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AC_A0002: Electrocatalytic determination of ascorbic acid by gold-cysteamine-lysine-

Cu’" Self assembled monolayer modified electrode
Rostam Shabani’, Abdolreza Rahpima
Chemistry Department, Islamic Azad University of Firouzabad, Firouzabad 74715-117, Iran

Electrocatalytic activity of Cu** immobilized on the topside of Gold-cysteamine-glutar aldehyde-
Lysine (Au-CA-GA-Lys) self assembled monolayer (SAM) electrode investigated by differential
pulse voltammetry (DPV) and cyclic voltammetry (CV) method. A new gold SAM electrode
constructed. This electrode illustrated a selective and reproducible adsorption for Cu** . Preparation
steps of the modified electrode were studied by CV. In the absence of Cu*" , DPV redox peak for
ascorbic acid is observed at about 400 mv with anodic current equal to 0.5 pA vs.Ag/AgCl for
1.0x10* M of ascorbic acid. At presence of Cu*" on the modified electrode, anodic peak observed at
300 mv vs.Ag/AgCl with 4.5 pA for 1x10° M of ascorbic acid. This electrocatalytic acitivity of
copper ion could be apply for determination of trace concentration of ascorbic acid. The differential
pulse voltammetric response of the SAM modified electrode was linear against the concentration of
the ascorbic acid in the ranges of 1x107° - 1x10® and 5x10™® - 1x10® with R?>= 0.9978 and R?=
0.9981 respectively at pH=6.0. RSD were determined as 3.6% by DPV.

AC_A0005: Development of eggshell membranes as solid phase adsorbent for
preconcentration of Cd(II), Pb (IT) and Ni(II) coupled with flame atomic absorption
spectrometry

Tanawat Duangkum’, Prinya Masawat, Yuthapong Udnan and Wipharat Chaiyasit i

Department of Chemistry, Faculty of Science, Naresuan University, Phitsanulok 65000, Thailand
*E-mail: z-non_kem@hotmail.com

The eggshell membranes (ESMs) of hen and duck are biosorbent and potentially used as
preconcentration material for some heavy metals. In this research, the ESMs of hen and duck were
studied in two types; natural and boiled ESMs. Characterization of ESMs by Fourier Transform
Infrared spectroscopy (FT-IR) and Scanning Electron Microscope (SEM) demonstrated that the FT-IR
spectra showed broad -OH stretching absorption band at 3419 cm™ and C-H stretching at 2930 cm™.
The peaks observed at 1652 and 1534 cm™ represented the amide I and II absorption bands,
respectively. These functional groups could therefore capture metal ions. The SEM images of boiled
hen and duck ESMs showed that the membrane fibers were mostly destroyed. Therefore, the natural
duck eggshell membranes (Dn-ESMs) were selected as preconcentration sorbent in which waste Dn-
ESMs were collected from the same place (The biggest Thai dessert factory in Phitsanulok town) to
reduce the contamination from raw materials. Dn-ESMs were studied for preconcentration of Cd(II),
Pb(II) and Ni(Il) in batch method. Effects of ESM amount, sample volume, pH, time of agitation and
concentration of eluent were investigated.

AC_A0006: Semi-automation iodometric method using on-line hollow fiber membrane

extraction for the determination of selenium

Suprawee Wongsuchoto and Pakorn Varanusupakul”

Chromatography and Separation Research Unit, Department of Chemistry, Faculty of Science, Chulalongkorn
University, Bangkok, 10330, Thailand

*Corresponding author. Tel.: + 66-2-218-7612; Fax: + 66-2-254-1309.

E-mail: pakorn.v@chula.ac.th

A simple, inexpensive and less laborious method has been developed for the determination of
Selenium. The method was based on iodometry, where Se(IV) was reduced with iodide yielding
iodine. The iodine was then on-line extracted into the organic solvent that has been impregnated and
filled in the hollow fiber membrane served as a phase separator. The purple colored extract was then
carried to the spectrophotometric detector at wavelength 521 nm. Several parameters affecting the
extraction efficiency were investigated and optimized. All processes except loading and washing were
controlled with microcontroller on a computer. The working range of 60 - 280 mg L Se was obtained

Pure and Applied Chemistry International Conference 2011
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Development of eggshell membranes as solid phase adsorbent for preconcentration of Cd(II), Pb (II) and
Ni(II) coupled with flame atomic absorption spectrometry

Tanawat Duangkum', Prinya Masawat, Yuthapong Udnan and Wipharat Chuachuad

AUZINDINAAS YMIINGGUITANIS WHay Tan 65000

*Corresponding author. E-mail: z-non_kem@hotmail.com
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Abstract

The eggshell membranes (ESMs) of hen and duck are biosorbent and potentially used as preconcentration material
for some heavy metals. In this research, the ESMs of hen and duck were studied in two types; natural and boiled ESMs.
Characterization of ESMs by Fourier Transform Infrared spectroscopy (FT-IR) and Scanning Electron Microscope (SEM)
demonstrated that the FT-IR spectra showed broad -OH stretching absorption band at 3419 cm’ and C-H stretching at 2930 cm'.
The peaks observed at 1652 and 1534 em’ represented the amide I and I absorption bands, respectively. These functional groups
could therefore capture metal ions. The SEM images of boiled hen and duck ESMs showed that the membrane fibers were mostly
destroyed. Therefore, the natural duck eggshell membranes (Dn-ESMs) were selected as a preconcentration sorbent in which
waste Dn-ESMs were collected from the same place (The biggest Thai dessert factory in Phitsanulok province). Dn-ESMs were
studied for preconcentration of Cd(II), Pb(Il) and Ni(II) in batch method coupled with flame atomic absorption spectrometric

detection.
Keywords: Cadmium, Lead, Nickel, eegshen membranes, Preconcentration
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Development of eggshell membranes as solid phase adsorbent for preconcentration of Cd(11) contaminated in
Nan river of Phitsanulok province and coupled with flame atomic absorption spectrometry

Tanawat Duangkum, Prinya Masawat , Yuthapong Udnan and Wipharat Chuachuad Chaiyasith

matniall ausmnaaad uninndsusas fiviadivglan
Department of Chemistry, Faculty of Science, Naresuan University, Phitsanulok Province.

“Corresponding author. E-mail: prinyam@nu.ac.th (P. Masawat)
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Abstract

In this research, the ESMs of hen and duck were studied in two types; naturd and boiled ESMs. Characterization of
ESMs by Fourier Transtorm Infrured spactroscopy (FT-IR) and Scanning Electron Microscope (SEM) demonstrated that the
FT-IR spectra showed broad ~OH sretching absorption band at 3419 cm ™’ and C-H stretching at 2930 cm™ . The peaks
observed at 1632 and 1334 cm’’ represented the amide | and 11 sbsorption bands, respectively. These functional groups could
therefore capture metal ions. The SEM images of boiled hen and duck ESMs showed that the membrane fibers were mostly
destroyed. Therefore, the natural duck eggshell membranes {(Dn-ESMs) were selected os a preconcentration sorbent in which
waste Dn-ESMs were collacted from the same place (the biggest Thai dessert factary in Phitsanulok province). Dn-ESMs were
studied for preconcentration of Cd{11) in batch method couplad wih flame atomic absorption spectrometric detection. A pH valua
of sample solution adjusted to pH 10 for Cd(11} was adoptad as the optimum pH value for the next study. The maximum
adsorption of CA{l1) on Dn-ESMs were 100%. Recoveries of heavy metals ranging from 84% to 108% ware obtained from the
ultrasonic assisted acid digestion, which suggests the ESM can be used as an adsorbent for heavy metals preconcantration from
real water samples after heating under reflix. The result found that the concentration of Cd{l1} in Nan River in Phitsanulok

province was nat found by the proposed method.

Keywords: Cadmium, Eggshell membranes, Preconcantration
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uaaiy wazlanion muddy Rnju (Limestone chips) (Pormputtha & Tarska, 2010) fansoiunly
Tumsidalawentin (azfa, Iniia, uaauloy, Tasudion uammawas) ldinnnidagas 95 weansauy
ammenuiunsaaanindanaiasfiansesaanfinuausadwiuanlnlnsumi (AAS laboratory) W0
w7 2.5 Wl 7 mabdalanswinnmindgluiaaliamadaldimeiwufandile (Chaibu & Chawanchai,
o) nldiludgesulanewin (waaidion wazezi) Sifmnsoddalddedasar 97 lunemddsldn
mIdnnmsiiialansrinlaslfidanly (Duangdeun, nad.; Pol pom, 20013 Jai H.P. et al., 2007)

b ]

Fanlumsiieuradondon@anlaldlivsdndmwildnh (Jooar 99.8) Wiankiila (Souasss.4)

(Duangdeun. n.d.) uaz/Sanldlisssned (nawral eggshell) fthrdndmuianinuFanlalinmialusdiu
aan (prowin-removed  eggshell) lumsgagulessuswaaiiion (Polamesaaporn,  2001) diaenndia
W3 (protein tissue) TunlSanlivssnaulu@any aduanda afiv was Faula Fafiduthe lumsiudu
loaowanaidion dwfuadsiin (As(v)) laldidawdanld (cgeshell membrane; ESM) (Zhang ct al..
2010} iihudrgadulume iamsivanudidudematiamsadadisidmaaads (soid-phase extraction,
SPE) ngum 1AM e’a IwmAlia hydride generation atomic fluorescence spectrometry Falvman masauii
Mively vennigewumdsiimniuetudiuaeedioy weasi Tagldidurnmany (Sweileh.
2003) faumsaniadwmalindanazaaninuausaddidunnsums (FAAS) Suduadt dungumas
Idiﬁm""&f] N7 keratin uasiv xﬁhn‘i’uuaa sulfhydryl amino Wae carboxylate ﬁmmmiuﬁ'u'[an:uﬁ’nla"

Pinoudieindnuaad it Tagerainamnsaldlunssviumsgaduiamidalanswin
wrelddam s udiiaasdaneld dnfilunuiisitadanie:dmndanlfanliamulidudigady
Tanswinuaaidiey dasmnnwdenladidag sramndimldiheuas Taaaniahbaladmivmainly
viaudhdaqgasy (Biomaterial adsorbent) Fdshimlunamaislailddanawfanliduiaggedulu
A MR NuEsiradlanswasiiion fsunsaneiadmmaladavazaaviinuavsain
Fusninsam? Sudumediefienadh nagn wemnsahlsgndlildfumsinnelanewing
dudlauludrathaimauiinnuldate

Jaqaunsaivaziznig
1. msm?amﬁanﬁan‘hﬂ : Eggshell membranes (ESMs)
Wuwdanldld uazw@anlddanniuansuss hunauning Fuwiaiufanladdalilg
Fumade uazlFanlafrumsdy udnneanmmzdnadadilimsmaudlunsalunindudy 1 s
dadas wu 12 Fluauddadoinnannloaauwas 1 af1 (Zuang ot al.. 2010) fewiluauilgumad
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80 asrnwadea (thwam 8 Hlue vadawdanlifukadeiniasua (Pulverisede 8, FRITSCH. Germany)
onfuinsauinmrunsang 25wy warAnndnvaemimgmvsauianFanld domatiayFed
wuavady dudsise awnlnsalnll (FT-IR, Spectrum GX. Perkin Elmer. US) udsndasyamssad
dnasounuYAUNY (SEM, 1455 VP, LEO. England) taldgwiiiledu waca nuuand waaadawfanls
16 wasladanamihmmanasiusaly
2. dAmnuavasiites vasdlaindamigatuzasuaadion (11) vuiiiawdanld
2.1 Wigummsmmnasguunadlon (1) Wudy 3 Hsdniudadns Uines 100 Taddas
TNFTBLNYINATU 1000 HadnTuAANT (CA(I1) 1000 mg/L. AVS Tirinom, UK) Anwiiarludn
1-14 lagduierdwa smeauiad
2.2 Fudanldanld 500 fedndu ldaslumanaradinuua 100 Haddas Wumsaats
wasnuuaaiiay (1) Wudu 3 dadnivdadasuings 25 Haddas (Aifhazdraq f) dilvwtdn
m‘%aqmth (Max-Shake, Heto lab equipment, Denmark) \'{qmuqﬁﬁm e 200 saudauyi Junm L
#lin daunsasenindaswwdmsgasuliimsinneideniaurasazaaniinuauyadudumunlng
fiwaf (Flame Atomic Absorption Spectrometer, FAAS, SpectrAA 220, VARIAN, LS) 111ad1mmms”aua:
MIgady (% Adsorption) warihidawfdenlandmnmigadudnniaoaemindudiu (s Recovery) daly
3. Anndiia uasuaasmazhiidasasasmenaudu
@invmsarmainasuuaaiioy (1) Wydu 3 #adnivaadas lavdduiierlildsasasms
gedugege (Mnmsinnluda 2) hlud@ilumawmadnfussydan@anld 500 fadndu i luwdwimb
Lﬁaulianliﬁ'la"ué’mnnwgmiuﬂﬁmuﬁué’nzuﬁa:uﬁaﬁmm 5 faddas lagfasAdnwldus (D
Ethylenediaminetetra acetic acid, EDTA ((T{IINX2X32()B.2II2()). Fisher Scientific, UK (2) Thiourea
(NH,CSNH,)\ Carlo ERBA, laly (3) Hydrochloric acid (HC1), RCl Labscan Limited, Thailand (4) Nitric
acid (HNO,), RCI Labscan Limited, Thailand g figaimpiivias dwa i 200 saudanil Wuna ¢
#l nrpwambmazae e naimyTinalave win fromaiia FAAS tiadunnmagazmanduiiu
4. Annmsldwaiindaenlsiaadalacaty duddiulumsaia
undawanlddldndimamisgady vihmndunsaluaiadulalasauiafaanlud
Qydrogen peroxide (1L,Q, ) Merck Schuchardt ONIG, Germany) Tudasrdhu 2 da t (Kazi ot al.. 2009)
USnas 10 Taddas ﬁ”‘if;ﬂ?v 10100 fiau'h':'m%mé‘aﬁsﬂvsﬁﬂ {Elma $30H Elmasonic. Gemmany ) Tumsdwe
afafqaigl 70 awnwaBes duam 30 Wi daielilidunauuiurinaniu 25 Taddas g
Unannlasauw mliwnsidwmaila FAAs wardnnaiagssmnauiu
5. iy warkansihidaia
madhni g imaiutuugn Mateiiiy o omuassmuIR I T
Wudraing W (hsadind. 2525) Bradludununawwsniiu mnsnaussganduoniudiagiauen
Wesdaindmanlidudumaamssinauidldian dy sz Hitadu wasiiiadn Tasea
nanauiui e waaslugti 1 dudia A e snhiadnd aonlud wise £ Taiwndou
a.amma a.fasfivglan 3.fvglan neRlFlumafinihdmenaiimawmadn (polyethylene) famu
mafudetinmadeihdrasniadu 2-3 ak daussyemud om fuliy Jagav piive o I
Guufasnawihninsaadenszaiuniad auna 0.45 Wwasau washmamiassduniddrumaiiansinand
wuusaiiaamuldmudau (Heating under Reflux) (ITTANT UBMWIANT, 2552) muaiamhdamamld
Taninhédagiiimnintas 0 50 Faddas laalumatunawzing 100 Haddas @untaluain was
Tolanaunladaanlyd (amam 1 da 9) U5nas 10 fddas mawwn 1 talimadniu imadunawly
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6. mydunamiasasmIaatiu uasiasasmndudu
Ci-Le

JauRcmIgaiy =

X 100

v o . -
¢, = Yhinalansminia nanunaum sgasu
C, = Vinalaveninianawuvdamsgasu
JauasmInavfu = (EstCsa)- Cs x 100
Cseq
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naaaedzzlugUi 5(a-n RldnnmahdanFanlavdannni:umagasuinimdud e
wiarziia Wit drrudsedbisnsoliddassmmnduduilaglunisiisaniulddaiana: 80 e 120
Tugy 3(a-b) wassafauazminsuivzawnadionlasld EDTA (J. A. Sweileh, 2003) Fawuiienu
@utu 0.1 Tadnfudadar (Way 10) mnvorsunadianldifigafaas 64 (U 5b) uanduduzes EDTA
fnndr 0.1 Tadnfudadas limnsawisuldidannnn EDTA liminsoaczasldnue dianasoe:
Tovsuaaifianlanld Thiourea (TU) (L et al.. 2009) Araearmandufuuaaslugy s(c-n Fudawion
TU sy 0-1.5 fedniudades lunsalusdnididu 1.0 Tuasades (3U 5¢) wuhdaddivanu
Gutumas TU tAnaudei 0.01 findnindadas TU minsnnzunadisueannldgegaiiiasiana: 54 uas
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(Anefanaz 54 Ammaiey 1.0 fadnindaias aaq TU
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wavasmildaannluilawedalanadu (UAD)
léhminaaasmiipsazmisndududnisdasdanFanliflaniwinmmasaimsgasuaas

waaudian (1D Anmdudy 3 Nadniudadas (25 faddnt) denialuainiulalasuladeanlodlu

AT 2 da 1 (10 HadaaT) fauhmaraeilandannmgas lWUFuUTinasdninnannlasau

Wl 25 Teddns udtimneidamaiia FAAS uessmnadasasmandudu dwsaduzuil 6 wuididas

smsnaufmaluaaiion aq’luﬁ‘wfmau%’ulé’ﬁamnniﬁaua: 80

%o Recoray
&
8

amn m 00 aon 4m <on aon

e Cencenhiationof Ckily
Ui 6 favermandufnawaaidon (3 iadnindadas, 25 addas) lawwnaila UAD

wamINAIAIR NIRRT

MR AN AR MM TNTAILATEAINTIANA 0.45 luATaU uazdumTia
#139un3d (Heatng under Refiux) Fuudpsudinhmsufufiamasiadwbiidu 10 warwiwsdiana
aanilu 2 3@ @a (1) sample (2) sample + standard (1ppm) Ut blank Adhnhunannlaaay amfnihly
mu’ﬁuxﬁamﬁanlﬁu'\'améwmsgmiu waznImuan @ ulienldluiasdismalinsaa lgiinwedalawaiu

wasmAararmanduiy Sildradwmine 1

a9 1 dmsgaduuarfosarmindufiv

- anudiuaal
- anudrdwaeaafion -
QNINENEY D Lo N
;N Twihadwinsaiuun 1 " . Savazns
e . Guau awmiga  ienanukduiou . o
Janitindnagn N aamin 3 e . adudu
(Nalniuda s du (%) adasdumaiia i
winngady (%)
am) s UAD
(fiadnTudadas) e >
(Hadniunadas)
vinirdadan ° ND 3 ND B
1 0.0860 93.4£0.003 0.9139 91.6=0.051
viwmeanaael 0 ND - ND -
0.0437 93.420.007 0.9284 92.8=0.030
mihTanszaiiauun
(1] ND - ND -
g
1 0.0829 91.720.004 0.6997 90.0=0.004
visewanuma 0 ND - ND -
1 0.0716 92.80.008 0.9197 92.0=0.014
vuvieviandou 0 ND - ND -
1 0.0313 96.920.006 0.9522 95.2=0.054

' Maan vidue T standurd devigtion (n =3). LOD (n=23): limit of detaction = 0.002 mgL~

ND: not detectad {helow the Limit of detection)
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1 e, :
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EGGSHELL MEMBRANES-BASED PRECONCENTRATION COUPLED WITHI
FLAME ATOMIC ABSORPTION SPECTROMETRY FOR TRACE Ni(l1) AND
Cd(11) RESIDUES IN NAN RIVER OF PIITSANULOK PROVINCE
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Abstract: In this rescarch, the eggshell membranes (ESMs) of hen and duck were studied in
two types: natural and boiled ESMs. Characterization of ESMs by Fourier Transform Infrared
spectroscopy (FT-IR) and Scanning Electron Microscope (SEM) dcmonstmted that the FT-IR
spectra shmx ed broad -Oll stretching absorption band at 3419 cm™ and C-II stretching at
2930 cm’'. The peaks observed at 1652 and 1534 cm’' represented the amide | and Il
absorption bands, respectively. These functional groups could therefore capture metal ions.
The SEM images of boiled hen and duck CSMs showed that the membrane fibers were
nostly destroyed. Thercfore, the natural duck eggshell membranes (Dn-ESMs) were selected
as a preconcentration sorbent in which waste Dn-ESMs were collected from the same place
{the biggest Thai dessert factory in Phitsanulok province). Dn-ESMs were studied for
preconcentration of Ni(Il) and Cd(1l) in batch method coupled with flame atomic absorption
spectrometric detection. Under the optimum analytical condition, the maximum adsorption of
toth of 3.0 mg L™ Ni(I) and Cd(ll) on Dn-ESMs were 100%. Recoveries of heavy metals
were obtained from the ultrasonic assisted acid digestion. Detection limits were found as low
a 0.015 mgL” for Ni(ll) and 0.002 mg L for Cd(Il) with enrichment factors of 2.61 for
Ni{11) and 2.96 for Cd(ll), and relative standard deviations (RSD) were 6.6% and 5.1%,
respectively. The results showed that the concentrations of Ni(ll) and Cd(ll) in Nan River in
Phitsanulok province were not detected by the proposed method.

Introduction: Toxic heavy metals (TIHIMs) contamination is the most important parameters
indicated quality of surface water. There is an increasing demand for accurate and sensitive
quantitative TIMs analysis. By using simplicity and low initial and running cost technique
such as flame atomic absorption spectroscopy (FAAS), sample preconcentration is a crucial
treatment step because FAAS provides low sensitivity for the ultra-trace TIIMs concentration
wsually encountered in river water samples. In recent years. many solid-phase adsorbents
have been developed to preconcentrate heavy metals prior to FAAS. The sorbent material
consists of two types, i.c. synthetic and biosorbent. Many rescarchers used synthetic sorbents
# preconcentration matcn'al such as Diaion 1IP-2MG/dithizone,' Chromosorb108:
lmhocupromcdnul fonic,” Octadecyl bonded Silica membrane disk Modlf ed with
Cvancx302® and Multiwalled carbon nanotube/o-cresolphthalein complexone®. These
materials were used for determination of some heavy metals. Although the methods was
claimed that they are simple, accurate and can be applied for the determination of heavy
metals in environmental sample but using synthetic adsorbent leads to cost effective in a
large-scale production and time consuming. Therefore, it is interesting to study the
;rcconccmrati(\n of heavy metals by using natural adsorbent or biosorbent. The term ‘natural
adsorbent” is assigned to any material that is not synthetically pmduced and has adsorpme
propertics in temms of chemical species of inorganic and organic onmns * Human hair®,

Soybean hull’, Bacillus sphaericus immobilized on Diaion SP- 850" and Agrobacterium
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wmmefacients immobilized on Amberlite XAD-4” were used as adsorbents for determination
of heavy metals in food and environment samples.

Eggshell membrane (ESM)-based material is a novel, robust. microporous, cost
offective, casily available organic support material. It contains several surface functional
groups such as amines, amides and carboxylic groups with potential as SPL adsorbent for
nxtal species.'” ESM has been used for enrichment as solid phase extraction (SPE) for As(V)
recontration followed by hydride generation atomic fluorescence spectrometry ( HG-AFS),
Cr(\"l).“ and Se(lV) and Sc(Vl)lz followed by clectrothermal atomic absorption
spectrometry (ET-AAS). However, to the best of our knowledge, there is no report on natural
biomatcrial ESM-based adsorbent for heavy metals as solid phasc cxtraction (SPE) prior to
FAAS. Conscquently, the main objective of this work is to develop an analytical method for
the determination of Cd(Il) and Ni(ll) residues in Nan River by using natural ESM and
detection with FAAS.

Methodology:

Preparing of Eggshell membranes (ESMs): Eggshell membranes (ESMs) of hen
and duck were studicd in two types; natural and boiled ESMs. ESMs of hen were collected
fiom waste of vendor shops while ESMs of duck were collected from the biggest Thai dessert
factory in Phitsanulok province. After throughly washed with deionized water (DI), the ESMs
were carcfully pecled, soaked in | mol L ! nitric acid for 12 h and rinsed with DI water. The
ESMs were dricd at 80 °C for 4 h and milled to get the particle size of 25 meshes. Fourier
Transform Infrared spectroscopy (FT-IR) and Scanning Clectron Microscope (SEM) were
wed for characterization of natural and boiled ESMs. The ESMs were studied for
preconcentration of Ni(11) and Cd(11) in batch method.

Effect of pll on adsorption: The 25.0 mL of 3 mg L of Ni(ll) and Cd (I1) were
adjusted to different pll. Then, the solutions were shaked with 500.0 mg (dry weight) of Dn-
ESMs at 200 rpm for | h at room temperaturc followed by filtration the solutions for
adsorption study by FAAS. The Dn-ESMs were finally digested with acid mixtures of 1INO:
and 11,0 (2:1, v'v) by using ultrasonic water bath at 70 “C for 30 min. The final volume was
made up to 10 mL with deionized water for determination by FAAS.

Effect of interfering ions: The effect of ions commonly presented in water samples
on the recovery of Ni(Il) and Cd(I1) was studied at appropriate level of diverse ions. In these
experiments. solutions of 0.5 mg L of Ni(ll) and Cd(Il) that contains the added interfering
jons were analyzed according to the proposed procedure. The tolerance level of coexisting
jons defined as the largest amount making the recoveries of Ni(Il) and Cd(I1) less than 80% .

Analysis of real sample: The river water samples were collected in polycthylene
bottles from Nan River of Phitsanulok province which flow through in several regions and
important in many agricultural arcas. The regions of sampling (Figure 1) cover a surface
water type without treatment with concentrated nitric acid, and analyzed immediately after
collected. The water samples were filtered through 0.45 um cellulose acetate membrane then
adjusted the pll to 9 for Ni(ll) and 10 for Cd(Il), subsequently. analyzed by the proposed
method and FAAS.
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Figure 1. Map of the sampling site locations
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Results, Discussion and Conclusion:
Characterization of ESMs:
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Figure 2. FT-IR spectra of natural and boiled eggshell membranes of
henand duck: — 1In-ESMs: natural hen eggshell membranes
—  Dn-CSMs: natural duck eggshell membrancs
— 1Ib-CSMs: boiled hen eggshell membranes
——  Db-ESMs: boiled duck eggshell membranes
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Figure 3. SEM images of natural and boiled eggshell membranes of
hen and duck; (A) Hn-ESMs: natural hen eggshell membranes

(B) Dn-ESMs: natural duck eggshell membrancs

(C) 1b-ESMs: boiled hen cggshell membranes

(D) Db-CSMs: boiled duck eggshell membrancs

Characterization of ESMs by Fourier Transform Infrared spectroscopy (FT-IR) and
Scanning Electron Microscope (SEM) demonstrated that the FT-IR spectra (Figure 2) showed
broad -Oll stretching absorption band at 3419 cm’ and C-II stretching at 2930 cnt™. The
poaks observed at 1652 and 1534 cm™ represented the amide [ and [l absorption bands.
respectively. These functional groups could therefore capture metal ions. The SEM tmages
(Figure 3) of boiled hen and duck ESMs showed that the membrane fibers were mostly
destroyed than natural ESMs. This may have an effect on adsorption of heavy metals.

Therefore, the natural duck cggshell membranes (Dn-ESMs) were sclected as
preconcentration sorbent, which waste Dn-CSMs were collected from the same place (the
biggest Thai dessert factory in Phitsanulok town) to reduce the contamination from raw

materials.
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Figure 4. Cffect of pll on adsorptions of (A) Ni(ll) and (B) Cd(11)

The maximum adsorption of Ni(Il) and Cd(Il) on Dn-ESMs werc obtained between
pll 8 to 9 (Figure. 4A) and pll 9 to 12 (Figure. 4B), respectively. A pIl 9 and 10 were
sclected as the optimum pll value for Ni(ll) and Cd(ll), respectively. Ultrasonic acid
digestion (UAD) techniques required for recoveries study. The result presented in Figure §
showed that the recoveries of Cd(ll) were observed in the range of &84 to 108%. Which
demonstrated that the proposed method was satisfactory for Cd(ll) analysis. It should be
indicated that good recoveries can be obtained for Ni(I) as well as Cd(ll) by using UAD
technique.
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Figure 5. Recovery study using UAD technique for Cd(1)

Effect of interfering ions: Recoveries of Ni(Il) and Cd(Il) adsorbed onto the Dn-
ESMs in the presence of different ions are shown in Table 1. The tolerance limit was sct as
the amount of interfering ions causing recoverics of analyze less than 80%. Most of mctal
ions interfercd more than 10-fold except Ni(ll) and Cu(11) interfered more than 100-fold for
Cd(I1) detcrmination. Besides, some anions and cations did not interferc in preconcentration
and detcrmination of Ni(l1) and Cd(11) with the concentration greater than 10000-fold.

Table 1. Cftect of interfering ions on recavery of 0.5 mg L Ni(ll) and Cd(11) adsorbed on
Dn-CSMs

Nitlh Cdelh
Co-existing lons Tolerance limit “rRecovery Tolerance limic ®eRecovery
ratio =SD ratio =SD
Ni+ = - <100 88.7=0.31
cd <10 83.9=1.03 . -
Pb™” <10 82.7=0.31 <10 85.6=0.65
Zn™* <10 85.0=0.25 <io 87.7=0.25
Mn*™ <10 85.6=0.33 <l0 84.3=0.30
cu®” <l 84.1=0.12 <100 R3.1=0.31
Fe™ <10 82.2=1.51 <10 82.4=0.36
SO~ >10000 83.3=0.50 > 10000 83.7=0.81
CI.NO:, NOy >10000 82.0=0.40-83.3=0.61 > 10000 81.7=0.21-89.2=0.53
Na", K~ >10000 83.6=0.23-87.3=0.46 > 10000 88.7=0.35-89.6=0.51

n
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Analysis of real sample: The results from the analysis of real samples are given in
Table 2. Recoveries of Ni(I1) and Cd(l1) in the spiked river water samples ranged from 84 to
0% for Ni(Il) and 90 to 93% for Cd(11). which suggested that the ESMs can be used as an
adsorbent for Ni(ll) and Cd(11) preconcentration from real water samples. Fortunately. Ni(1lh)
and Cd(11) were not found in Nan River in Phitsanulok province by the proposed method.

Table 2. Determination of Ni{l1) and Cd(11) in rcal samples

Trace heavy metals

Sampling sites Nitlly Cq(Ih
-ddeg w.Adsomption’ "eRecovery®  "eAdsomption®  %wRccovery®
img L) w\dsorptio| ) t y
A: Wat Khung Waree 0 \D N\D \D ND
97.8620.003 SR.S140.020 93 4=0.003 91.6=0.05¢
B: Wat Sawang Arom 0 \D ND \D \D
RRESH00T RR.T6R0.0CR 95.4=0.007 92.8=01.030
C: Wat Phra Si Rattana Mahathat 0 \D \D \D \D
9L TS0l 90.3240.072 91.7=0.002 90.0=0.004
D: Wat Pha: Chumphen o \D \D \D \D
95.63H1001 RT.T0R0.003 92.8=0.00R 92.0=0.013
E: Wat Tha Takhian o \D \D \D \D
93.5040.012 R13M00 96.9=0.006 95.2=0.052

*Mecan value = standard deviation (n =3).
LOD (n=25x limit of detection =0.015 mg L™ for a1l and 0.002 mg L™ for Cdilly
ND: nat detected (below the it of detection)

Cggshell membrancs (ESMs) could be used as biosorbent for preconcentration
ospecially for Ni(ll) and Cd{ll) coupled with flame atomic absorption spectrometry (FAAS).
The proposc mcthod is a very simple and reliable technique for detecting metals and
metalloids in environmental samplcs.
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Development of eggshell membrane as solid phase adsorbent for Cd(11), Pb(II)

and Ni(II) coupled with flame atomic absorption spectrometry

T. Duangkum, P. Masawat* and Y. Udnan

Department of Chemistry, Faculty of Science, Naresuan University 65000, Thailand

*Corresponding author. E-mail: prinyam@nu.ac.th

Abstract

The aim of this study was to develop natural material for preconcentration of some heavy metals. In this research, the
eggshell membrane (ESM) of hen and duck were studied in two types; natural and boiled ESM. Characterization of ESM by
Fourier Transform Infrared spectroscopy (FT-IR) and Scanning Electron Microscope (SEM) demonstrated that the FT-IR
spectra showed broad -OH stretching absorption band at 3419 cm' and C-H stretching at 2930 cm . The peaks observed at
1652 and 1534 cm | represented the amide I and II absorption bands, respectively. These functional groups could therefore
capture metal ions. The SEM images of boiled hen and duck ESM showed that the membrane fibers were mostly destroyed. Due
to the difficulty of preparation of natural hen ESM, the natural duck ESM (Dn-ESM) was selected as a preconcentration
sorbent. The duck eggshell was collected from the biggest Thai dessert factory in Phitsanulok province only one place to reduce
the contamination from raw materials. Dn-ESM was studied for preconcentration of Ni(Il), Cd(II) and Pb(II) in batch method.
The metals were determined by flame atomic absorption spectrometer. Under the optimum analytical conditions, the maximum
adsorption of Ni(Il), Cd(IT) and Pb(II) on Dn-ESM were more than 90%. The recoveries of Pb(Il) were in the range of 85 to
989% by desorption using 0.5 M HNO,. The recoveries of Ni(II) and Cd(Il) were in the range of 83 to 92% and 90 to 100%,
respectively, by using the ultrasound assisted acid digestion. Detection limits defined as three time of standard deviation of the
blank were 0.015 mgL"‘ for Ni(1I), 0.002 mgLAl for Cd(IT) and 0.132 mgLA1 for Pb(II) with enrichment factors of 2.63 for

Ni(IT), 2.96 for Cd(II) and 2.47 for Pb(II) and relative standard deviations (RSD) were 6.6%, 5.1% and 5.1%, respectively.
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Ni(II) and Pb(IT) were observed in the sample sites of Phitsanulok province and Phichit province. Fortunately, Cd(II) was not

detected in Nan River in the Lower Northem of Thailand by the proposed method.

Keywords: Cadmium, Lead, Nickel, Eggshell membranes, Preconcentration

Introduction

Toxic heavy metals (THMs) contamination is the most important parameter indicated quality of surface

water. There is an increasing demand for accurate and sensitive quantitative THMs analysis. By using

simplicity and low initial and running cost technique such as flame atomic absorption spectroscopy (FAAS),

sample preconcentration is a crucial treatment step because FAAS provides low sensitivity for the ultra-trace

THMs concentration usually encountered in river water samples. In recent years, many solid-phase adsorbents

have been developed to preconcentrate heavy metals prior to FAAS as shown in Table 1. Although the

methods in Table 1 claim that they are simple, accurate and can be applied for the determination of heavy

metals in environmental samples but using synthetic adsorbent leads to cost effective in a large-scale

production. Therefore, it is interesting to study the preconcentration of heavy metals by using natural adsorbent

or biosorbent. The term ‘natural adsorbent’ is defined to any material that is not synthetically produced and has

adsorptive properties in terms of chemical species of inorganic and organic origins (Alves et al., 2010). Table

2 lists the use of natural adsorbents for solid phase extraction prior to FAAS.
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Table 1. Comparative data from some recent studies on preconcentration of heavy metals using synthetic adsorbent prior to

FAAS.
Analytes System Eluent Preconcentration Detection limit %RSD Reference
factor (pgL™)
Cd, Cu, Co, Diaion 2mol L™ 375 0.08-0.25 <9 Tuzen &
Fe, Pb, Ni, HP-2MG /dithizone HNO,in Soylak,
Zn cetone 2004
Cu, Cd, Pb, Chromosorb 2mol L™ 80 0.16-0.60 1-17 Tuzen et
Zn, Mn, Fe, 108/bathocuproinedisu  HNO, al.,
Cr, Ni, Co I-fonic 2005
Cd, Cu Amberlite XAD-2/ 0.5mol L' 14-28 0.14-0.54 <5 Lemos &
2-aminothiophenol HCl Baliza,
2005
Pb Octadecyl bonded 1molL™ 400 1.0 0.4 Karve &
Silica membrane disk HNO, Rajgor,
Modified with 2007
Cyanex302
Pb, Ni, Cu, Amberlite 1molL”' 50 2800-3600 <3 Rekha et
Mn XAD7/sodium HNO, al.,
bispiperdine-1,1’- 2007
carbotetrathioate
(Na-BPCTT)
Co, Cu, Ni, Activated carbon/2- ImolL™ 100-310 0.75-3.82 <5 Kiran et
Zn, Cd (n-(2- HNO, in al.,
hydroxynaphthyl acetone 2007
methylidene]amino)
benzoic acid
(HNMABA)
Mn Naphthalene/1-(2- Dimethyl- 20 5 3.8 Anjos et
pyridylazo)-2- formamide al.,
naphthol (PAN) 2007
Cu, Cd, Pb,  Multiwalled carbon 1molL" 80 0.30-0.60 <5 Tuzen et
Zn, Ni, Co nanotubes/APDC HNO, in al.,
acetone 2008
Cu, Co, Ni, Multiwalled carbon 1mol L 40 1.64-5.68 <5 Duran et
Pb nanotube/o- HNO, al.,
cresolphthalein 2009

complexone
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Table 2. Use of bioadsorbents in preconcentration of heavy metals prior to FAAS.
Analytes Bioadsorbent Eluent Preconcentrati Detection limit %RSD Reference
on factor (ngL™)
Cd, Pb Human hair 0.5mol L™ HNO, 40 3.4-4.6 3.2-10.3 Sweileh,
or 2003
0.1 mol L' EDTA
Fe, Co, Mn,  Agrobacterium 1 mol L™ HCI 25 2.8-3.6 2-3 Baytak &
Cr tumefacients Turker,
immobilized on 2005
Amberlite
XAD-4
Cu, Pb, Bacillus 1 mol L™ HCI - 0.20-0.75 1-3 Tuzen et
Fe, Co sphaericus al., 2007
immobilized on
Diaion SP-850
Cu, Cd Bacillus subtilis 1 mol L™ HCI 50 0.002-0.004 0.06-0.72 Dogru et
immobilized on al., 2007
Amberlite
XAD-4
Cu, Cd, Pb,  Penicillium 1 mol L' HCI - 0.41-1.6 2-4 Mendil et
Mn, Fe, Ni, italicum al., 2008
Co immobilized on
Sepabeads SP 70
Ag Moringa oleifera 0.5mol L™ HNO, 35 0.22 3.8 Araujo et
seeds al., 2010
Cd Moringa oleifera 0.5 mol L™ HNO, = 5.5 <2.3 Alves et
seeds al., 2010
Cu Soybean hull 1 mol L™ HCI = 0.80 1.7 Xiang et
al.,, 2010

Eggshell membrane (ESM) is a novel, robust, microporous, cost effective, easily available organic support

material. It contains several surface functional groups such as amines, amides and carboxylic groups with

potential as SPE adsorbent for metal species (Zhang et al., 2010). ESM has been used for enrichment as solid

phase extraction (SPE) format of As(V) followed by hydride generation atomic fluorescence spectrometry
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(HG-AFS) (Zhang et al., 2010), Cr(VI)(Zou et al., 2008), and Se(IV) and Se(VI)(Yang et al., 2011)
followed by electrothermal atomic absorption spectrometry (ET-AAS). Although other detection method such
as ETAAS provides higher sensitivity than FAAS, FAAS was selected in this research as it is simpler and
cheaper. Moreover, to the best of our knowledge, there is no report on natural biomaterial ESM-base
adsorbent for heavy metals as solid phase extraction (SPE) format prior to FAAS. Therefore, the main
objective of this work is to develop an analytical method for the determination of Cd(11), Pb(Il) and Ni(Il)
residues in Nan River by using natural ESM and monitoring with FAAS.
Materials and Methods

Preparation of Eggshell membrane (ESM)

ESM of hen and duck were studied in two types; natural and boiled ESM. Boiled ESM was
prepared by boiling at 100 °C for 10 min of natural hen and duck eggs followed by carefully peeling off the
eggshell by hand. ESM of hen was collected from waste of vendor shops while ESM of duck were collected
from the biggest Thai dessert factory in Phitsanulok province. After throughly washed with deionized (DD)
water, the ESM was carefully péeled, soaked in 1 M nitric acid for 12 h and rinsed with DI water (Alves et
al., 2010). The ESM was dried at 80 °C for 4 h and milled to get the particle size of 25 meshes.

Eggshell membrane characterization

Fourier Transform Infrared spectroscopy (FT-IR) and Scanning Electron Microscope (SEM) were
used for characterization of natural and boiled ESM.

FT-IR, which was useful for studying functional groups of eggshell membrane was performed on a

1

Perkin-Elmer Model 1600 Series FT-IR Spectrophotometer in the wavenumber range of 4000-400 cm .
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Solid samples were made by the pressed disc method after mixing dried solid samples with KBr (Theamdee,
2010).

SEM, which was used for measuring surfaces of eggshell membranes was observed under a LEO
Model 1455 VP SEM operated at 120 kV and magnifications at 1,000X. The samples were put on a stub
and coated with thin layer of gold (Au) in order to generate conductivity on the measurement surfaces.
Effect of ESM amount

The dried ESM and 25.0 mL of metal standard solution (3 mgL_1 of Cd (II)) were added to
polyethylene bottle. Then the suspended solution was shaken for 1 h at 200 rpm at room temperature. The
solution was filtered and analyzed for the residual concentration of heavy metal by FAAS. The experimental
was repeated by variation of ESM amount from 100.0 mg to 1000.0 mg.
Eggshell membrane adsorption

Adsorption of heavy metals on ESM was studied by batch method. 25.0 mL of metal standard
solutions (3 mgLil of Ni(II), Cd (II) and Pb(II)) were shook with 500.0 mg (dry weight) of Dn-ESM at
200 rpm for 1 h at room temperature then filtered followed by analyzed the filtrates for the residual
concentration of heavy metal by FAAS. Percentage adsorption was calculated by the following equation
(Sweileh, 2003);

Ci -Ce
% Adsorption = — X 100
i

When, C, = initial concentration (the target element before agitation with the sorbent)

C, = equilibrium metal concentration
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Effect of pH on adsorption

The pH of 25.0 mL of metal standard solutions (3 mgL'l of Ni(II), Cd (I1) and Pb(Il)) were
adjusted to various pH. Then the solutions were mixed with 500.0 mg (dry weight) of Dn-ESM followed by
shaken at 200 rpm for 1 h at room temperature and filtered. Finally the solutions were determined by FAAS.
The Dn-ESM was kept for desorption process.
Eggshell membrane desorption

Effect of eluent types on recovery was studied in the desorption process. Eluent types were as
follow: 0.01 M EDTA, 0.01 M Thiourea, Thiourea in 0.2 M HCI, Thiourea in 0.2 M HNO, and Thiourea in
1.0 M HNO,. After adsorption process, the Dn-ESM was mixed with 5.0 mL of various eluent and shaken at
200 rpm for 1 h at room temperature. Then the solutions were filtered and made up to 10 mL in volumetric
flasks with DI water before determination by FAAS. Percentage recovery was calculated by the following

equation (Thongsuk et al., 2009);

(Cs+Cstq) —C
%Recovery = s CStd 2 X 100
std

When, C_ = sample concentration

C,, = standard concentration (or added concentration)

Ultrasound assisted acid digestion (UAD)

Acid (acid mixtures) digestion technique required for recoveries of trace heavy metals and assisted

by ultrasonic water bath (Kazi et al., 2009). After adsorption process, the Dn-ESM was digested with acid

mixtures of HNO, and H,0, (2:1, v/v). Erlenmeyer flask containing Dn-ESM and acid mixtures was

covered by parafilm and stood for 10 min. Then the flask was immersed into the ultrasonic water bath and
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sonicated at 70 °C for 30 min. After cooling, the final volume was made up to 10.0 mL in volumetric flask
with DI water then determined by FAAS.
Effect of interfering ions

The effect of ions commonly presented in water samples on the recovery of Ni(II), Cd(II) and
Pb(I1) was studied at appropriate level of diverse ions. In these experiments, solutions of 0.5 mgL_1 of Ni(Il),
Cd(11) and Pb(Il) containing interfering ions were added to 500.0 mg of ESM in polyethylene bottle. Then,
the solution was shaken for 1 h at 200 rpm. The solution was filtered and measured by FAAS. The tolerance
level of coexisting ions is defined as the largest amount making the recoveries of Ni(11), Cd(II) and Pb(II)
less than 80% .
Enrichment factor (EF)

Enrichment factor is meant to be the ratio between the analyte concentration in the concentrate, C,

and in the original sample, C_(Fang, 1993).

An approximation of EF is the ratio of the slope of the linear section of the calibration curves before
and after the preconcentration.
Application to the real water samples

The water samples were kept in polyethylene (PE) bottles (Duran et al., 2009). The PE bottles
were immersed into hydrochloric acid (10%) overnight and nitric acid (10%) overnight. Then, the PE bottles

were thoroughly and consecutively washed with DI water prior to use.
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150 The river water samples were collected from Nan River, which flows through several regions and

151 important in many agricultural areas (Figure 1). The samples were immediately analyzed after collection

152 without treatment with concentrated nitric acid. The water samples were filtered through 0.45 pm cellulose
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acetate membrane to remove the suspended solids then the pH was adjusted to optimum pH value for each
metal ion by 0.025 M sodium tetraborate decahydrate (prepared in water sample) and 50% sodium hydroxide
to pH 10 for Cd(II) and Pb(II) and 37% hydrochloric acid to pH 9 for Ni(II) before the adsorption process.

The recoveries of Cd(1) and Ni(I) were obtained by ultrasound assisted acid digestion. The ESM
was digested with 5.0 mL acid mixtures of HNO, and H,0, (2:1, v/v) in Erlenmeyer flask. The flask was
covered by parafilm and stood for 10 min. Then the flask was immersed into ultrasonic water bath and was
sonicated at 70 °C for 30 min. After cooling, the final volume was made up to 10.0 mL in volumetric flask
with DI water then determined by FAAS.

The Pb(II) adsorbed on the ESMs was desorped by adding 25.0 mL of 0.5 M HNO, and soaking
in ultrasonic water bath for 1 h at 70 °C. Then the solution was filtered and analyzed by FAAS.

Results and Discussion
Characterization of ESMs by FT-IR and SEM demonstrated that the FT-IR spectra (Figure 2)

showed broad —~OH stretching absorption band at 3419 cm ' and C-H stretching at 2930 cm’'. The peaks
observed at 1652 and 1534 em’’ represented the amide I and II absorption bands, respectively. These
functional groups could therefore capture metal ions. The SEM images (Figure 3) of boiled hen and duck

ESMs showed that the membrane fibers were mostly destroyed. This may affect adsorption of heavy metals.

Therefore, the natural duck eggshell membrane (Dn-ESM) was selected as preconcentration sorbent.
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Effect of ESM amount (particle size is 25 mesh) on the adsorption of Cd(II) in aqueous solution

was studied in order to select the appropriate ESM amount and use for other metal ions. As shown in Figrue 4,

it was found that the maximum adsorption of Cd(II) (100 %) was obtained from the amount of 500.0 to

1000.0 mg. Hence, the ESM amount of 500.0 mg was selected as appropriate amount for Ni(II), Cd(II) and

Pb(II) for the next experiment.
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Effect of pH on adsorption of Cd(II), Pb(Il) and Ni(Il) was studied by varying the pH of sample

solution between 4.0 to 14.0 The results were shown in Figure 5 that the maximum adsorption of Cd(II),

Pb(I1) and Ni(Il) on Dn-ESMs were obtained between pH 7 to 12. Therefore the pH value of solution

adjusted to pH 10 for Cd(II), Pb(II) and pH 9 for Ni(Il) was selected as the optimum pH value for the next

study.
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Figure 6 Effect of eluent types (25.0 mL) on desorption of Pb(II)

As shown in Figure 6, the highest recoveries of Pb(II) was obtained by desorption using 25.0 mL of

0.5 M HNO,. Unfortunately, the desorption process is not suitable for Cd(II). Figure 7 indicated that the

recoveries of Cd(II) were less than 80% which were unacceptable. The highest recovery of Cd(II) was 64.2%

by using 0.1 M EDTA. EDTA at the concentration more than 0.1 M appears insoluble in DI water which

described in case of saturation. Thus, the acid (acid mixture) digestion techniques required for recoveries of

Cd(II) and assisted by ultrasonic water bath. A 5.0 mL acid mixture of HNO, and H,0, (2:1, v/v) was

sonicated at 70 °C for 30 min. The result presented in Figure 8 shown that the recoveries of Cd(II) were
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observed in the range of 84 to 108%, which demonstrated that the proposed method was satisfactory for

cd(

% Recovery

% Recovery

I) and also suitable for Ni(Il) analysis (not shown).
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Effect of interfering ions on recoveries of Ni(II), Cd(II) and Pb(Il) adsorbed onto the Dn-ESM in
the presence of different ions was also studied. The tolerance limit was set as the amount of interfering ions
causing recoveries of analyze less than 80%. Most of metal ions, some anions and cations did not interfere in
the preconcentration and determination of Ni(II), Cd(II) and Pb(II) as shown in Table 3.

Application to the real water saniple, pH value and temperature of water samples were observed in
the range of 6 to 9 and 26 to 29 °C respectively. Table 4 shows that the concentration of Ni(Il) observed in
Nai Mueang Phitsanulok province was 0.0132 mgL_l, which did not violate the allowable limit of surface
water (0.1 mgL™"). The concentrations of Pb(II) detected in Phitsanulok province at Nai Mueang and Bang
Krathum including Phichit province at Taphan Hin, were in the range of 0.0553 to 0.0780 mgL_l which were

over the allowable limit (0.05 mgL_l). Cd(II) was not detected in all samples.



Table 3 Effect of interfering ions on recovery of 0.5 mg/L Ni(II), Cd(II) and Pb(II) adsorbed on Dn-ESM
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Ni(ID) Cd(m) i
Co-existing ions

Tolerance limit ratio %Recovery * Tolerance limit ratio %Recovery ' Tolerance limit ratio %Recovery *
Ni®’ - - <100 88.7+0.31 <10 81.7+0.89
cd” <10 85.941.03 - - <10 82.4+0.40
Pb*’ <10 82.7+0.31 <10 85.6+0.65 = -
Zn® <10 85.0+0.25 <10 87.7+0.25 <10 85.3+0.61
Mn”’ <10 85.6+0.53 <10 84.3+0.30 <10 83.6+0.40
cu” <10 84.1+0.12 <100 85.1+0.31 <10 83.7+0.31
Fe’’ <10 82.2£1.51 <10 82.4+0.36 <10 80.5+0.50
woﬁm. >10000 83.3+0.50 >10000 84.7+0.81 >10000 94.7+0.61
Cl, NO, , NO, >10000 82.0+0.40-83.3+0.61 >10000 81.7+0.21-89.2+0.53 >10000 89.1+0.76-95.1+0.83
Na’, K’ >10000 85.6+0.23-87.3+0.46 >10000 88.7+0.35-89.6+0.51 >10000 94.6+0.73-96.3+0.35

* Mean value + standard deviation (n =3)



Table 4 Determination of Pb(II), Ni(I) and Cd(II) in real water samples
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Trace heavy metals

Ni(ID) Cd(m) PH(IL)
Sampling sites
Added ' , , |
5 % Adsorption’ %Recovery % Adsorption 9%Recovery % Adsorption %Recovery'
(mgL )

Uttaradit Province
N12A: Ban Hat Phai, Tha Pla 0 ND ND ND ND ND ND

1 96.8+0.031 91.9+0.020 99.7+0.023 97.9+0.042 95.0+0.087 85.9+0.066
N2B: Nai Mueang 0 ND ND ND ND ND ND

1 95.0+0.081 91.7+0.092 100.0+£0.001 98.9+0.095 94.1+0,030 89.0+0.079
N60: Ban Den Samrong, Tron 0 ND ND ND ND ND ND

1 97.0+0.059 87.5+0.068 100.0+0.001 90.4+0.070 96.0+0.076 90.7+0.080
Phitsanulok Province
N27A: Narasuandam,

0 ND ND ND ND ND ND

Phrom Phiram

1 96.8+0.085 84.0+0.059 100.0+0.002 90.9+0.046 96.0+0.064 90.1+0.012
N5A: Nai Mueang 0 ND 0.013(mg L") ND ND ND 0.078(mg L")

1 93.6+0.035 94.0+£0.005 100.0+0.001 100.4+0.624 98.3+0.012 88.5+0.004
N74: Bang Krathum 0 ND ND ND ND ND 0.055(mg L

1 99.2+0.080 92.0+0.050 100.0+0.001 95.0+0.078 98.8+0.046 82.9+0.003
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Trace heavy metals

Ni(I) Cd(Ir) Pb(II)
Sampling sites
>Q&OQ a @ a a a a
5 % Adsorption 9%Recovery % Adsorption %Recovery % Adsorption %Recovery
(mgL )
Phichit Province
N7A: Ban Rach Chang
0 ND ND ND ND ND ND
Kwan, Mueang
1 93.5+0.059 88.1+0.045 100.0+0.002 96.4+0.067 92.7+0.085 87.0+0.050
N10A: Taphan Hin 0 ND ND ND ND ND 0.060(mg Lh
1 96.9+0.064 87.2+0.071 100.0+0.001 93.9+0.081 98.7+0.076 90.0+0.014
N8A: Bang Mun Nak (0] ND ND ND ND ND ND
1 96.4+0.079 92.1+0.083 100.0+0.001 97.6+0.046 94.8+0.017 86.7+0.060
Nakhon Sawan Province
N37: Chum Saeng 0 ND ND ND ND ND ND
1 99.7+0.081 88.0+0.089 100.0+0.001 98.1+0.062 95.5+0.057 87.0+0.046

* Mean value + standard deviation (n =3).
LOD (n=25): limit of detection = 0.015 mg L' for Ni(II), 0.002 mg L' for Cd(II) and 0.132.mg L' for Pb(II)

ND: not detected (below the limit of detection)
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Conclusions

Development of an analytical method and study on a potential use of the ESM for adsorption and
preconcentration for the determination of Ni(Il), Cd(Il) and Pb(Il) residues in Nan River were studied in this
research. The originality of this work is the use of natural material for adsorption of Ni(II), Cd(II) and Pb(II)
contaminated in water sample coupled with FAAS. It can be concluded that ESM could be used as biosorbent
for preconcentration especially for Ni(I), Cd(II) and Pb(Il) coupled with FAAS. The propose method is a

very simple and reliable technique for detecting metals and metalloids in environmental samples.
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