuimsigimuiunn HQ Tneld Pyronin
Y (PY) Balrnisisesuaiuuislouund (resonance fluorescence) g4 Lileagluasazans
nandaiiin nMInmate HQ e daAuAmNTave HQ Tuntstlusiaie (catalyst) UfiTen
panTATuYad PY Tae potassium bromate sfinaviiliainisisenasved PY anas Ang

1 a [ ar 1 ar 54 B ada o ‘-l; ©
ARAIYBIAINTTLIBIUANDY PY Wudadnilagasefiuaududures HQ Tofdmundutily
UssgnaldwuTina HQ Tudeduvdnisssusd Inglitdasamnududunsdunisnsiain

1 22 2/ _1 1 ! s _1

HQ Tuthaaudiudu 4.42 - 1600 g L~ wawen LOD Windy 1.46 pg L

Hui Huang Wasaniz [33] WaumisiamnsadasisdmuSualin HQ was
talasiaudeseanled (H,0,) Tagpidunisvinaiusiuiurausulel horse radish perox|dase
(HRP) waz conjugate fluorescence polymers PPESO; ‘UﬂL‘tJ‘umiWaaaL‘iﬁlfau';dwavm&lu’l
14 Tuanmeas HRP uar H,0, HQ annsagnoandladluiiu 1,4-benzoquinone (BQ) & o
BQ @nnsavillwinnag quenching photoluminescence (PL) w84 PPESO; tavinliinisiSeq
W&1UD1 PPESO, anad inadiadilddasenuiuduniduniznsaia HO uas H,0, Tuaa
AMLTUTU 1 UM = 2 mM waz 6 UM - 2 mM  UazA1 LOD WU 0.5 M uag 1 uM
AUAGU

M3ATIEA HQ Mewalla Chemiluminescence Wufidofife & sensitivity g4
o PO a 2 = & 1 | . 4 )
Wilvilden LOD si1 msldemuadnedione wazsmilduns usinaila Chemiluminescence
epgnaLTulnienswin HQ dulugfinaugennlunsdiilunisveans 1l wade
. 2 ) = o =
Synchronous fluorescence spectroflucrimetry fadldunansdannugnnywasLiemey
wonNa Nl reagent NlavinlwAn luminescence s Amnanazldiatios

2.5.5 wailla Electrochemical technigue

lolanda Cruz Vieira kag Orlando Fatibello-Filho [34] lawamuigdwmiu
JAs8inIUTII HO Tnens modified 47 paraffin/graphite saeifioidorestunau
(sweet potato tissue) Faduunadsveasuled peroxidase Luan H,O, Wudinssufisen
wulmifansaeendlod HQ Ty p-quinone & ndu p-quinone 93 VinUfAzen
3endumelyif (electrochemical reduction) nduluidu HQ TaddGNRT -0.22 Vv ns
Ussgndliaiifmuntuiumaiin amperometry Tidhsnmndudunsdunisasata HQ
Tutaanududu 75 uM - 1.6 mM wazlian LOD WAy 8.1 M Safiwmnduiily
UssgndlfnszimuTina HQ lusedansssdrenuiinaiu Fe5tideailEgRunie
5TTHUIA Bassimgnlunsieseudidninn
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Ines Rosane W.Z. de Oliveira wazaaz [35] IWiauisdwiviiasizvinuiuim
HQ Taan1589LATIZRAILTIGOUVDY [CuHLIOACICIO,, tnadl NN, N -[tris{2-pyridyl
methy)]-N-(2-hydroxy-3,5-ditert-butylbenzyl)-1,3-propanediamine-2-ol(H,L) tduaunus
- FufuansBeou catechol oxidase catalyst flansnsniafiseoondintuansusenouii-
wodn wWasuduailuu (quinone) Ei’ﬁL%\‘l‘ifE]uﬁlﬁgﬂﬁﬂlﬂﬁ%’ﬂ%ﬂu%’laLgﬂiﬂiﬂiﬂﬂm’iwﬂwﬁ
ungIs uae modified asuuda carbon paste uasthluvszgndldtumatia square wave
voltammetry ifiens1a¥n HQ Tufhagaiaiesdens Tag HO azgneendladifiu quinone
udsniiuezgnimdselwinguludu HQ Adadlui 0.2 v nssuafitintussuusdumy
Ui HQ Taelviansmnududunsslunisnsiada HQ Tudrsanududu 60 uM - 2.5 mm
wazlyiFn LOD wag LOQ i1 0.3 uay 1 uM muaisiu

Liang Wang wavAne [36] Waun3iianunsehasieinnusina HQ uag catechol
laluasrufieniu Inenas modified glassy carbon electrode (GCE) 78 penicillamine
(Pen) TngedyUfiGen electrooxidation 484 Pen Iiimiiu Pen fifldnwasaiseyyadasei
fiuszquIn (cation radicals) vinliAenndenseseiusylaniauiseninslulnsiauro vy
wifues Pen unsiiaviwesiaasuau faiiwauntuinluuseendlélunadia differential
pulse voltammetry fionsasa HQ waz catechol ‘Tiﬁmmmﬂlﬁﬁﬂ oxidation potential
984 HQ uaz catechol weneenainduiis 103 mv &A1 LOD Tuntsmiada HO Tuannis
il catechol amuidudy 0.1 mM irdu 1 pM wazA1 LOD Tun1sasaa¥e catechol Tu
annaefifl HO Aty 0.1 mm windu 0.6 pM SRR uaasainlUUssyndld
FmsuiaTeimUsing HQ uas catechol lushedrahussurlglunsridieaiu

Dong-Ming Zhao uasmmeg [37] Waudaiiaiuisaiingziniuinm HQ way
catechol leiluas1ufeaiu laea1s modified poly-amidosulfonic acid waz  multi-wall
carbon  nanotubes  composite  (PASA/MWNTS) 47 GCE #aewnadla electro-
polymerization @ 3udufisn1snenaIsuaiuaseduas MWNTs findeuly NN-
dimethylformamide vufinth wazsumeivhazatsnielfaansuadunase wdniy
N3z MWNTs/GCE <y cyclic sweepings 910 -1.2Y 89 +1.2V 171 20 v8u u
asazarsveanivines wazad1e PASA/MWNTS/GCE 1agn1svia cyclic sweepings 210
15 fla +2.5V Fau 10 sou luasazaeveamntiwe 75l 5.0 mM amidosulfonic acid
%aﬁﬁmuﬂﬁuﬁﬂlﬂﬂizqﬂﬁlf?j‘lutwﬂﬁﬂ differential pulse voltammetry \fians733m HQ uas
catechol #sanusalviiia reduction potential 283 HQ uay catechol wenasnainduda
103 mV waiiaiilrdserndudunsdunsasatn HQ luaneildl catechol Arududu
0.1 mm Tugreanududu 6 M - 0.4 mM waslitrsanundudunsdunisesiaia
catechol Tuanmzdifi HQ Aaduds 0.1 mM Tudasaududy 6 uM - 0.7 mM 337
faunduannsailulssgndldduiviianeinuiunim HQ uae catechol Tugogs
dhuszinlalupsniioatu
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Jun Wang uazaz [38] lawannisdmsvinsgviniuiuia HQ Trenisisseu
’a’aam%wauwamwdw graphene nanosheets Uag carbon nanospheres TngoAan1iLin
electrolyzing 794 sraphite rod Tuasazatensalussn melfannenseualifhmaed uasii
Sagprvounauilaly modified UuiuRnvesth GCE Bidninsaiannduiluussgndldly
wiafla differential pulse voltammetry iens399a HQ ludogedn Feliituamindu
EHURTIUNTRTITIR HQ Tudepnuidudu 0.1 - 100 wag 100 - 600 uM

Wel Sun wazame [39] Wiiauniafianunseinsieinusuna HQ way catechol
lﬁ’ﬂuﬂsnmmnu Iﬂﬂﬂ’l’i modified poly(crystal violet) functionalized graphene oxide
{Qv-GO) awuwummaam carbon ionic liquid eLectrode (CILE) 2875 potentiostatic
method Hufienisguda CLE adluarsazats CV-GO fidaaseity waglidnslniacid
“1.2v Juaan 300 Sundt dlefnwidiswaiia cyclic voltammetry wuda daftldanusald
WA oxidation potential ¥89 HQ Way catechol uanaenaINAURY 112 mV lTuaisazais
tlesWaan pH 2.0 itwauduaiunsailussendldlunisasata HO uag
catechol Tushethahuiteldluasridientu ddidremmnfudunsdunisnsiata HQ uay
catechol lugepuidudu 0.12 - 600 UWag 0.36 — 600 pM WSausgaA1 LOD 1indu 0.033
waz 0.097 uM mud1Ru

Guiyun Xu WasAse [40] Aaundsdmsudwsizvmdiunm HQ Ingld carbon
nanotube (CNT) doped poly(3 4- ethylenedioxythiophene) (PEDCT) conducting
polymer modified a9uuiuA747 carbon paste eLectrode (CPE) aLaﬂImm‘wwwm‘uuﬂﬂ
ldlssendldluwaiia differential pulse voltammetry \ons19¥m HQ IngofuUfisen
electrocatalytic oxidation 81 HQ @l oxidation potential #1nin153LASIZde bare
CPE wedaiivaasnududunsdunisnsiadn HQ Tusamandudu 1.1 - 125 M wiay
a1 LOD v 03 pM  wasdiinaduhluussandldnsnta HQ lusodn
indasdonsUeavilayinudi

Qs = &

Jing Zou wagams [41] Wauidd msuiaTziniviuna HQ lnen1sdunsiey
hexagonalphase CuS nanocrystals "ﬁaﬁﬁﬂmﬂuﬁﬁﬂ’liL‘fJuﬂﬁﬁ\‘lﬁ"JﬁﬁﬁﬁﬂJ’m FEnD
straightforward method waziilu modified vuRuiesih GCE Tnonsnenaniuaiuany
99 CUS nanocrystals uae chitosan wasvinliuefigamgfivios SilnTnsaitWanntugn
ituuszgnaldlumeaiin cyclic voltammetry \fonsrata HQ lughegnaivssuwaniug
NN Farmer fdeldornieassnaud wuiilitasnududuasdunisesata HQ

Tugsamududy 4.5 pM - 4.5 mM wieusiieal LOD winiu 1.5 pm

HuirLin Guo wazaniz [42] IeWamndifaunsodasizimuiunn HQ uay
catechol I@lunsifgaiu Tnen1s modified ﬁuﬁ?%’.} GCE $n8l pyridinic nitrogen doped
graphene (pyridine-NG) G electrocatalyst FRundmiunsaiiata electrochemlcal
sensor LWoAT19IA HQ LLau catechol dlafinwdhomadia cyclic voltammetry ‘WU'J”W]‘U'J
pyridine-NG/GCE fmundu f1 HQ way  catechol mmsnanﬂgnsaﬂmmﬂgﬂsm
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sandLadularidndu lnaliiia oxidation potential 184 HQ wag catechol wanaanainiu
i1 103 mv Lﬁaﬂfl%ﬁﬁmmﬁﬂﬂﬂisqnm“l,‘ﬁ‘lumﬂﬁﬂ differential pulse voltammetry e
A5799% HQ uay catechol Tuasiiisniu lusheghainfieon wunlddsenumdudunsdy
n15m5795% HQ Tuanmeffl catechol avuidindy 100 uM Tugrearadiudy 5 - 200 pm
warlidrspnandudunsdunisasate catechol Tuan1isdid HQ Aadudy 100 pm
Tutrspnududu 5 - 200 uM waga LOD windu 0.38 uaz 1 pM @ msun1snsiain HQ
uay catechol MuasU

Yanli Zhang wazmanu [43] Waiunddfaiusediassinidinim HQ uay
catechol T8luasnaiieafiu Taems modified fufinda GCE #7e graphene uas titanium
dioxide nanoparticles nanocomposite (GR-TIQ,) n15U1 GR-TIO,/GCE lﬂﬂ‘ixqmﬂ‘ﬁ
FwSUeseviUsunn HQ uas catechol Tuastufieniu awnsafiawlifmemeaiia cyclic
voltammetry WU fif oxidation Waz reduction potentials U84 catechol kaz HQ \Aatu
flusyanm 0.372/0.018 V uay 0.313/0.103 V audisty tazilethludszgndlifumaia
differential pulse voltammetry wuitliasarndudunsdunisnsain catechol uag
HQ Tudnapadudy 0.5-100 pM wseudual LOD Tunismsiada catechol waz HQ
WU 0.087 UM Az 0.082 UM anaidndiu AEiaundulssauansdisalunisild
Uszandldluni1sns1ada HQ uae catechol eluastadeaiu walugetrnisswasii
208199 NNLaEY '

Weimene  Si Wazaniz [44] Wau1isfiaunsoiwsieiniviong HQ uay
catechot lélupsratfieafu  Tagn1s modified  42818nTnse ron1svin electro-
polymerization 984 3,4-ethylenedioxythiophene aduu nitrogen-doped eraphene @
indeuvuituiuesin GCE iednwuifsemueiilaiiwes HO ey catechol vudad
Wty fewaila cyclic voltammetry wuiriiaufiseninenduas HO uaz catechol
ansofnuenfulfidueiei Sitautugninludszgndldfumate differential pulse
voltammetry tilan1siAs1einy3mm HQ way catechol talumsmifentiu delisamny
Hudunsslunisnsradans HQ uas catechol Tuthananandudu 1-10 uM wasen LOD
dmiun13nTaTa HQ uaz catechol Winfiu 0.18 Laz 0.26 uM sMuAIGU

Wei Liu wazay [45] Waunisfiannsaiiasizdiviuiunm HQ, catechol uay
Resorcinol tiluasufieadu Taenis modified 49 GCE #9e nitrogen doped porous
carbon nanopolyhedrons (N-PCNPs}-multi-walled carbon nanotubes (MWCNTS) hybrid
materials Tufuadiusn Budusensdunsizs N-PCNPs #aanszuaunis carbonization
Y94 ZIF-8 nanopolyhedrons (ZIF-8 NPs) WAL EY N-PCNPs-MWCNTs hybrid
materials Tagnnsuay N-PCNPs wag MWCNTs hdnefulutnsavd ugavhnig sonicated
wazdunmadiuna 2 uar 5 4ol sudsu eslfETuruass v AT ndwnty
WN5 casting @13UUIUanH N-PCNPs-MWCNTS hybrid materials AtUUALAI789 GCE uay
fisliusilguuglivos N-PONPs-MWONTS/GCE - ifmunTugniiludssyndldsuinaia
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differential pulse voltarnmetry 1fian1531iAs e 1U3s10 HQ, catechol wag Resorcinol
aluns ey Fddtsmniudunsslunisnasiaians HQ, catechol uaw Resorcinol
Tureanudutu 0.2-455 pM, 0.7- 440 pM Waz 3.0-365 UM AUaIAU Lage LOD Wiy
0.03 uM, 0.11 UM uaz 0.38 puM suaIRU wuesimu i sraumrwdndalunisiily
Uszenaldlunisniiada HQ, catechol uay Resorcinol 8luasigamilushegianiein
Wil

Yofiuna Electrochemical detection A il sensitivity wae selectivity g4 (el
n13 modified electrode azmnsonistinluinseiuaniasljifnis uiwatiaiiian
ielusvesdyanm uasdanugeennuazdudauluniswiendianinen

2.5.6 wplla Spectrophotometry

R. Belcher uay W.. Stephen [7] l#Waiun33 spectrophotometry d1%5u
= '3 = as ar o o at S o o et e @
Aasizviviuinnn HQ Tuseaululasniuduafusn msnsiatrenfeufizeniandurenin

® a o e
() msnpaswildlnanisiduindevenndn(l) asluaisazaianil HQ wan(Ih augnIdd
2 3 = A a [ ) 1 as = s & ° ar
nanaBumdn(n Fafivsunandudadiulasnsanuuiniaued HQ MAANTUYINN1575I93R
USinaunda(l) Afindulnen1siiin o-Phenanthroline Fsau1saline1susensuidadouny
=] ¥ a oo §al P =l
wian(ll) landndusidauuas luannsiansazaied pH Ussanu 3 - 4

A. Afkhami Wwas H. A, Khatami [46] Waudgiasemuiuim HQ Tavende
Uffienszwidlulagd (nitrite) was Neutral Red Aslirnnsgandunasasaniinmenindy
wae 530 wilwans HQ anunsaviuffisendu nitrite 16 wdnstusinnuiisemenielilasd
uaz Neutral Red Faama Suavidlyidnispanduusssaeinusnneduuas 530 uilumns
anae leamudidures HO Watu FiRauduliseiuduasstunisamata HQ
Tugnepudut 0.1 - 3.0 me mL uazAn LOD Wiy 0.07 mgmL

Sirajuddin  tazemz  [47] Wann3eseiniUinn HQ  Tegenduuiise
oondiadures HQ Tidu BQ Mg KMnO, B3 BQ TAINIIAANAULANEIRATIANE IR LUAS
ol o F g wo e Y a ' [T
2455 wluuns onwmuntulsenududussduniiaindia HQ  Tureanududu
-1 1 oar -1 qdni ar n’; a‘l’ o 2/ o
0.07 - 2.0 g mL ~ wazaA LOD wnnu 0.021 pg mL 'Jﬁwwmm‘uuumlﬂﬂ'szqﬂm"lﬂjm’mm
HQ Tusheenspadeain photographic solution

Huiying Wang [48] Walusdwiuiiesizimiuiunu HQ Tawende localized
surface plasmon resonance light scattering (LSPR-LS} ‘Ua&agmm?mzﬁ'uuﬂﬂ (AgNPs)‘ﬁ'
Winanujiseieendszunin HQ uae silver ammonia tusivvinazatanauved sodium
hydroxide Waw ammonia & silver ammonia aunsagninadlacng HQ viliiAndy
AgNPs Tnglaifeelimsiiu AcNPs seed AgNPs TiinTuansagandulasgegaldfiauen
AAukas 430 uluuns Tnefirinisgandunasasudsiunseiuanududuses HQ 35
Wanduiilrsrududunssdunisesein HO ludrseududu 0.4 ~ 2.5 pmot L™
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1 1o -1 add o & o = =
wazer LOD whiu 70.6 nmol L Fndmnntugnilussendlilunisiiesisvimusina
HQ Tusihaea

Eman S. Elzanfaly uwazaae [49] Wann33fiaunsohnsevuiunansasily-
8n (retinoic acid : RA) Waz HQ laluasrafigaiu msadinsmanasgiuvilasnisduiin
awansunsganfulasrodaisazatenas RA uar HQ Tudnstdiuanuidudusiieg nsv
ATFILTDINTATINTA RA waBmsEwiemNTIannAuLasTinLE1IAAY 339 nm wazAy
Fuduzes RA Felitnsemundudunsdunisnsiata RA Tudasamandudy 1 - 10 pgml’
#UNTMIIATFILTDINTATIIN HQ WaoRsEIAMIANAB NN 1TganALLas AL
gAY 289.2 waw 257.8 uiluiuns warenadudures HQ wienaanseriremuLAneg
TesInIgANAuRainueIAAY 225.8 UWas 289.2 wiluluas wasaadudures HQ &
Tidsrmandudunsdlunisnsadn HQ Tudnaenuidudy 3 = 30 pg mL™ wazan LOD
winfiu 0.24 pg mL

MTIATIIIUTII HQ dnelnaiia spectrophotometry  fiYoffe 41y 14
= v ' 2 s o . . g e
wSesdiosnaliuns usfiiteldufe n1sms1a¥h HQ Tagasaiull selectivity Way sensitivity
s a4 & ! ~ w o & o o =~ v
#i1 Lil0431n HQ ganduuaslutae UV uazlloyiuswaigimvannsoganaunadlanaiiuen?
2 = ar o 2/ ar [ - 1 i o — M e
aaudeaiy Tulussdonisvind§Asesinaqiiediy selectivity uag sensitivity

2.4.7 wata Flow Injection analysis (FIA)

M.E. Rueda wazamuz [50] awWaunszuu FIA squfunisasiaiantaail i
-3 ' I3 = ﬂ; v L7 A 1 BY ﬁi 1
duiviasiesviviiinnm HQ Feszuu FIA Usenaudeansazanefimnilalauianazangeg
Tugisazaraeenmouniadidsundl seundeduanduridivasfimanes ddquveg
. . A4 o w o ) o al 3r o
conditioning cell litefdasasumuuseenty msasraiamaailadrldiouessidudn
porous graphite electrode a5 ialulnun amperometric mode Aotnnszuaildainnng
7 | 1 =y s v ar £ s -1 = i
TEndludasiunaisazans wmadailian LOD lunisasra¥a HQ winfiu 6.6 pg L 354
Wnnnugnihlvdszgndlflunisiesginuiua HQ TudedhanTosdreusaanlm-
RO

B. Gomez-Taylor Corominas WayAMy [51] Wwu15¥UU tandem-flow $7uAU
nsnsiademaia Luminescence d@miudasiziuiiiuan HQ Tnaadeufisen
gandLadures 11Q fe potassium permanganate Tugnsazansnsadafiain waziled
quinine sulphate uaz benzalkonium chloride fasvliAnnsidouastu Sanmuiduuas
inTuandudadnlnensafuliunm HQ SEawaunTuildtiarududunsdunis
n579% HQ lugasAnududu 0.1 - 15 mg L wiauses1 LOD windu 0.03 mg L uag
annseeTesild 103 frodreiedalus nadailhluussgndiaseimuiunn HQ 14l
shogfiuanuats Iiun o1 thedgy uazmsasnaauasandndlui
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Behzad Haghighi ua¢ Reza Dadashvand [52] #aiunszuu FIA S2ufun1snsain
dhamaila Luminescence Wians1a¥n HQ, catechol wag resorcinol duin 2 syuu Tnawa
aB93EUURAYUfA381NS quenching Chemiluminescence (CL.) deansfiaanisiasises
wiloufy AefunssURATendiviiliAe CL Tneszuuusnandeufiseesndiaduras luminol
&t N-chlorosuccinimide (NCS) Tussazansiua KOH drussuuiiaadld NCS sondlad KI
uilulelofu uarlelousluaendlad luminol Bnasmils aesufAsewililanGasinet
fansnaeuasaaninlsgeaniiniuennaiu 425 wluwng Wedl HQ, catechol o
resorcinol luufisenasvinlinisaneuaswes luminol anas F3dwamndulvian LOD Tun1s
R3990 HQ, catechol waw resorcinol Ay 0.002, 0.01 uaz 0.3 pM AuaIay @19y
S5UU NCS-KiHuminol wag 0.01, 0.17 uay 1.6 uM auasiu d1uiuszuu NCS- luminol
NAZIAEBISTUUAINTONASRLE 60 - 70 Frngrasedilug Fassuu NCSKHuminol 5
Fumna background uas sensitivity find1zuy NCS-uminol isipdnalsfimu Teaaeias
selectivity 161 LWi’]%LﬁaﬂﬂﬁgﬁaBQEBUUlﬂﬂiSQﬂﬁl‘I‘Eﬁ"I/‘I'IU%N"Im MQ, catechol ua¥
resorcinol lufiegraitudauandauniewudy Tie1 RSD gefls 6% Fsduanadasiiniasie
sEUUTumaila HPLC dmiunTitasisilufmadgnass

Deyong He wasmmy [53] Warunssuy FA - CL wians193n HQ way catechol
Tasandeufisendsndunagaandindunas Fe she H,0, SailiiAn hydroxyl radicat (OH)
ndeanniiu OH azeandlad rodamine 6G (Rh6G) \Amdunandnsidneuasls umdu
weak CL usiilofi HQ w30 catechol asvimihiilliu CL enhancer Tng 'OH azaandlad HQ
%30 catechol TU1u quinone ﬁagﬂuam’wﬂszﬁu W NihL quinone Hazaendanu
duAldiiy Rh6e viliAndundndaeidaanansalsl CL Iégeaniinniugnindu 555 uilu
was FennivSings HQ wia catechol Tushathaun Usunniuasiiareasnundl 555 w-
Tuwas Aesdianuidunasgede madadlitasenumdudunsdunisnsain HQ waz
catechol Tugnsartuedadu 0.008 - 1 waz 0.01 =2 me L Ssiid1 LOD wiafu 0.004 uax
0.006 mg L suddu waeldinanlunisiisievidosntt 60 Suniisesetine S3fiwmutu
gmirluuszendldlunisiiasesiniuiinm HQ Tufedininssr

Lijun Zhao wagany [54] Fau1seuy FIA - CL WonsaeTh HQ wag catechol
Tagadueuanansaes HO uae catechol Tunséudaufiifen chemiluminescence a4
luminol-KMnO,-p-cyclodextrin (B-CD) 1316 KMnO, anursasendlad luminol éaniie
waindundadasifiamseld cL 18 uieuddedldnud msida p-co asluyjisen
mmimﬁm‘i’mmm L'l fio997n B-CD mm'ﬁmﬁﬂﬂaﬁ%maaﬂ%m%’u‘lﬁlﬁa KMNnO4 Waz¥in
Tifim hydroxyl radical (OH) uag Singlet oxygen ¢ 0,) %9 OH uag 02 mmﬂgnsmn‘u
luminol wendu luminol waa‘luﬂmqvniumul,l,a“mmmimmmqaanml,waﬂauaﬁn'mwu
wsiliiafinaiin HO wie catechol aslutfiiSen HQ was catechol mmiﬂgnaansﬂmsﬂm
Tne 'OH uaz ‘0, inldu quinone Sinavilddymin CL fdranas wadiadldtasanandy
dunsslunisnsanda HQ uas catechol Tutnennuidudu 1 - 10 waz 1 - 20 ne mL ™ Fadl
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1 1 ¥} -1 a at ndd‘. at éf' o (=Y L3
A1 LOD 1infiu 0.1 Uag 0.4 ng mL~ amdadiu 'Jﬁwwmmmugﬂmlﬂﬂisqﬂﬁl‘ﬁummﬂiw
3w HQ Tusegatinainuadin

Shifeng Li wagame [55] Walu1szuu FIA - CL {ens13%9 HQ, catechol Liaz
resorcinol laea1deAmINN@m150wee HQ, catechol Lag resorcinolTuﬂﬁé'uégqﬂﬁﬁnim
chemiluminescence 984 luminol-NalOs—gold nanoparticles lagunf superoxide radical
ions (0, ") WinanUfjise1veq periodate (10, ) uarsanfiauluaisazaneiua wiaantiu
0, Fswondlad luminol udAnnansaeifanunsald CL I us CL Aldsiamududunassn
mideiiwui cold nanoparticles anunsaiiudtyayios CL 1 1990 eold nanoparticles
amsoviUAseiuaTRedy viemsssudluuiATenseving uminol waz 10, Feviilk
\Aaansiiiu active oxygen I¥uA ‘OH and 0, Sansaesdnanssaoondlad Wwminol 1§ 39
#1l# gold nanoparticles anamsnifindnyayas CL 16 3 CL ﬁLﬁmﬁuﬁmnm%’mmaqaqmﬁ
AemARY 425 uilusas adaiiian LoD Tumsnsa¥a HQ, catechol uag resorcinol
Tuthermududu 01 - 2.1 ng mL " wagldiratlumstasigid 30 Jundidadiede 337
fauuntuUszaumaduatumshivyssendldlunsiinsedinusine catechol Tushatng
szt uaeshothahduamey

Yang Ran WazAnis [56] Waiuiszuu FIA — CL fiensa¥a HQ Tnzende
AUENIT0UDY HO “Lum‘sé‘fu&ﬂﬁﬁ%m chemiluminescence 9839 Luminol-H,0,-CdTe
Quantum Dots (CdTe QDs} djjnenisiia CL Sufugng H,0, nfasenduiualy
aavansiin HO, wasiile HO, UHATeY luminol Tuaniziua uazdl CdTe QDs 1y
frussUFizen asviliiAn O,— Ssawrsnoondled lminol udLAnKERusTasald CL
& wadailstmnududunsdunisnsadn HQ ludnarududu 1 - 25 oM uazan
LOD winfu 0.76 nM Ffidauwidmiluyszendldnusuim HO lusodiniludanedey -
134

Bushra B. Qassim W@y Hamssa S. Omaish [57] Waus¥uU FIA $2udUN"s
Ay Tamsaininsinlawms lnserfeufifisensandindu HQ Uil p-Benzoguinone s
KMnO, luensazaeiua nansfnusiftlsifaden Ssamnsogandunasligsaniirnueneduua
610 Wluiums wedaillitmnundudunsdunisesata HQ Tudrsauidudu 3 - 125
e mL” w¥aughean LOD wihfu 0.25 pe mL ™ uaganinsednsiedild 55 fegresiotilus
PitwauTwhlulsvgndldmuina HQ Tufedieen Fdlifinssunuanansiuusiedivi
Teneegy usdmiumsussgndldvuiinas HQ Tusegariesdenussinmadulnimuda
Fuduiudumounmswisushotine teddadsunou

Zhongcheng Wang uazagiz [58] fannszuu FIA - CL Wensiata HQ Taaande

o 8 -1y - . - o
ATINEINI0UDY HQ ’I.umiauaatlgﬂim chemiluminescence 2849 Luminol-H,O, %154
Ufjfi5eneae Jacobsen's catalyst (Mn(lI(Salen)Cl) Tne Mn(lil)(Salen)CL L39UATen154fin
CL #en13iU{izenu H0, ey (salen)Mn"OOH Fagviwieandlad Wwminol T
WO luminol radical Tuansazanetualfognezaniia »danntu luminol radical WnUfizen
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=
27 ot ot

pondiadusialuiily 3-aminophthalate (3-APA%) flagluanidznszdu dady 3-APA* Falw

CL sananiimnuenadunas 425 wiluwas Wenduganmeiiu uwiileda HQ asluszuu HQ
92UBSAU Luminol ¥1UAATe Y (salenMn'OOH ¥nln1stAn Wminol  radical uas
3-APA* anme stiuvnndl HQ Tudagnan snuduuasiinuemaiuuas 425 wilues f
Beanas walailrtnmdiuduasdunmsein HQ lutnnrududu 0.6 - 10 ng mL™
wiaudhad LOD wihiu 0.1 ng mL” FfiwannTuihluszgndldwuiana HO Tufaegn
Usetn hannueea wastuma

'3

mstwmata FIA  Tumisimsizimyiunm HO druninastauisiuduais
a3 Tamemalin Chemiluminescence (CL) §avil¥dl sensitivity #f wazifuszuudnludf
wnzunnnluldieseiiegiwing ue reagent lidiwizianzassie HQ usnanildsdl
FINWW wazdinaieSed reagent Nidaudnegsenn

-
2.6 91wl
ﬂJ =y al ety 1 -] 2/

ndefUeIsEUY FIA fdinsiweiziidunuudaludd inuazunnisiiluld
=y s L3 A o a = A 1 8
ATsvisnaganiisnuIuINn wagteRveInisasIananvswlawms e die wazld

dl = 1 = o ey s B wr 1 ot a
wisaadlesmliuws Fuiliiidesisanmswannszuu FIA saufumsessetamsaninsTnle-
=i Q & A & =9 [ ot -y-T-% A
W3 dAwiviessinivena HQ Tevn1sesainedeuise il R Belcher Uaz Wi,
o o ada € 2 Fed o e & °
Stephen [7] taus Wude A153ad Fell Tl Fell) T HQ anTiu Felll) filinTuazyi
Ao ar = =l a o a v = 2+ =
Jinseriueslsiuuulnidumiaduaisusznauliido uaunstas [Fe(phen)s]  Team1so
aanduuasligigaiaueInfuLas 508 unluwng feiunisiinasidsdouiasdudadiu
ToeasariuUTuia HQ Aifilusheee SeawauTuiliudsnae Waiaudsdumsiasiesd
=l = =, g = 1 di' Pl -3 = L3 =

g9 fevumnisilunisiasent wesdlenuingeislumsiluimsgsiusaia HQ Tu
LPS9d1914



UNA 3

Toantun1smaans
3.1 d@sAdlwazaunsal
3.1.1 @13ial

Foasiad gasiall AMUIaYs  BveuazUszve

(%) Huan
ATADLTAN CHLCOOH 99.8 Carlo Erba Reagent,
(Acetic acid) Italy
Tuhgdezinn CH,COONa.3H,0 99.5 Rankem, India
(Sodium acetate)
NIRTATISA H,SC, 98.0 Analytical Reagent,
(Sulfuric acid) India
lalasailuu CeHeO;, 99.5 Acros organics,
(Hydroquinone) Belgium
wanlsniey losaoull) damn  FeNHy(S0)»12H,.0 = 99.0%  Sigma - Aldrich,
Tapslawnse Singapore
(Ammoniurn iron(lll) sulfate
dodecahydrate)
polsHuuulnsdu CyoHgN, > 99.0%  Fluka Analytical,
(o-Phenanthroline) Belgium

3.1.2 aUn70luaetAIadnsIRdn

PIIAUTVING

onnes

U uaz Wlastiue

VIRFUBLY

RADANYRA

NFEUDNAN

YNNAULIAN

1A3040 pH — Metrohm, 827 pH Lab Meter, USA

® N o kN
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9, Lﬂ'%'mg"? - A GaaunInslndinas Tuwea Jasco V630, USA
10. gunsaldwivaiaszuuTnaduaadu laun
10.1 Peristaltic pump — IDEX Health & Science, ISM8278B, USA
10.2 6-Port/3-Channel Injection and Switching Valve - IDEX Health &
Science, V - 450, USA
10.3 Flow through cell e?m%’um?mgﬁi - 3AU0a awninsiwlpdiwas - Hellma
Analytics, 178.010 - QS, Germany
10.4 PTFE tube wunatdusiueudnanamelu 1.0 Sadums ~ Vici AG
International, JR — T6807 — M 25, Switzerland
10.5 Pump tube wuadusugudnatenngly 0.95 dafiuas - IDEX Health &
Science, AME10Q — SCO058 — 9304, USA

e =4
11. wFeslasaivnaivouvanaussourgs (HPLO)

11.1 Pump : Water 510 HPLC pump — Millipore corporation, USA.

11.2 Column : HiIQ Sil C18HS column (125 mmx4 mm i.d., 5um particle

size, 100A pore size} - KYA Technologies corporation, Japan.

11.3 Detector : Water 486 Tunable absorbance detector, Millipore corpo-
ration, USA.

3.2 NISLHSYUATTAZAE

avazaleyniuaseNIndIndulIsnlessunlaansasndniuiavs (RO +
Mixed bed, Treat Chemical, Thailand) wazansiadivinalunsadmivininsziadl
(Analytical Reagent Grade)

3.2.1 mawsenasasaneaasgulalasailug

1. avsazareasgnlslasailuy mnandudu 0.01 luasedng
avanglalasailuy 0.0554 ndu wazUiuusuasividu 50 fad8ns dnetndu

2. asazaneaassulalasailuy ardidu 500 lulasluanodng
= ) 2 173 ! = A 14 L4
Umasazansuasgiulslasailuy anudnduy 0.01 luasedng Mwdeuldands 1
11 2.50 fisddns wazuFuUIuwsidu 50.00 Dadfasemehndu
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3. arsazanenasgulalaseiluy dwiuaiansnannsgu
w3snanNsUpansazaneumsgulelasailuy wWadu 500 lulasluanadng ldasluy

PniaUsuInTINIa 25.00 TadAnT udWiutiunsdethnduauisiauendiuies Tny

Uunesiitimasanududulelaseiluuaainadusemsnafiugns

Vanasiitia pnadindugavingluvandnuBuiasuna 25.00
Giaffing) fiadans
(LlasTuadeating)

- 0
0.25 5
0.50 10
1.00 20
2.50 50
5.00 100
12.50 250

3.2.2 AMsmseud1sazatgesdimatviies anududu 0.2 luadadns WLeY 3.6

1. ansazaensaazdan Wudu 0.2 luasadng
Ulpnspozdfinidudu (99.8%) 2.86 fiadans tdviainusunnsauin 250 Hadans
LazUsuUsuInseeunnay

2. gnsazanglyfelasden WUty 0.2 luanadnT
asa"8 CH;CO0Na3H,0 Fauau 1.36 n§u uasusuuSuesidu 50 faddns denindu

NANANSAZAIUNY 2 918 (A 1N799 1 waz 2) YSuams 2315 uay 185 ifaddns
anaiu USuiievlnld 3.6 meatsazanensnosdin wioldfuuastinm

3.2.3 nassudnTazatsnsadanasn (H,50,) anatudu 0.05 Tuasadng
Udnansavarensadafasniautu (98%) 2.78 Taddns laluvininusunsvune
1000 daddns wasUSuUsunasaetngy

3.2.4 nssenansazatewian () anududu 0.005 Tuasading
1 FeNHq(S0u)»12H,0 #1171 0.6027 n¥y w1azaty wasusuusumsidu 250
1adans Aaeansavaunsn H,S0, ANty 0.05 luanadns Mwsuulfands 3.2.3

3.2.5 NSWSUNENTazan8enlsNLuUlNTAY ANUTY 0.05 luasadas
Feaolsfuuulnsdudiuiuw 24778 nfu wrazale wazufuuSuinsidu 250
addns mearsazaIunsn H,.50, pruidudy 0.05 wadedns AwSeuldante 3.2.3
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3.2.6 N1SLAIBNAIDENS

1. dubmindeterdy 1o ndu Tuiindminiiudueu wasasanedethindy
10 Hadans

2. luguiigamad 40 esrwaidea i 10 1

3, ansazaneiildldvass centrifuge tube wuR 15 ladany wasthludumios
(centrifuge) firmisy 6000 Toustowd hiian 20 Wil

4. nsssansavaneiidinuluasuamusuning 0.22 Lilasiuss

5. ghegsazapildoinnisnsadldantaudunsuuin 100 faddns wiausu
Vuastoindy sharsazaneiluiessimusmnallelasadluudisisivauniu uasis
HPLC

W 919vinsleYsensazataied AN tanuviInzay  ielianududy
wpslalasaituveglutiimsiinseilaensnuinsgiu

3.3 A IUNITNARDY

3.3.1  anwanduldldlunisdwsizvnuiuialalasailuulagandonisvin
Ufiisen3anduraanin fremsinsisiduu batch

4AM¥NITNABB AL TUNBUNISNAGBIS 1 BIUNBINAITILATIER B TLUULUY
batch [59]

1. UwWeansazarewesgulelasailuy ansdudy 0.01 Tuasedns Usunsengg
Tdlurninu3anng wue 25 faddns ialildmnududuanieniniu 0.1, 1.0, 5.0, 10.0,
20.0 TulasTuasiadng muddu

2. nansasavatsazanainan () Anududuy 0.05 Tuadedns wavarsasaly
polsWuuuinsau anuctndy 0.1 luanedns wedeey 2 daddns laluvmialiunsiude
1 WdaUsuUiumasae acetate buffer pH 3.6

3, el uddeinald 3 undt

a. m’m’i’mﬁifmqi@ﬂnﬁuuawaamiaaaﬁawﬁﬁﬁmﬁﬁlﬁﬁmmaqaﬁﬁu 508 wlu
s wazihlvaiinsmuinsgiu
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3.3.2 szuulvaduandu

seuulnaduaadunlamutulanssisgui 3.1

Computer
Sample

PP 3

[ Waste
/

Mixing Coil 1

9 | el Al

) Q) \ E Waste
i
@
@) 2
9

’f
(<

S08 nm.

Fe(lll) )

fj ’

Phen

gﬂﬁ 3.1 ssuuTnadulaaduiiiaui udmsunisimsgusuialelnsailuy: Buffer: avd-
watvwes (pH 3.6) anadudu 0.2 luanadns, Felll): arsazargwan (1) anuidudu
0.005 luasiaans luaisagatansaganasn Aududu 0.05 luasadns, Phen: @1sazane
polsfuuulnyay ANULINYY 0.05 Tuaradns luansazanansagaiasn Auudu 0.05
luaradns, PP: Peristaltic Pump (8ms1n1slna 2 daaanssoundd), IV: Injection Valve (300
lulasdns) , Mixing Coil 1; 100 tguRlums, Mixing Coil 2: 100 9uAlums Lag D: Lﬂ%‘a&qﬁi -
Fada anlnsluladines nsaatadl 508 uiluiums

3.3.3 #1ivtunaun1sinseyimviinallalaseiluulasendenisinujisensdndu
vauuan Aawszuulnaduantu

mylnTwivsinalalasmiluulageifonisviujizsensdndurenndn daessuy
FIA Tugudl 3.1 fdduduneunishiagvided

1. \fleudn Peristaltic Pump "%'Lamuﬁsiwﬁ]%gﬂ%m%qjvia PTFE tube mmgﬂﬁ
3.1 neldsnsusinslva 2 feddnsdoundl waraaineansi 3 ¢ aglvaunaeduil MC2
Iun IWiesnsnezddn - lewdeuosdian, ansazareman (1) uazeslsfuuulngdu nalu
Set Zero WinUSudyananniioausiuuasdiiidu 0 Absorbance

2. Sasazaninnsglslnsailuunandudusiieg Mwsoulude 3.2.1 vieans
fpgsfifasnTineidigssuninaduandusing IV Gsasvilinisinansiogimnaded
Uiasvesmeteiiingszuuninty Ssasdegsezgnuiulidfieviimnzandenszua
famfiduiviles wdandunszuavasiinesardudessognsluvihy f3enfuansazans
widn (1) uazeslsfiwuulnsdu A MC1 uag MC2 sy Taeujisenfiindudusgud
1.1 muafy

3. ansudndasifiiatugnudnidrgimamesifionsaiadinisganduuasiinn
g1IAAULES 508 UTlULAT
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3.3.4 NISANEILNDNIENIEIMAINLEUd NS UNITIATIEN

mamannzimuzaudmiunmliengilalasailuunnniniivesiefnulagly
5eUU FIA WWeewu dawandlugul 3.2 uazddumsiiaseianuminge 3.3.3

Sample Computer
A | Waste
/

MC 1

il

\
V) \
\
\

MC3

—_— Waste
\ . n >

508 nm.

UT 3.2 ssuulnaduadudesuilliiiomannefvinsandmivnsiienesiviunn
lalasmiluy; Buffer: as@madnines, Fe(ll): @1sasateiuan (1), Phen: @15azanuaslsn-
wuulnsay, PP: Peristaltic Pump, IV: Injection Valve, MC1: mixing coill, MC2: mixing
coil 2, MC3: mixing coil 3 uag D: LA3883 — FATa awnlnsliladiines nsa9inai 508
WA

3.3.4.1 NaVVOdEITaza8asdnaunnes

yINIsAnYIENSNaTINLaTUBdANSAE A1 oL BmaTWINeS NdnasnanI1ul?
Tun1s3esnet lneneviaandnwi@Aa 3.6, 4.2, 4.8 Lag 5.4 AUaInU

3.3.4.2 aududuasansazateman ()

¥MANSANEBANSNATaIANUITLTUIaE sazatendn () Gedanasnaninuln
Tun1sAasneyt Tneanududunasndnyiae 0.001, 0.005, 0.01, 0.05 kae 0.1 luaneans
FIUAIAU

3.3.4.3 AUDUTUVDIE15AaZA800 LS WL UUINTAY

$INSANEDNENAVDIANUIUTUIDIANTAL A0 LSHLUUINTAY TIdINa
saau b lun15IAs1En TneanuuTunlaan@nyiAa 0.01, 0.05 wax 0.1 luanodns
AUAINU
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3.3.4.4 Uaasvessisatedeiidadngseuu (njection volume)

MN1sAnwdnIwavesUsung injection volume Fadanasiaaulalunig
=, (3 =3 ei = =% =3 = o
AmTngdt lnsUSumsidonfinwi@s 100, 300, 400 uaz 500 lulasdns mudieu

3.3.4.5 dnsnsivia (Flow Rate)

NSEN WSS NATDISRIINS IvavasaTasaty  fedsnananulilunisg
a ¢ s o al o & a o | = o a
e leesnsinisivaiidandnwi@a 0.5, 1.0, 2.0 way 3.0 Jadnsaauyl susdieu

3.3.,4.6 AMuEinSewendaafl 1 (Mixing Coil 1: MC1)

WnN1sANwaVINATaRNLEN MC1 Fdwanaanuhlunisimsies ng
ANMUEINEDNANYIAD O Way 50 lURLLAT FNNEIGY

QF

3.3.4.7 AMNE1HINTRRLAGAT 2 uas 3 (MC2, MC3)

N1N1TRNYIBNINAYDIAINL1Y MC2 way MC3 Fadanaramnulalunig
a9 Inepnuenidandnwnlusanisiwinuansi

ﬂmwmsmamﬁ ANYIT MC2 (LHURLLIAT) A1U817 MC3 (L9URLUAT)
il 50 50
2 100 100
3 200 200

3.3.5 nMaasnsriasgunlfnans vy

deldanenisnaassimunzaudmiunsinnsinviialslasailuulas
gduszuuliaduadunds Feldvihnisafensmuesgrudmiunisiessiviunalalns-
eiluu Tnwansazasialaudanunazgniuidngseuudednsinisiua 2 faddnsdeund
un asazaradvives Wiew 3.6 Anuidindy 0.2 Tuadedas avsazatowmdn () uas
ansazaoloWUULINGAY AMILTNTY 0.005 wag 0.05 luasadns Aua1au Tuaisasang
nsadaiia3n 0.05 luasedns udwniiudnasasmenasylelasailuuarududy 5, 10,
50, 100 uae 250 lulasluasdeding 1ihgisuume Injection vatve U3uns 300 lulasdns
Imamiazawﬁ”’wumzmﬁauﬁuﬁ’]gﬁ:ﬁn%maaﬁ 2§ enndemdiay 100 wwudiwes ldoan
indeufiihgfmewnad 1 uifl 30 Fundt uazsimsdaansazasnasgiunnandududalyd
Ui 2
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3.3.6 ﬂ'sstﬁuqmé’nwmsmiwaﬁ%‘%mswﬁ
3.3.6.1 ANLNUBaITIATEY

TunsniaM L YYe9idimszn inldlagni1siasngisdiagadivia
aazarenmsgulalasailuuannududu 50 lulasluadedas adld 9antuduanmaaiy
udureiagnidnisfinanTasanenInIgIu WasmuINMIToLaEIaInSAUNSU Auans
o &

Al

% Recovery =  Spiked sample - Sample
Standard

d‘ N = 2 g ar 1 = =
o Spiked sample fa enududiuvasatsiedenins@uatsasany

IATFIU
Sample A9 ANULNTUIOE1 I8
Standard Ao anudiduresasazasslnsguifivasiy

3.3.6.2 AIUNLIVDIITIATIEN

a ada I a o | P~
lunsmenuioswasdidiwsms asRasanainAdesazaesgiuidsauy
ar s 4 o = L3 = 2 27
WNTFIUELTNS (%RSD) Ingvinmsdiasisaisazarenmsgiulalasadluuninududu 5,
10, 50, 100, 250 lulasluanading 91 3 AT MMNUUNIAT %RSD FNERTAIL

%RSD

SD x 100

X

A = |
We  SD  Ap Andesuuanasgn
fa awade



watialasuinnsdveunaldussausge (HPLC)

39

3.3.6.3 %ﬂﬁqﬁ’mﬁqegm‘tumﬁmqﬁm (Limit of detection, LOD) uasdiadifia
agalun1sAaTIzRBUsIIM (Limit of quantitation, LOQ)

Tudufiillunrsmdadifndigalunisnsinin uasdndriangalunis
Aasrenidaliuinneis Aunalldauansenuansdl

WIUALFIINATUNUAT x adluannslduRTIUBInT LRI

LOD = Yg + 353

LOQ = g+ 105
ys A3 Iafaunuy

- E . —%7.)2
S a5 vi—¥i)

\} n—2

= 1w a a1 u o e
y:  fe  Adaqrsaidiendldaneiede
A Ao Adey
n Ao dwudeya

3.3.7 psdaunrnulvlfvasdtnwaundunudsnsamsiziusunalalasadluunie

#nsesradausualslnsadiluuludiagransunmseulaands 3.2.6 uag
WSsusuaanisatasieiilaiainds FA AWmUIRILAUSS HPLC [26] raignsnieais
t — test MszduAULERTUSasas 95 Tadldan1isnisvaaasdmsuis HPLC dasalUil

Aaaul

waedauil (Mobile phase)
Sarmslvaveanaindou
USuasiidmdngssuu
AMuEAAUTRTI I
anudutnveIEnsazaneNnsiu
Telasailuuitldlunisadransminasgy

HiQ Sil €18 HS Column (4.6x150 mm,;
100A pore size; 5 um particle) size
i1+ wmnea (80 ; 20, vAY)

1 dndansneud

10 lulmsans

289 unluung

55, 110, 165, 220, 275 lulasluanodng
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=b

un

Nan1sldeazanUsieng

A ldRauszuunaduaadu (Flow Injectionn Analysis : FIA) $aufunis
asanTamsadalnsnlamvisdmiunsiassinuiunalelasedluu Tuunilasnaniiwa
wavaAUsenanisinnUfATenmInsata mamanngnsmaaesian msUssiiu
ArudnumLaeg 28933 uarnisihsvuuiidantuluussondldlunsiemesiviuiun
elnseilunlufhothuasasdrans ﬂuﬁqﬂ1sms'mﬁaUmmgnﬁawawswﬁﬁ’wm%’uﬁa&J

4.1 wan1sanwanudululd lunisiessiviusunalalasadluulasandanisvin
Ufsedantuvauman daemsinsieiuuu batch

aifeifimnszuu FIA TadunsrnsiamsanTnsTWlaumddmiumsiiasmein
UinadleTaseluu Tnsedeufisennssind Felll Wity Fe(l) uazfnmauTutas Fe(l) 7
\nTulnen1svi1UfAseu o-phenanthroline  1imduaisUsznoulisioufunivas
[Fe(phen)y]”! snaauAdenas R Belcher uay W. Stephen [7] (gﬂﬁ 1.1)

msenwansfululslunsliviiseddnduveandn Tunisiasisimdsunlslas-
AU MEMIAATIZALUY batch [59] laRnwilaaldaisazatpannsgiulalasailuuludag
amududu 0.1 - 20 lulasluadedns anaansuiilanudt arsidedou [Fe(phen),™ 7
Aaiu @ﬂﬂﬁuumqaqﬂﬁmmm’;ﬂﬁuLLaa 508 wilulung (31117'1' 4.1 (n) uaziiletieing
gAnduuesi 508 uiluiuas anaiansmAueanduduredlalaseiluy fuandusud 4.1
() wuhlsinsvidunseiifianduussansnsdndula (R wiiu 0.979 Saaansaaguléin 1
anuul AU Idnduvaamanluminsgviviusinalalngadluy Tnonisin
Amsaandunasiinymenindy 508 uiluwns



41

- = Hydroquinone] 20.0 uM

= [Hydroquinone] 10.0 uM

— [Hydroquinone] 5.0 um

= [Hydroquinone] 1.0 uMm

08
——[Hydroquinone] 0.1 uM

(n) 8 o6
=
N \
£ o
2
=
<« 0.2
0
400 500 600 700
-0.2
Wave length number (nm)
1.2
1 /‘
(1) g 08 4.
g /
';‘é 0.6 /3 y =0.050x + 0.057
2 / P04
<004 |4 0//

g

0 5 10 15 20 25
|hydroquinone], uM

= ) = 2
JUM 4.1 wans (n) @aniuvesansilisdau [Fe(phen)]” wag (9) A3IMLIASEIUY0Y
asazanslalaseilunlugrsrmududu 0.1 - 20.0 lulasluasiodns

4.2 HANISANYILNENIEN1ILNAULENEINIUNITAIATIEN

Weanuifisenisiaad Felll) Tidlu Fe(l) melalasailuy famudululdnagldly
a ¢ a a = 4o = & 3
s eszivUsuulalaseiluy Felevinnnseanuwuusyuu FIA Tagssuueanwuuslasu
WERIAIIUN 3.2
= d} d' o 7] = L3 = = 173

AsANEARNaN T AWLNgaudmSUNTILATIEIvUS U alalasadluu Tdssuu FIA
Wastuniaudu (U7 3.2) lun1sdnw LAZIAIAUTUNAUNISIASIELBULR BN U
3.3.3 nsidanannemrnizanlunisnaaniaziansaananulilunisiesiey wagan
o = Q{ o = 2 g:: dl = o = o 1 dl 1
duUsgandnisdedula (R) saunsanumeslunisiinsigit laevinnsAnwdadesngg nawwa
AON15ILATIEN NITATENNIBAINLAEN19LAT lagazAnw1BnSnansnazUate (uni-

variable optimization) 631l
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4.2.1 fevyvasazdmainines

2/
@

MnmsAnwauidedeuntid (60 - 621 vilimsiuiniaufisenddnduroansn
Taulalasniluu wazUjisenisiinansifiasdouszning Fe(ll) v o-phenanthroline 18u
UfRseiAnldRlusnasidgniidunsnseu dalagunfindragyinisaassiifienludg
3 - 4 uagldosdimntnmeslunsmunuiiios insglusnansifanudunsngs H azues
fafu Fe vhufisentueslsfluuiingduld duudshmsfinuniiereseswa e’
Fdsnaraaulilunsienedt lneflesiidenfnwie 3.6, 4.2, 4.8 wag 5.4 AWE1AU Na
msfinuansdfaguil 4.2 (n) wuhilevvesez@eatirestamualianullunsiingies

wazdulszansnisanaulaluunnenanu

1.4

"2

L
£
0 08
2 +pH3.6
(n) -
& 06
S MpH 4.2
04
pH 4.8
0.2
pH 5.4
0 :
aQ 50 100 150 200 250
concentration of HQ (uM)
0.05 W
0 time (second)
pH 3.6

—pH 4.2
-0.05 A
pH 4.8

——pH5.4

Absorbance at 508 nm

-0.15 =

0.2 -

JUN 4.2 uans (n) nsmamsguvesarsazaielalasailuutiesanuiduty 10 - 250 lalas
luadedns (1) Fygamlaanmsinsziarsazatsuuada (3 1) Weldininesitewnias
Wuansazanudm
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athalsinu lunsnaasanui Wefieveesarsarawesdmadiesifiuiy
(O UYEIENT AL UBIARAA NN ﬁ'ﬂLLamﬂugﬂﬁ 4.2 (v) VaifineInHanIENULes
Usngmsaiiitienda Schlieren effect FuRntudlouandumaiudnansiiiadairnmuag
ety FanuiiilefievvesansazansarBndiesifindy dymnn Schiieren effect f
qa%u LﬂmmﬂaﬁazmaﬁwLW@%ﬁﬁLa‘nqa%u sedmnudidurenndomntu fuluiloduan
vioulsuvesansazasuvasrddldiinduinhazans Seianuuandissewinerfuivnmuas
yada1savateUninesivansagateuuasAun vinlviiindayeyos Schlieren effect laga
FahSadenldinmaiiios 3.6 iensAnwiluitedug selu wsziindaeyes Schlieren
effect ﬁaﬂﬁqw

4.2.2 anududuvesarsazatewan ()

vasAnweududueEIsazalgman () Adswanamnulilunisiased
Taeanududuidand@nwids 0.001, 0.005, 0.01, 0.05 waz 0.1 luanedns ANEPU Ha
NSANYINARIAIFUT 4.3

1.4
1.2
)J L
1 , T~
& [
£ 08
2 4 —=—100uM HQ
-
%‘u 0.6 —— 250 UM HQ
i}
oS04 9
P
0% ¥
0
0 002 004 006 008 0.1 0.12

Concentration of Fe(ll),M

FUN 4.3 uanenswenuduiusvesdyaailiannmsiieseiasazaneunnsgulelase’-
TuuAaduty 100 wae 250 lulasluaredns fuaisazatewan (1) Anududunie

INMsAnEINU Annududuresndn () 0.001 Tuadedas lanullunig
Ansgiiian wseilonnndudureSloudmazvilisasmaiauiisendas Soiild
aullumsiwesesien lusaefienududuvoandn (1) 0.005, 0.01 uag 0.05 luasadns
Tenalalunsieseiliunndetu uazwui Wonnududuresasasanemingatu (0.1
Tuaredns) 9gviliAn Schlieren effect 1nntu dwmalianullunisiesieilslaseilu

avgn seunelilanulivensTinsenng waziianansenuain Schiieren effect Yo
ngn Jadenlvansazarewman () LWudu 0.005 luaredns emsAnwluiidedusdely

1
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4.2.3 AududuvednTazaleealsHLuulnsay

YINNSANYIAMULT ULV DIA15aa800 LsHhuUInsAuNdinana a1t lung
AAs1ev lneanududuiidandnwde 0.01, 0.05 waz 0.1 Wanadns AuaIfU Nan1TANEA
wanefagun 4.4

1.2
1
£ 08
(]
]
£
= 0.6 ¢ 0.1 M O-phen
v
= M 0.05 M O-phen
< 04 .
0.01 M O-phen
0.2
af : ; -
0 50 100 150 200 250 300

concentration of HQ (pM)

JUN 4.4 uaasnsiniesguvesaisazatelalasailuy Yaauidady 10 - 250 lulaslua
nadnT WaltarsazarenalsNiuulnsAuA MU TUAY

3INATTANYINYIN Nedutuealswiuuivsdu 0.01 Tuamedns rnulily
MTIATIEATiEe nsizlleauiduduressiolnudamazyiliensinisiinufisendias I
Taruhlunsiesiziandge  uwanenududu 0.05 uaz 0.1 Tuaredns Wanulilunis

AAsghlunensnany  Fdenltaisazargealsiuuulnsautudy 0.05 luasadns e
= s A 1 U =l o 1 (=9 7 1
nsAnwluiitoaus) aely inszlvansiadnenanusinadssnin

4.2.4 Wan13AN¥IBNSWaUINIATYRLE1TH0819R8A1dg58UU (njection
volume)

VINIANEIBNENAVDIUITUINTUDIAN5HI0819 Fadenanan Ul lun1siiasiev
TngUsumsidendnew@me 100, 300, 400 wag 500 lulasdns mudisu HalLAnIRIgUA 4.5
(n) Azt Msdaansidngsyuumey3nes 500 lulasins lianuduaasnsivuinsgiu

¢

wiganuhilun1sinsieiganan wisgelsinu Wefiansanaugsiinvenisiasigdi

Y

'
o

lalasailuunannududume (5 uar 10 Wiasluaredns) agnuneaUsuins 300, 400 uay
500 lulpsanslvinnugevesiinlnatdesiu deuandlugui 4.5 (2) dunuieauin Ysuns
A1561981974 3 USuas dawared1 LOD ldumnanenu wasdelidrsanuduidulunns
VIR a v & = oa a IR a d' = o v oA \
AIIngIAN AatuIadendaansiingseuu 300 lulasdns wenisAnwiluiitedus) dely

wsEldUSunmansitegniaunii wagldnalunisimsevisenidsagiataunii
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(m)

2
=
£ 4 500 uL
r.% 400 uL
=]
4 300 uL
100 uL
0 50 100 150 200 250 300
Concentration of HQ (UM)
0.58
(@)
3
o 28
(=]
2 300 uL
[0}
8 400 uL
§ 018 ——500 uL
-5
S
w
el
1 —WNMAM
-0.02 K
0 500 1000 1500 2000

time (second)

JUN 4.5 uana (n) n3maInIgIuLesaIsazatalalasailun 4aamnuutu 5 - 250 lulas
luanedns (1) dygranlaanmsiasgilalasailuunauantu 0, 5 ay 10 lasluass
fdns Wedadedindngssuuiiviumngmieg

4.2.5 Wan1sANEIANaNasnIIn1siva (Flow Rate)

Wn1sAnwdvinaveidnsanisluavesansazats edwmanandnulilunns
szt Inesnsinsinaii@ondnwife 0.5, 1.0, 2.0 uay 3.0 Hadansraundl AuaIRU Wa
LLamé}’agUﬁ 4.6 wuwilelddnsnisivadig aglrnulilumsiiasnesigandn \lasanansdl
nalunsifauiaserlueuuiu uidefinsaviuuiiegisiiinmeilddedalus
(throughput) 33w Msldsmsanisinadng agvilsld throughput s FauTadendns
n3lvia 2.0 fiaddasaound imselamublunsiesgildunnasiunisldsnsnisinad

0.5 uag 1.0 Haddnsraud Wild throughput u1AAINSIEoRTINTTINaR 0.5 Haddnsne
U7 04 3 W0
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:d: 0.7 - 70
%
E 0.6 g B —> 60 =
= * =
-l
0.5 50 &
5 & s
E 0.4 ¢ 40 S
2 o
Ly
p 0.3 L 55 _E
= 2
w 0.2 [ | - 20 3
z (] 8
= 0.1 10 =
[-1]
a
< 90 0
0 0.5 1 1.5 2 25 3 35

flow rate (ml/min)

JUN 4.6 namuansnudRLSTEMINmINgIiAvasasiinsgulalasailuy 100 lulas

luaradng uazdnTINITIATIZN IWERANAIINEERTINIT A9

4.2.6 WANISANEIINTNAANUETINNTIRREARN 1 (MC1)

Mnszuuluguil 3.2 vinnsAnudninavesaiuen MCL Fedsnadenalily
MR HamIAnEUERsRagUR 4.7 wodndlo il MC1 manaisiaog LAz dHivas vih
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Abstract:

A simple, rapid and economical method for measurement of hydroquinone was
developed. Hydroquinone can reduce Fe(IIT) to Fe(I). The remaining Fe(IIT) later reacts with
thiocyanate to yield a colored complex. Therefore, the hydroquinone concentration in excess
of that necessary to form the liberated complex can be determined spectromeirically. In this
work, a commercial spectrophotometer and paired emitter detector diodes (PEDD) fabricated
in-house were used as a detector. A linear range of 5-100 and 10-100 pM for quantification
of hydroquinone was achieved using spectrophotometer and PEDD, respectively. Superior
precision of analysis was attained for both detectors (relative standard deviation < 0.2%).
Each measurement required 3 min, offering high sample throughput. Moreover chemicals
used in the method are inexpensive. The developed method was applied for screening
hydroquinone in whitening agents. The results were consistent with those obtained using the
phenanthroline method. Analytical recoveries were found to be in an acceptable range,
indicating no interference by other cosmetic ingredients. Furthermore the PEDD is portable,
enabling on-site analysis.

1. Introduction creams  containing hydroquinone are
The market for skin lightening occasionally found in local markets. >
agents is contimuously increasing, especial- - - Various  techniques have been
ly in Asian countries, due to consumers’ developed for measurement of hydro-
demand for such products. It has been quinone in cosmetics. These methods
reported that one-third of the women in include spectrophotometry™, liquid chro-
Indonesia, Malaysia and Taiwan use matography®’, electrophoresis® and
products for pigment reduction. In Thai- clectrochemistry.”'® ~ Amongst  these,
land, over 60% of face creams sold in the spectrophotometric method is preferred.
market have whitening agents among their This method is sufficiently sensitive while
components.’ remaining inexpensive and easy fto

Hydroquinone is an effective de- perform. Moreover, spectrophotometric
pigmenting agent often used under a method is amendable to on-site analysis
physician’s direction treatment of skin using miniaturized equipment.
diseases. However, this compound has Paired ecmitter detector diodes
some side effects with long-term usage. (PEDDY!!?  is  detector based on
Therefore, several countries including spectrometric  principles. A PEDD
Thailand, now prohibit the wuse of configures of two light emitting diodes
hydroquinone in cosmetics.” The Thai (LEDs) in which one acts as a light source
Food and Drug Administration (FDA) (light emitter) and another is used as a
randomly screens cosmetics to find those light detector. The LED emitter works on a
which may have been intentionally forward bias while the LED detector is
adulterated.  Unfortunately,  whitening regulated on a reverse bias. When the light
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from the emitter interacts with the
detector, a photocurrent is produced
resulting in a capacitance discharge in the
LED detector. The generated current can
be quantified by either determining its
discharge time'' or directly measuring the
output voltage attained at the LED
detector.'” If the measured signal has a
linear relation to the concentration of
substance being measured, the method can
be exploited for the purpose of quantitative
analysis.

Since it has only two LEDs, a
PEDD has an advantage in terms of
miniaturization, low power consumption
and low-cost. Hence, this device is
commonly used for various applications
requiring on-site analysis.'> '°

In this work, a method based on a
Fe(II)-thiocyanate system was developed
for indirect determination of hydroquinone
concentration. In the proposed system,
excess Fe(IIl) is reduced by hydroquinone.
Unreacted Fe(Ill) is later complexed with
thiocyanate. The color of the resulting
Fe(TlT)-thiocynanate appears as an inverse
function of the concentration of hydro-
quinone. In the current study, a PEDD was
constructed in-house. The color of the
Fe(IlI)-thiocyanate complex was
monitored spectrometrically using a
commercially available spectrophotometer
and a PEDD. The validity of this method
for screening cosmetic creams for
hydroquinone was investigated.

2. Materials and Methods
2.1 Chemicals and reagents

A stock solution of 0.01 M
hydroquinone was prepared by dissolving
0.0551 g of hydroquinone (Acros, USA) in
50.00 mL of DI water. This solution can
be stored in a refrigerator for several
weeks. For constructing the calibration,
working standard solutions of
hydroquinone were freshly prepared by
appropriate dilution of the stock solution.

A 0.01 M Fe(Illl) solution was
prepared by adding 0.2144 g of
NH4Fe(S04),.12H,0 (Sigma-Aldrich,
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Spain) to 0.1 M sulfuric acid. The volume
of this solution was made up to 50.00 mL.
A 025 M thiocyanate solution was
prepared by dissolving 1.2148 g of KSCN
(Sigma-Aldrich, Japan) in 50.00 mL of DI
water.

2.2 Instrumental Set-up

Absorbance measurement —was
performed using a UV-visible
spectrophotometer (Jasco V-630, Japan)
with 1 cm quartz cuvettes. The detection
wavelength was set to 458 nm, the
maximum  absorption of  resulting
complexes.

A simple PEDD was assembled. A
blue LED was used for the light emitter
and a red LED was employed for the
detector. These two LEDs were positioned
on the opposite sides of the cuvette. A
power supply (Best PS-1502DD, China)
was used to supply 6.0 V to a LED emitter
connected to a 100 ohm resistor to
generate stable light. The LED detector
was connected to a digital multi-meter
(Kyoritsu Electrical Instruments Works
KEW1011, Japan) for recording output
potential. The in-house PEDD is shown in

Figure 1.

Power generator

Figure 1. A PEDD developed in-house for
hydroquinone detection.

2.3 Sample preparation

Various brands of whitening cream
were purchased from a local night market
and from the Intemmet. Some of these
samples did not have an FDA certificate
reference on their packages, meaning that
they were not subject to FDA scrutiny.
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The  procedure for  sample
preparation carried out in this work was
adopted from earlier work? with some
modification. One gram of cosmetic cream
was accurately weighed. A 5 mL of DI
water was added, which was then added to
5 mL of 0.1 M sulfuric acid with moderate
stirring. This solution was warmed in a
water bath at 40 'C for 10 min. The extract
was centrifuged at 5000 rpm for 20 min,
and  subsequently filtered through
Whatman No.1 filter paper. The filtrate
was diluted with DI water to a final
volume of 25 mL.

2.4 Analysis of hydroquinone

Different amounts of hydroquinone
stock solution were pipetted into a series
of 50-mL volumetric flasks. A 1.5 mL
volume of Fe(IIl) solution was transferred
into each flask. This solution was shaken
for 1 min prior to addition of 2 mL of
thiocyanate. Finally, individual flasks were
filled with DI water to the mark. A reddish
solution was achieved. Absorbance was
recorded by 3 min using a UV-visible
spectrophotometer and the PEDD detector.

For determination of hydroquinone
content of cosmetic samples, 1 mL of the
sample was pipetted into a 50-mL flask.
The tests were subsequently done as
performed for the standard solutions.

2.5 Method validation

The method developed —was
validated using the Belcher and Stephen
method'” which determines hydroquionone
based on the Fe(Il)-phenanthroline
reaction. In this validation method, an
appropriate aliquot of standard/sample was
pipette into a 25-mL volumetric flask, to
which 2mL of 0.05 M Fe(lll) solution
(prepared in 0.1 M sulfuric acid) was
added. After 1 min, 2 mL of 0.1 M ortho-
phenanthroline (prepared in 0.1 M sulfuric
acid) was transferred to the flask followed
by addition of 0.2 M acetate buffer at
pH3.6 to a final volume of 25 mL.
Absorbance measurement of the resulting
Fe(II)-phenanthroline complex was done
at 508 nm.

kia

3. Results and Discussion
3.1 Detection principle

The method developed in the
current study involves in reduction of
Fe(TIT) with hydroquinone to Fe(Il). The
remaining Fe(Ill) is further reacted with
thiocyanate, yielding a red colored
complex of Fe(Il)-thiocyanate which can
spectrometrically analyzed. Hence, the
concentration of hydroquinone inversely
corresponds to the complex formed.
3.2 LED selection for the PEDD

Since the complex formed strongly
absorbed blue light, a blue LED was used
as a light source. The LED detector was
evaluated.  Fe(Ill)-thiocyanate complex
was prepared at various concentrations.
The concentrations of colored complex
were then determined using red, green and
blue light detectors. Figure 2 shows that
the red LED offered a good response with
linear relation to the concentration of the
Fe(IIT)-thiocyanate complex than those of
green and blue LEDs. Therefore, the red
LED was used as a light sensor in
subsequent experiments.

1.5q
Emitter - Detector
5 1.0 —— blue- green
ﬁ —— blue-red
= blue- blue
0.5
R?2=10.996
2=0.99
0.0 R2=0.9 2.

0 10 20 30 40 50
[Fe(IIT)-thiocyanate], LM

Figure 2. Voltage responses obtained
using red, green and blue light sensors.

3.3 Optimization

The factors which may influence
the detection sensitivity include reagent
concentrations, reaction time and degree of
agitation. These were further investigated.
In this study, the optimal conditions were
determined using a spectrophotometer.

The effect of iron concentration
was examined over the range of 0.01 to
0.05 M with thiocyanate fixed at a
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concentration of 0.1 M. Results showed
that employing higher concentrations of
Fe(TI) yielded a more linear calibration
(data not shown). This occurred since a
large excess of iron can react with a large
amount of hydroquinone, leaving some
hydroquinone unreacted to complex with
thiocyanate. However in Figure 3, it can be
seen that when using high concentrations
of iron (0.025 and 0.05 M), the spectra of
blank and 10 uM hydroquinone solutions
greatly overlapped. When using a low
concentration of iron (0.01 M), slight
differences in the absorbance of these two
solutions could be detected. Since the
developed method aimed to detect illegal
incorporation  of  hydroquinone in
cosmetic, low detection limits are very
important. Therefore, a 0.01 M Fe(IlI)
solution was selected since this condition
enables superior detection.

The concentration of thiocyanate

must be sufficient to complex with
existing Fe(Ill) after the reduction
reaction. Therefore, the effect of

thiocyanate concentration on the analytical
sensitivity was studied over the range of
0.05 to 0.25 M. Tt was observed that
absorbance increased = with increasing
thiocyanate concentration (Figure 4).
Furthermore, at high concentrations of
thiocyanate, the differences in absorbance
of the blank solution and the 5 pM of
standard hydroquinone solution could be
discerned. In this way, the sensitivity of
the method was improved. Thiocyanate at
concentration of 0.25 M was thus chosen.

Since the Fe(lll) solution was
prepared in a sulfuric acid medium, the
influence of acid concentration on the
hydroquinone detection was determined.
The Fe(Ill) reagent was prepared in 0.01,
0.05 and 0.10 M sulfuric acid. Each
solution was used for hydroquinone
determination. It was found that
concentration of acid negligibly affected
the sensitivity of analysis. Therefore
further experimentation was done with
0.10 M of sulfuric acid solutions.
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(a) [hydroquinone]
1.0- — 0LM (blank)
—10 LM
0.5
0.0 K
(b)
% 1.0-
g 0.5
A
0.0
()
1.0
0.5
0.0J .
D) Wavelength, nm il

Figure 3. Absorption spectra of resultant
Fe(IlI)-thiocyanate solutions at Fe(III)
concentrations of (a-c) 0.01, 0.025 and
0.05 M.

In order to enhance the speed of
reaction, vigorous agitation of the solution
was done using a vortex mixer and
compared to agitation done by hand. No
differences were found between by these
two agitation methods. Hence, agitation by
hand was adopted.

Absorbance of Fe(IIl)-thiocyanate
was recorded at 1, 3, 5 and 10 min after
the reaction. Figure 5 reveals that the
absorbance was constant after 5 min,
indicating completion of the reaction.
However, regarding routine analysis, in
which presence of many suspected agents
needs to be verified, short analysis times
are desired. Therefore time required for
absorbance measurement in the method of
the current study was in 3 min.
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0.05M SCN~ 0.10 M SCN~

0.84

0.8}

0.4-

08- 0.25M SCN-
[hydroquinone]
—0TM
0.4 —s5TM
—10TM
—50T™M

Wavelength, nm

Figure 4. Effect of thiocyanate concentration on hydroquinone detection.

Table 1. Hydroquinone content in cosmetic creams measured by the Fe(IIl)-thiocyanate
method using a spectrophotometer and PEDDs compared with the Fe(II)-phenanthroline

method.
[Hydroguinone], pM
Syl Added Found
Fe(Ill)-thiocyanate
Spectrophotometer PEDD Fe(lI)-phenanthroline
A - n.d. n.d. n.d.
50.0 572105 479 +£3.0 52.1&90.1
B - n.d. n.d. n.d.
50.0 503+1.6 60.5+23 513 £0.1
C - n.d. n.d. n.d.
50.0 50-9-519 62972 .3 52.7+0.1
D - n.d. n.d. n.d.
50.0 503+1.2 58.5+£2.0 52.0+£0.1
E - n.d. n.d. n.d.
50.0 53.7x1.6 8V 2.1 51.9+0.1
F - n.d. n.d. n.d.
50.0 52.7£2.0 53.2+3.0 51.4+£0.04
G - n.d. n.d. n.d.
50.0 52.0%0.5 479+24 52.2+0.1
H - 30.9+0.8 29320 2745 £0:1
50.0 69.5+1.3 87.0+3.0 79.3 £0.03
3.4 Analytical performance
0.8 S < For the detection of hydroquinone
= using a bench top spectrophotometer,
g e linear calibration was achieved over a
§ T ——— range of 5 to 100 pM. The regression
30-5' [hZng‘E'g/‘Ime] equation was:
g == 100M
A -~ 500M AAbs = (0.004+0.0001)[hydroquinone,
0.2 : . 2 ' uM] + (0.002+0.006), r* = 0.999
0 2 4 6 10
e (oo} where AAbs is the absorbance of a blank
Figure 5. Absorbance of Fe(Ill)- solution subtracted from that of the

thiocyanate complex versus reaction time.
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hydroquinone solution. The relative
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standard deviation (RSD) was 0.2% and
the limit of detection (LOD), calculated as
three times the standard deviation, was 0.6
uM. The LOD found in this work was
lower than previously reported values.**

Use of a simple PEDD was
developed to meet the demand for a
portable instrumental method for on-site
screening of hydroquinone adulteration in
lightening creams. This detector used the
same protocol as for UV-visible detection.
A linear relationship between
hydroquinone concentration and output
voltage was obtained over the range of 10
to 100 pM. The regression was:

AE = (0.49140.033)[hydroquincne, pM] +
(1.148+2.116), r* = 0.999

AE is the difference in the potentials of the
hydroquinone and blank solutions. The
method provided good precision (%RSD =
0.1. The LOD was &85 uM of
hydroquinone. Although the PEDD offers
less sensitivity compared to the use of a
commercial spectrophotometer, its
sensitivity was great enough for screening
hydroquinone content in cosmetics.

The method developed in the
current showed good sensitivity in
hydroquinone measurement. This method
can be used for either laboratory or on-site
analysis. Moreover, chemical costs for the
current study are less than for the
conventional method'” based on a Fe(Il)-
phenanthroline complex. The price of
1,10-phenanthroline monohydrate is about
1,186 USD/100g, while potassium
thiocyanate is only 76 USD/100g (same
grade and supplier). This indicates that the
method of the current is study more
economical even in routine work.

3.5 Interference study

The effects of common substances
found in cosmetic creams were tested for
possible interferences in the assay. A 50

uM of the tested substances were
individually spiked into 50 puM of
hydroquinone. One species was not
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considered to interfere if it caused signal
change less than + 3S.D. It was found that
oxalic acid, tartaric acid, citric acid,
salicylic acid, resorcinol and phenol did
not interfere the analysis of hydroquinone.
Particularly, resorcinol and phenol could
be tolerated up to 500 and 1000 pM,
respectively.
3.6 Analysis
cosmetic creams
In the current study, UV-visible
and PEDD detection were wused to
determine the hydroquinone contents in
whitening creams. Samples A to G were
analyzed as-prepared whereas sample H
was dilute 145 times before analysis. The
results are summarized in Table 1.
Fortunately, seven of eight samples were
hydroquinone-free. Sample H  was
contaminated with hydroquinone at a level
of ~12 mg of hydroquinone per gram of
cream.  The  conventional  Fe(I)-
phenanthroline method was wused for
validation of the UV-visible and PEDD
detection methods of the current study. All
samples were spiked with50 pM  of
hydroquinone and then analyzed using the
three methods. These three sets of results
were statistically compared using one-way
ANOVA. No differences at 95%
significance  level  difference  were
determined  between  the  methods
(Fobserved = 041, 1:"critical = 355)
Additionally, recovery was studied.
Acceptable recoveries were found in range
of 773-114.4% and 95.8-125.0% for
spectrophotometric analysis and PEDD
methods, respectively. This indicates no
interference by other cosmetic ingredients.

of hydroquinone in

4. Conclusion

This work describes an indirect
determination of hydroquinone based on
the Fe(Ill)-thiocyanate reaction. The
method developed in the current study
provided simple and rapid detection of
hydroquinone in cosmetics with sufficient
sensitivity. The method can be done in
either a laboratory using a bench-top
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spectrophotometer or on-site with portable
PEDDs. Reagents are of relatively low
cost, minimizing the expense of analysis.

Therefore,

the method is wviable for

determining adulteration of cosmetics with
hydroquinone.
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