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ABSTRACT

Molecular imprinting technology has been employed for the first time to prepare a specifically affinity
chromatographic stationary phase for speciation purposes. Tributyltin has been chosen as the template
malecule and the non-covalent approach has been applied. Three different polymerization methods have
been evaluated: (i) a composite material, (i) a polymer prepared via-Iniferter grafting; (iii) an emulsion
polymer. Columns packed with different polymers have been evaluated by liquid chromatography (LC)
coupled to inductively coupled plasma mass spectrometry (ICP-MS). The chromatographic conditions as
well as the analytical characteristics of the developed method are discussed in this paper. Our findings
have shown formation of specific cavities in the grafted Iniferter as well as in the emulsion polymers
with the latter achieving resolution of four organotin compounds. Detection limits are similar to those
obtained with commercial, but not specific, stationary phases (& pg for monobutyltin, MBT; 10pg for
both tributyltin, TET, and triphenyltin, TPhT; and 20 pg for dibutyltin, DBT). The main advantage of this
proposed stationary phase is that good recovery is obtained for all species, including MBT. Baseline res-
olution for TBT and TPhT has also been obtained. The high selectivity of this column prevents matrix
interferences. The method has been validated by analyzing two biota reference materials (ERM-CESTT

mussel tissue and T-38 oyster tissue).

1. Introduction

The toxicty, bicavailability and mobility of a2 compound in
the environment are critically dependent on the particular form
in which this compound ocours, Therefore, the study of metal
species and organometallic compounds is an impontant topic of
analytical research. Speciation technigues involve a number of dis-
crete analytical steps comprising extraction of the analytes from
a solid sample, preconcentration to gain sensitivity, modification
of the amalytes through derivatization, separation by chromatog-
raphy, and the eventual specific detection. Quantification is still a
formidable task, mainly because of the high complexity of envi-
ronmental matrices which contain very low concentrations of
organometallic compounds. New methodologies must be devel-
oped to reduce sample manipulation and to improve detection
limits.

The high toxicity of organotin compounds (OTCs), even at low
concentration levels, demands development of accurate and sensi-
tive analytical methods for their determination in environmental
matrices. In particular, tributyltin (TBT) has been produced for

many years with animportant range of applications such as thermal
and UV stabilizers for polylvinyl chloride (PVC), fungicides, pesti-
cides, and general biocides [1]. One of the most reported uses of
TBT is as an effective antifouling paint employed to prevent the
settlement and growth of marine organisms on submerged struc-
tures [2.3]. For many years, the main use of triphenyltin (TPhT)
has been [4.7] as an agricultural pesticide. Both TBT and TPhT
are well known to be strong endocrine disrupters. Monobutyltin
(MET) and dibutyltin (DET) have been employed as stabilizers and
catalysts for silicons and other industrial processes [1]. Many of
these uses, especially those related to the aguatic environment,
have been internationally regulated since 1900 due to their severe
impact on agquatic ecosystems, The International Marine Organiza-
tion {IMO) has strictly limited the use of TBT as an antifouling agent
[5]. Recently, TET and TPhT have been included in the European list
of priority pollutants establishing a maximal amount of 10ngL-! as
sum of all OTCs in natural waters |G]. Despite these efforts, harmful
concentrations of these compounds and their metabolites can still
be detected in waters, suspended miatters, sediments, and sewage
sludge. The high accumulation capacity of these compounds by
molluscs is well known [8,9]. Therefore still it is very important
to develop simple, sensitive, selective, and rapid methods for the
quantitative determination of organotin compounds in the envi-
ronment,



Table 1

Analytical methods reparted in the literature for organotin compounds determination based on coupling liguid chromatography to different detectors.

Species Sample Column Detector Detection limit (ng Sn) Reference
DET, TET wWood Partisil 5CK-10 HG-GFAAS oS 1Z7]

DET, TET Sediments Nucleosil GFAAS 5 |28]
TMT, TET, TPrT, TBT, TPhT Estuarian waters Partisil SCK-10 s 100-800 |29]
sn{[V), THT, TPhT Water Adsorbosphere 50X ICP-AES 4501500 |2a]

DET, TET Sediments Partisil SCK-10 ICP-M5 D.02-0.04 |29]

DET, TET, DPOT, TPhT Sediments Kromasil 100 C18 APCI-ME 25-5 |30]

DET, TET, DPOT, TPhT Sediments T5K gel OD5-BOTM ICP-M5 02-05 |26]

MET, DET, TET Sediments Hypersil 0DS ICP-M5 D00z |31]

DET, TET, DPRT, TPhT sediments Zorbax 5B C18 APCI-MS D.02-0.07 132]

DET, TET, DPOT, TPhT Seawater Oyster Kromasil 100 C18 FLD 0.02-0.5 |20,33]
DET, TET Seawater Cianapropil APCI-MS 35,25 [34]

MET, DET, TET, TPhT Mussel, Dyster MIP ICP-M5 D006-0.02 This whark

MET: Monobutyltin: DBET: dibutyltin: DPhT: diphenyltin; TET: tributyltin; TET: triethyitin: TMT: trimethyltin: TPhT: triphenyitin: TPrT: tripropyltin: APCI: atmospheric
pressure chemical ionization GFAAS: graphite furnace atomic absorption spectrometry: FLD: malecular fluorescence detection; HG: hydride generation; BOP-AES: inductively
coupled plasma emission spectrometry; ICP-MS: inductively coupled plasma mass spectrometry: UV: ltraviolet detection.

Speciation of these compounds is usually achieved by gas chro-
matography (GC), due to its excellent sensitivity and resolution
[10-16]. However, the poor volatility of OTCs means a previous
derivatization step is required. On the contrary, liquid chromatog-
raphy (LC) does not require such step. This leads to a simpler
and faster analysis, but implementation of LC is limited due to its
lower resolution and lack of sensitivity [17.18]. Detection methods
such as ultraviolet, atomic absorption spectroscopy and inductively
coupled plasma optical emission spectrometry are not sensitive
enough [19]. Auorescence detectors satisfy sensitivity and selec-
tivity requirements but a derivatization step is needed as OTCs
are not fluorescent compounds [20]. The most suitable detector
for coupling to LC is ICP-MS due to its high sensitivity, wide linear
dynamic range and ability to perform isotopic analysis [21].

Several LC modes including ion-exchange silica-based columns,
ion pairing chromatography and reversed phase with C8 and C18
stationary phases have been previously employed [22-26]. Detec-
tion limits for those methods are usually within the pgl-! range
independent of the separation mode applied, and typical preci-
sion values are about 5% in terms of relative standard deviation.
These detection limits are not usually low enough to meet environ-
mental legislation requirements. The most prominent drawbacks in
terms of compound separation are the strong interactions between
mono-substituted tin species and the stationary phase due to its
high residual charge as well as the poor resolution of TPhT and
TBT because the retention mechanism of those compounds is also
based on the electrostatic interactions with the stationary phase,
Table 1 summarizes some of the main LC methods developed for
OTCs [27-34].

To our knowledge, MIP technology has not previously been
applied to prepare an affinity stationary phase for speciation of
organometallic compounds by LC-ICPMS, A stationary phase based
on molecularly imprinted technology has been designed and tested
by our group, Molecularly imprinted polymers are defined as poly-
mers formed in the presence of the molecule of interest, a so-called
template molecule, The template is later extracted, leaving behind
complementary nanocavities in the polymer. These polymers show
a chemical affinity for the original template molecule in a man-
ner very similar to that of natural receptors like antibodies or
enzymes, This methodology, first proposed by Wulff et al, in 1972,
has shown to be suitable for many analytical applications such
as catalysis, solid-phase extraction, micro-extraction, and for use
in sensors [35-39], Chromatographic stationary phases with pre-
determined and specific molecular recognition properties can be
prepared using the molecular imprinting technique [40-44]. The
polymers synthesized in our group are based on the non-covalent
approach [4546]. Polymer beads formed by three different meth-
ods were synthesized: emulsion polymers [47 48], surface-grafted

initiators [49] on divinylbenzene particles and a DVB-composite
material [50-52], These three synthesis methods were also per-
formed without addition of the template to prepare equivalent
non-imprinted polymers (MIPs). All resulting polymers have been
used as the stationary phase in LC, and their applicability for OTC
speciation in mussel tissue and oyster tissue by LC-ICPMS,

2. Experimental
2.1, Reagents and standards

Analytical grade chemicals have been used for all studies, Trib-
utyltin chloride (=97%), dibutyltin chloride {=97%], monobutyltin
chloride (>95%) and triphenyltin chloride (>95%) have been pur-
chased from Sigma-Aldrich Quimica 5A, (Madrid, Spain). Stock
solutions of organotin in methanol (10mgL-1) of tin have been
prepared and stored at —4°C in the dark. Working solutions
have been daily made from the stock solutions in water or
methanol, Polymerization reagents, methacrylic acid (MAA), ethy-
lene glycol dimethacrylate (EGDMA), and azobisisobutyronitrile
{AIEN), have been obtained from Sigma-Aldrich Quimica S.A.
(Madrid, Spain). Chloromethylstyrene-co-divinylbenzene beads
and divinylbenzene beads have been prepared in the laboratory
according to literature [53]. Iniferter modifier has been Sodium
N N-diethyldithiocarbamate trihydrate {(NaDEDTC), Polyvinyl alco-
hol (PVA), ammonium fluoride and silica particles (Pharmaprep
60, 40-63 wm mean diameter) have been provided by Merck
(Darmstadt, Germany). A Milli-C} water system [Millipore Iberica
5A. Madrid, Spain) was used for purified water, Analytical grade
organic solvents have been purchased from SDS (Barcelona, Spain].
Hydrochloric and acetic acid have been supplied by Merck (Darm-
stad, Germany), and triethylamine (TEA) by Sigma-Aldrich.

2.1.1. Reference materials

Mussel tissue (ERM-CE477) was purchased from the Institute
for Reference Materials and Measurements (IRMM, Geel, Belgium .
Information about its certification as well as data concerning homo-
geneity, stability and statistical tests were already published [54].
Oyster tissue (T-38) was a candidate of CRM that was tested by
IEMM but finally was not commercialized due to the high dis-
persion obtained by the different laboratories participating in the
inter-comparison exercise, However, the proposed contents can be
used as indicative values.

2.2 Instrumentation

A Thermo X Series 300 (Thermo Electron Corporation, USA) ICP-
MS has been employed for 5n determination. It is equipped with a



micreconical nebulizer, fassel torch, double pass Scott-type spray
chamber cooled by a Peltier system {—8=C) and platinum cones,
lon monitoring at myjz 120 has been used for Sn data collection and
31n selected as the void marker. An additional flow of oxygen
(0.42Lmin—") mixed with argon and introduced via nebulization
was necessary to burn and oxidize the organic matter more effi-
ciently,

The chromatographic system used has been a model PU-2080
Plus pump, (JASCO Corporation, Tokyo, Japan) with a stainless steel
column (4.6 mm = 50mm}. Column effluent went directly into the
nebulizer via a FTFE capillary tube (0,5 mm i.d.). The samples have
been injected through a six-port valve (Rheodyne 9125, USA) in a
02 mL loop.

An ultrasonic homogenizer, model Sonoplus HD 2200 (Bandelin,
Germany), equipped with a converter UW 2200, SH 213 G hom as
amplifier and sonotrode MS 73 (3 mm titanium microtip) has been
used for tin species extraction. The obtained extracts have been
centrifuged on an Eppendorf centrifuge model 5804 [Hamburg,
Germany).

The scanning electron micrographs have been recorded using
an SEM Hitachi 54500 and nitrogen adsorption isotherms, for mor-
phological studies, have been obtained using an ASAP System 2020,
Micromeritics, {Morcross, GA),

2.3, Polymers preparation

All the imprinted polymers have been synthesized by employ-
ing the same template molecule (TET), functional monomer (MMA],
and crosslinker (EGDMA), but different porogens: acetonitrile for
the composite material and Iniferter grafted polymers, and chlo-
roform for the emulsion polymerization due to the necessity to
employ a non-water miscible solvent,

2.3.1. Composite polymer (MIP-c)

The polymerization mixture formed by the template (TET,
40,6 mg], functional monomer { MAA, 42 pL), crosslinker (EDGMA,
468 pl) and the initiator (AIBM, 10mg) has been dissolved in ace-
tonitrile {500 L), then mixed with enough amount of porous silica
beads to allow the polymerization mixture to penetrate the beads,
After purging with nitrogen, the mixture has been left overnight
at 60=C to allow completion of thermal polymerisation inside the
pores. The resulting beads have been suspended for 24 hin aqueous
ammonium fluoride {3 mol L~} The beads have been filtered using
a polypropylene filtering device (nominal porosity 0.2 um), washed
withacetone (10 mL) and dried under vacuum, Non-imprinted con-
trol polymers (MIP-c) have been prepared in the same way without
addition of the template.

232 Grafted polymer via Intferter (MIP-1)
Chloromethylstyrene-divinylbenzene beads have been modi-
fied with Iniferter groups according to literature methods [55,56]
with minor modifications, Briefly, in a 100mL round-bottomed
flask, the beads (5 g) have been dispersed in ethanol {25 mL) under
sonication, A solution of NaDEDTC (1.5g) in ethanol (15 mL) has
been added to the reaction vessel and the mixture stirred overnight
at 40 =C, The beads have been separated from the reaction mixture
by filtration, washed three times with tetrahydrofurane (THF) and
acetone, and then dried under vacuum. All these operations have
been performed in the dark as Iniferter modifiers are UV-light acti-
vated. Once the Iniferter modified support is clean and dry, beads
(500mg) have been suspended into the polymerisation mixture;
template (TBT, 81.28 mg), monomer (MAA, 84.5 L), crosslinker
(EGDMA, 936 pul) and porogen (acetonitrile, 30mL). The mixture
has been sonicated for a few minutes, then purged with nitrogen,
and the flask has been sealed and left overnight toallow photopoly-
merization by UV-irradiation {200 W medium-pressure Hg vapour

lamp}. The round-bottom flask containing the polymerization mix-
ture has been introduced into a thermostat water bath at 15=C
The grafted beads have been filtered and washed with acetonitrile.
NIP-1 has been prepared in the same way without addition of the
template,

2.3.3. Emulston polymers {MIP-¢)

The template molecule (TBT, 163 mg) and functional monomer
(MAA, 169 L) have been dissolved in the porogen (chloroform,
3 mL). The crosslinker (EGDMA, 1900 L) and the initiator (AIBN,
100 mg) have been added to this mixture and sonicated until
the solution was transparent, Polyvinyl alcohol (PVA, Gg) has
been dissolved in hot water (150mL) in a 250 mL flanged reac-
tor flask fitted with magnetic stirring, and nitrogen inlet. After
cooling to room temperature, the organic mixture has been added
drop by drop across the septum with a syringe and left stirring
overnight at 65=C. The formed beads have been washed with
hot water to remove PVA from their surfaces and then dried.
NIP-¢ was prepared in the same way without addition of the
template,

24, LC columns packing

A few milligrams of each of the different polymers has been
suspended in an aqueous-methanol (2:8, viv) solution and the
resulting slurry packed into an empty stainless-steel column
(50mm = 4.6mm id.). Packing has been performed by gradually
filling the column with the polymer slurry and connecting the HPLC
pump, operating at a high pressure by passing methanol through
the column at a flow rate of 20mLmin~" for Smin. This proce-
dure has been repeated several times until column was packed. The
template has been washed from the stationary imprinted phase by
passing of acetic acid in methanol {1:9, v/v) until a stable baseline
was observed by ICPMS,

25 Polymers characterization

251, Scanning electron microscopy (SEM)

Micrographs have been recorded using an SEM Hitachi S4500
by placing a few milligrams of dried polymer into a metallic mould
covered by a graphite adhesive tape. The mould has been coated
with a thin layer of gold in order to make them conductors as
the SEM technigue irradiates with a beam of electrons that allow
conduction of the high energy required to create magnified three
dimensional images.

252 Nitrogen sorption measurements

Pore size distribution and surface areas have been assessed
by Brunauver-Emmett-Teller (BET) amnalysis. The dried poly-
mer (100mg) has been used for nitrogen adsorption/desorption
isotherms at 77 K. Before the experiment, the polymers need to
be degassed at 313 K.

2.6 Chromatographic evaluation of the polymers

Optimization of the best mobile phase is described in the results
and discussion section of this paper. The mobile phase flow rate
has been limited to 0.5 mLmin-! because higher values provoke
plasma instability and a noisy baseline due to the content of the
organic selvents, The capacity factors of the column have been cal-
culated as for any LC chromatographic column [57 ], The imprinting
factors (IFs) of the different stationary phases have been calcu-
lated from the ratio of the capacity factors obtained for the MIP and
MIP.



Table 2

Results of BET analysis for the three polymers studied. MIP-c: DVE compasite polymerization; MIP-1: grafted via Ineferter polymerization: MIP-e: emulsion polymerization.

Polymer ppore volume (cm*/g) ppore arez (m3/g) External surface area (m?/g) Pore size diameter (nm)
MIP-c 0.1856 328 18 <5

MIP-1 0.0026 53 21 20-40

MiP-g 0.0003 07 02 20-50

2.7. OrC extraction from biota samples

The optimized procedure for OTC extraction from biota samples
has been previously reported [46]. Briefly, 0.1 g of the two biota
materials has been exactly weighed in an amber-glass vial (20mL)
and the extraction media (MeOH:HAc, 1:1, 5mL) added. An ultra-
sonic probe has been used to sonicate the solution for 30 sat 20-25%
amplitude. The resulting solution has been centrifuged at 4500 rpm
for 2 min and the supernatant kept for analysis. Solvent has been
removed from 2mL and the remaining solid re-dissolved in Milli-
Q water (4mL) before injection into the LC system. This assured
effective retention of the OTCs by the stationary phase.

3. Results and discussion

3.1. Scanning electron microscopy analysts

The micrographs recorded and summarized in Fig. 1 have shown
formation of spherical particles for all three polymerization strate-
gies. The diameters of the MIP beads are in the micron range
regardless of the polymerization method employed. This makes
them optimum for chromatographic purposes. MIP-e (Fig. 1A) con-
sists of particles of size 1-25 pm whereas MIP-1 and MIP-c (Fig. 1B
and C) have bigger (30-60 pm) but more homogeneous particles,
The broad size range found with the emulsion procedure has been
attributed to some irregularities of shaking which is necessary to
produce the microdrops in the water-oil emulsion. The higher par-
ticle diameter of MIP-c could be due to a possible polymerization
out of the commercial silica beads. The micrograph of MIP- has
revealed a non-homogeneous deposition of the Iniferter over DVB
beads generating so-called “cauliflower beads”. Finally, no morpho-
logical differences have been observed between the imprinted and
non-imprinted polymers of a given synthesis method.

3.2, Nitrogen sorption sotherms

The general morphology of MIPs arises from nuclei that form
around the initiator and then aggregate into larger clusters forming
spherical beads. The porosity and resulting surface area is formed;
from irregular voids located between clusters of the microspheres
(macropores, >50nm); from the interstitial space of a given clus-
ter of microspheres (mesopores, 2-50nm); or even within the
microspheres themselves (micropores, <2 nm). Typical values for
surface area are 100-400m? g . Concerning pore size distribution
2-100 nm for both macro and mesopores and 0.6-2 nm for micro-
pores [58]. Table 2 summarizes the micropore volume (cm*g-'),
micropore area (m? g-!), external surface area (m? g-') and aver-
age pore size diameter (nm) of the three polymers studied. It should
be noted that although binding and selectivity are not dependent
on those values, porosity may rely on the mass transfer kinetics of
compounds through the polymeric matrix [59].

3.3, Chromatographic evaluatton

For an imprinted polymer used as chromatographic stationary
phase, selectivity and efficiency are major concerns, These char-
acteristics are notably determined by the nature and number of
interactions between the imprinted polymeric matrix and the ana-

(A}

()]

40 pm

Fig. 1. Scanning electron microscopy for the three synthetized polymers: (A) MIF-e,
(B)MIP-1,(C) MIP-c.
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Fig 2. Chromatograms obtained withMir-c(black line) and NP-c (grey line) as sta-
tionary phases. Maonitored isotope 750 loading 20 ng of each compound in water;
injection loop: 0.2mlL: maobile phase flow: D.5mLmin-". Mobile phase gradient
applied: (110-1 min S0% Mill-Q water, S0%MeOH: (2) 1-3 minmove to 100EMe0H:
(3] 3-5min 100% MeOH: (4) 5-9min move to HAC 10% in Me0OH; (5) 9-20 min HAC
10% in MeOH. Peaks: 1. Column void volume (f,) with coelution of all OTCs: 2. TRT:
3. TPhT + DAT: 4. MET

Iyte, The situation with molecular imprints is rather complex as
the analyte molecule can interact with the stationary phase in
three modes: (a) partitioned in the stagnant phase situated in the
inner pores of the particles; (b) non-specifically bound to functional
groups of the polymer; () specifically bound into the imprinted
cavities [58], Optimization of the mobile phase plays an impor-
tantrole in order to achieve analytes separation taking the inherent
advantages of this kind of stationary phase, 5ix columns have been
packed as explained in Section 2 (three with MIPs and three with
NIPs), Optimization of the mobile phase has been performed in
order to check the imprinting effect of the synthesized materi-
als as well as to achieve satisfactory separation of the organotin
compounds, An OTC standard mixture has been directly loaded in
water because our previous works have demonstrated quantitative
loading in this medium which is very unusual for imprinting tech-
nology [G0,61]. In all cases, OTC retention has found to be greatly
affected by the water content in the mobile phase; the higher the
water content the stronger the OTC retention. Selective elution of
the compounds required has been observed working on a gradient
made starting with mild acidic conditions and gradually increasing
to the complete elution of the most retained compound.

3.3.1. Results obtained from the different polymers

3.3.1.1. MIP-c, When pure methanol has been used as the mobile
phase the OTCs eluted quickly without separation. This behaviour
has previously been explained by Kohri et al, [62] who developed
an SPE method to determine OTCs in fish tissue using a commer-
cial resin of DVB/MAA, A gradient elution of acetic acid (up to
10%) in water was required to selectively and completely elute
the compounds, The procedures have been followed using NIP-c,
and very similar chromatograms have been obtained (Fig, 2). This
suggests that there is no imprinting effect or at least not enough
for our chromatographic purposes, This lack of selectivity has led
us to rationalise that the synthesized material presented many
non-specific interactions with the analytes and conseguently is not
convenient for our purposes.

3312 MIP-L Several solvents have been tested as mobile phases,
including water and acetonitrile with addition of different acids:;
acetic (up to 10%) and hydrochloric (up to 0.1% due to the strict
limitations of our LC system), An excessively high OTC retention

Counts
g
=

el
L)

L T A R TR L PR DR L N NN RN L
0 2 4 6 B 10 1214 15 18 20 22 24 26 28
Time (min)

Fig. 3. Chromatograms obtained with Mie-i (black line) and Nir-1 (grey line) as
stationary phases. Monitored isotope '#%5n: loading 20ng of each compound in
water; injection kaop: 0.2 mL: mabile phase flow: 0.5 mLmin-1_ Maobile phase gra-
dient applied: (1) 0-2 min 100% MeOH: (2) 2-6min: move to HAC 10X+ 05X TEAID
MeOH; (3) 6-30min HAC 10%+0.5% TEA in MeOH. Peaks: 1. Non-specific bonding
of all OTCs; 2. THT; 3. TPHT+ DET

has been found for low polar solvents, In such cases, a modifier
is required to reduce the non-specific binding and thus improve
separation [41]. Our acidic stationary phase has required an amine
modifier to compete with the analytes for binding sites, Triethy-
lamine {TEA) has been used with maximum resolution at 0.5-1%
TEA. Results and chromatographic conditions have been showed in
Fig. 3. The first peak shows weak retention (tg = 1.78 min) and cor-
responds to MET with a small contribution from the other OTCs, For
the non-imprinted polymer, this is the major peak. The differences
in results fior NIP-1 and MIP-1 show clear [Fs. However, the selectivity
with this chromatographic phase is not enough for our separation
PUrpOses.

3313, MiP-¢, Methanol has been found to be the best solvent for
MIP-¢ due to its high polarity, The separation achieved by applying
a gradient with increasing concentration of acetic acid in methanol
is shown in Fig, 4. Imprinting factors and chromatographic param-
eters have been calculated for both the MIP-e and NIP-¢ in Table 3.
The highest IFs have been obtained for TPhT and TBT, while those

O 2 a4 6 B 10 1214 16 18 20 22 24 26 28

Tirme (Frin)
Fig. 4. Chromatograms obtained with Mir-e (back line) and NF-e (grey line) as
stationary phases. Monitored isotope '#%5n: loading 20ng of each compound in
wateT; injection loop: 0.2 mL: maobile phase flow: 0.5 mLmin~". Mobile phase gra-
dient applied: (1) 0-2 min 100% MeOH; (2)2-6min move to HAC 10% in MeOH: (3]
G-30min HAC 10% in MeOH. Peaks: 1. MET: 2. TET; 3. TFhT: 4. DBT



Tahle 3

Chromatographic parameters for the retention of the studied organaotin compounds by MIP-e. b, retention time; k', capacity fadtor: IF, imprinted factor; o, selectivity: Bs,

resolution; 5, simmetry factor.

Compaund tx MIP (min) Iz MIP {min] kP

kNP IF @ Rs 5

MET 126 131 1.53
TET 738 131 472
TPhT 1235 131 B53
DET 18.15 573 1364

(18] 153 1000
(18] 472 108 16 0.833
(18] B53 181 123 0.539
148 156 1.62 136 1000

for MET are a factor of 10 lower and even less for DET. The low value
obtained for DBT is due toits high retention by the NIP-e. Resolution
obtained between peaks is =1 in all cases, and baseline resolution
is obtained for all of the four compounds, MBT is the least retained
OTC due to its high ionic character and high solubility in methanol
which result in attractive electrostatic interactions with the mobile
phase and weak interactions with the stationary phase, The peaks
at7.4 and 12,3 min correspond to TET and TPhT respectively, Both
are well retained in the MIP-¢ but not in the NIP-e suggesting strong
imprinting effects, The close elution of both compounds suggests
that both electrostatic and cavity size effects are the main reasons
for specificity of the MIP-e. This agrees with the observations of a
previously reported MISPE device [45]. The slightly higher affin-
ity of TBT for the mobile phase could explain why it elutes before
TPRT. Finally, DBT has shown the longest retention time but it is also
the only compound retained by the non-imprinted polymer. This
behaviour has been previously reported and it has been suggested
that retention is due to a strong ionic mechanism. Comparison of
the [Fs for DET and TET, 3.96 and 47 2 respectively, indicate a better
selectivity of the MIP for TBT, Thus, the apparent better recognition
of DBT can be attributed mainly to non-specific interactions with
the bulk of the polymer particles. These binding behaviours are not
uncommon in moelecular imprinting [53 ]. This fact can be attributed
to the heterogeneity of the binding site structures obtained in non-
covalent imprinting, where selectivity can be referred to a panel of
related molecular structures, 5till we think that cavities have been
formed looking at Fig. 4 where comparison between MIP and NIP
indicates clear differences in the polymeric matrix and behawviour
of the OTC compounds.

Other polymers employing DBT and TPhT as templates respec-
tively were synthesized in order to evaluate any modificationin the
retention/elution of the four OTCs, The first one took a gel consis-
tence unable to use as stationary phase for LC. The second, based
on TPhT, was not able to separate the trisubstituted species at any
mobile phase composition compatible with 1CP/MS,

Once the separation of OTCs using a MIP-e-filled column has
been achieved, two new batches of MIP-e were synthesized, packed
into columns and tested to assure its usability and reproducibility
as a selective material for OTC speciation. Good reproducibility of
retention times and sensitivity was found considering that column
package as well as particle sieving have been made in the laboratory
without specific technology (Fig. 5). The MIP-e-filled column has
lasted over 100 injections each.

3.4, Analytical characteristics of the method

Analytical quality parameters of the optimized method have
been determined. The linear working range with a sample loop of
0.2mL has been established from detection limit to 100ng (with
linear coefficients obtained at least 0.99 for all compounds). The
relative standard deviation is acceptable at 5-11% except for MBT
which gave higher values due its prompt elution close to the col-
umn void volume, Detection limits have been calculated as usual,
defined as the concentration corresponding to a signal three times
the noise level of the backeround, resulting in & pe for MBT, 10pg
for TBT and TPhT, and 20 pg for DET. These LC detection limits are
among the most sensitive reported in literature,
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Fig. 5. Overlapping of two chromatograms obtained with two different polymer-

ization batches of MIr-e. Same chromatographic conditions applied as Fig. 4. Peaks:

1. MBT: 2. TET; 3. TPhT: 4. DET

3.5. Application of MIP-e for the speciation analysts of OTC in
biota samples

Fig. G has represented the chromatograms after treating ERM-
CE-477 mussel tissue and T-38 oyster following the experimental
procedure detailed in Section 2, Results showed in Table 4 are based
on four independent replicates of each material treated the same
day but analysed in different days Numerical results have showed
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Fig. 6. Chromatograms obtained for the determination of OTC's in two biota sam-
ples. [a) ERM-CE477 Musse] tisswe; (b) T-38 Oyster tissue.
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Results of organotin determination in biota samples by LC-IPMS using MIF-¢ a5 affinity stationary phase.

oTC Mussel ERM-CE4TT (mgkg-1) Certified walwe (mg kg-1) Oyster T-38 (mglg-1 & Certified value (mgkg-)
MET 096 +0.05 105 + 028 0.11+003 0.10 + 0.05

DET 079+ 005 0OFE £ 012 0.08 £ 003 0.08 4+ 003

THT 1.06 +0.06 D90+ 019 0.18 £ 005 0.18 + 0.04

TrhT nd - nd -

* yalues based on the Sn content (calculated from the certification report of ERM-CE477)

b Indicative values. This material was not commercialized by I2MM.

an excellent agreement with the certified values in both samples
and for the four compounds. These results highlight the possibility
to determine organotin compounds by LC-ICP/MS with no need of
derivatization step like the one required for gas chromatography.
In addition, the lack of matrix interference observed when MIP is
employed as stationary phase avoids the tedious standard addition
method or an additional extract cleaning step, Then, this chromato-
graphic phase based on the polymer imprinting technology can be
a good alternative to the usually employed gas chromatography for
maollusc and other biota samples analysis,

4. Conclusions

This work presents a new approach for speciation of organ-
otin compounds based on an imprinted polymer stationary phase,
Synthesis of polymer beads with satisfactory shape and size for
chromatographic purposes has been achieved using different poly-
merization methods. Imprinting effects have been shown for
polymers prepared by both the grafting Iniferter and emulsion
methods. Satisfactory resolution of all four OTCs studied (MET,
DBT, TBT and TPhT) has been achieved in 20min using the emul-
sion polymer, and several batches of this polymers have shown
excellent reproducibility in both synthesis and packaging. The
main drawback of this chromatographic method is the necessity
to apply a chromatographic gradient., Analytical parameters are
among the best published for methods that employ commercial
or non-specific stationary phases and our polymer has shown to
be free of matrix interferences. Finally, the method has been vali-
dated using two biota reference materials (ERM-CE477 mussel and
T-38 oyster). This work has consolidated the imprinting technique
by opening new pathways for speciation of organometallic com-
pounds,
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