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mﬁﬂﬂmﬁmzu@ﬂamaﬂlézjﬁﬁﬁmiammﬁaﬁ’a dmiunsieseiansminwianguuuleda
giglusogaiuasinie femedalasuiinnflvesvaraussourgs (HPLC) wagmsrata
dhelllalelonuaise (PDA) nsvurunsaaihiauet aunsavildludunoudelaensiy
a1vavarsveslonoulansenlyd wunfigeulessu axgiiiisulossu warlaifeulanga
Fan adluasazaroioaidanstmne ndamstumissgldmaianazneu vinss
wathoon wiazaemafiadaldfensanasinidudu Ysuins 200 lulasang dewinig
Ansghdomada HPLC neldan1edild Bnsfiwaundud aunselduneesnisdia
ANuNduegluge 12,5 - 23.7 ¥adian130 33330 (LODs) wazdndnianisniuiun
(LOQs) agluta9 0.1 - 0.3 waz 0.3 - 1.0 lulasnudedng amddu Ffvnaustuil
ansniluussgndlddmiumsiinseiansmiauanguuuledagSelufeginiuay
il ansanisaass wuih ldwunisanénsvesansmdnuuasnguuuledagidelusong
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Abstract

Project Code: MRG6180071

Project Title: In situ phase formation-based preconcentration method for the analysis of
benzoylurea insecticides in food and environmental samples by high performance
liquid chromatography

Investigators: 1) Asst. Prof. Dr. Yanawath Santaladchaiyakit, Rajamangala University of
Technology Isan, Khon Kaen Campus
2) Prof. Dr. Supalax Srijaranai, Khon Kaen University

E-mail Address: sanyanawa@gmail.com; yanawath.sa@rmuti.ac.th

Project Period: 2 years (2 May 2018 to 1 May 2020)

A preconcentration method using in situ dissolvable phase formation based on layered-
double hydroxides in the presence of surfactant prior to high performance liquid chromatography-
photodiode array detection (HPLC-PDA) was developed for the analysis of benzoylurea insecticides
(BUs) in water and honey samples. The proposed extraction method for target analytes was
prepared in one step by the subsequent addition of the solutions of sodium hydroxide, magnesium
ion, aluminium ion, and sodium dodecyl sulfate, into the sample solution containing the target BUs.
After centrifugation, the co-precipitate phase was obtained. Then, aqueous phase was removed and
the co-precipitate phase was subsequently dissolved with formic acid (200 pL) before analysis by
HPLC. Under the selected conditions, the developed method provided enrichment factor of 12.5 —
23.7. LODs and LOQs were obtained in the range of 0.1 — 0.3 and 0.3 — 1.0 pg/L, respectively. The
proposed method was successfully applied for the analysis of BUs in water and honey samples. The
results showed that the contamination by BUs in the studied samples was not detected. Good
recoveries obtained between 784 — 117.8% and 72.7 — 117.9% for water and honey samples,
respectively. It can be concluded that the proposed method is rapid, simple, reliable and can be

used as an alternative extraction method for the analysis of benzoylurea insecticides.

Keywords: layered double hydroxide; sodium dodecyl sulfate; high-performance liquid

chromatography; environmental sample; food sample
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Executive Summary

WnsuaNUdUdusEnISRAWEALUY in situ §mTun1sIATIE
dsindnuuainguuuledagsealsmalialasuninnsWvawralaussausgs
ludregeamsuasdauingey

o w 1 a a . .. I o Y = 1
ansmdauuainguiunlesagisy (Benzoylurea insecticides) 1uansmindnginungy

nilanfesldlunisarvauuuadluniansinuns Wesineengnstansewtainguidivuny u
0

'
o

ffwideuyud aaedni wazdnsmsandemludaanden usegrslsiniu nnsldans
Adnunasitlignds wagluvdunadiinnifuly oeazdwarinlmhiAnnsandslundnnanis
mainuas uarlufogadunndeuld Snnduilnaldsuashidaamnauidiluluieme
p1indufivarauiods worfimdounduld fadu annmylsuldrmuadidaditanis
Andnsgean (MRLs) vesansindnuuasnguiuuledagiselaliiiu 0.01 fadnfusenlanu e
mndasaduoaunmueiuilan ualiidusunsesodunndey ulnmdnduegebed
ADINAUNTINTIATIEIUSEANS A mdmSun1sesvianiouiu wazaunsonsivinly
szauan 9 167 dmfvarsidauuamndisluiiegieudingig q 1wy feg1901913 wae
Fegnamsdunandon

walalasuilnnsifvesivalaussaueggdd (High performance liquid
chromatography %38 HPLC) miudiunisnsiainuuulnlnlaleauwsisd (Photodiode array
detection w30 PDA) iumaiafidenlilunisiinsevarsidauuasnguiuuledagie
desnidumaiiaiie azain fszansaw Weiold wavamnsolinngiansdmaneld
w¥oniu egdlsfinu msliesevisnomaia HPLC Saufumsinioufedauaziiuniiy

[

Wudummuzauaztgiiuamllunisnsiade (Sensitivity) laaau imatinn1sainszav
ANIALUUNIINTENBNEVDUUA- VDM (Dispersive liquid-liquid microextraction 739
DLLME) iumedafideuldiuunlulagiu iesnniidesnaisysznis laun $1e dzaan
590157 TUszansan uazlduSunudvhazareties uideideudnveunailan DLLME Ao n1s
Idihavanenfitvgaludiiaratelunisadn wu asueunnseaaslsn uazaaslsvlosu
Mlisinsidenlddvinazateniadendu Wu lamauea wagvsunallesaiin (lonic
liquids) wein1sldansiawmatuea asdesldaunsaliivewlunssuiunisadn 1o ndanii
azaeiifiaunukuutesniiun inlvgeenlunisuenlanaialavainssuiunsannudy
@33 daunisldaisveanadrlessfintdu Aeevinnisidenaisiimuizauivaudivesans
Whnne Jeazyiliussdnsnmnisannansiafau wonanfuesavadlessiiniisiaireudis
W
Yy o v o 1 A= ogva I3 av a1 = o ve
ntedindengntl JaviliiAndszsinunsidenuiaula fe n1sussyndldvun
lansenlen (Layered double hydroxides %38 LDHs) @1SUNSanauagiinAududuae g
] a a o I3 ¢ a = Y
ansimunenguiuuledagise 9 LDHs Wuaisusenauradyianis lassadianiely
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Usznouetuguedlanzeanies wavuansszquaniiinawed diusswiaaiwosazaadg
looauau TumawjURteunsen LDHs 9nlosauves Mg® waz AP Tudnsndw 3:1 angld
annrvesasazaeLuaniidfilevannndt 10 wazlasunfnds fnagyinisdauasiesd LDHs
Jusgaduneuinludssgndldludueiig 9 uinsguiunisdunsizst LDHs wudt ldoaily
nsduaneiuiu Tunoufigssndudeu uasunnsdidesdinsmuauannemeligumgi
wazATuFuTingaudae vonand wui msussandld LoHs ansnsaldifuansdimanedis
ﬂszqauiuiﬂsqa%ﬁumﬁu (Inorganic and organic anions) faty A8 39du AN
LDHs Tanansaweuldlutunouien uaraunsoasaansdmanedludvusey (Sunans)
waglifidh Tnenaifnansanusefsinfifiuseqau (Anionic surfactant) 1wu leifisulawnda
Fama (Sodium dodecyl sulfate n3e SDS) atluluszuunisaia FawwrAnidululy fe
UszqaurasansanLIsiuiviindunsizenfulsequaniinaves LDHs wazdnillifithves
asanussiainanindunsidondsanulifdisendndluena Jse1adunisvinlians
Wvnelaiiiuszquarlifith annsadluAesussiselusewinetuves LDHs wavadaans
Whunngla

Tasan53¥ed it LDHs temannisfimanzay dmsufuisnsadauas
Winanuutuvesarsmdaunainguiuuledagise s1utu 4 via (nsvigysew tan
YeNguTou Waesysau uavvgimueyseu) wavinn1siasizsiemailan HPLC Mnduriing
Uspendifinmundudniunamsalesgiasdmnelusesainianig q wagdoeg

¥ ¥
=

TS mingluriesmainiily

nnan1siae tannsfimunzaudmiumsuenaisitmunedomeda HPLC Ao
nsaosiudu 0.1% (vv) wazesdlalulass @snsdiu 22:78) Wumlawmdouil wazld
ABAUY InertSustain C8 (4.6x150 mm, 5.0 um) 8ns1n15tualy 1.0 adanseuli
USumsn1sanansineds 20 lulasans wagrn1snsiaiafinaueindy 254 unluuns
meldannvmsuend anansousnansitmaneda 4 adaldntelu 6 udt Tneddunisuen
Ju lesiguseu wnvevgyseu vgesysou wazWamueysou auaidu nreldaniiy
wnvanil azldviinsinwuiteyssfiumannsfimnzandmiunisatnansimanedeis
LDHs d1uan1iznisnaassiitmuizauainiunisatnaisidamunedieds LDHs teun 0.5
mol/L NaOH (150 L), 120 pL Mg®* (300 mmol/L), 40 pL A" (300 mmol/L) wag 5
mmol/L SDS (500 ul) Tngansazatesananniaiuisaduacldlidreiiocduadusenly
nszUIuNIsaia ndantu taisazargluinisresmndiduian 20 Uit Aens1se
1,800 sousowdl wazvimsiumisafiowsnadiadals Tneldonsinsumied 3,500
seusound Wunan 5 i anndurinnisazarewlaiadaldsionsanesiiau3uins 200
lalAsdns AouN1TIASIYAE HPLC

aeldansfimunzaudiedy wusn Iedreanududunssdutag 0.3 - 200
lulasnSusiedns Iadrianisasiadiauazlindrinvesnisniduiuegluyae 0.1 - 0.3 uay
0.3 - 1.0 llasn3usiedns muddu Turnwesnisifiuarududuegludie 125 - 23.7
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Wi WeSeuidisufuiinisiiliiiunsidfivanudadu Gnseilaensa) pnuiiewessds
(Precisions) nadeufisziuaududuvesarsidnuie 100 lulasniusedns dmsunis
nszilutuientu (n=6) wasnaieiu (n=6x3 days) wui1 limuiissfisensu Tnaen
Sovavandoauunnsguduimsingy 0.60 uag 11.2 dwsunailunisaseguaziiuillda
vosa1slmung
Usegniisiinaunudiniunsinsedinisandisresansidauuainguuuleda
pi3eludodaeidasma 9 (3 viln) uazfedraiids (@ 8%e) wudn linwunisandnsvesans
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v A

$p8aN1INAUAUTRIESUINMUNENNTIUANUTUTUNLULDY (7.5 25 wag 45 Tulasnsuse

a

an5) nuin eSesavnisnduaufifuazseusuls ludie 78.4 — 117.8 way 72.7 — 117.9

o [ 1

dmiudiegna wasnis auaau lneaTesazaAdetuunnsgIuduimstaenidt 13.5
lagasy 35 LDHs Mwundull anunsavimisadaiagtiiuanudutuvesansidimvang

Toneludumauifen 510157 vlade wasivseansanda ausaldiduissnniadanuia
dwsunmsihluussendldlunsadnansidmnenlidfivssy  wasvenenanis@nwilunaning
salule
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1. Yanawath Santaladchaiyakit* and Supalax Srijaranai. In-situ dissolvable Mg/Al

layered double hydroxides in the presence of surfactant as extraction and
preconcentration method for high performance liquid chromatographic analysis of
benzoylurea insecticide residues in water and honey samples. Submitted to

Journal of Separation Science (Submitted date: 3 May 2020)
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UnN 1
UNUI

1.1 fwuazanudifey

arsmdnuuasnguiuuledagise (Benzoylurea insecticides w3 BUs) lagnuan
Fuulusn® . 1978 TasuTsniuwes Ussimeiwesuil (Bruti et al, 2010) Saanseongn’
IUﬂEjuf: WU triflumuron chlorfluazuron teflubenzuron hexalumuron flufenoxuron Wag
flucycloxuron asfdauuasnguuuledagieduansmdadnsivdnngunilsludnuanengs
(Wu s tuity asidausas wavasidntes) Afedldfuegrunsuaredmiunis
muauLazidauiasiaz Suamavilaivilinanannenainuasidomeld msfiinwesng
fuuldansirdnuuasnguil eradunszdy mmsaaaﬂqw%‘hmimmmLLavﬁﬁmLmaﬂéfﬁ
aangsing sasmsaneiludannden uazidufividesywd (X et al, 2016) lnedians
nauilarlugudansduasefleiu uagnsrurunisaenasureauuas vilviuaslianunsn
wigiulala (Xi et al,, 2016; Vazquez et al., 2014) LLﬁdwmiﬂ"ﬁmLLuaqmjmﬁ%Lﬁu
Usgloviflumanisinuns winisldegnsunsvans uazldligns vieldluusmadunnifuly
g1 liiAnn1sanAslunandANIINITINEAT Lagdanansenudaguiiaale wenanil
peAN1souelan (WHO) wazeAn1sAulasnieni1ee1nskyieelsy (European Food
Safety Authority %30 EFSA) las1e91u31 ﬁ’]iﬂ’]’ﬂmLL@JENﬂalILUuI%EJﬁEJLiEJZJWHﬂEJWU’NﬁWlEJ
Aedi@inluundarin (Vazquez et al,, 2014) Fansnndnsvesansirdauuaingui onaduwa
anudufivnuuseds uasdsunduls (Peng et al., 2016) ’Lumiuamquhﬂ (EU) F9ladl
N13AMMUAAINITANAT9EIEA (Maximum residue limits %138 MRLs) ¥04a15M9ALLAINGY
wuledagi3e limaiu 0.01 fadniudedlantu (Xi et al, 2016) deiu onruasadose
gunmaesuilaa uagliidusunsiesoduindon Jefinudnduedrsdafiazfosinmn
Bnsiereiliiilssdnsamdmiunmsnianouiuresasidauuasiinnisluiiegn
AR 9

\esheansidaunasnguiuuledagieliadosmisauiou vilsilidesimanylu
MsiAERmumatauialasulnns W (Gas chromatography %38 GC) (Mensah et al.,
1997) wimadiafitoulddmiunsinseiarshiauuandui do weialasunlnnsi
Yaama (Liquid chromatography 30 LC) Arugiiun1nsiviauuudansitilewan (i et
al., 2016; Peng et al,, 2016; Wang et al., 2014; Zhou et al,, 2014; Liu et al.,, 2015; Mei
et al,, 2015; Ruan et al,, 2015; Yang et al., 2015; Zhang et al., 2016; Yang et al,, 2016)
N1 TALUUNgeaLTalwud (Vazquez et al,, 2008) Wazn13nTIadnuuaaluninsiuns
(Brutti et al., 2010; Mei et al., 2015; Carro et al,, 2012; Kim et al.,, 2013; Chen et al,,
2014) fvndnswieufenaasiiuaudududeiinisimunsansiutunisnsain
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Semaiamaniedioineiu asxannsatievlinisnsiataasdmnelussiud q 1Rty
Tneisuuusaiy deuldmaiinnisatadefinazatenienisafnuuureurad-voumad
(Liquid-liquid extraction 159 LLE) (Markoglou et al., 2007; Martinez-Galera et al., 2001)
wagnsanmnleaveands (Solid-phase extraction 458 SPE) (Millidis et al., 1999; de la
Pena et al., 2003) usmadaninanldalunisaiauiu wagldsunsuinvesdavinazane
Tunisada fadu Sefinsianimedanisadalusedugania (Microextraction methods) 7
T¥fvhazanslunsafnesasdmiumsatnuaziinanududuresasidauaanguiuy
lgdagise taun nslddvhazaenguualaium (Yu arsusumnseraslsd raelsnesy Aae
Tstuudu) (Zhou et al, 2013) faviavanedfidanunuiutuliesninti 3y 1-dodecanol
way 1-undecanol) (Xi et al., 2016; Peng et al., 2016) wazn1siiavinazatevesvailess
1n (lonic liquids %38 ILs) (Ruan et al., 2015; Yang et al., 2015; Wang et al., 2016; Wang
et al,, 2017; Zhang et al., 2012; Yang et al., 2014) yonanigmuiniinsiuiisnsade
IﬂﬂiﬁaumﬂuﬂuﬁﬁauﬁaLLﬁLMﬁﬂ (Magnetic nanoparticles) (Wang et al., 2017; Liu et al,
2019; Huang et al., 2019; Wang et al., 2018) sgnslsinnu wadian1saindnsnuiidodeuns
Uszn1s 1wu nMslddavinas aWUWLUUWHIUﬂimVﬂ“Uﬁ’]iﬂamLL%II@R]L‘L!‘V] nsldgunsaliaylunis
afmeusnadlglunsavasnisldsvhasareiifiaunuiuiudosnind wazveanan
Tosafinfisadeuttunswazazdeadeniimuzaufuaniivesasidvnefiasinisada
daunslfounauludmiunmsadaiu wui fdusougienn uasldanlunsdunsed
mgmﬂmmﬁ?udau‘ﬁ'%ﬁwmﬂszqﬂmﬁ%’ﬁm%’mszmumiaﬁ@

Tutlagdu Idn1swaun3znisaiafiiduszansnamuuugediu LAy L"ﬂuﬁmﬁ’u
Aauandou LﬂummauimﬂmumiwGumamfzmawm:uuGﬂ,umim% fidendn “U‘Llﬂ
lansanlas (Layered double hydroxides %38 LDHs) & LDHs "memmuauavwwmsuum
Tuadausn lnenguideves Tang & Lee Tud a.p. 2013 (Tang and Lee, 2013) wdanniu A
IgnAdeynisAnwuasimuniansduases LDHs Tuunegeoiiies uaziisneaunis
US%QﬂG}“L‘UﬂuaEJNLLWS%mEJ (Sajid & Basheer, 2016; Mishra et al., 2018; Chatterjee et al,,
2019) LDHs 1utagifilassaira 2 fdszduuily Ussnoudelawesiiussquanvedlans
aaﬂlﬁﬁﬁﬁlaaauaumaﬂszﬁ]asiiwdmaL&la% (Sajid & Basheer, 2016) %aﬁamﬂmqa%’wﬂu
[M2M3 (OH),]“[X" JenH,0 o M** uag M* ulaviglooou 2+ uwar 3+ Useneu

Wulrssas1auueanagdnsa di X™ Lﬂuiaaauaw@aﬂizqagismwLawai (Gaun et al,,
2014) lnglanglovpunfenlalunisiwieu LDHs Ao Me® uay AC@a Mg-Al-LDHs @1u1sa
wisulAlnensuanalsazangvadlanelossunvdasvinluaisazansud (WU d15azany

lienlansanled) Ndfevganda 10 Feagviliinlunzneudv1niued1asinigd

x/m

nsgvrumsInanil enaFendinisfamlauuy in situ audEfewres LDHs 1éud Tassadha
fifufings fuRafivsgquan daruamnsalunisuanidsulessuldgs Tassadediany
fanguldd Tauduniudeninufou uazduaniidsiagn (Sajid & Basheer, 2016)
uenwitend faitedn LDHs Wutaguialmiflififviléidumgeduiidulinsedundeon
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[ o

ibidin3deiiien LDHs luuszandldogawnsunatsdmiuiludgaduaisvainvaiesie
i Tanegiduiie (Rajabi et al., 2017; Asiabi et al., 2017; Chen et al., 2016) @saliunsd
lowauau (de Oliveira et al., 2016; Ji et al., 2017; Gissawong et al., 2017) @15Usgnouln
dlemdnezlsudnlalasaisueu (Liu et al, 2012) nsaWuednuiindng ¢ (Saraji&Ghani,
2014) miﬂizﬂauwmiﬂiqaiwaﬂimmml,azl,l,amﬂiza;au (Tang & Lee, 2013) asUfjTue
(Phiroonsoontorn et al., 2017; Di et al., 2019) LLasaﬁﬁé’amﬁmizﬁ;au (Lei et al., 2017;
Bu et al., 2016: Abdellaoui et al, 2017) uonmileanni Selatinnswaun LDHs shensifs
#130AKIIARIUTERAU 1 sodium dodecyl sulfate (SDS) wag sodium dodecylbenzene
sulfonate Tunszurunisdanszsisngadu iedieusuusilasaiianigluves LDHs 19
autinruilifdaannty dmiunmsgadukaznisnidnansusenaudunsduiianig 9 (Grover
et al.,, 2019a, 2019b; Zhang et al,, 2017; Zhang et al., 2019; Mahjoubi et al., 2019)
saian5¥0AT1297 LDHs maufuansanussisia WeglugUoyniaseduunluiidanudy
wUWan @1nsunisiasiziansuaiwIinmig o arewmada HPLC 1Wun15ILASIEH
a1susenaunIMLan asindnduiiy wazansidautainquassunluneanasa (Zhao et al,,
2015; Xiaoli et al., 2020; Du et al.,, 2019) 9819l5ARIM NTEUATITIA LDHs Uszianeng o)
96U dasldaruulunisdunsiz (au :mﬂmf'] 10 F3l09) warluvnansdl enasududos
Lmaﬂuamavmmmmmuu,avmmmu 19199z dmasnovuInoynIe iUi’]\iLLauWUN’max‘i
LDHs fi§uasizity wenani n15119Yn1A LDHs fidnaseitundunldenlmilunans «
50U 9199z lAnUsINgN15al “memory effect” Fuld (Grover et al, 2019: Sajid &
Basheer, 2016) LLasﬁﬂﬁ’h’fﬁ’aﬁwazmaﬁm%’mﬁuﬁmﬂuﬂ%mmﬁgﬂ Faty NswanIENIg
w3ew LDHs Tnglsirunszuiunsdunsieiiigasndudon udfauunanuazasdiues LDHs
fiflensanusaiaiudussiusznovegie dmdumsatauasifinnranduduvesasidmned
lifisyq Jaduvssiiunsideinaula uasiamliduisnmadenuilsiiuseansam
NNMINUNIUNATeTRUIN WU Selsifinmsimuinazyszgndld LDHs saufunisifians
anusafain dmdunsatnuaziiuanutuiuvesasmidauianguuuledagiFelusegig
¥iiasng q lnennzdiognemswarauindon
mAfeiTuaduitsinuiinsefeuiesauasiuaundiudugaes LDHs wuu
Asimlatunewidesluaisazate (in situ phase formation) Ingldansanuseiaivila
Uszaauiioifindsyansnmnsatnvesansidmnenguuuledagdedlifduar s

9

i 4 vila lown lesvigyseu (TRF) envengyseu (HXF) waezgyseu (FLU) wasnginiuey
su (FLF) (Iassasivesansidivanevianun waneneguin 1.1 - 1.4) 53udUnsinsienong
watlalasaninnsiveavalaussauzeas nieuriaussendldisniaundudmiunsiinsen

MsenAUaIasungludI981918 LariIpg191Re
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ﬁ—NH—ﬁ—NH O—CF3
o o

Cl

JUN 1.1 lassadavedlnsngyseu (TRF)

Cl
F2
C—NH—|(|:—N O——C —CHF,
(o] o
F

;:;U 712 Imamwwauaﬂ%vw(ﬂmau (HXF)

(|C)|—NH—(|C)|—N —< />— 4§\:>7

‘J‘IJVI 1.3 Imﬂaiwwmv\laau%iau (FLU)

F
[

gﬂﬁ 1.4 lasaievaanginueyseu (FLF)

1.2 nguszasAvansivy
1) AnwIsnsuen waglwneansmdauuainguiuuledagisensouiumemeadn

lasinlnniilveuvadaussourge
2)  ANWILATHAILIITNITANALALLNNANULIUTUYDIE T UNMLEA 87 NNSANALUY

LDHs sensidansanussiaiiviinusegaudmiunsiiudssansamnisataaisidimuned

laifien
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3)  UseyndIs NN TUAMTUNMTIATIE AN TANAN VRN TINTARNAINGULUY
lgdagiselusegnat wagiiag1atis

13 Y2ULUAYRINTINY

1) astrdausanguunledagdeifnulunuided dwau 4 ofn 1Hud les
Waysou (TRF) tangevgusou (HXF) Waogsou (FLU) wazwginueysou (FLF)

2) Frwanngivnzandmiumstenuayinngiasnasgrudvendeuty

premalia HPLC

3)  Anwanngivunzauvesmsanaasmiauuanguiuuledagisoneinaila
LDHs 1ngfiny navasw1sniieeiang 9 Ninanalsz@nsainnisans 1wy aAnuudy way
PnIdIuBIUSIIRsYeETAarals Me?* uag AP Usumsvesarsazaneluineulansenlan
(NaOH) anuiduduvesansazanglaifeulamdadams (SDS) snsudwwaziianldlunisies
& & o & = y =
Wind wazensniazailglunistumies

4) s nlaimuTulUUsEgnAlgd T UN TR IEREN TANANIYBIANTAAWIAS
nauuuledagiselumegadinayiieg1ani

1.4 wafirainezldsu

1) Waanziwnzadlunsnselinneiasidaunainguivuledagionioudu
fawalla HPLC

2) lasnrsmiadenlnddmunisadanasiinaududuiiazain $1e wazly

Usgdnsamie wazaruisaurludszyndldlunisimsisinisanaisvesarsidmungly
Mg 1srdanig o 1o

3)  @usafnuNKaIdelusEAUUIUNYEA8INAT 1 %3 2 leeg1eties 1 1389
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uni 2
ANSNUNIUUIAYALLBNESTNEN VDY

21 nawTeuAlag1euazn1sinTziasidauuanguunledagiedqenaia
Tasunlnnsrvaunadaussausgs
msafnasiduainguuulsdagelasisdunu aeldi8nsatndeivinaras

WIBNSANALUVVDIUAI- VWA (LLE) WU n1sldansieiiaazdan (Martinez-Galera et al.,

2001; Markoglou et al., 2007; Kim et al., 2013) uspgelsiniy nsainrl835 LLE avfas

Tiazanglumsaalusimasun uaslasunfsinagsunisinuianideismsadauuy

Wavesuds (SPE) neunsimsziuavasiaiadewuaauningan’ dwiinadendu wu

nsadasiedvazatewuuldanudy (PLE) Aaunsauunyssyndlddmsunisadauay

ATIIATIRRENsMInLLaInguuLleBagSemewmatia LC-MS (Brutti et al., 2010; Lorenzo

et al,, 2012).
nsananeaueInds (SPE) arunsatanlddusvainansiidauuas Bus uay

AATIERewmALlA HPLC (Huang et al., 2011) Imamm%uﬂ% Ao Tltamum dioxide (TiO,)

nanotube LLas:umiw@,JmmQmszjwumﬂmLﬂuma@mﬂuiumm}amﬂ tfufie TiO, nanotube

array micro-SPE (LSPE) (Zhou at al., 2014) LLﬁ’iﬁ%éﬁﬂa'nﬁyawiﬁsﬁ'mf’]ﬁ’mm;’m alunis

asadaiisnnia 0.1 lulasnsudedns LLmasmiiﬂwmmmm%ﬂivLﬂwumLﬂumaqmiumumi

dupsizvineunisusvendlyd LLauﬂ’]iﬁﬂ(ﬂ‘VIEJ\‘]Eﬂﬂﬁa’]EJ“U‘L!G]E)‘u
FBnsadasisavsIudassAugan1ALuUN1INsEaNe (Dispersive pSPE %39 d-u-

SPE) Ineld'@ns p-cyclodextrin-modified attapulgite composite v usi a9 ad a1 %5y

Uszeynel b lun1siiasieviansindauuas BUs Tuset 191 9 (Zhang et al,, 2016)

wanuiioand FelleuidoffuuAndeatu wu nisimuiiagadu B-cyclodextrin-

modified attapulgite (B-CD/ATP) saunuvedtvallonsiln (Yang et al, 2016) wagnis
5@Lﬂiﬂzﬁ§aﬂlmﬁﬁ7fﬁ8ﬂdﬂ metal organic framework (MOF-C) (Liu et al., 2015) 8&14}5A

1 FBnsdaaszitandnani ftuneutsenn uarluunsdsuiudesmuauanigly

nsfanszmduiiey
msafinmenavesudesziugania (Solid-phase microextraction %38 SPME) leign

fannariluUszgndlddmunsiinsgiastidauuas BUs lushodaiuasiegia

waldl (Vazquez et al., 2008; Wang et al,, 2014; Mei et al,, 2015) Ingldlwiuasytingg o

WU polydimethylsiloxane/divinylbenzene (PDMS/DVB) (Vazquez et al, 2008),

poly(vinylidene fluoride) membrane (Wang et al., 2014) ez multiple monolithic (Mei

et al, 2015) widuiznsmiraulanazlidnsiiansasiaiadisn uameda SPME dsandi

Aoutnauns  llwesiigaduildlunsatndutagiunninliie wagldiaaunuly

nsvurumMsanlunsasass
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wiadansadelusziuganiafiinaulednisnds léud msadaszduganiauunis
N32AUABLNATDILA-UBLUA7 (Dispersive liquid-liquid microextraction %58 DLLME)
anunsauundseyndlddmsunisainansiidauuas BUs Tugeg1anlés (Zhou et al,,
2013) Ingldanspaslsiuudu WWudviazanglunisadn (Extraction solvent) uazioniuea
Fugvhavarglunisnszatala (Dispersive solvent) Yeivadisi fe 918 azmin 5937 1
Usgavsnmgslunisate uarlianulilunsnsainarsdwaeldd wiasidnsldsh
axanglunsafndiifiy wasiduansienss ievdnideanislédiaranglunisadaidig
Falasinslddvinazatevlaluinauwnu 1¥u 1-dodecanol (Zhou et al., 2009; Xi et al,,
2016) upz 1-undecanol (Peng et al,, 2016) widvharaenduiiinumuiuiudesni
whlusnaiadaldon warluuensdindidudedigunsalfiaviazianzdniunis
afafioraelunmsusnilalddne uavazniniu fvhasanednedanisfitnaula wagiing
i ldnaunuls fAe veunailessiln (lonic liquids 39 ILs) W1 [CsMIMIIPF,] (Zhang et
al,, 2012; Ruan et al,, 2015) wag [CsMIMIPF4] (Vazquez et al., 2014) Ssdofivasasivan
losatin Wud feumuiiugeniith Ssaunsonsnaiiataldiendsnssuunsaiaias
Au usteglsimu veumanlesaiiniisiadeudrsuns fenuniings uazuansdidonden
vilovesvesvalossinlivnzauviofautflndiAvsfuandRvesansidvang eflazyae
yliUszAvsnmmsadageiy uenwileand dnsuszgndldvounarlooaingaufudasi
avaneiiinnumuuiutiosniidmivatinansidauuaingy BUs Tushegnasing 1 iy ms
Tof@a190za1uma@NTy 12 19 1-dodecanol wag trihexyl(tetradecy)phosphonium
hexafluorophosphate 1ufvazaeaningiu (Yang et al,, 2014; Yang et al 2015) 331
wdunmandnidenslidshazaefidufiviieelflumeia DLLME uuudadn udnsld
asazanonauiiduihazarsatasmivveavailosein danmuin Sududedligunsal
fumlumsarin etelunsusnialfiedy

2.2 %’u@:‘laﬂianl%ﬁ (Layered double hydroxides %38 LDHs)

LDHs 1udnuziaeasharlasaasiauy brucite [Mg (OH),] ﬁqgﬂﬁ 2.1 hay 2.2 S‘z'fq
Uszneuselossuvetuniifeufidousousielosouvedlansenles wazdnisedasadng
aadusannszdnsea (Octahedral) Tnefivesinsvesennnzdnsea (octahedral) vxilloseu
vosuunii@onussqey (Dong etal, 2015) dumisoznounarsiinsunuiishelessuves

1%
=]

avgiilonfvgyiliiaiasuansusyquantd 3aansnaluves LDHs azeglugy dsil

Mz M2 (©OH), [ [A " e yH,0
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o M** Wulanzlosouussy 2+ 1Wu Mg®* NiF* Ca®* Cu* Mn** Co** uaz

Zﬂ2+

M Julanglosaulszq 3+ wu AP Cr** Ga®* wag Fe®*

A" Wuleeeuauiiegseninetu Wy co? SOi CI” NO;
M3+

M2+ +M3+)

'
oA

< ) ¥ 'y} 1
x Huaiewalaanndnsidrulasluaves

y Wuduuluanavesihfiogsznineduy

Anionic clay Mg/Al-layered double hydroxide (LDH)

Positively charged
=% brucite-like layers

VA A SRR

gﬂﬁ 2.1 1As9asn19ue9 Layered double hydroxides (LDHSs)
(111 : Dong et.al., 2015)
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JUN 2.2 laseai1aves LDHs Miuanuaiwes dumesialgatiay basal spacing
(w1 : Benicio et.al., 2015)

38n151@ 38U LDHs
nsw3o LDHs glessuiifionlinion fe Mg uaz AU Tnsanunsainseuls
#a197% (Saraji & Ghani, 2014) LU
1) 35 Sol-gel
2) 35 Hydrothermal
3) Avaal i
4) 35 Co-precipitation
A5 doulduniiandeds Co-precipitation @ saunsainiouldlnenisidu
ansazansvadlosau 2+ uarloseu 3+ (ludnsdudivungay lneundinasdudasdiu
3:1) asldldAnmsnaniuognedn 9 mndufivaisazatoiua 1wy NaOH deagsiiliiinng
anaznouveslovautaesty
Uafvoamnatia LDHs laun
1) fnnudufiviuanfuiinssedinday (sreen adsorbents)
2) 4ue9 LDHs (Hutsequan
3) mvwiglunisuaniUasulessuaulsiys
8) fufiAann
5) lalazaneth

23 msUszendvesduglansenled (LDHs)
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M3Uszgndlives LDHs Insnsiluifuigadu viemsatnuagiiuanuituduves
asthmnenguitlifiuseg wuin famAdedeudnsdite wilasaduann deslddmiunisgn
FunaznstinanssmnniidussavieoglugUlonou duhegenmiafodelud

1u3T8v09 Abdelloui hagamy (Abdellaoui et al, 2017) Tailaus MgAl-LDHs
dmfunsgaduuasmdnddennguerunsuy (Amaranth) 1neld interlayer anions 7
uANANAY (MgAINO;5 ag MgALCO3) Tunsguiun1sduasIzy LDHs wonanG MIduAsIEn
fagatu Ni-Fe LDHs Sanuindnsiluuszgndlddmsunsgaduiiiominddeusenain
asavaetldisudu (Lei et al, 2017)

Mg-Al LDHs lagninanldidudgadu wagnisarinlesswau wu msgadulusim (i
et al,, 2017) wagni1sananoaing (Gissawong et al., 2017) Tui981917 druauisod
LﬁlEJ’JﬁJUﬂ’liﬂWBJULLazﬁ’ﬁfﬂIﬂim&l zln15d9LASI¥9 LDHs wia Zn-Ni LDHs (Oliveira et al.,
2016) ueniwileant Sawudn SeuAdeiifinisUsegnd LDHs dwiunisgaduuasidnlany
fifufivldiduiu wu Ni (Chen et al, 2016), Cd, Pb, Cu, ua Zn (Asiabi et al., 2017), Cd,
Cr, Pb, Co, waz Ni (Rajabi et al., 2017)

sATeaulaluilagiu Ae nmsaun LDHs dwsunsfusgadu vienisara
ansmnelifiuszg wu msuszgndld Zn-Al LDHs iduigadulunisatafemaveuds
dwsvarsnquindlandneslsundinlalasaisueu (Polycyclic aromatic hydrocarbon %50
PAHs) Tudheghah degaruresnuided Ao n1sdansiest Zn-Al LDHs Taeldansanusaiis
Avszgaudluagssvindurenawes dsansanussisiafililunuided Ae Tndvaland
aluududalwiun (SDBS) uazwul amnsadaeifindszansamlunisadnansidinung
aananld (Liu et al, 2012)

MNMTNUNIUNTITe R LT 9L agnudn naun LDHs dmiunisadauay
Winenududuresansitimmnenguithifusey weenguiliuasdunididlassairsvunalng
Y Seflonddeliunsvanstn dafu Sadulssduihaulafissyhmatauisnsatalaeld
LDHs $aufumaiinansanusefisinszgau waeiaunliiuisnsilddosinsdaasiei
LDHs wa@u13avinl LA anl@ves LDHs 3o in situ phase formation) 4 wlusgnin
nszuIuMsanals daaztaesilrannatlunisain vildsnds wazdndisyansamis
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U 3
s 0gUATNISINY

3.1 @15AduaYILeLua

aawnduardioudililunsmaaesiifunsaiifimuuignigs werlddmivnuad
Ans1ek wall

1) arsumsgriumdanuainauuuledagise Usenauale Triflumuron (TRF) kag
Hexaflumuron (HXF) 1undnsaeiusem Sigma-Aldrich (Germany) @2u Fluazuron (FLU)
wag Flufenoxuron (FLF) 1 undnsuaives Dr.Ehrestorfer GmbH (Germany) FanSeuans
mmgmméwﬁ’LﬁLfJua'ﬁazmsJa&”aﬂﬁmmLSﬁwﬁu 1,000 a8n5uneans lnunisazaedns
mmgmiuﬂ%mmﬁuﬂuau (M1UN15AUI) AeREdlauUsEuad 500 — 1,000 lulasans
Mniudonsdrlausinasiigosnssoumuea

2) uunil@eumanlss (MgCl,-6H,0) uazaaiillounaslsa (AlCL;-6H,0) nansnu
YBIUTEN Ajax Finechem (Australia)

3) loRsulaw@adains (SDS) nansinives BDH Prolabo (Belgium)

1) ansuavivnavanedu 5 leun formic acid, methanol (MeOH), and acetonitrile
(ACN) (Merck, Germany), acetone (ANaPure, New Zealand), taz NaOH (Kemaus,
Australia)

5) 1husiaanlesau (Deionized water) Wuvasu3em RCI Labscan (Thailand)

32  gunsnluaziadesile

1) 1p309 HPLC: Shimadzu LC-20A Systern 2009 (Japan) T9wewsu$ qu
LC Solution Tun1smuaNNIsyiauLasUsEuIaNg

- {lu (Pump): Binary u LC-20AD

- AwAWMas (Detector): PDA Ju SPD-20A Lamp D,

- Apaull (Column): InertSustain Cg Column (4.6 Tadiuns x 150
fiadiuns vurmeunia 5 lulasuns) (GL Science, Japan) Wag guard InertSustain Cs
column (4.0 x 10 mm, 5 pm) (GL Science, Japan)

2) Lﬂ%‘laﬂ%mﬂ%ﬁﬂ (Ultrasonic cleaner): 40 kHz, 500 W, Power sonic
410 Hwashin Technology (Korea)

3) i3astumies (Centrifuge): Bench Top Centrifuge NF 200 (12 x 15
1aaans) (Turkey)

3.3 an1EMsKeNaIAE AT NN NYBIMaIENTTAULES
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mswenasidvangazldsyuuressisaualasuilnnsivesvallasunnns i way
THavnewla Usgnaudie nsanesindudu 0.1 wWasi@udlaeUsunns (%, vAv) wazesdlalu
1058 (ACN) Fisns1dau 78%(v/Av) ACN dasimslvavesiuuiowady 1.0 faddasdouni
Usunsiagnsiianiiasemdu 20 lulasang waznsiatafinnuenady 256 uiluwns
34 YuABUNSARAAIE3T in-situ LDHSs

fupoulumsatndeds insitu LDHs shidlasmsthansazaneunsgunay (3o
ansazaneiete) Usues 10 Haddns aslunassdunisstuuney udwhmsidvaisazaty
0.5 mol/L NaOH U3u1ms 150 lulasdns mumigansazaty 120 lulasans vee Mg (300
mmol/L) wag 40 lulasansvesarsazate AP* (300 mmol/L) w9t [HuaNsavane
Twdeulawdadama (5 mmol/L) Ususs 500 lulasans weuansazanevaunliidniugae
msgniloUszann 5 3ufl musenTesingdl 1800 seusteundt Wunan 20 3undl way
dasavareiildludumiedionsuda 3500 souseundt Wunan 5 wifl Weusnadiadale
penaNIlavosansaransti LqumwaqU%umaumiaﬁmLLamﬁquﬁ 3.1 (BNWAENINILAN
vosmsavaefidunaldluvasiinisadn wesvdanmsdumies wansdegui 3.2) wdandy
¥nsupnaansazaneiiesn wasthamsdumlaiiatinldues LDHs azanedonsamesd
adutuluvsuns 200 llasans audaensdniesized 20 lulasang) arsavaneiiaiale
pewmalia HPLC sialy

3

&

Mg Al Withdraw
agqueous
NaO SDS s
W] ] 7
Manually ot ‘ ‘
shaken
:—-9— —@ HPLC
Centrifugation T | |
Formic acid v
Sample Cloudy Precipitated
solution solution phase
t 1 Y
| SDS-LDHs. _! "i
formation I i
|

Oifeet Absorbance jmAU}

!
|

5UN 3.1 dunounisaialun1nsiudieds in-situ LDHs
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Agueous sample
phase

LDHs phase

¢))
(2)

3UN 3.2 dnwagnanienmiintuluseninanssuiunisaia e (1) asazaieflasening
nsafavziianvazgulLuIuass (2) asazaleiiunisusninadlindainnisdu
e

35  msaesedasdmneandiduinglagng wazinie

feg19univinIsTiaTedt nsdafuiegsinanundsdinig q ludanda
YAy $1uay 3 uaatmane (hRafu devuanans LLaszlﬁqsummimg) Fartourni
Fag19lUYINATIATIER ABWINN1INTBINIUNTEATENTEY Whatman #1 LagAuAIEnIEaY
nsesvun 0.45 lulasiuns anduthifed susunns 10 fadans Tvinisafaniuduneu
199U wazIATIzvsemaLln HPLC

frgetiils vhnsduiudegahisiifisuerluluesnan S1uau 4 Bve
(Usznoudieiniaass uwazthismenlsUn) dmsunsimsigiinng vnisdeaiie 5.0 nu
wazideanadieiuanlossulildusuing 50 fadans nturiinisnsesiiegsdae
nsyawnsasuna 0.45 llaswas udwnmsinszimuiuneulude 3.4

dnsunmsAnwidevaznsnauAu (%recovery) Toinnsianansidnuneasludiogng
fisgsupnandudusiig 9 fu ldun 7.5 25 waz 45 lulpsnsusedns deunsihdregnsluans
LasfinAuEdY aussnTlasERsomaia HPLC
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unil 4
NANISNAADILAZIAUSIINE

mAteiiauematanBmsatafiodenaiamdlumsarasvngiinisadn
(in-situ phase formation) lagldszUures Me-ALLDHs Aiflansanussisiaviinuszgau Lo
Prefuszaninmnsatnaadmnenguiilifiduarifisey  dduiiddonsussend
dwsunisainansmidauuanguuuledagiss uagdinsgimemaialasininnsiivesvan
Aussnuzgs (HPLO) nsnaninmass anansauvadu 4 Ysaidiu il

1)
2)
3)
4)

anmeiimnzaudnsunsuenaisithmnesemada HPLC
anmsTnaudnsunisatasieds LDHs
m3fimesdmsunsThusunaiinsst wasmsvegeunuidedeldvedis
msﬂizqﬂﬁ%%‘ﬁﬂ’mméﬁué’m%'umﬁmeﬁamﬂmmamﬂﬁwﬂuﬁ'gaﬂwﬁ'} Wy
Feeeini

4.1  mandasiivsnsandmiunisuenaadmunedlemadia HPLC

PNNsAaeIanMETimanzavdmunsuenasitvine 4 ¥ila (TRF, HXF, FLU,
wag FLF) Ingldinaindoudiiiu 0.1 %(vA) formic acid wares@lalulnsd auannedildsyy
Pudaluunit 3 Semeldanmefivnyani anansausnansidhnueis 4 wia leaneluna
6 unil Fauandlugud 4.1 uazagldannzunzaud dwiunsussduannefioansgay
dusun1sainaaedd LDHs Tudnsdudinly
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40 — Preconcentration (100 pg/L)
— Direct analysis (100 ug/L)
- o HXF
o FLU
= /
E
o 204
o
c
©
8 |
o
§ 10 ] B SR, Vo
= HXF FLU
® 1RE FLF
5 N
)
. I ' | ! I ? | L 1
0 2 4 6 8 10
Time (min)

5UM 4.1 lasunlninsuvesmisienansminuwuanguuuledagiseniglaan1isivunzay

42  manansfivinsauveanaiansaiagag LDHs

wdwedAfinaneussaniamnisada laun anududusazusunnsues Me/Al
YSumsvesansazanelanonlansonlen anududuredaieulandadams onsusinay
natlumsesnnd wazdnsiduasnalunstdumies Sdunsmaniesilimunzaivesus
arnsfiwestei avhnsulsitagrnadweslaenisfiwesdu q al lnefivszansam
nsafiniu Arsananiuilifievesaadwanglusiasnniise g

4.2.1 anududunazdsuinsves Mg? uaz AL

TumAded Anverududuresmsarats Mg uay AP aglutag 100 -

700 mmolL lnelisnsdnlneluansiifi 3:1 uazdnsdmuSuinsves Me® waz ALY
(150/50 lailasdng) wansvaaesiildandusudl 4.2 awifiuin Yssdviammsadavesans
e (enuiu TRR) asfiutunuaududuresglossuiassiildaunseitsdsnmndudy
300 mmol/L uindaantuuszavsnmnsatnanas ennavesnsieaaaiadialei
Aeannfuidlefiuauduturesglossuiiaes fufu Jefosarmemiadadnldonsnes
Anludsansiianniuge sy Sadenfinnudiduvedlessudaady 300 mmol/L Wy
anudduivnvaudmsunsEnemsdwessuludidusely
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UM 4.2 Havesndutuves Mg uag AL llnaseUssavinmmsaiaansidiming

a

NFUN 4.2 aglamnududuimangauves Mg® uag AP 1 300 mmol/L
#899NTU ANWINAVIONTIEIUVDIUSUNSVRI R UNIaRIR AUl uTURIna1dTl Tuea9
Usu1nsndanednsrdrudu 3 o 1 1aue lne@nwionsidiu 90/30 120/40 150/50 was
180/60 waibiuansdaguil 4.3 asiiiudn N8ns1diu 120/40 aglvinaiigenian ndaniu
UszAnSnmni1sanmnanad Mane199:Lt sz nAnn1sureturaaaneslonauaunun
zg zﬁ a :g [ :j :szizs = <§ U 1 a [~ 1 zi
YU WaUsunsvedlesauunTu a9t Tunsaitandanfonsidru 120/40 lulasans WWuai
AL EL
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5UN 4.3 wavesdIunsves Mg™ uay AU NllnasiausednSnimnisannansidivang

4.2.2 UYsumsvesansazanelafeulansanlan (NaOH)

lumamgud n1swseana LDHs nedSannznausiuniglaaniisiuand
filovgenin 8 uavegluglvesiagaduilidulanzeonles (Tang & Lee, 2013) lusuided
FnsANYINATeIUSIIASYRS 0.5 mol/L NaOH Tuas 50 — 300 lulasans seuadilauansly
Ul 4.4 anifuinussAvinmnisatafisiunuuiinsvesladenlensonlediifuasly
audsUsms 150 lalasans udsantiu Usunasvedluioulonsenlesifvasiuniiuld
Liilgvinlsseans nmussnisadniisty uavlnounnazyinlyusyansnmanas walenaidu
WszInsiiansiuaiunaiuly awﬁﬂﬁmitﬁm%uﬁjlamaﬂlazm“lail,aﬁai W38813LAAN
nsussiufuseninslossulansonladiflinntuiuninesloosusu 1wy raolss sy lu
uiiaden Ausinas 150 lulasansilummanzas
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Peak area (x 1,000)

0 T ' I ! I ) | ! | % I
50 100 150 200 250 300
0.5 M NaOH (pL)

JUN 4.4 navesUSunsvesansazangluieslansenlen

4.2.3  wavaspnududuvadlufsulandadama (SDS)
= IS QA d‘ yal (% 5 1 ! !
Wewwn LDHs Haudilumsuaniieulessuaulad  Aedugesinesening
Awese1IvUTuaNdRlamensivasantssRsiiastiaUsygau (lun1sideiidenty SDS)
WeTlazuSuiiufinres LDHs flaud@du Hydrophilic TUilu Hydrophobic iiefiagtiia
wwlddlunsadeansianeilifviwaglifivssy Tuniseaesdl vihnsfinwanududy
999 SDS Tuwa3 0 - 0.35 mmol/L Fawan15naasduanInaguil 4.5 9uWiudn N5y SDS ad
Tluszuumsadeanunseadinansidmnglaglilssdnsamnisadinaudmivasidvaneg
¥4 4 wila laglanigans TRF auAududuued SDS 89 0.25 mmol/L ndsaniu Usednsamn
Y v & = A Y v .:4' |
nMsainazanas Aty JadenAnududuves SDS 91 0.25 mmol/L iluaimungay
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5UN 4.5 HaveIAuluduves SDS llnasensainaisiivung

4.2.5 wWaYaIN1503WNG (Vortex agitation)
mM3efmndissnusiuaziian (Speed and time) Anwinaoglutiag 300 -
3000 50URBUNT WaznaT 0 — 60 Fundl (HauARIRIgUT 4.6 uay 4.7 Auddu) nuin ns
Jeiwndlirsuiinaneussdniamnisainegisliied1fny LLG}'@EJ"N"Liﬁmmﬁé“mﬂL%a 1800
seusiaund Tstavsnmnisatngeiian dunanlunmvinng wui finan 5 3undt ezl
UszAnSnmmsaingagn wioghdlsfany e 15 3wt slinanisiinseisiiininge

‘lJi%LaJumiameﬂu%mmu i\l']L’Jaqu’]‘LmrJ'] 15 'J‘Ll"l‘i/l %31‘1/ma'1/]ﬂ@uslﬂﬂﬂﬂ‘1/l JUU UTY
Ko & s ¢l ] a & a a & A
UIUADNNTFIDINALN 1800 59UFADUIN LUULIAT 15 UMM LUUANAUNS L
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3UN 4.6 naves vortex speed Milnasanisainansidming
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5UN 4.7 #av09 vortex time Nilnasionsanaasidmuney
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4.26 wavasNsULWIBS (Centrifugation)

navesnstuiosiifineuszAniamnisana awnsafiansanainnsdne
§n51157 waznalunistusies Fansldsasuduaznarimunzausstrelinisuonaves
ansavaneldosisanysal luenuided vhnsAnudnsngalugag 2500 - 5000 souseund
(gﬂﬁ 4.8) aziiiurn snsusalunisiumisiinaroutaunnseuszans nwnisaiavesans
Wandne mﬂ%é’mwL%’Jﬁaaﬁﬁuﬁﬂﬁﬁuﬁié{ﬂﬂﬁuaamimﬁu ﬁqﬁawaLﬂuLWiwudﬂ ANN150LEN
\a LDHs waﬂmlmaaﬂmmWamiavmauﬂmmmmawu JunszIldednsniaf 3500 seu
foulvl miwﬂivammwam windsantiy Uszansamazanas erardumsizinnisiy
memmmaqmuiﬂ p19vilWislaves LDHs nszaewdiluazanglusuraaslavinlduiniu
SolAlanaiimssianas safu Sadeniiensnga 3500 seusouit wdWMsANEYINAYDS
nanlumia 1 - 10 Wif (Ui 4.9) nud naildlunstusieslalldlsinaiunnsiefuanin
wAfian 5 it Wszavsnmmsaiagegn nsldnailunsdusissnuiulasiinarls

UszanSnmnisadinanas fetil IR Naensns 15 3500 sausaul Luan 5w
Wy ALz au
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5UN 4.8 naves centrifugation speed Milnasionsarinansidiviang
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U 4.9 #aves centrifugation time Milnasensainasiimang

4.2.7 UYsuasvesnsanesiinfifinadonsazanemafianald

msazanewa LDHs azdedldiviazanefidunsafiifeviesndn 4 (Tang &
Lee, 2013; Gissawong et al., 2017; Phiroonsoontorn et al., 2017) 992ANNIT0ANATIEN
nldluwmeda HPLC 16 Fsluemiidei] Wnsanesiindusviazanglunisazateia LDHs 7
arinlé TneAnwlutaa3unng 150 - 300 lulasans waflduaniagud 4.10 aziiudn msld
Winmsvasnsanlesiniinnnty wiiezaunseazaremaldd usagvinldansidmnediatnle
gnideantas usluvaediviunmsildazaematioonin 200 llasans aghiannsaazanea
I¢ognaauysal dodu Tusddel JafenuTinasvesnsemosiindl 200 lailashns (Huend
Winga
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200000
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Volume of formic acid (L)

5UN 4.10 Havesdunsvasnsavlesiniililunisazaremanadiale

4.3 WIANNTWTIAUIATIZAFMTUAITUINTFIU

Anwmnsfiweslumsviusinaidesiey loun dasenududunss Iasainlunng
a37937 (LODs) Tadrfinlun1sTinsesivsana (LOQ) Anuiiedlunisiasie (intra-day and
inter-day precisions) uazuvinmesnsiivainududu nafilduansianised 4.1

a a N ¢ 1a
M19190 4.1 W']i']llLm@ﬂUﬂqﬁfJLﬂiqgﬂﬂiﬂqmm@\‘]aqﬁl,{]']%ﬂqﬂ

Analyte | Linearity R? LOD LOQ Intra-day precision® Inter-day precision® EF
(ng/L) (rgL) (ng/L} (n=6), %RSD (0=6x3 days), %RSD
iR Peak arca | tr Pcak arca | [Cex/Col® | | Sprecon/Sdirect]®
TRT 1-100 0.9937 0.3 1.0 0.5 6.8 0.3 11.2 12.5 13.2
HXF 0.3 -200 0.9977 0.1 0.3 0.5 50 0.3 7.9 21.0 18.3
FLU 0.3 200 0.9977 0.1 03 0.6 5.2 0.4 8.3 21.2 19.6
FLF 0.3 -200 0.9972 0.1 0.3 0.6 6.2 0.4 7.2 237 213

2 Precisions were evaluated at the concentration of 100 pg/L each BUs.

b Ratio of the concentration of target analytes in the extraction phase to the initial concentration in original sample solutions

¢ Ratio of the slopes of the calibration curves obtained with the proposed preconcentration and direct analysis (without preconcentration)
N7 4.1 wdiuin Yrsmnududunsseglutig 0.3 - 200 lulasniusiodng

wazlienduuszanslunmsieneiuiinagsnii 0.993 dadriansnsaain (LOD) uazdndaiin

lun13n 519 3aUsH (LOQ) TneA LOD Useidiuain S/N=3 uaza1 LOQ Usiiuain S/N=10

%3 LOD wae LOQ limneglutias 0.1 - 0.3 wag 0.3 - 1.0 lulasnfusedns suddu dauaanm

Wedlumsiesest wuin Wiesazaideauunesgiudivddesnin 0.6 dmiunainsag

pguesans wartiosnd 11.2 dwsuiuildfievesans defedndudfivonsuld
melfanmzimngan Waunmesmafiueudutu EF) dMunandndu

yosmnuituturesansimnefeglumaiiadalduazanududusudure st mneneu
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AFENA  WAYENIIFIUYBIANUTUYDIENNTHEURTIV9ENSLTUUNeN RN ITASHRLAIY
Wit uiuIsmieseilagnse aglde EF aglutig 12.5 - 23.7 uay 13.2 - 21.3 aaau
FalinaNaanAa oI lURANILASINY

a4 mstssanddmiumaiinsesiludednai uazdiagnaiie

mnTeiasandsnesansmdausadluiognahdidufuan 3 unds Auandng
fu Mg wui enaldnunisandeesarsiidauuaduiiegiaiifiviinising
ustagndlsfiony ieusefiuseAnsninesisivaunduioninilussgndld Teldvhns
Uszifiumnuwsiuresds defiansanaindriesaznsnduiu (%Recovery) 189a TR T
duadlufegne fiseiumnududusig 9 (7.5 25 waz 45 lulasnduredns) Selasulnunsy
flgnmsieneiludiednad uasdivinsnueuuliuredds uansdasud 4.11 way
doyafosazmandudu uandlumsnedl 4.2 adiuin Bihiauetull WWesasnanduduiia
wazgensuls tude eglutag 78.4 - 117.4 lneladey uazAdeauunnsgIudingainii
13.5 Wosigus

drunsinseiludiegiaiii s dudiegannniiesnaindiuau 4 8o 99nnns
A5 wudn analinunsandsesasidaunasnauivuledag3elufedisiviing
A5z Wil ovadeuauLluresds Saldinisussiiudesaznisnduiu (%Recovery)
vosansithmnefisyfumnududu 7.5 25 wag 45 lulasniusedns Inelasunlnunsudlsann
MFBATIEALARIRIFUT 4.12 uazFesaznIndudu wanslumsnedl 4.3 wuin Wiiesaznns
nduufiRuazseusuldlurig 72.7 - 117.9 wagAidsauunasynduivdidesndt 12.5

dfinnsanafesaznsnduALAzAILD BLULINATIILANRNEANLIATFIUVDS
SANCO fmualiaunsgruesaznisndvauiisensuldazeyludas 70 - 120 uagen
osuunessuduinsiesnds 20 Wedidud Aseduanudutui@nuilugag 10 - 100

ada A

lulasnsumeans (Document N SANCO, 2006) 4 99gWUI1 389 Warund ua1u1saunly

(% 1

Uszgndldiunisiesigviansminuuainguuuledagisulufieg1amedaninday uay

=

f7981991911500 Laglruseansain wazlvanuiadalavuaadsna
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60 -
spiked 45 pg/L
spiked 25 g/l
50 + spiked 7.5 ug/L
—— Blank
= HXF  FLU
= 40 - / :
E N InE / FLF
- »
S 30-
@
S L\M
™
S 50l |
Q
< J
@
g 10 -
O
0 .
. I ! | I > | Y |
0 4 6 8 10
Time (min)

JUN 4.11 Tasunlnunsudlaannmsdasiensaegnadn (Blank surface water) Wagnis
WA TUINSFIUNATUTUA 9

a o U A av v a I aa a ¢
M990 4.2 i’e]EJasmiﬂaUﬂuvammmiﬂizmummLLNU‘U@Q’JﬁMﬂﬁ’JLﬂﬂwmilﬂﬂ‘wma

14
U 1 o
Tusogne
Analyte Spiked Surface water Pond water Lake water
(np/L) Detected RR(%) RSD(%)} Detected RR(%) RSD(%6) Dctected RR (%) RSD{%)
(ug/l) (ugrl) (ne/L)
TRT 0 ND - - ND - - ND - -
7.5 7.06 94.2 3.0 8.73 116.4 4.8 6.05 80.6 13.5
25 2485 994 1.0 28.23 112.9 54 27.39 109.6 356
45 39.55 87.9 4.2 52.08 115.7 3.0 53.00 117.8 7.7
HXV 0 ND - - ND - - ND - -
1.5 7.58 101.1 1.8 781 104.2 10.5 4.29 78.4 11.4
25 2593 103.7 14 24.85 99.5 10.6 24.77 99.1 4.9
45 4427 98.4 4.2 47.37 105.3 1.4 47.29 105.1 0.8
FLU 0 ND - - ND - - ND - -
7.5 6.45 86.0 5.2 6.67 88.9 6.9 7.52 1003 119
25 26.56 106.3 2.4 26.38 105.5 1.2 24.48 97.9 5.6
45 47.05 104.6 7.5 51.52 114.5 53 46.66 103.7 1.3
FLF 0 ND - - ND - - ND - -
75 6.54 87.2 5.8 8.25 109.9 8.5 6.14 81.9 11.4
25 25.74 103.0 4.5 22.87 91.5 6.4 2332 933 3.2
45 46.09 102.4 6.2 49.37 109.7 6.4 45.19 100.4 5.0

RR: Relative recovery
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Offset absorbance (mAU)
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60
. —— spiked 45 pg/L
50 spiked 25 pg/L
spiked 7.5 pg/L
. —blank
FLU
30
20 | L\/\/\_j\k
1 0 | L’M
0 L¥
4 T 4 I T T ' I T 1
0 2 4 6 8 10
Time (min)

JUN 4.12 Tsunlnunsunliannnisinsngsisiieg19dii (Blank honey brand #2) uay
INNTHAUAITUINTFIUTAMULUTUSN

A15199 4.3

Sp8arN1INAUAUNEIAINN1TUTEUAINLLLUYDIT I UNT AT IZTENSL T UNe

RR: Relative recovery

T -1
Tusg1auis

Analyte | Spiked Honey brand #1 Honey brand #2 Honey brand #3 Honey brand #4

(ng/L) |Detected | RR(%) | RSD(%) | Detected | RR(%) | RSD(%) | Detected | RR(%) | RSD(%) | Detected | RR(%) | RSD{%)
(ug/T) (pe/1) (ugfl) (D)

TRF 0 ND - - ND - - ND - - ND - -
75 6.79 90.5 9.7 8.85 117.9 L5 6.96 92.8 3.2 743 99.1 1.1
25 2198 87.9 5.0 18.17 727 4.5 21.83 87.3 112 19.88 9.5 3.4
45 42 .66 948 1.8 40.47 89.9 37 39.98 88.8 12.5 3623 80.5 103

HXF [¢] ND - - N> - - ND - - ND - -
75 5.80 773 5.6 8.40 1102 0.7 828 110.3 29 7.56 100.8 11.3
25 23.65 94.6 5.8 21.65 83.0 55 23.09 92.4 10.6 24.14 96.6 8.6
45 41.90 93.1 1.1 41.04 91.2 L.6 41.15 91.4 7.3 43.03 95.6 11.1

FLU 0 ND - - ND - - ND - - ND - -
75 6.01 80.1 7.1 6.87 89.9 34 853 1138 2.4 7.13 95.1 10.2
25 23.78 95.1 8.8 21.50 826 5.3 24,53 98.1 8.2 2395 95.8 9.6
45 41.38 93.1 1.8 43.08 95.7 2.8 41.69 92.6 5.0 44,54 99.0 6.3

TFLF 0 ND - - ND - - ND - - ND - -
75 5.56 78.0 8.8 7.26 95.0 4.4 7.08 94.4 3.7 8.06 107.5 0.0
25 24.76 99.0 11.2 2272 88.9 5.1 2270 90.8 7.7 2427 97.1 4.0
45 44.15 98.1 09 44.78 99.5 54 40.15 89.2 4.3 4771 106.0 0.5
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unil 5
unagueuIve uazdoiauanuy

51  unaguauivg

TAsensideil lednaueisnislmivesnisadalazliumududuLuy in-situ phase
formation ludunewiel Ingnsinieusuduidaaeesiansenludviotunlansanlys
(Layered double hydroxides %38 LDHs) kagiin15.iuansanusafaidiusegauLney gy
Uszdnsnmnmsaiavesansidmneliufivsey Feluanuidded vinisteseiasmdnuuas
ngutvuledag s evulu 4 ¥ a (Trflumuron, Hexaflumuron, Fluazuron wae
Flufenoxuron) sgmafialasutinnsilveuvalaussaureas dennelaanitenivanzay
dmsunsuenarsidmanenguil anunsasenanslanigluagn 6 uil antudszgndisy
Wawwull dusunsiasiziansidauwuadlufmieg1adl kazdiog19uIie

annzfngaudnsunisanaasilnuineaeds LDHs 0.5 mol/L NaOH (150 pL),
120 pL Mg*" (300 mmol/L), 40 uL A* (300 mmol/L) kag 5 mmol/L SDS (500 pL )Iae
GREGE awmaanummiaLmaﬂﬂlmmuaﬂuﬂiqmErﬂuﬂ'ﬁvmumiaﬂﬂ n¥anntu 1
asarargliinmesmndidunan 20 undl 18051152 1,800 seUseud wazinsiu

d' = A vy 1759 y a A ] S & =~ &
whgadtewenanadinla Inelddnsinislumied 3,500 seusteunit Wunia 5 unil 91ntiu
nsavanewlananalasiensanesiaUsung 200 lulasdng neun1sinseiniy HPLC
v a v tY l Y o |

aeldanigilimunzaud1ady wuan ayasanududunselugg 0.3 - 200
lulasnsusieding Indndan1snsivinwazdnininvesnismiuiuiaeyluyie 0.1 - 0.3 uay
0.3 - 1.0 lulasnSusiedng auawiu unnesnisiiuanududuegludag 12.5 - 23.7 1
= = = v aa v o a Y v a & d' aa
WaFeusunuisnisiluniunisiiuanuduty (31Aseilagnse) ANuTiewedds
(Precisions) Naaaufi seAuAITuTUeIa1sidinuny 100 lulasnsusedns dusunis
AATevluTufiu (n=6) waznatedu (n=6x3 Ju) wu1 Iauieduausu lngasoe

oA v o &0 i o  w | & dy v

avAndgauunsgIUduRnSAndT 0.60 wag 11.2 dwmiuantunisaseguasiunlafinves
asidimung

UszgnAIS NN AT UAINTUNITIATILNITANANNYB9EITATALNAINg L uLleDa

a

gi3eluiiog1a1vdinging 9 (3 ¥iln) wagdi0819117 (4 890) WU LnuN1IANANSYRNENS

AManuadludieg19nyinnNIsIasIzn 9g13lsAnu Yinn1sANEIALLLUYRASIngUsELUAN
$RUAYNISNAUANYDIASHUINUIEANTIUANUTUTUNWUUDY (7.5 25 way 45 tulasnsusa
am3) WUl Wisegazn1snduAu Awazeausuls Tuwae 78.4 — 117.8 way 72.7 — 117.9

dMSUfIE190 wasEl aua1au TneafarazadetuunnnsgIuduinstasenidt 13.5
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35 LDHs AWaundull @unsavinnisanawaziiuanuituduasasidmunglaniely
TupauLRgd I8 lade waziiuseansnman aunsaldduisonnisdenniedmsunis

iluussgndldlunisaiaansidvanenlufivsey wasverenanisfnuiluiniwsisluls

52  dauuauug

Tassmsisvatuauysail Iivinsfnvinavesansanussisiaussgauifisseiinden
fo Tnfeslaindadaun (SDS) wimiu fedu msfinwnavesansanusssiiusygaurindu 4
fa ilolildnanisiseidadTsuiiou uassosonldanysaldedu vonand arsily
Uszgnalddmiunmsilaneiasandadnalusiegsdunndendu 1wy fu viefees
9115 Annalsl wazndnAnsiinanunandnvienalsd Weasldiunmsulunisussidy
UsyAvsnmnsara uazanudululfvesnisussandldvesisiimundy
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Abstract

A rapid and simple preconcentration method using in situ dissolvable phase formation based
on layered-double hydroxides (is-dissolvable LDHs) in the presence of surfactant prior to high
performance liquid chromatography-photodiode array detection (HPLC-PDA) was developed
for the analysis of benzoylurea insecticides (BUs) in water and honey samples. The proposed
is-dissolvable LDHs for extraction of target analytes was prepared in one step by the
subsequent addition of the solutions of sodium hydroxide, magnesium ion, aluminium ion, and
sodium dodecyl sulfate, into the sample solution containing the target BUs. The co-precipitate
phase was simply obtained after centrifugation, and the phase was then dissolved with formic
acid before analysis by HPLC. Under the selected conditions, the developed method provided
enrichment factor of 12.5 —23.7, LODs in the range of 0.1 — 0.3 pg/L, and LOQs in the range
of 0.3 — 1.0 pg/L. The proposed method was successfully applied for the contaminant analysis
of BUs in water and honey samples with good recoveries ranging from 78.4 — 117.8% and 72.7

—117.9% for water and honey samples, respectively.

Keywords: layered double hydroxide; sodium dodecyl sulfate; high-performance liquid

chromatography; environmental sample; food sample
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1. Introduction

Benzoylurea insecticides (BUs) such as triflumuron, chlorfluazuron, teflubenzuron,
hexalumuron, flufenoxuron, and flucycloxuron were firstly introduced in 1978 by Bayer
Company (Germany) [1]. BUs have been increasingly and widely used as promising substances
for pest control because of their high biological activity, easy biodegradation, low
environmental persistence, and low mammalian toxicity [2]. The insecticidal mechanism of
BUs acts on the larval stages by inhibiting the chitin synthesis and blocks the molting process
of target insects [2, 3]. Although BUs provide more benefits to agricultural production, their
wide application leaves undesirable residues in environmental samples (e.g., water and soil)
and on the surface of agricultural products and the residues can be transferred to processed
agricultural products [2]. BUs has also been defined as high toxic to aquatic organisms by the
European Food Safety Authority (EFSA), the European Chemical Agency (ECHA), and the
World Health Organization (WHO) [3]. The contamination of these insecticides in
environmental and food samples may lead to chronic exposure and long-term toxicity effects
[4]. To protect the consumers, the maximum residue limits (MRLs) have been legislated by
various national and international standards such as the European Union (EU). The default
value of all BUs is 0.01 mg/kg [2]. Flufenoxuron and teflubenzuron have MRLs in the range of
0.01 — 5 mg/kg in various sample matrices such as fruit, vegetables, and animal products [1].
Thus, it is of great importance to control and determine the contamination of BUs in
environmental and food samples using sensitive, rapid, reliable, and simple methods.

Since BUs is thermally unstable, the determination of BUs by gas chromatography (GC)
was limited [5]. The much better and widely used technique for the analysis of BUs was liquid
chromatography (LC) with various effective detection modes such as UV [2, 4, 6 — 13],
fluorescence [14] and mass spectrometry [1, 3, 15 — 17]. A suitable sample preparation and
preconcentration is very important step required before instrumental analysis of trace level of
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BUs. Traditionally, liquid-liquid extraction (LLE) [18, 19] and solid-phase extraction (SPE)
[20, 21] have been used. However, these techniques are time-consuming and require large
volume of organic extraction solvents. Minimized extraction solvent-based microextraction
method using halogenated solvents [22], floating organic solvents [2, 4], and ionic liquids [10,
11, 23-26] for preconcentration of BUs have further been developed. Another interesting
innovative material based on magnetic nanoparticles is popular as a new type for
preconcentration of BUs [24, 27-29]. Although these mentioned techniques were successful for
applications purposed, some drawbacks were also found such as (1) using toxic halogenated
solvents (as in conventional dispersive liquid-liquid microextraction or DLLME), (2) required
special extraction devices (as in case of floating organic solvents used), (3) relative expensive
(in case of ionic liquids used), and needed complicated synthesis steps for magnetic
nanoparticles.

Recently, the minimized, efficient, and environmentally friendly extraction methods
have been developed. Interestingly, layered double hydroxides (LDHs) have been served as in
situ emerging sorbent materials. The LDHs as sorbent have firstly introduced by Tang and Lee
in 2013 [30] and have recently been reviewed and summarized [31-33]. LDHs are two-
dimensional nanostructure materials comprising positively charged layers of metal hydroxides

with charge-balancing anions and some water molecules located in between the layers [31]. The

[M> M (OH),I"[ X, 18 nH,0

general formula is , where M?" and M3* are divalent and
trivalent metal cations that occupy octahedral positions in the brucite-like layer, and X™ is
structural balance anions [34]. Different divalent and trivalent ions can be used in the formation
of LDHs. However, Mg?" and AI3" are the most useful ions. Mg-Al-LDHs can be easily formed
by mixing solutions of magnesium and aluminium salts in the alkaline NaOH solution (pH ~
10). The resulting white precipitate was immediately formed. This process can be called as in
situ phase formation. The unique properties of LDHs include their low cost, two-dimensional
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structure, high surface area, positive charge on the surface, high anion-exchange capacities,
tunable interior architecture, and resistant to changes upon heating [31]. In addition, LDHs have
been served as novel class of green adsorbents in environmental purification because of their
non-toxicity. In applications, LDHs have been used as adsorbents for the extraction and/or
removal of various toxic metals [35-37], inorganic anions [38-40], polycyclic aromatic
hydrocarbons [41], phenolic acids [42], aromatic acid anions [30], antibiotics [43, 44], and
anionic dyes [45—47]. The developments of modified architecture of general LDHs using
anionic surfactants (e.g., sodium dodecyl sulfate (SDS), and sodium dodecylbenzene sulfonate)
as anionic-intercalated agents to change the LDHs properties from hydrophilic to hydrophobic
have also been demonstrated for efficient adsorption/removal of various organic compounds
[48-52]. In addition, surfactant-modified LDHs-coated magnetic nanoparticles have also been
developed for HPLC analysis of various pollutants including phthalate esters [53], phenoxy
acid herbicides [54], and organophosphorus pesticides [55]. However, most synthesized LDHs
sorbents required long times (e.g., > 10 h) for the synthesis steps and sometimes special
conditions such as high temperature and pressure were also controlled. The particle size,
morphology and surface area of the synthesized LDHs may lead to limitation in the
applications. In addition, “memory effect” of the synthesized LDHs for their reusability may
be found [31, 48] and large consumption of organic solvent as eluent was also required. Thus,
a simple method without synthesis of the sorbents using dissolvable LDHs in the presence of
anionic surfactant to enhance the performance for preconcentrating non-ionic analytes is of
interest and it could be extended to develop as the alternatively effective methodology. To the
best of our knowledge, the application of dissolvable LDHs in the presence of anionic surfactant
to the analysis of BUs has not been reported. In addition, one-step preconcentration methods
without thermal synthesis procedure of LDHs sorbent are interesting strategies, especially for

BUs analysis in environmental and food samples.
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In this work, in situ phase formation based on Mg/Al LDHs in the presence of anionic
surfactant for the extraction and preconcentration of non-ionic BUs (e.g., fluazuron,
flufenoxuron, hexaflumuron, and triflumuron) and analysis by HPLC was developed. SDS was
used as anionic surfactant in this study to enhance the extraction performance of LDHs for the
target insecticides. Factors influencing extraction performance of LDHs were also investigated
and optimized. The developed method was then applied for the BUs residues analysis in

environmental water and honey samples.

2. Experimental

2.1 Chemicals and reagents

All reagents used in this research were of analytical reagent grade or higher. The analytical
standards of benzoylurea insecticides were purchased from Sigma-Aldrich (Germany)
including Fluazuron and Flufenoxuron, while Triflumuron, and Hexaflumuron were obtained
from Dr.Ehrestorfer GmbH (Germany). The stock solutions (1,000 mg/L) of each insecticide
were prepared at by dissolving an appropriate amount in a few amounts (500 — 1,000 pL) of
acetone and further diluted with methanol (MeOH). Acetone was purchased from (ANaPURE,
New Zealand) and NaOH was purchased from Kemaus (Australia). Magnesium chloride
(MgCl,-6H,0) and aluminium chloride (AICl;-6H,0) were purchased from Ajax Finechem
(Australia). Sodium dodecyl sulphate (SDS) was obtained from BDH Prolabo® (Belgium).
Formic acid, MeOH, and acetonitrile (ACN) were purchased from Merck (Germany). All

aqueous solutions were prepared in deionized water (RCI Labscan Ltd., Thailand).

2.2 Instruments
The HPLC system (Shimadzu Corporation, Kyoto, Japan) consisted of the DGU-20As in-

line degasser, an LC 20AD pump, and a photo-diode array detector (PDA). LCsolution
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software (Shimadzu) was used to utilize and control the system as well as for the acquisition
and data analysis. An InertSustain C8 column (4.6x150 mm, 5.0 um) connected to a guard
InertSustain C8 column (4.0x10 mm, 5 um) (GL Science, Japan) was used for separation of
target benzoylurea insecticides. Centrifugation (Nuve, Turkey) was used for phase separation

completely. A vortex mixer (Scientific Industries, Inc., USA) was also used.

2.3 HPLC analysis condition

The separation of the target BUs was carried out on a reversed-phase HPLC system with
the elution using ACN and 0.1% (v/v) formic acid, a flow rate of 1.0 mL/min and detection at
254 nm. The temperature was kept at 25 °C and the sample injection volume was 20 puL. The
separation of target BUs was completely obtained within 6 min using 78% ACN. Before the
next run, the separation column was washed with 95% ACN and 35% ACN for 10 min to elute

excess surfactant.

2.4 The in situ dissolvable LDH procedure

Standard or sample solution (10.0 mL) in the conical centrifuge tube (15-mL capacity) was
conditioned with 0.5 M NaOH (150 pL). Then, the solutions of 120 uL Mg?* (300 mM) and
40 uL AP (300 mM) were added and followed by the addition of 500 uL SDS (ca. 0.25 mM).
After that, a mixture solution was manually shaken for 5 s and vortex at 1800 rpm for 20 s.
Subsequently, the solution was centrifuged at 3500 rpm for 5 min to completely separate the
precipitate phase. Figure S1 shows steps of preconcentration procedure, while the photographs
of the solutions during extraction and after centrifugation are provided in Figure S2. After the
upper aqueous phase was removed, the precipitate phase was then dissolved with conc. formic
acid (200 pL) and vortex for 10 s to make complete dissolution before subjecting it (20 puL) to

HPLC for the analysis.
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2.5 Water and honey analyses

Water samples (e.g., surface, pond, and lake) were random collected from sample sources
in Muang district, Khon Kaen, Thailand. All water samples were firstly filtered through double
Whatman filter paper No.1 to remove the particulate matter and then passed through 0.45 um
membranes before the analysis. Honey samples (including different 4 brands of natural flower
and wild honey) were purchased from supermarket in Khon Kaen. Each honey sample (5.0 g)
was weighed and diluted with deionized water to 50 mL and then passed through 0.45 pm
nylon membrane filter prior to analysis.

Aliquot of 10 mL sample solution was subsequently subjected to extraction and
preconcentration procedure and followed analysis by HPLC. For the accuracy evaluation, the
studied samples were fortified with the standard BUs at different concentrations of 7.5, 25, and

45 ng/L prior to the extraction and preconcentration.

3. Results and discussion

The parameters affecting the extraction efficiency of target BUs were investigated
including concentrations of Mg/Al and their volume ratios, volume of NaOH, concentration of
SDS, vortex agitation, and centrifugation. In this study, one-parameter-at-a-time method was
used for the optimization of each parameter. Peak areas of each studied compound were used

for evaluating the performance of extraction and preconcentration method.

3.1 Effect of concentrations of Mg?" and AI** ions and their volume ratios

In this study, the concentrations of Mg?* and Al3* ions were investigated in the range of
100 — 700 mM, at a fix volume ratio (3:1) of Mg?*/AI3* (150/50 pL). As can be seen in Figure

S3a, it was obviously found that the extraction efficiencies for most target analytes (except
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TRF) increased with the increase of concentrations of Mg*/Al** up to 300 mM. Afterwards,
the efficiencies significantly decreased due to the dilution effect of the large volume of formic
acid required for phase dissolution. High concentrations of Mg?"/AI** obtained high amount of
the precipitate phase, then more volumes of formic acid were consequently required to dissolve
the extract phase completely. Thus, 300 mM of both Mg?*/AI3" ions was chosen. The volume
ratios of Mg?*/Al3* solution (at 3:1, v/v) were then investigated as Figure S3b. The results
showed that the efficiency increased when the ratios increase up to 120/40 uL, and then
decreased afterwards. This may be because of a strong competition of counter anions at high

Mg?*/AP* salt solutions. Therefore, 120/40 pL Mg?"/Al’* was selected.

3.2 Effect of volume of sodium hydroxide solution on extraction performance

Theoretically, LDHs are normally prepared by co-precipitation method under basic
condition (pH>8) to form metal hydroxide sorbent [30]. In this study, the effect of 0.5 M
NaOH volumes was investigated as the results shown in Figure S4. It can be seen that the
efficiency increased as the increasing of NaOH volumes consumed up to 150 pL. After that,
more volumes of NaOH cloud not provided more extraction efficiency of target analytes.
This may be due to the complete formation of metal hydroxides and the competition of
excess anions (e.g., OH-, CI', and anionic surfactant) in the solution. Thus, 150 pL of 0.5 M

NaOH was chosen for further experiments.

3.3 Effect of concentration of SDS

Due to their anion exchange property of LDHs, the interlayer surfaces may be modified
with organic anionic surfactants (e.g., SDS, in this study) to convert the hydrophilic surface
of LDHs to hydrophobic surface [49] and resulted in improving extraction performances of
hydrophobic compounds. In this study, the concentrations of SDS were investigated in the
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range of 0 — 0.35 mM (Figure S5), which are lower than the critical micelle concentration
(CMC) of SDS (] 8 mM). It was clearly seen that SDS in the monomeric forms interacted
with positive charge surface of LDHs can improve the extraction performance of the target
BUs especially more hydrophilic analyte (e.g., TRF), up to the concentration of 0.25 — 0.30
mM. The concentration of SDS at 0.25 mM was chosen as the optimum value. The increasing
of extraction efficiency of target analytes when the concentrations of SDS increase because
SDS structure containing hydrophilic head group and hydrophobic tail resulted in high
interaction with positively charged LDHs (i.e., strong electrostatic attraction) and target
insecticides (i.e., hydrophobic like-dissolve-like or van der Waals forces). At higher
concentrations of SDS caused the decreasing of extraction efficiency may be because of the
limitation of interlayer space (i.e., capacity of the layers) and breakdown of LDHs formation.
In the experiments, it was also found that the amount of precipitate phase obtained after
centrifugation was obtained as much as the concentrations of SDS added in the extraction
system. However, high precipitate phase was consequently difficult to dissolve in acidic

medium and also required much more solvent volumes.

3.4 Effect of vortex agitation

Vortex agitation (speed and time) was evaluated in the range of 300 — 3000 rpm and 0 —
60 s. It revealed that vortex agitation seems to be insignificantly different affecting on the
performance of extraction (data not shown). However, vortex speed at 1800 rpm provided the
highest efficiency. Meanwhile, vortex time at 5 s gave the highest performance but better
reproducibility (n>3) in terms of intra- and inter-day precisions was obtained when the vortex
times were longer than 15 s and kept constant afterwards. Thus, vortex agitation at 1,800 rpm

for 15 s was selected as the optimum condition.
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3.5 Effect of centrifugation

Centrifugation speed and time are crucial parameters for isolating the precipitate phase
from whole aqueous solution. The speed (2500 — 5000 rpm) and time (1 — 10 min) was
investigated (data not shown). The results indicated that high centrifugation speed is effective
in isolating the phase. After 3500 rpm, extraction efficiencies decreased for most analytes. This
may be due to the fact that higher speeds caused the precipitate phase re-dissolving into the
aqueous solution. Meanwhile, centrifugation times investigated (at 3500 rpm) showed less
effect on the extraction efficiency. In this study, centrifugation at 3500 rpm for 5 min provided

the highest extraction performance for almost target BUs.

3.6 Effect of volume of formic acid

The extract LDHs phase can normally be dissolved in an acidic medium (pH<4) [30,
40, 43] before subjecting to HPLC. In this case, formic acid was used and investigated (150 —
300 uL) (data not shown). It was found that low volumes of formic acid (< 150 uL) cannot
dissolve the precipitate phase, while large volumes (> 300 pL) caused dramatically low
extraction efficiency due to the dilution effect. Therefore, 200 uL of formic acid was used to

obtain the phase soluble completely.

3.7 Analytical performance and method evaluation

The analytical characteristics of the method were investigated such as linearity,
coefficient of determination (R?), limits of detection (LODs), limits of quantitation (LOQs) and
precision (i.e., intra-day and inter-day). The obtained results are summarized in Table 1.
Linearity was in the range of 0.3 — 200 pg/L, with R? higher than of 0.993. LODs and LOQs
were defined as the concentrations of the target analytes giving the signal-to-noise ratio of 3
(S/N=3) and 10 (S/N=10), respectively. The obtained values of LODs were 0.1 — 0.3 pg/L,
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while LOQs were in the range of 0.3 — 1.0 pg/L. Precisions in terms of intra-day (n=6) and
inter-day (n= 6x3 days) were also evaluated and reported as the relative standard deviations
(RSD) of retention time (tr) and peak area of the target BUs (at 100 pg/L each). Good
acceptable precisions with RSD less than of 0.60 and 11.2% for tg and peak area, respectively,
were obtained.

Under the optimum condition, the extraction performance of the developed method was
evaluated in terms of enrichment factor (EF). The EF can be calculated using two definitions:
(1) the ratio of the extracted analyte concentration in the precipitate phase to its initial
concentration in the aqueous sample solution and (2) the ratio of the slopes obtained from the
preconcentration method to without preconcentration method (direct analysis). As the results
shown in Table 1, it was found that the obtained EFs as calculated by different 2 manners were
comparable (12.5 — 23.7 and 13.2 — 21.3). TRF shows the lowest EF in this study due to its
high polar compound (Kow~4.24) in comparison to the other target BUs (Kow~ 5.23 — 5.97).
It can be concluded that the developed method can be used as an effectively enhance signal of
the target BUs when compared to that of without preconcentration (direct injection analysis)

(see overlaid chromatogram in Figure S6).

3.8 Application to environmental water and honey samples

The applicability of the developed method was investigated in three different sources of
water samples and four different brands of honey samples. The matrix-match calibration was
used to evaluate the quantitation of target analytes in this study. The results revealed that no
target BU insecticides were detected in all analyzed water and honey samples. To evaluate the
applicability of the proposed method, the samples were spiked with the target BU compounds
at different concentrations of 7.5, 25.0, and 45.0 pg/L, before the extraction and analysis.

Figure 1A and Figure 1B show representative overlaid chromatograms of blank and spiked
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water and honey samples, respectively. The relative recoveries of the target insecticides in
water samples were summarized in Table S1, while the Table S2 shows the recoveries of target
BUs in honey samples. The results showed that good recoveries were obtained in the range of
78.4—117.8% and 72.7 — 117.9% for water and honey samples, respectively, with the satisfied
relative standard deviations (RSDs) below 13.5%. The acceptable recoveries (%) of 70—120
and RSDs<20%, at the investigated concentrations in the range of 10 — 100 pg/L have been set
as the standard values [56]. It can be consequently indicated that the developed method was

effective and reliable for the analysis of target BUs in water and honey samples.

3.9 Comparison of the proposed method to other relevant strategies

To highlight the outstanding points of the developed method, a comparison of the
proposed method with other relevant strategies was demonstrated and summarized in Table S3.
As can be seen, it is clearly found that the developed method provided LODs in comparable to
those from the other strategies. The standpoints of the present method are simple procedure,
short extraction time, short analysis time, use of low toxic extraction reagents, and
improvement extraction performance of normal LDHs (unmodified form) by anionic surfactant
without thermally synthesized sorbent. Meanwhile, other methods for analysis of BUs (e.g.,
SPE, u-SPE, magnetic-SPE, and DLLME) have some limitations such as long extraction time
and complicated, required synthesis procedure of adsorbents, relatively expensive for some
extraction solvent (e.g., ionic liquids), needed special extraction devices for collecting the
floating-extract phase (in case of floating extraction solvents), and use of toxic organic solvent
(as in conventional DLLME). Therefore, it can be assumed that the proposed method using in
situ dissolvable LDH in the presence of anionic surfactant (i.e., SDS) can be used as a powerful
alternative miniaturized extraction and preconcentration for the analysis of BU insecticides in
water and honey samples.
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4. Conclusions

A one-step for the extraction and preconcentration of target benzoylurea insecticides using
in situ dissolvable layered-double hydroxides (is-LDH) in the presence of SDS (as anionic
surfactant for improving extraction performance) coupled with HPLC-PDA has been
successfully developed for the analysis of the studied insecticides in different sources of water
and honey samples. This method provided low LODs (i.e., 0.1 — 0.3 pg/L) and good acceptable
recoveries (72.7 — 117.9%) in the studied samples. This developed method has also been
demonstrated to be as a minimized extraction and preconcentration strategy and can be used as

an alternative method to the other complicated synthesized-based extraction methods.
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Figure captions

Figure 1 Overlaid chromatograms of (a) surface water sample and (b) honey samples

(Brand#2) with no spiked and spiked at various concentrations of target BU
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Table 1 Analytical characteristics of the proposed method

Journal of Separation Science

Analyte | Linearity R? LOD LOQ Intra-day precision? Inter-day precision® EF
(ng/L) (ng/L) (ng/L) (n=6), %RSD (n=6%3 days), %RSD
tr Peak area | tg Peak area [Cex/Col® | [Sprecon/Sdirect]®
TRF 1-100 0.9937 0.3 1.0 0.5 6.8 0.3 11.2 12.5 13.2
HXF 0.3 -200 0.9977 0.1 0.3 0.5 5.6 0.3 7.9 21.0 18.3
FLU 0.3 -200 0.9977 0.1 0.3 0.6 5.2 0.4 8.3 21.2 19.6
FLF 0.3-200 0.9972 0.1 0.3 0.6 6.2 0.4 7.2 23.7 21.3

2 Precisions were evaluated at the concentration of 100 pg/L each BUs.
b Ratio of the concentration of target analytes in the extraction phase to the initial concentration in original sample solutions
¢ Ratio of the slopes of the calibration curves obtained with the proposed preconcentration and direct analysis (without preconcentration)
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