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INTRODUCTION

Ion exchange has evolved into a major technique for the separation and
enrichment of metal ions at trace levels. The selectivity of the reactive poly-
meric solid phase, like in chelating exchangers, is often superior to that of
conventional ion exchangers. The analytical processes, those essentially
heterogeneously phased, provide the use of characteristic reactions of ionic
or molecular species distributed throughout solid matrices, in most cases in
the form of ion-exchange resins.! Solid matrices are materials that, in a re-
versible manner, exchange their own ions for the ions of the solution and
are insoluble in the solvents in which they are used. Consequently, qualita-
tive and quantitative examinations are based on the colouration of beads or
particles of polymeric solid phase, produced by the uptake of ionic or mo-
lecular species. The analyte detection and determination depend on the na-
ture of the solid phase loading, the equilibria involved in the e.g. ion-
exchange reactions, and other fundamental processes related to the qualita-
tive and quantitative resin spot test methods.

*  Author to whom correspondence should be addressed. (E-mail: sluter@.nana.pharma.hr)



24 V. GRDINIC AND S. LUTEROTTI

Selective and sensitive procedures for the determination of trace
amounts of analytes are obtained by combining the selective enrichment
procedure with sensitive detection in the solid phase. Analytes can be deter-
mined at trace level because the targeted species are enriched in the small
volume of a solid phase. Selective detection might be possible with a solid
phase containing an agent of high reactivity to the targeted species. More-
over, solid-phase extraction involves no difficult phase separation caused by
mutual solubility of water and organic solvent layer and no interference
from particulate matter suspended in aqueous samples because particles
are not adsorbed onto the solid phase medium. Analytical methods on poly-
meric solid carriers were extensively covered during the last decade by a
book and several review articles.!~14

This review is a continuation of the authors' investigations published in
the book entitled »Analytical Profile of the Resin Spot Test« in 1990.! This
book is a comprehensive reference work and contains a wealth of detailed
information on the application of resin spot tests!® to inorganic and organic
microchemical analyses. The resin spot test is a generic term applied to a
collection of simple, inexpensive and easy-to-use analytical methodologies,
facilitated by the reaction with or adsorption by functionalized resins and
aimed at detecting analytes by colour development. The resin spot test is
limited by the perception of its methodology, qualitative in principle. Some
twenty years ago, first reports on quantitative application of resin spot tests
appeared under the name of »ion-exchanger colorimetry«.'® Since then, the
quantitative approach has been progressively developed on account of the
qualitative one.

This report is aimed at covering the last decade achievements in the me-
thods in the solid phase, which have outgrown the conventional resin spot
test. In order to make this article more informative than comprehensive, it
is confined only to investigations with an in situ measurement as well as to
the papers with highly accentuated analytical applications. Several border
fields that are not included in this report are those dealing with:

— model investigations and development of selective extractants;

— synthesis and physico-chemical studies of solid carriers and chemical
sensors;

— sorption studies of efficient sorbents in view of their sorption capacity
and enrichment techniques;

— solid carriers that are not of a polymeric nature;

— application of sorbents in sample pretreatment, separation, and/or SPE
with no in situ measurements;

— liquid ion exchangers;

— flotation-extraction procedures.
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THE NATURE OF ANALYTICAL SYSTEMS

Analyses of traces of constituents demand highly sensitive methods.
Since the methods in the solid phase combine the preconcentration of the
species of interest on a solid matrix, usually an ion exchanger, and subse-
quent measurement of the physical phenomenon of the species in the solid
phase, they fulfill this task. Procedures are often based on the use of loaded
or modified solid phases while the fixed species may be analyte itself if it is
a coloured or luminescent species, or the coloured or fluorescent reaction
product. Trace metal analyses, for example, need highly sensitive and selec-
tive chromogenic reagents, such as coordination reagents, ion association
colour reagents, surfactants. For example, Felll could be selectively retained
and separated from other common heavy metal ions by hydroxamate
resin.!” To enhance selectivity and sensitivity as well as to remove the large
background caused by the absorption of the solid phase, derivative tech-
niques are also frequently applied.

Methods on polymeric solid carriers should be classified according to:

— measured parameter (UV/Vis absorption, luminescence, diffuse reflectance,
current or voltage, photoacoustic measurements, visual colorimetry);

— type of the solid phase (ion exchangers, polystyrene-DVB or dextran-type,
modified or non-modified, or some other type of polymeric material);

— analytical significance (quantitative, semiquantitative or qualitative).

Solid Phase

Different commercial ion exchangers and those laboratory prepared can
be applied both to microdetection and to determination of trace analytes.!
Ion-exchange resins are relatively uniform in structure and capacity, and
minimize errors during the analytical procedure. Functional groups or an-
chor groups used in organic ion exchangers vary widely. The selectivity of
chelating exchangers is often superior to that of conventional ion exchang-
ers. The widespread application of such special collectors, however, has been
frequently hampered by their difficult and expensive syntheses.!®

An overview of solid supports used for in situ measurements is given in
Table I. Solid carriers used for in situ measurements are recruited from ion
exchanger materials, ionic and non-ionic polymers, and are used in the form
of spherical beads, granules, membranes, fibrous materials or foams.

A very important position among solid carriers belongs to chelating
sorbents provided with either grafted groups or those loaded with appropri-
ate chelating reagents. For example, an iminodiacetic acid resin of styrene/
DVB type!® and hydroxamate acrylic resin!’ or silica?® belong to the first
group. Conventional ion-exchange resins are often used to prepare resinous
reagents, e.g. with PAN,?! ECBT,??2 X0,?3 NRS.?* Immobilization of a chelat-
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ing agent on ion-exchange resin takes place by an ion-exchange mechanism
but interactions between the exchanger matrix and condensed rings of the
organic reagent may not be excluded. Due to their favourable sorption ca-
pacity and kinetic properties, the sorbents with macroporous structure play
an important role. Chelating sorbents with functional groups immobilized by
covalent bonds on inorganic polymers, usually silica, have been synthesized
by chemical transformation of the matrix, e.g. by introduction of PBHA
groups,?’ XO and Phen,?® 5-BrPADAP?¢ and DEPD.?” Despite their high me-
chanical strength and thermal and chemical stability, the chelating sorbents
based on inorganic matrix have a relatively low sorption capacity. Mechanical
impregnation of the inert matrix, such as foamed plastics with complexing
agents, is also possible. For example, open-cell polyurethane foams have been
successfully used after being loaded with HMNQO,?8 PAR?? or dithizone.3%-31
Non-ionic polymeric inert matrices such as PVC membrane have been suc-
cessfully impregnated with BP32 or BC.32 Fibrous chelating sorbents such as
the cellulosic ones are characterised by a large surface area and excellent
kinetic properties, which are superior to granular sorbents. Thus, loading of
celluloses with pDAB,?* PAR, dithizone or MTK3? and Arsenazo III%¢ as
well as that of p-cyclodextrin with 5-BrPADAP,?>” have been described.

These considerations apart, one has to be aware of reagent resins pre-
pared by loading with metal complexes.?®39 Moreover, analyte-**42 or sub-
strate-loaded**~*5 carriers may be useful as well.

Microscale Enrichment in the Solid Phase

There are three types of interactions during the detection or determina-
tion processes: loading of ion exchanger with: a) analyte, b) reagent, and c)
reaction product.! The ways of developing the colour in the ion exchanger
phase all depend on the nature of the particular sample components, the
chromogenic agent, pH and associated factors. Consequently, the preconcen-
tration step in the solid phase may involve enrichment of analyte, followed
by addition of the reagent and formation of the reaction product in the solid
phase, enrichment of reaction product from the solution, or collection of
analyte in the solid phase previously modified with the reagent. For exam-
ple, the fact that Bel is strongly adsorbed from alkaline solutions on a glass
surface by the anion-exchange mechanism has been used for selective en-
richment of Bel based on solid phase extraction on glass-fibre filter.46 Bell
adsorbed was eluted with 0.1 M HCI and subsequently determined by solid-
phase spectrometry on a cellulose nitrate membrane filter. The degree of ad-
sorption of metal chelates on the ion-exchange resins and membrane filters
is dependent on the charge, hydrophobicity and configuration of the com-
pounds. For example, BC, BCS and BPS were found to be useful reagents
for the enrichment of copper using Amberlyst A-27 macroreticular resin and
BC, DPT and BP for enrichment of copper using the cellulose nitrate mem-
brane filter.4’
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Species in the Solid Phase

Spectral Characteristics

An ion-exchange resin has, in general, only a featureless spectrum in
the visible region.! On the other hand, coloured ionic species, especially me-
tal complexes adsorbed in a resin phase, sometimes show interesting absor-
ption spectra, especially in anion-exchange resins.

Ion exchanger phase is a special type of solution, which influences the
physico-chemical characteristics and behaviour of the retained species in
various ways. Metal ions are very often collected on a solid carrier in the
form of coloured or fluorescent metal complexes formed with common com-
plexing agents. The anion-exchange mechanism for metal ions may be inter-
preted in terms of coordination chemistry. For example, high ligand number
or polynuclear complexes cannot be formed in ordinary solutions but have
been found in anion-exchange resin phases. Metal complexes immobilized in
the solid support may be used for detection of organic ligands.3839 Vis-
spectra of the thin layer and transparent pellet (1,,,, = 480 and 484 nm,
resp.) of reagent-resin suggested the predominance of the tetradentate spe-
cies of ferrioxamine B, [Fe(H,-DFB)]?*, loaded on Dowex HCR(H*) resin. For
the system Ru-HMNQO on polyurethane foam, a well defined absorption
peak at 460 nm is assigned to the ligand (IT) — metal (d) charge transfer
complex.?® The mixed ligand complex, formed with a chromogenic and an
auxiliary (usually masking) agent, also serves as a complexing system for
fixation. This provides an increase in selectivity and sensitivity of the SPAS
methods and applies, for example, to microdetermination of UV! with PAR in
the presence of F~ ion with the formation of anionic ternary complex of the
composition 1:1:1.48

Hyperchromic effects responsible for enhanced sensitivity of the reaction
in the solid phase are usual in SPAS and frequently accompanied by bato-
chromic shifts from the solution to the solid phase. This applies, for example,
to PAR, ECR, hydroxamic acids, ECBT or ferrozine complexes.®$- 17:22:49-56 yIV
reacts with ECR at pH = 5.0 forming a 1:1 complex fixed on the Sephadex
anion exchanger with a significant hyperchromic effect observed in relation
to solution at the same pH.?3 Methyl benzoate gives with hydroxylamine
benzohydroxamic acid, which reacts with VV and originates several com-
plexes. The violet species formed in HCl medium is strongly fixed by anionic
resins, A,,, = 516 nm; in the presence of oxalate a new complex is formed
and fixed, VV-BHA-oxalate (1:1:2), with a batochromic shift to 546 nm and
hyperchromic effect.5” Contrary to this, red cationic Fel-Phen complex is
strongly retained on cation exchangers, showing an absorption spectrum
similar to that in solution.?8%? Co!'l-PAN absorption spectra in solution and
on the membrane filter are similar,’® whereas Ge!V-Pfn complex collected on
the membrane filter appears to be the same species as that formed in the
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solution (1,,,, = 505-508 nm).%! The same applies to the Be!l-CAB com-
plex.*6 For the fluorescent complex MoVI-CA, peak wavelengths in the emis-
sion spectra are different for the immobilized and solvated systems.5? The
maxima of the excitation spectra of the two systems differ as well. However,
for WYI.CA% and Be!l-morin®* complexes, 1., in the emission spectra are
identical for the immobilized and solvated systems whereas the maxima of
the excitation spectra in the dextran-type gel phase differ from those in so-
lution. The modification of the fluorescence spectra features has been con-
sidered to be resulting from the modification of the surrounding environ-
ment and/or of the complex itself by being fixed in the resin phase, whereas
the identical emission spectra suggest that the complex is relatively insensi-
tive to its environment. Shifts of 1,,, from 362 to 370 nm and of 1., from 398
to 392 nm observed for morestan at C,g-silica gel in relation to solution are
no doubt due to the change of the environment.5®

Organic Ligand Dissociation

The distribution equilibria of metal complex ions or large organic ions
between an aqueous solution and an ion-exchange resin lie, generally, large-
ly on the side of the exchanger.!

When PAR is considered a chromogenic agent, fixation of the respective
chelates onto anion-exchange resin is due to the anionic nature of the che-
lates formed in slightly acidic medium, e.g. with Co!l, UO,?*, VO,* and
Cull 485455,66,67 This was confirmed by the fact that the Co!-, Cull- and
VV-PAR chelates could not be extracted into non-polar solvents but were
successfully extracted into Adogen 464 in toluene. For example, Cull-PAR
1:1 complex is not necessarily neutral in charge.?® PAR is considered a ter-
dentate ligand with three donor atoms in the plane: metal is coordinated
through pyridinic nitrogen, azo nitrogen further from the heterocyclic ring
and the ortho hydroxyl group of the reagent. The coordination requirement of
the Cu'l atom will be fulfilled by unidentate anion, e.g. Cl-, H,PO,~, HPO,>".
In this way the coordination unsaturated chelate can be extracted into an
organic solvent in the presence of an auxiliary ligand or suitable pairing
cation only. On the other hand, the para hydroxyl group of PAR may depro-
tonate at working pH; evenmore, chelation and fixation of metal-PAR com-
plex on anion-exchange resin promote the dissociation of p-hydroxyl group
of PAR.5466 The extractability of the [Co"(PAN),]* complex on the mem-
brane filter in the form of mixed ligand complex with some anionic ligand is
considered to be due to its hydrophobic properties.°

In the presence of Sephadex QAE A-25 anion-exchange resin, the ani-
onic 1:1 Bel-morin complex is probably sorbed in the resin.®* The complex
has an anionic nature due to the ionization of morin (pK,; = -1, pK,, = 4.8,
pK,3 = 7, pK,, = 13) at working pH of 11.50.
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pH-Dependence

Accurate regulation of acidity of the reaction medium may be of crucial
importance for an analytical method, especially for the efficiency of the fixa-
tion process.! When considering the effects of acidity, one of the most out-
standing features describing the behaviour of ion exchangers is their swel-
ling, which is proportional to the pH over a considerable range. The pH of
the medium has a remarkable influence on the formation of the analytical
product as well.

PCV was used for determination of SnV,%® and Mo"..%9 It has been noted
that the fixation of PCV on ionic gel strongly depends on the medium pH. At
pH < 1, the H L neutral species is present in the solution and there is no
fixation on anionic gel; at pH > 1, yellow H;L~ species with 1, = 445 nm
becomes fixed; at pH = 3-4, the violet species H,L?~ with 4, = 610 nm
fixes on anionic gel. The presence of anionic gel displaces the dissociation
equilibria: pK,, of H;Li™ species, which is 7.51, turns to 3.6 in the presence of
the dextran-type anion-exchange gel.®® In the presence of Sn'V, an anionic
2:1 complex is formed: the reagent is bound to tin by means of the previ-
ously deprotonated 3-OH and 4-OH groups of each PCV molecule. The fixa-
tion mechanism possibly requires formation of the complex in solution and
its later retention by ion exchange.

Fixation of sulphonamides ST and SM on Sephadex SP C-25 is found to
be strongly pH-dependent since they are fixed as monoprotonated spe-
cies.”%72 At pH values lower than 2.5, the absorbance for ST decreases due
to the increased competition of H* ions for the ionic sites on the gel.

The optimum pH value for fixation of the Fel-Phen complex on cation-
exchange filter was within the range of 3 to 5.5. At pH < 3, the absorbance
of the complex decreases significantly because, owing to the protonation of
the functional groups, the fixation process does not take place. At pH > 5.5,
the Na* cations compete with the complex in fixation.?® Reduction of Fe!l by
ascorbic acid requires acidic medium; at the same time the formation of
Fell-Fz anionic complex and its fixation on the resin are also pH-dependent,
pH = 5.0 being the most appropriate.5®

The hydrolysis of carbaryl in the presence of Sephadex QAE A-25 gel
starts at pH = 8.0 and is complete at pH = 11.0.73 Although not being fixed
in the gel, carbaryl shows fluorescence at pH > 8 due to the fixation of its
hydrolysis product, 1-naphthol, with fluorescence maxima at 332 and 450
nm, respectively.

An interesting example is the effect of pH regulated by HC1 and NaOH
on the formation of filterable Felll species.” The effect was investigated us-
ing a 0.45 pm cellulose nitrate membrane and remarkable similarities of
the theoretical pH dependence of the Fe(OH); formation with the adsorption
of Fe! onto the membrane filter were observed.
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Processes in the Solid Phase

Reaction Mechanisms

By the analyte and reagent reaction, coloured, more or less soluble sim-
ple complexes, chelate species, polynuclear complexes, sparingly soluble
products, dyestuffs, colloids or adsorbates, splits of matter, decomposition
products of reagents, etc. could be formed.!

BC and analogous chelating agents react with Cu! forming Cu'L, com-
plexes whereas BP and the analogous chelating agents react with Cull to
form Cu''L; complexes.*’” In the complexation reaction with N,N-donors
such as BC and BP, the charge on Cu! and Cu'! ions cannot be neutralized
and this might lead to an electrostatic repulsion between the complex and
the ion-exchange sites of the anion-exchange resins. However, Cul-BC and
Cul-BCS complexes have been found to be fixed quantitatively on both the
strongly and weakly basic anion-exchange resins. It may be assumed that
Cul-BC complex is fixed on the resin as a result of hydrophobic interactions
between the complex and the matrices of the resin, whereas for Cul-BCS
complex, fixation due to ion-exchange by the sulphonate groups pre-
dominates. Analogously, Fell-BPS anionic complex is strongly sorbed on the
anion exchanger owing to strong electrostatic interactions.”> With a poly-
styrene-type anion-exchange resin the complex is even more strongly sorbed
because of hydrophobic interactions between the complex and the resin matrix.
According to stronger electrostatic repulsion of the anion-exchange resin, the
sorption of Cull-BP complex is much lower than that of Cu!-BC complex. This
is probably due to the fact that Cull-BP complex has an octahedral configura-
tion and two positive charges, whereas Cul-BC has a tetrahedral configura-
tion with a single positive charge. Furthermore, hydrophobic interactions,
due to an overlap between the benzene rings of the complex and the resin
matrix would be much more favourable for the complex of tetrahedral than
of octahedral configuration. Bulky octahedral configuration of Cull-BP com-
plex probably reduces the electrostatic and hydrophobic interactions with
the cation-exchange resin as well. Its affinity to cation-exchange resin is
markedly reduced in comparison with the corresponding Phen complex,
probably due to the presence of phenyl groups at positions 4 and 7 of Phen.

When nitrite was applied to the anion exchanger previously modified
with a mixture of chromotropic and sulphanilic acid, diazotization of sul-
phanilic acid and azo coupling of sulphanilic acid diazonium salt with chro-
motropic acid occurred in the exchanger phase.”® This resulted in the forma-
tion of a coloured reaction product, p-sulphophenylazo-1,8-dihydroxy-3,6-
naphthalenedisulphonic acid.

The aldazine formed between pDAB and hydrazine is strongly sorbed on
the cation exchanger, Dowex 50W-X8(H*).”” This may be explained by differ-
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ent mechanisms: first, fixing, which is carried out by adsorption, because of
the aromatic nature of the solid support and that of the aldazine and/or by
ion-exchange process involving the cation exchanger groups; second, alda-
zine formed might be protonated by cation exchanger and then sorbed on
the resin beads; third, hydrazine, which is protonated by the ion exchanger,
is sorbed on the resin and then pDAB forms the chromogenic derivative. A
further explanation is that pDAB may be sorbed on the resin and then pro-
tonation and sorption of the protonated aldazine on the solid support take
place. Finally, it might be also possible that the first three mechanisms occur
simultaneously.

As regards the 1:1 complex of Mo"! and PCV, which was formed and
sorbed on anionic dextran gel,®® the overall complexation-fixation process
may be represented by the following scheme:

MoO,2* + HyL~ + E*-Cl- = E*-(MoO,HL") + Cl- + 2H*

where E* denotes the solid ion exchanger matrix with fixed (CH,),N*(CyHj)o-
CH,CH(OH)CHj; ion. The distribution ratio of the complex was found to be
(4.940.2) x 10> mL g~!. An analogous reaction mechanism on anion-exchange
resin was proposed for the system VO,*-PAR.5*

Using the same ion exchanger, Fell-ferrozine chelate might be quantita-
tively sorbed.?® The global process of Fe!l reduction by ascorbic acid, com-
plexation and fixation of Fell-Fz complex can be represented in the following
way:

C;HgO¢ + 2Fe3* + 6L% + 8E*-Cl- —= Cz;H,O +
(E*)g-{[FeLs]*}, + 8Cl~ + 2H*

A simply constructed electrode with direct incorporation of the appropri-
ate amount of an ion-exchange resin in the carbon paste made the basis for
electrochemical detection of Cu!! and Cd!.7®7 This incorporation offers a
beneficial alternative for the accumulation of ions, because here one is deal-
ing with cationic resin in the acid form and the preconcentration reaction
may be expressed as:

2E~-H* + M2+ —= (E"),-M?* + 2H*

with E- representing sulphonic-type ion-exchange resin matrix. The measure-
ment step is performed by applying a potential to the electrode producing
reduction of the retained ion:

(E)g-M2* + 2¢~ == 2E~ + M°
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OH- ions may exert an influence on the mechanism of the reduction pro-
cess, since the analyte is converted into metallic form, e.g. copper. An in-
crease in [OH™] induces the ions and the exchange groups to compete, thus
affecting the reduction process in the electrode-solution interphase.

Sorption | Desorption Processes

Generally, the solid phase colour and its intensity depend on a number
of parameters, e.g. the specific nature of the colorimetric reaction, choice of
the solid carrier, rate of the reaction, concentration of the reagents used,
etc.! The analyte/reagent must reach active centres by their diffusion into
the solid matrix. This process is essential and, if it is slow, it is a rate-con-
trolling step in the appearance of colour.

Cul in the aqueous solution produces a cationic complex with BC at the
surface of the BC-loaded PVC membrane; in the presence of picrate [Cul-Ly]* -
(picrate)” ion pair is formed.??® The colouring rate of the BC-loaded PVC
membrane is found to be proportional to the Cu! concentration, supporting
the fact that copper-BC complex is quantitatively formed in the membrane.

In a system consisting of ferrioxamine B-loaded ion-exchange resin and
EDTA, two strong ligands, edetate anion and desferrioxamine B, compete for
Feion.3839 In the presence of urine matrix, the competition of other ligands
for Felll and that of transition metals for desferrioxamine B may also take
place. Namely, ferri edetate is known as a more stable complex than ferriox-
amine B in acidic medium. The ratio of pFe[rem, DFB)2/ pFerem - EDTAY !
was approximately 0.8, and it seems to be a driving force responsible for de-
composition of ferrioxamine B immobilized on the resin. Probable correla-
tion between the tolerance limits for metal ions and the stabilities of corre-
sponding complexes with desferrioxamine B confirms this assumption,
regardless of the expected preserving action of the solid phase. The composi-
tion of the urine sample influences both the decomposition dynamics of fer-
rioxamine B on the reagent-resin and the development of analytical signal.

Comparison of kinetic curves for the Cull uptake by the cation-exchange
membrane and an analogous process in ion-exchange resin proved that, at
equilibrium, ion-exchange beads in Ca2* form are less effective than those in
Na* form; the opposite is true for ion-exchange membrane.®’ The curve rever-
sal indicated that processes other than electrostatic attractions play a key
role in the uptake of Cull by the ion-exchange membrane. However, deple-
tion of cuppric ion from the solution was achieved by the use of sodium form
of the Amberlite-type acidic resin in a quicker manner than that performed
by weakly acidic membrane. The following holds for the exchange constant
of the arbitrary metal ion M?* uptake by ion-exchange film in Ca2* form:

KeXCa — [Ca2+][M2+] / [@2+][M2+]
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The exchange constant value for the uptake of copper ion by Ca?* form
of the cation-exchange film was found to be 1.07, whereas the analogous
value obtained with Dowex 50 (4% DVB) was 0.84. This speaks in favour of
a more efficient exchange process in film than in conventional resin.

Distribution of the Species

Distribution of the species in the solid phase may be defined by the slope
of absorbance vs. 1/m, function (K):

K = gclR CO V].OOO

where ¢, is the molar absorptivity of the sample species in the resin phase,
lg is the mean light-path length, C, is the initial molar concentration, V is
the volume of the sample solution and m, is the ion exchanger mass.
Excellent agreement of theoretical and experimental values of K for the
systems VV-PAR and Fe!l-Fz was claimed by the authors.49:54.56

QUANTITATIVE AND QUALITATIVE ASPECTS

Methods

Quantitative and Semiquantitative Analysis

Solid-phase spectrometry is based on direct retention of a reaction prod-
uct in a solid support and subsequent measurement of any appropriate opti-
cal property in situ. Some synonyms found in earlier literature are: ion-
exchanger phase absorptiometry, solid-state spectrometry, ion-exchange(r)
spectrophotometry (colorimetry), gel phase absorptiometry. Measurement of
the resin phase colour by a spectrophotometer was first suggested by Yo-
shimura and co-workers through »ion-exchanger colorimetry« as early as in
1976.1681.82.1 They found linear relationship between the resin-phase light-
absorbance and the sample-component concentration in the initial solution.®3
Since then solid-phase spectrometry has been widely applied and developed.

Solid-phase absorption spectrometry (SPAS) is one of the principal me-
thods of quantitative analysis in the solid phase. SPAS analytical systems
generally comprise different solid substrates (ion exchangers or adsorbents),
different matrices (e.g. air, waters, urine, foods) and different reaction
types, such as dye formation, formation of mixed coordination complexes
(binary, ternary or bimetallic complexes), redox and catalytic reactions.
SPAS is usually performed on ion exchanger beads or on some filtration
media. Since solid-phase preconcentration is used in combination with
direct spectrometry in the solid phase itself, an improvement in selectivity
and detection limit and above all a substantial increase in sensitivity of up
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to three to four orders of magnitude is achieved over conventional spectro-
metric methods in homogeneous solution.9:77.83,84

SPAS measurements are performed using ion exchangers or other poly-
mers, usually packed in a cuvette of 1-mm thick layer, or in the form of a
membrane or foam, subjected to the measurement of absorbance of light in
Vis or UV region. (In this paper SPAS refers to the measurement of absor-
bance of transmitted light.) Dextran-type ion exchangers are used for deter-
mination of metal ions mainly in environmental samples,*9-53:68,69.85-90 phog.
phate ion,”! colorant matters in food and cosmetic products,3+9299 and sul-
phonamides and vitamins in pharmaceutical preparations and other sam-
ples.?6,70-72,100,101 Jnmodified polystyrene/DVB ion-exchange resins are used
for determination of metal ions?1:48,54,55,66,102-115 55 wel] as other environmen-
tal pollutants such as atmospheric SO,'¢ and sulphite in water!'!” and other
inorganic and organic analytes.?957.77.118-121 Methods on reagent-resins are
again mainly directed to the analysis of metal ions.17-22-24:45,76,122-125 3 _cyc]o-
dextrin and polyurethane foams are used for determination of metal
iong?8:30,37.126,127 anq phosphate ion!'?8 in water, whereas XAD-type reagent-
beads are used for the analysis of HCN in air.'?® UV/Vis techniques used
with filtration systems may in some cases include that the desired coloured
complex in the presence of ionic surfactants is collected onto a membrane
filter and then determined directly on it. Either modified or non-modified
filtration media have been used primarily for the analysis of metal ions and
surfactants;32:33.35:46,569,61,80,130-136 5fter jmmobilization of DNA, nitrocellu-
lose film has been successfully applied for solid-phase enzyme immunoas-
say.** The coloured reaction product may be fixed on the sorbent, which is
then collected on a membrane filter in the form of a disc. Alternatively, the
insoluble reaction product may directly be collected on a filtration medium.
In both cases, solid-phase tristimulus colorimetry (SPTC) 37138 or diffuse re-
flectance spectrometric (DRS) determinations on a thin-layer disc have been
used. Using non-modified or loaded solid carriers, it is possible to quantify
metal ions20,26:47,58,60,74,139-143 i yarious samples, synthetic dyes,4* glucose
in full blood,*? bilirubin?® and some other analytes??-145-147 densitometrically.

Coupling of SPAS with FIA leads to even higher sensitivity and selectiv-
ity of analysis in comparison with conventional SPAS methods.?148-150 An
ion-exchange material is usually placed in the flow cell to preconcentrate the
analyte; the product of chemical reaction is usually retained on a solid sup-
port. Several metal ions?>148-153 and silicic acid!®* have been determined.

Solid-phase spectrofluorimetry (SPSF) is a method combining the ad-
vantages of the fluorescent methods with enrichment of analyte in the solid
phase and offering an increased level of selectivity, lower detection limits
and improved sensitivity. SPSF has proved advantageous in ultratrace
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analysis of intrinsically fluorescent analytes such as organic pollu-
tants,%5:73:155-168 [yt also of metal ions®2-64.89.169-171 ap1q By~ 170172 gfter be-
ing transformed into fluorescent products. Native phosphorescence of some
pesticides'”®174 and of nalidixic acid'?® fixed on filter paper has given rise to
sensitive transmitted room-temperature solid phase spectrophosphorimetric
assays. Among luminescence-based methods, chemiluminometric assaying
of choline-related substances in pharmaceutical preparations is also worth
noting.!76

Other methods of quantitative analysis in the solid phase include elec-
trochemical detection of DNA antibodies,** Cull in pharmaceutical products’®
and atmospheric Cd',” press-blotting combined with image processing for
quantitative immunodetection of peptides,'?” optical beam deflection for ul-
trasensitive spectrochemical analysis of haemoglobin in a single leukemia
WBC!'78 and ETAAS of copper.*” Indicator tubes have been frequently used
for visual colorimetric quantitative as well as semiquantitative analysis of
metal ions,!9:25:27,28,31,36,80,132,136,137,179,180 phosphate jon,128 paraquat’®! and
aniline.?”

Qualitative Analysis

The resin spot test, as a special case of batch operation in spot testing,
offers the simplest and the most sensitive general method for the qualita-
tive and even quantitative analysis of very small amounts of substances.
The majority of such ion-exchange processes are accompanied by chemical
reactions, which produce new chemical species or consume the species ini-
tially present in the solid phase. Generally, the relevant chemical reactions
could be presented as:!

Asoln +y RYsoln + X EXsolid - ExSa (OI' ExSr> ExSa,r)sulid + X Xsoln +Yy Ysoln

where A is the analyte (e.g. thiosalicylic acid, HS-C;H,~COOH), RY is the
reagent (e.g., trisodium aquapentacyanoferrate(Il), Nas[Fe(CN);H,0)), S, is
the coloured product of the reaction (e.g., [Fe(CN);HS-C;H,~COOH]*"), E is
the polymer frame with functional group [e.g., -N*(CHj)3], X is the mobile
exchangeable ion (e.g., CI7) and Y is a part of the reagent RY released by
dissociation (e.g., Hy,O from [Fe(CN);H,0]>").

Conventional RST on ion-exchange resin beads as well as column spot
colorimetry on various supports constitute the basis for detection of metal
ions,2836.182  grganophosphorus insecticides,?* edetates and glycine in
urine,?®39 and other organic analytes.41:181,183-186

Spot reactions for systematic detection of functional groups can likewise
be conducted by RST. Systematic approach to microchemical identification
of some nitrogen compounds has been suggested for a quick detection of
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amines, pyrrole derivatives, amino and hydroxamic acids, nitroso and azo
compounds, hydrazine and similar compounds, amide and imide of carbo-
xylic and sulphonic acids, and anilide of carboxylic acid.'87

Analytical Performances

The selection of a suitable method of analysis is a vital step in the solva-
tion of an analytical problem, but it suffers from many hardships.! The per-
formance characteristics of an analytical method used under a given set of
experimental conditions are a set of quantitative and experimentally deter-
mined values for parameters of fundamental importance in assessing the
suitability of the method for any given purpose. A well described procedure
has a certain precision, accuracy, detection limit, selectivity, etc.

Analytical performances or performance characteristics of analytical
methods have been extensively studied by the authors, primarily as a func-
tion of sample volume and analytical method. In general, sample volume,
for example, has been found responsible not only for the method sensitivity
but also for limiting values and linear concentration range, whereas no sig-
nificant influence on the precision has been observed.

Enhancement of Sensitivity

In general, a sensitive reagent for conventional solution absorptiometry
may be also satisfactorily used for the solid phase method, provided that the
resulting complex is strongly retained by the solid support.!83

Fixation of the complex on the solid carrier results in a noticeable in-
crease in sensitivity in solid phase as compared with the solution, due to the
concentration of the absorbing species by the ion-exchange resin. One of the
softwares of sensitisation of colour developing reactions serves for synthe-
sizing new sensitive chromogenic reagents and for improving the existing
ones. The complexing systems of mixed ligands provide an increase in selec-
tivity and sensitivity of the SPAS methods. SPAS-FIA is a method that is by
a factor of 100 or even 220 more sensitive than a conventional method.!4°
Hardware of sensitisation, among other things, includes the use of new me-
thodologies such as thermal lens spectrometry, photoacoustic spectroscopy,
long-capillary-cell spectrometry, microscope spectrometry,'8® etc., which
should be widely used. OBD technique, for example, which is another kind
of photothermal metod, has been proved extremely sensitive: the method
has the capability to measure weak absorbance of 10* and provides trace
analysis at the 10? fg level in a single microparticulate sample.!"®

Moreover, determination sensitivity can be extremely enhanced by em-
ploying derivative spectra, because the peaks become sharper and their
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magnitude increases remarkably with an increase of the order of differen-
tiation.e& 102

Among many effects of surfactants in analytical chemistry, sensitisation
and acceleration of colour developing reactions of metal complexes are
among the most important issues for the SPAS determinations of trace
metal ions, mainly on nitrocellulose filters.®& 46:61,130-132

The SPAS sensitivity depends strongly on the measured thin-layer
thickness and can be enhanced by using a thicker ion exchanger layer. This
is due to the fact that the background attenuance increases only moderately
whereas the net absorbance of the sorbed sample increases considerably
when the cell length is increased. Despite the fact that the 10-mm path
length may be used effectively,?! there are just a few procedures using a
thin layer thicker than 1 mm.

An increase in sample volume leads to the improvement of sensitivity
and limiting values. An increase in reagent volume and concentration of co-
existing components may also affect sensitivity. The increase in sensitivity
achieved by sample volume increase can be expressed as a ratio of the
slopes of the respective calibration lines. For example, with an increase of
ten and hundred times the sample volume, the sensitivity increases by a
factor of eight and thirty-nine'®® and nine and fifty-three,? respectively.

Increasing the Selectivity

Selectivity can be used as a criterion for judging the quality of an ana-
lytical procedure, particularly if quantification of selectivity is possible.!

The effects of foreign species are usually due to preconcentration of col-
oured species in the solid phase, decomposition of the reagent (ligand), com-
petition of matrix components for the analyte/ligand, and redox reaction of
either component. Selectivity has often been improved by masking the metal
ions that interfere with common masking agents; interference from Fe!ll is
eliminated by precipitation with thiocyanate and Zeph!3* or with ascorbic
acid and Phen,!?3 whereas coprecipitation of NbY with Fe!ll- quinolin-8-olate
at low pH allows removal of matrix elements such as aluminium, alkaline
earth and alkali metals.?°

As far as selectivity is concerned, it should be pointed out that the
degree of adsorption of metal chelates on the anion- and cation-exchange
resins is dependent on the charge, hydrophobicity and configuration of
the compounds, whereas the degree of adsorption of the chelates on a

membrane filter is related to the hydrophobic properties of the com-
pounds.&-47:49-53,59,63,64,68,75,85,86,88,151,185

The selectivity of a procedure can be also increased by transformation of
species and/or by modification of the resin affinity. Thus, by varying the
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type of the exchanger, relative affinity can be modified.! Different functional
groups of an exchanger show different affinities for different ions. This is es-
pecially pronounced in reagent functional groups in resinous reagents.

Derivative spectra offer two advantages over zero-order spectra. First,
they avoid the necessity of working at two wavelengths in order to suppress
the effect of resin beads packing on the reproducibility of absorbance meas-
urement, i.e. to remove large background noise caused by the absorption of
the resin itself. Secondly, they eliminate the necessity of a blank, since its
first-derivative signal is null at the measurement wavelength. Derivative
modes do not enhance selectivity only but lead to better limiting values and
recovery as well. The combined use of SPAS & 22,69,71,72,87,88,93,94,101,102,123,132
or SPSF ¢& 73,160,169-171 51 derivative techniques has appeared in the last
decade, frequently enabling to resolve the mixtures of compounds which are
found in low concentrations and which show overlapping spectra after being
retained on the same sorbent. Because of the large overlap of the spectra for
selective determination of ST in the presence of SM, first-derivative of the
spectrum has been taken,”! whereas simultaneous determination of ST and
SM in a mixture can be accomplished using second!?! and fourth-derivative
technique.”?

Selective determinations of synthetic pigments in mixtures were
achieved upon ionic natures of SY, QYWS, BB, FY, CM, TT and PR, which
may be isolated on anionic Sephadex gel, and non-polar SUD, QYSS, 4-
phenylazoaniline and 1-naphthylazo-1-naphthol, which were successfully
fixed on Cjg-silica gel.8492-9 Therefore, when dealing with colorant mix-
tures, the colorants of the same sorption characteristics fix on the same
sorbent. The partial overlap of their spectra calls for applying either the de-
rivative spectra®®2* or partial least squares multivariate calibration proce-
dure®®8 in order to achieve selective analysis. Another example: benefiting
from its cationic nature, thiamin hydrochloride was selectively fixed on Se-
phadex CM C-25 cation-exchange gel and its intrinsic absorbance was di-
rectly measured in the resin phase at 247 and 320 nm.'% By doing so, both
the sensitivity and the tolerance for other vitamins of the B complex were
dramatically increased with respect to the analogous procedure in homoge-
neous solution.

The mixtures of PAHs cannot be resolved by conventional spectrofluo-
rimetry or by synchronous scanning spectrofluorimetry, since the spectral
shapes almost completely overlap, which causes difficulties in detection of
interference-free signals. Therefore, variable-angle scanning with different
Aex/Aem has been proposed for the determination of mixtures of PAHs, the
spectra of which overlap considerably. 156 The selection of optimum AL for
the synchronous spectra may allow detection of the most serious interfering
species and a simultaneous determination of PAHs.168
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Linearity and Range

The linearity of an analytical method is determined by mathematical
treatment of the test results obtained by analysis of samples with analyte
concentrations across the claimed range of the method. The treatment is
normally the calculation of a regression line by the method of least squares
of test results versus analyte concentration. In most types of the quantita-
tive resin spot test procedures, calibration is a vital step.!

Owing to the characteristics of the analytical system under study, the
concentration range obeying Beer's law generally lies within a ppb-to-ppm
range. For example, the applicable concentration ranges for determination
of 4-phenylazoaniline and FY in mixtures by SPAS were 10.0-100.0 and
3.0-600.0 ppb, resp.?” Significant influence of sample volume on linearity
range has been observed: bigger volume shifts the concentration range to
the lower values. For example, for the SPSF method for bromide determina-
tion using fluorescein, calibration graphs were found to be rectilinear for
0.2-1.2, 0.1-0.6 and 0.05-0.3 ppb Br~ for 250-, 500- and 1000-mL sample,
resp.!7?

Limiting Values and Precision

Basic parameters in trace analyses are the determination and detection
limits, i.e. the least amount of the analyte that can be determined or quali-
tatively proved.!

Detection limit and quantification limit values have been generally
found in the ppb-to-ppm range as well. For example, down to 1 ppm of HCN
may be detected in air within one minute,'?® whereas an LOD of 0.15 ppb of
iron by SPAS using Phen has been gained.*3 As low as 5 ppb AlI'l may be
detected by visual detection and 3 ppb upon spectrometric determination in
water using the ion-pair adsorption film colorimetry.!33 Extremely low de-
tection levels have been achieved by SPSF: LOD values achieved for inor-
ganic ions lie between 0.2 and 0.4 ppb,!7%17! whereas as low as 14 ppt an-
thracene,'%2 30 ppt BaP, 50 ppt BaA and 80 ppt Pyr in a mixture,'%® 60 ppt
fluoranthene and warfarin,'64166 100-200 ppt carbaryl and 100 ppt
OPP,’3.165 and 150 ppt benomyl and 180 ppt morestan in a mixture,'®? could
be detected. For semiquantitative determination of Th!Y with Arsenazo III,
an LOD of 0.01 ppm has been found.!8°

Limiting values are improved by an increase in the sample volume. For
example, LOD value of 80.0 ppb of vitamin B, was estimated using the 10-
mL sample; however, from 100- and 1000-mL samples, the LOD values as
low as 13.5 and 3.0 ppb, resp., have been achieved.!®® An LOD reduction
from 11 to 0.91 ppb ascorbic acid was gained by a sample volume increase
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from 10 to 100 mL.?® A 100-fold sample volume increase resulted in LOD
drop from 2.70 to 0.067 ppb Cull,%5 and from 0.29 to 0.018 ppb VV,?* with
PAR by SPAS.

Moreover, LOD reduced for one to two orders of magnitude has been
gained in analysis of some metal ions when spectrofluorimetry in solution
has been replaced by spectrofluorimetry in the solid phase: as low as 20 ppt
Be!l may be detected with morin®* and 0.3 ppb MoV! with CA%2 by SPSF. De-
tection limits for thiabendazole in various fruits and vegetables obtained by
different methods including solution spectrofluorimetry, GC, TLC and liquid
chromatography range from 5 ppb to 1 ppm.!°® However, the proposed SPSF
method for thiabendazole in pears provided one order of magnitude lower
LOD over the best result obtained with the aforementioned methods. The
same applies to SPAS-FIA analysis of silicic acid in respect to the IC, AAS
and ICPS methods.'** SPSF method for simultaneous determination of OPP
and CBL in waters has shown also LOD value lowered for one order of mag-
nitude relative to other methods, except for HPLC.” The same LOD im-
provement factor has been achieved by SPSP analysis of morestan in vege-
tables versus GC with electron capture detection.!”® Contrary to this, the
LOD values obtained by SPAS and PAR as reagent for Cu!l,> and for VV5*
have been found comparable to the detection limits of AAS, AFS and ICPS
methods although the time required for the analysis by these techniques is
shorter than in SPAS. For example, the limiting values obtained by OBD
method are up to three and one order of magnitude superior to that of con-
ventional absorption microspectrometry and PAS, respectively.1”®

The SPSF procedures proved to be highly precise. For example, various
PAHs and pesticides were determined with an RSD < 1.5% in model sys-
tems.73,155-157,159-165,167,168 \[oreover, high precision was achieved in deter-
mination of Hg!! with thiothenoyltrifluoroacetone on filter membrane by
tristimulus colorimetry with an RSD of 0.75%.138 SPAS determination of
copper in water was performed with the precision of 0.04%,'%° and that of
Rul on polyurethane foam with an RSD of <1.0%.28 ST and SM were deter-
mined in the mixture by derivative UV-SPAS with respective RSD values of
up to 0.9 and 1.7%.72.101

Variability of the solid phase packing contributes significantly to the
relative standard deviation values and may be significantly reduced by cen-
trifugation of resin beads prior to SPAS measurement. For example, for
VV-PAR system, after centrifugation of the beads in the cell for 2 min at
5000 rpm, RSD was reduced from 7.0% to 1.4%.5* The precision of the
method has been found similar to that of other methods, such as ETAAS,
AFS and ICPS.
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Accuracy and Recovery

Accuracy of an analytical method is the closeness of the test results ob-
tained by the method to the true value. Accuracy is often expressed as a
percent recovery by the assay of known and added amounts of analyte.

Methods in the polymeric solid phase have been found highly accurate
in comparison with other methods, for example, AAS,4755,69,80.113 JCPS and
AAS,112 reference methods®54%¢ such as HPLC,7%-"2 spectrometry and neu-
tron activation,'?¢ ICP-MS,5%75 1TH NMR and homogeneous solution meth-
ods,!!® or by the use of reference standards.’”17® For example, accuracy of
UV-SPAS determination of ST of 0.1-0.8%7%"2 and of SM of 1.0%"2 relative
to the HPLC method has been evaluated.

Favourable recoveries reported by the authors additionally confirm ac-
ceptable accuracy. Together with agreement of the results between SPAS
and the reference method within 2.9%, propitious recoveries for ascorbic
acid have been found.?® For example, the recovery of Cul-BC complex from
the solution onto the cation- and anion-exchange resins and cellulose nitrate
membrane filter has been found to be almost quantitative,*” whereas the re-
covery of the precipitate (R4N),[Co(SCN),] was strongly affected by the final
sample volume, decreasing with the increasing sample dilution level.l4?
Owing to the incomplete fixation of the complex on the Amberlyst A-27
resin, the recovery of Mo".-Tiron complex has been found to be deteriorated
by an increased ionic strength of the medium, i.e. by NaCl at a concentra-
tion higher than critical.3?

RECENT SCOPE OF APPLICATIONS

The efficiency of the resin spot test and of the related techniques for
analysis of real samples is well reflected in the number of publications.!
Methods in the reactive polymeric solid phase may be of special value in the
fields of inorganic and organic chemistry, pharmacy, medicine, geochemis-
try, agriculture, metallurgy, environmental chemistry, etc.

Recently, most of the methods in solid polymeric carrier have been de-
voted to solving health protection problems. This includes monitoring of wa-
ter and air pollution with respect to metal ions and cancer-suspect organic
contaminants as well as food-quality control with respect to trace metal ions
and additives such as synthetic pigments. In the field of drug control, the
methods on the solid support have proven efficient in assaying the active
substances in pharmaceutical preparations. Above all, biomedical analyses
of body systemic fluids, which make the basis of diagnostic tools, such as
biosensor for autoimmune disease diagnosing** or detection of haemoglobin
in single leukaemia white blood cell, in vivo,!”® should be mentioned.

An overview of recent applications is given in Table II.
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TABLE II
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Recent applications of the methods on the solid phase

Environmental pollution and industrial hygiene

Nature Analyte Method Reference(s)
of sample code*
= Inorganic contaminants (metal ions, anions, SPAS 17, 24, 28, 30, 37, 48-55, 66, 68, 69, 76,
= silica/silicic acid, SO, HCN) 85-91, 104, 106-108, 112, 114-117,
i_,:,a“ 119-122, 126-129, 134, 189, 191
@ *5 SPAS-FM 32, 33, 35, 46, 59, 61, 80, 132, 133
B & SPAS-FIA 75, 150, 152, 154
= ) DRS 20, 26, 47, 58, 74, 139, 143
E2 n SPSF 62-64, 89, 169, 170, 172
2 % & vC 19, 25, 31, 36, 179, 180
Tk SPTC 138
< z° SPED 79
s E s ETAAS 47
e PAHs (fluorene, BaP, BaA, Pyr, anthracene, SPSF 156, 157, 159, 160, 162, 164, 168
5 i E fluoranthene)
§ R Pesticides (morestan, CBL, OPP, benomyl, SPSF 65, 73, 155, 158, 161, 163, 165-167
et thiabendazole, warfarin, organophosphorus SPSP 173, 174
% T E insecticides) vC 34
= = Other organic analytes (humic acid, SPAS 77
surfactants, hydrazine) SPAS-FM 135, 136
DRS 74
Geology and metallurgy
Sample Analyte Method Reference(s)
type code*
Metal ions SPAS 22, 23, 49, 50, 53, 54, 85, 87, 105, 106,
Iy E, 111-113, 123-125
a5 o5 SPAS-FM 130
82 . SPAS-FIA 148, 152, 153
£E£58 DRS 26, 141, 142
= a5 8
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TABLE II, cont.

Biomedical analyses

47

Nature of  Analyte Method code* Reference(s)

sample

g Paraquat, diquat VvC 181

2 Glucose DRS 43

7 N Edetates, glycine RST 38, 39

g E‘ Hydrazine SPAS 77

@ . GM1 ganglioside SPAS 42

s "5 Human pancreatic secretory trypsin inhibitor SPAS 45

g= Antibodies to DNA SPAS-FM 44

2SS SPED 44

g '% Haemoglobin in leukemia WBC OBD 178

% o Acetoacetate SPAS 118

Sl Bilirubin SPAS 29

E 8 Ascorbic acid SPAS 56

2 g Nalidixic acid SPSP 175

s g Metal ions SPAS 37, 49

SPAS-FM 59

Drugs control

Nature of Analyte Method code* Reference(s)

sample
Metal ions SPAS 49, 55, 66

SPED 78

Sulphonamides (ST, SM) SPAS 70-72, 101
Synthetic pigments (SUD, SY) SPAS 84

= DRS 144

= Choline derivatives (acetylcholine, choline SPC-IP 176

25 theophyllinate, succinylcholine)

§ E Ascorbic acid SPAS 56

= g RST 185

Sl Thiamin - HCI SPAS 100
Nalidixic acid SPSP 175
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Food and cosmetic products control

TABLE II, cont.

V. GRDINIC AND S. LUTEROTTI

Nature of  Analyte Method code* Reference(s)
sample
L Metal ions SPAS 49, 66, 68, 87, 103, 125
é QE) SPAS-FM 32, 59
) SPAS-FIA 151
o g DRS 60, 140
S § Synthetic pigments (SUD, SY, QYSS, QYWS, SPAS 84, 92-96, 98, 99
2° CM, NAN, TT, PR)
'E % Aromatic esters SPAS 57
=8 Ascorbic acid SPAS 56
Other applications
Nature of  Analyte Method code* Reference(s)
sample
FY, 4-phenylazoaniline, CM, NAN SPAS 97, 99
Proteoglycans DRS 146
Peptides, immunodetection of SPAS-IP 177
N Fellll SPTC 137
-2 Phosphorus DRS 147
S Ascorbic acid SPAS 56

* See: Abbreviations and codes
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ABBREVIATIONS AND CODES

AAS — atomic absorption spectrometry; AFS — atomic fluorescence spectrometry;
BaA — benzo[a]anthracene; BaP — benzo[a]pyrene; BB — Brilliant Blue FCF; BBK —
Basic Blue K; BC(S) — bathocuproine (disulphonate); BHA — benzohydroxamic acid;
BP(S) — bathophenathroline (disulphonate); 5-BrPADAP — 2-(5-bromo-2-pyridylazo)-
5-(diethylamino)phenol]; CA — carminic acid; CAB — Chromazurol B; CBL — carbaryl;
ChE - choline esterase; CM — carmoisine; DEPD — N,N-diethyl-p-phenylenediamine;
DFB - desferrioxamine B; DPT - 5,6-diphenyl-3-(2-pyridyl)-1,2,4-triazine; DRS —dif-
fuse reflectance spectrometry; DVB — divinylbenzene; ECBT — Erio Chrome Black T;
ECR — Erio Chrome Cyanine R; EDTA — ethylenediaminetetraacetic acid; ETAAS —
electrothermal atomic absorption spectrometry; FMF — 1,2-di-(2-fluorophenyl)-3-
-mercaptoformazan; FY — Fast Yellow AB; Fz — ferrozine; GC — gas chromatography;
HMNQO - 3-hydroxy-2-methyl-1,4-naphthoquinone-4-oxime; HPLC — high perform-
ance liquid chromatography; 3-HPA — 3-hydroxyphenylacetic acid; IC — ion chroma-
tography; ICPS — inductively coupled plasma spectrometry; LOD — limit of detection
(quantitative); MTK — Michler's thioketone; MS — mass spectrometry; NAN — 1-na-
phthylazo-1-naphthol; NMR — nuclear magnetic resonance; NRS — Nitroso R Salt;
OBD - optical beam deflection; OPP — o-phenylphenol; PAH — polycyclic aromatic
hydrocarbon; PAN — 1-(2-pyridylazo)-2-naphthol; PAR — 4-(2-pyridylazo)resorcinol;
PAS — photoacoustic spectroscopy; PBHA — phenylbenzohydroxamic acid; PCV — Py-
rocatechol Violet; pDAB - p-dimethylaminobenzaldehyde; Pfn — phenylfluorone;
Phen - 1,10-phenathroline; PR — Ponceau 4R; PVC — polyvinyl chloride; Pyr —
pyrene; QYSS — Quinoline Yellow Spirit Soluble; QYWS — Quinoline Yellow Water
Soluble; RSD — relative standard deviation; RST — resin spot test; SM — sulphame-
tazine; SPAS — solid-phase absorption spectrometry; SPAS-FIA — solid-phase absorp-
tion spectrometry — flow injection analyis; SPAS-FM - solid phase absorption spec-
trometry on filtration medium; SPAS-IP — solid-phase absorption spectrometry —
image processing; SPC-IP — solid-phase chemiluminometry — image processing; SPE
— solid-phase extraction; SPED - solid-phase electrochemical detection; SPSF —
solid-phase spectrofluorimetry; SPSP — solid-phase spectrophosphorimetry; SPTC —
solid-phase tristimulus colorimetry; ST — sulphathiazole; SUD — Sudan I; SY — Sun-
set Yellow FCF; TAAF — 2-(2-thiazolylazo)-5-diethyl-m-aminophenol; TAN-3,6S —
1-(2-thiazolylazo)-2-naphthol-3,6-disulphonic acid; TLC - thin-layer chromatogra-
phy; TT — tartrazine; UV — ultraviolet; VC — visual colorimetry; Vis — visible; WBC —
white blood cell; XO — Xylenol Orange; Zeph — Zephiramine.
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SAZETAK
Analiti¢éki profil metoda na reaktivnoj polimernoj ¢vrstoj fazi
Vladimir Grdinié i Svjetlana Luterotti

Ovim preglednim radom dan je prikaz novijih dostignuéa i sadasnjeg stanja me-

toda analize tragova koje se temelje na mjerenju in situ na reaktivnoj polimernoj
évrstoj fazi.



