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ABSTRACT

In the paper the importance of preconcentration and a

permanent need for efficient preconcentrating agents in

environmental analysis are pointed out. The increased atten-

tion is devoted to the foamed polyurethane sorbents as a novel

advance in the separation chemistry. The paper has two main

aims. The first is to present a survey of recent applications

of unloaded and reagent loaded open-cell type resilient poly-

urethane foams to the separation and preconcentration of

radionuclides from environmental samples. The second is to

show the newest results in the use of these foams for the

preconcentration and determination of traces of some mainly

inorganic species in environmental samples by radioanalytical

techniques. Some future possibilities of the use of poly-

urethane foams in trace elemental determinations in environ-

mental analysis are also outlined.
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1. INTRODUCTION

Environmental analytical measurements are essential to pro-

vide data needed to ensure the quality of the environment and

the health of the public. They are developed for a variety of

purposes. The broad range of application of analytical data may

require differing ranges of analytical chemistry /1-3/. Nuclear

or radioanalytical chemistry as a distinctive branch of analyti-

cal chemistry has become of great importance in environmental

analysis mostly for determination of trace elements and radio-

tracer studies /4-6/. From the view-point of the practical ap-

plication in environmental analysis the most important radio-

analytical routine methods are neutron activation analysis (NAA)

charged particle activation (PAA), proton induced X-ray emission

(PIXB) and mainly X-ray fluorescence with a radioactive source

excitation /5-7/.

Alike the other analytical techniques used in environmental

analysis, radioanalysis - apart from a few exceptions (e.g. sur-

face analysis of a geochemical nature) - usually requires to

isolate relatively small samples out of the environmental

component to be subsequently analyzed. Sampling is possibly

the most critical step in the analytical process. The sampling

procedure in a considerably extent depends on the required sub-

sequent treatment of sample prior to its analysis, mainly its

final step: determination of the sample composites by measuring

the analyte signal as a result of a peculiar physical, chemical

or nuclear interaction /4,6,7/. Sampling methods used in nuc-

lear activation and interaction techniques have to be fitted

to these so that the best analyte signal production and regis-
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tratlon be ensured. Apart from its inherent requirements as

representativeness and reproducibility, sampling procedure

may not impair the multielement capability of the determinations

usually encountered in radioanalytical techniques /I,6,8/.

The process of sampling and the subsequent sample pre-

paration prior to the measurement inevitably involves the use

of various materials, tools and also transport instruments,

which are sources of several drawbacks (mainly qualitative and

quantitative changes in the sample composition) /3,6,9,10/.

During the last decade resilient polyurethane foams have become

established as very useful and versatile solid sorbents with

many advantageous properties, which considerably broaden the

possibilities of the sampling and analytical procedure also

in the environmental radioanalysis /11,12/. This paper has two

main aims* The first is to present a survey of the recent ap-

plications of resilient polyurethane foams to the separation

and preconcentration of radionuclides from environmental sam-

ples, and the second is to show the newest results and possibi-

lities in the use of these foams for the determination of

some, mainly inorganic species in environmental samples by

radioanalytical techniques.

2c PRECONCENTRATION IN ENVIRONMENTAL ANALYSIS

Numerous literature surveys and studies have shown /6,8,13-20/

that the scope of any analytical method may be enhanced by

introducing separation and preconcentration procedures into

the analytical procedure. Both elemental and concentration range

of environmental radioanalysis can be enlarged substantially



-5b-
- 5 -

by preconcentration of the species of interest and the eli-

mination of the interferences from other elements present

in the matrix. Preconcentration enables a relative detection

limit to be improved, reduces matrix effects, enhances the

accuracy of the results and facilitates calibration. Pre-

concentration is performed on a sample to obtain a suitable

portion for the analysis and it is almost essential if trace

elements are non-homogeneously distributed in the sample.

Thus, preconcentration is subject to sampling technique and

facilitates the sampling.

Obviously, preconcentration is necessary only if the

sample cannot be analysed as such, because no appreciable

analytical signal can be obtained from it. The need for pre-

concentration depends on the limit of determination, expected

concentration level of the determined and interfering elements

and the maximal volume or mass, which can be handled /6,13,

15,18/, Unfortunately, preconcentrat±>n has its more or less

serious drawbacks* In most cases it lenghtens the analysis

and complicates it. It may also lead to losses or to contami-

nation by introduction of foreign elements.

Preconcentration is placed between sampling and analysis.

It should preferably be connected with the sampling and carried

out in the field. Although in some cases preconcentration is

inevitable, it should not be the limiting factor in the total

analytical procedure with respect to time, costs or blank

value. Mainly in radioanalysis of environmental samples (e.g.,

air and water), preconcentration procedures should consider-

ably reduce the original volume or mass of the sample under

constant, preferably quantitative recovery of the analytes



-54-
- 6 -

of interest. The preconcentration step of the elemental ana-

lysis can be described and defined by several quantitative

characteristics as concentration factor (or preconcentration

coefficient), decontamination factor, recovery and specificity.

In the case of multielemental radioanalysis group preconcen-

tration is preferred, in which several microcomponents are

isolated in one step/6,14,15/. In most cases the preconcen-

tration involves chemical processing of the sample.

General aspects as well as the widely applied methods

of preconcentration have been dealth with in a number of re-

views and monographs /6,8,13-20/. Many different chemical and

physical principles have been used. These depends also on the

physical nature of the sample (gas, liquid, or solid) and are:

filtration, adsorption, absorption, evaporation, distillation,

sublimation, ashing, crystallization, extraction, precipita-

tion and coprecipitation, ion-exchange, extraction chromato-

graphy, electrodeposition, retaining on immobilized reagents,

etc. It seems that methods based on distribution analytes

between two separate phases are the most important. These

methods allow to obtain maximum values of above-mentioned

preconcentration factors, to fulfill the main criteria and

requirements on the preconcentration including the possibility

of rational combinations of preconcentration with subsequent

methods of trace element determination also by radioanalyti-

cal measurements /8,13-15,21/.

Searching for the new separation and preconcentration

methods and materials in most cases involves new ion exchangers

or new solvent extraction agents and new techniques for their

applications. Following the early reports on the use of open-
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cell type resilient polyurethane foams as an analytical

sorbent many investigators have found the advantages of cheap-

ness, convenience and versatility of this foam material in

separation and preconcentration practice /22-27A

3. FOAMED POLYURETHANE SORBENTS IN SEPARATION CHEMISTRY

In a major part of separation and/or preconcentration

processes a solid sorbent is contacted with a liquid or gas

phase with the aim of retaining some analytes in trace con-

centrations on (adsorption) or in (absorption) the solid

phase. The geometrical form of the solid sorbent used is

generally granular, in ideal cases spherical beads. Open-cell

type resilient polyurethane foams represent the most important

sorbents of a quite new, hollow solid quasi-spherical membrane

geometry, which potentialities were revealed for the first

time by Braun and Farag in 1975 /22/. A short, less than 15

years old history of the use of these foams is depicted in

two monographs /11,12/*

The open-cell type resilient polyurethane foam is a re-

gular stack of solid quasi-spherical membranes (FIG. 1). Both

polyether (PETH) and polyester (PEST) type polyurethane foams

can be defined as a plastic materials in which a proportion

of solid phase is replaced by gas in a form of numerous small

bubbles, i.e. cells. The quasi-spherical membrane geometry is

considered the most distinctive feature of this special class

of polymeric sorbents. Irrespective of the mechanism (adsor-

ption, absorption, chelation, ion or isotope exchange, etc.)

of the quasi-spherical membrane interaction with a solute in
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liquid or gaseous phase, the reaction rates at the liquid-

solid membrane or gas-solid membrane interface will always

be more favourable than in the liquid-solid bulk or gas-solid

bulk contact. The spherical membrane'geometry results in the

largest surface-to-volume ratio in comparison with any other

types of membranes (planar or cylindrical) and in this ratio

greatly exceeds spherical bead-shaped geometry.

The use of polyurethane (FU) foams is a novel advance

in the field of separation science and practice. Their main

advantages reside in their special membrane-like structure

and that these membranes can immobilize (physically or che-

mically) hydrophobic organic reagents or finely powdered

sorbents, combining in this way the membrane-kinetic pro-

perties of the structure with the capabilities the immobi-

lized components confer to the membrane (chelation, ion-pair

formation, ion exchange, isotope exchange, adsorption, etc*)

/12,22,27,28/. Unloaded and reagent loaded polyurethane foams

proved to be suitable for the separation, preconcentration and

collection of a broad spectrum of various inorganic and

organic species in aqueous and gaseous media. The RJ foam

seems to function as a relatively inert support on which <

high loadings can be superimposed and yet without any serious

impairment of the basic physical and chemical properties of

the foam. Neutron activation analysis of the unloaded poly-

urethane after washing the foam material with 1M HNO_ have

shown that the amount of heavy metal impurities are generally

negligible or even absent and are comparable with those pre-

sent in other commonly used sorbents (TABLE I). This indicates

the suitability of application of these foams also directly to

trace analysis.
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Polyurethane foams were found to be quite effective for

separation in static (batch) and dynamic (column flow) systems

(FIGS. 2 and 3)* Owing to their membrane-like structure, they

exhibit outstanding hydrodynamic and/or aerodynamic properties,

allowing the application of high flow-rates in dynamic opera-

tions. This permits to separate trace components, from large

volumes of water or air in a relatively short time (FIGS. 3

and 4). Furthermore, the resilience of open-cell type poly-

urethane foams offers some special operation modes i.g. batch

squeezing and/or pulsating column operations (FIG. 5). Obviously,

this unique possibility could not be matched by any other

known rigid granular solid sorbent /12,27/.

Several review papers and monographs have been published

during the last decade on this topic. A most comprehensive

monograph on polyurethane foam sorbents was published in 198$

/12/. It was Bowen in 1970, who initiated the use of unloaded

PU foams for the sorption and recovery of some inorganic and

organic components from aqueous solutions using static batch

and squeezing batch technique /29,30/. Bowen1s fundamental

work formed the basis for the subsequent research effort on

the application of FU foams to inorganic and organic systems,

especially at L. EOtvtJs University in Hungary and Manitoba

University in Canada /11,12/. The pioneering studies of Braun

and Farag on the application of PU foams to trace elements

separation in 1972, led to the revealing of the advantageous

spherical-membrane-shaped geometry of these foams and to the

proposal to their general use in column operations as a sub-

stitute for the traditional granular supports in extraction

chromatographic systems /22/.
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Unloaded foams have been employed for the sorption and

separation of inorganic and organic species from both aqueous

and gaseous media /11,12,23,24/. Furthermore, loaded PU foams

have found wide application for different separation purposes.

Foams supporting solvent extractants, chelate compounds, liquid

ion exchangers, anchored extraeting groups and powdered ion

exchangers and precipitates have been employed in batch and

column operations for the separation of various inorganic and

organic species in aqueous solutions. Specially treated foams

have been used for isotope exchange and redox reactions. Dif-

ferently treated and untreated PU foams were used for the trapp-

ing of some volatile decomposition products in elemental micro-

analysis. A retrospective graphical view of the different

practical applications of this sorbent is presented in FIG. 6.

Fundamental knowledge of foamed polyurethanes (foam defi-

nition, geometry, cell structure and methods of preparation),

their physical and chemical properties and analytical methods

for their characterization are given, e.g., in monographs of

Moody and Thomas and Braun and coworkers /11,12/. Experimental

techniques in the analytical-use of resilient polyurethane foam

sorbents are treated comprehensively in these monographs.

4. SEPARATION AND PRECONCENTRATION OF TRACES OF RADIONUCLIDES

WITH RESILIENT POLYURETHANE FOAMS

4.1. Unloaded Polyurethane Foams

During 1970-1985 the open-cell (OC) type resilient PU

foams have been used in numerous extraction, recovery and pre-

concentration procedures, where the following radionuclides
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with or without traces of carriers were involved: 32P, 40Ca,

54Mn, 58Co, 59Fe, « 76As, 9 % o , 11OmAg, 114mIn, 119Sn, 1 2 5 I ,

1 3 1 I , 140Ba, 192Ir, 198Au, % 204Tl and 210Pb, as well as

Th and U(nat.). Separation of these nuclides were made

mostly from various samples of natural, drinking and labora-

tory waters and industrial effluents. The use of untreated

PU foams for the separation and preconcentration of various

inorganic and organic species in aqueous and gaseous media has

received considerable attention. The nonselective sorption

character has been rendered more selective by control of the

experimental conditions.

Techniques for estimating the extent which aqueous

species are extracted by unloaded foam using radiotracers

were devised in Dowen's fundamental work /29/. His work led

to the conclusions that true absorption into the bulk of the

foam takes place of the substances which exist in aqueous

solutions as free molecules or univalent anions with high

polarizability. Bowen /29/ has drawn attention to the simi-

larity between the polyether-type PU extraction and extrac-

tion with diethyl ether. In-his work the basic behaviour of

several radionuclide spiked elements (Fe, Mo, Sb, Au, Hg,' Tl

and U) were investigated in detail /29,30/.

Gesser et al. /31/ have shown that open-cell PU foams

of polyether type can be used as solid substitute for diethyl

ether in extraction systems. PETH-type PU foam was tested for

198
collecting Au-spiked gold from mineral waste water in the

presence of cyanide. The foam sorbent was comparable with

FeS precipitate also tested /32/. It was reported /33/ that

PU foams have good ability to retain goldthiourea complex
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from acidic solutions. PU foams of various origins have been
1 Q8

tested;the results showed that the uptake of Au decreases

as the cell size decreases. The retention rate of the complex

on the foam (1-2 min half-life) was found to be comparable

with that on the active carbon (0.6 min).

The following TABLE II briefly summarizes the application

of untreated foam sorbents from 1978. The first detailed study

on the separation of ^Fe(III) and *9Co(II) by FU foams from

aqueous thiocyanate medium was published by Braun and Farag

in 1978. PETH-type foams were suggested as they allow to

obtain relatively high flow rates in column operation (40

at 2.5 cm column diameter). Quantitative collection of Fe and

Co at concentrations between 0.2 - 200 ,ug was obtained /34/.

The extraction of 12*Sb(III) and (V) from aqueous HC1

solutions were investigated by Lo and Chow. The radioactivity

was also measured directly in the foam. Chemical forms of

the extractants HSbCl. and HSbClg were suggested /35A

n 9 mSn(II) and (IV) was extracted by PETH and PEST type PU

foams from 6 M HC1 medium. In this acid concentrations PEST

foam has a poor stability ahd PETH type PU foam is preferable.

Complete extraction was obtained of tin(IV). In the presence

of Bi(III), Ca(II), Fe(II,III), Sb(III,IV) and Zn(II) only

Fe(III) interferes. Relatively high capacity of PETH type

PU foams were reported (60 - 80 mg Sn/g) /36/.

PETH type PU foam was used for preconcentration of ^ Ir

from aqueous 0.002 M thiocyanate solutions by multiple squeez-

ing technique for 3 hr. The influence of temperature on the

complex formation was observed. It was found that the KD of
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Ir is independent on the HC1 concentration /37/. 58Co was se-

parated as thiocyanate complex in the presence of Cu, Fe, 2h,

Pb and Ni. Iron, zinc and copper are also extracted. Co was col-

lected quantitatively from 50 - 150 mL samples by batch squeez-

ing for 30 - 60 min or by column separation at a flow-rate of

about 1 mL/min /38/.

Braun and Farag examined the sorption of b^&i(II), ^Hg(II)

and *mIn(III) on PETH and PEST type PU foams. The sorption is

quantitative in pH range of 2 - 6 in thiocyanate medium.Both

types of foams gave good results. The required contact time

in batch method is 1 min which allow to use considerably high

flow rate in column operation (up to 100 mL/min) from very

diluted samples /39/.

In his publication Bowen reported the extraction of U(IV)

from aqueous solutions /29/. A close comparison was made between

the extraction of uranyl nitrate from nitrate solutions by PETH

type OC polyurethane foams and diethyl ether /40,41/.

Recently the sorption of 11OmAg, 140I i, 204Tl and 210Pb

ions from aqueous solutions containing picric acid has been

investigated by Khan et al. Formation of an ion-pair complex

between the metal ion and picrate ion has been supposed.

Sorption of metal ion pairs by PU foams was found to be inde-

pendent of metal ion concentration. In the absence of picric

acid no detectable sorption was observed /42/. J P was sepa-

rated as phosphomolybdate by PETH type PU foam disc from 100

mL solutions containing 2.5 x 10"% molybdic acid at pH 2 (HC1).

The extraction was done by a custom made thermostated, multiple,

automatic squeezer for 1 hr, which was found to be sufficient

for the quantitative extraction of phosphate. It was also found
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that PU foam is highly efficient for the extraction of phospho-

molybdate (log K D = 5.6) /43,44/.

Both PETH and PEST types of PU foams were tested to pre-

concentrate gold from alkaline cyanide media. Under the exami-

ned conditions 90 - 95 % of gold spiked with 198Au tracer

was absorbed quantitatively from 100 mL solution at 1 0 - 2 0

mL/min flow rate in column separation. Furthermore, the ap-

plication of pulsated column method has also been used with

5 g foam cylinder in a 200 mL syringe with the same effi-

ciency. The gold can be recovered quantitatively either by

direct dissolution of the foam in aqua regia or burning the

foam before acid dissolution, when the gold is obtained in

the metallic form by precipitation with hydroquinone /45/.

4.2. Loaded Polyurethane Foams

Polyurethane foams supporting various organic and/or

anorganic compounds have been successfully prepared and em-

ployed for separation and preconcentration processes (FIG. 6).

The immobilization of organic reagents in the foam material

is based mainly on the hydrophobic character of PU foams.

Hydrophobic solvents and solutes can be immobilized physically

in the foam by swelling. PU foams supporting solvent extrac-

tants, chelating agents and/or liquid ion exchangers are pre-

pured by this procedure. Liquid organic reagents are used

directly or diluted with an appropriate solvent. The solvent

can be volatile or non-volatile.

Heterogeneous ion exchange foams are prepared by adding

very finely powdered ion exchangers to the polyol component
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of the polyurethane in the stage of foam synthesis. Foam

supporting inorganic compounds were also prepared by con-

verting them to the required cation foam and precipitating

the latter within the foam matrix as one of their insoluble

salts or by reducing them to the metallic form. Furthermore,

foams containing certain functional groups chemically bonded

to the foam matrix were prepared by anchoring these chelating

groups directly or indirectly to the foara matrix.

Braun and Farag suggested the loading of PU foams with

tri-n-butyl phosphate (TBP) and described the analytical use

of the TBP-foam in batch and column operations. PU foam was

found to retain TBP much more efficiently than the best gra-

nular supports in extraction chromatography /28,46/. Since then

many separations of various species, including radionuclides,

from aqueous media by foam solvent extractants have been de-

scribed. /11,12,23,24,27/. A brief survey of loading reagents

used in PU foam separations of various traces of radionuclides

or elements frequently spiked with suitable radionuclides

are given in TABLE III.

Hydrophobic chelating reagents immobilized PU foams com-

bine both the selectivity of the chelating • eagent and the

rapidity of kinetic processes between me* :1 ions in aqueous

solution and the reagent immobilized 5,. the foam membranes.

This, together with the favorable hydrodynamic properties

of the foam yields fast separation at high flow-rates on such

reagent foam columns. The use of non-volatile organic solvents

for both dissolution of a reagent and its application on the

foam has dual effect. These solvents act as efficient non-

volatile solvents for chelating agents as well as plasticizern
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for the foam which favorably affect the mobility of species

in the polymer matrix /12,27/.

4.2.1. Separations from Aqueous Solutions

TABLE IV summarizes the separation and preconcentration

methods used in past five years in which reagent loaded PU

foams were applied for aqueous samples and various radionuclides

were involved. Similarly, as in the case of unloaded foams, almost

entirely polyether-type PU foams were used. Braun and Abbas de-
CO

scribed an efficient method of preconcentration of Co from

10 L of natural water atthe ppb level with a preconcentration

factor higher than 10 • Cobalt is retained quantitatively from

thiocyanate solution onto the PAN-loaded PU foam cylinder using

a column technique and flow-rate up to 100 mL/min. 1-(2-pyridyl-

azo)-2-naphtol (PAN) solution was prepared by dissolving 0.1 g

of the reagent in CHC1.,. Usually 10 mL of PAN solution and 0.2 mL

of oC-dinonylphtalate plasticizer per foam cylinder were used.

Co(II) can be recovered quantitatively from the foam by elution

with 50 mL of acetone /S2/. Also PAN-loaded PETH-type foams

were used to extract Au and Hg quantitatively from 0.2 KSCN

solutions up to 50 mL in volume with 0.10 g 5 «..» eage cubes

by batch technique for 1 hr /55A

The same technique was used for preconcentration of radio-

nuclides of In, Sb and Hg, again at ppb concentration, with PETH and

FEST type PU foam cubes loaded with diethyl dithiocarbamate

(DDC) /55/. PU foam cylinder (2.5 cm diameter, 10 cm lenght)

loaded with diethylammonium DDC was successfully applied to

the preconcentration of organomercurials and inorganic mercury,

particularly when a plasticizer, oC-rii-n-nonylphtalate was added
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to the foam. DDDC was used as 4 % (w/w) solution in chloroform.

The volume of the natural (tap) water samples was 10 L. Satis-

factory extraction of ^Hg(II) with the non-plasticized DDDC-

foatn was possible only with flow rates lower than 50 mL/min

(95 % ) . By the use of plasticized foam the extraction rate

was improved considerably and quantitative retention was obtain-

ed even with flow-rates as high as 120 mL/min. Methylmercury

was retained equally well, phenylmercury somewhat less. All

three chemical forms of mercury and the reagent itself can be

completely eluted from the foam with 100 mL of acetone /56/.

A very effective method for determination of '̂  I in

drinking water has been reported by Gimesi and B&nyai. The

50 L water sample was passed at 8 - 10 L/hr through a column

6 cm in diameter and 7 cm in lenght, filled with a foam con-

taining finely divided AgCl precipitate. The foam cylinder

was plasticized with TBP before the precipitation of AgCl

in the foam matrix. The retention efficiency was about 95 %

at higher than 2 x 10^- fold preconeentration. The gamma

activity was measured directly in the foam with a Kal/Tl detec-

tor. The method was found to -be unsuitable for milk samples,

as proteins block the cells of the impregnated foam, and the

flow-rate became very small /70/.

1 O A

Valente and Bowen concentrated Sb from 1 L samples of

river and sea waters by PU foam column method. The PU foam

(either cubes of ca 5 mm edge or cylindrical plugs of 5.5 cm

lenght, 1.5 cm o.d.) were equilibrated with a solution (1 %

v/v) of 1,2-ethanedithiol in benzene. In column experiments

a flow-rate of 5 mL/min was applied and the Sb as well as

Ag and Hg was retained quantitatively, but these elements do
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not interfere with antimony determinations by AAS or NAA.

Lead, Cd, Sn, &i, Na and Br Soes not interfere /59/. The

same authors described a method of separation of Sb(III)

from Sb(V) and also from As, Sn and Zh. Antimony (III) spiked

with Sb is quantitatively absorbed by passing the water

sample through a column of 3 PU foam cylinders, (3 cm diameter

and of 5 cm lentght) that have previously treated with 5 %

m/V of NaDDC in CHC1... The flow-rate was 5 mL/min. The foam

becomes saturated at antimony concentrations of 130 mg/g of

foam. In the presence of EDTA only Ag and Ag interfere appre-

ciably, Cd and Fe(III) not. The Sb can be completely recover-

ed by elation with 25 mL acetone. The method was suggested

to the preconcentration of Sb from bulky lake, sea and sewage

effluent water samples prior to its determination by either

AAS or NAA /58/.

PU foam loaded with a liquid cation exchanger has been

used for the separation of trace thorium in natural waters.

A bis(2-ethyl-hexyl)phosphoric ocid/TBP/CCl4 (2:5:93 v/v/v)

mixture was used as loading solution. The volume of samples

was 800 mL and stirring for 2t) min was found to be quite

suitable for the complete retention of Th. Thorium was re-

covered by wet oxidation of the foam with concentrated nitric

and perchloric acid /65/. Yu Yu-fu et al. have studied the

extraction of Th spiked thorium with 1-phenyl-3-methyl-4-

benzoyl-pyrazolone-5 (PMBP)-loaded PU foam cylinders of 1.3

cm diameter and 15 era lenght. PMBP was applied as 0.1M solu-

tion in xylene. Recoveries exceeding 93 % from 4 L of natural

water were achieved at a flow rate of 35 raL/min in a glass

column /SO/.
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Palagyi and Balgava" have described a method of rapid pre-

concentration of Hg(II) from natural waters. The method is based

on the principle described earlier /53/:

Zn(HDz)2
.2+ Hg(HDz), (1)

PU foam cylinder (1.9 cm diameter, 10 cm lenght) was impregnated

with 10 mL of 0.001 M solution of zinc dithizonate in carbon

tetrachloride, containing 1 % TBP (v/v) as plasticizer. % g

spiked Hg(II) was preconcentrated from 1 L of drinking water,

by repetitive pulsing the samples through the column bed (open

system) 4-times, which takes less than 0.5 hr. The recovery

of Hg(II) is practically not influenced by the concentration

of Hg(II) in the range f rom ng/L - /Ug/L. The method was

tested also for mineral and river water samples but consider-

ably lower values of recovery were obtained (75 % and 50 %,

respectively) /54/.

Pala"gyi and Braun described a rapid method of I deter-

mination in natural waters and milk using static column tech-

nique and in natural water samples by pulsated column technique,

preformed manually or automatically. The column packing were

PU foam cubes or cylinders of 1 cm o.d. x 5 cm for static column,

cylinders of 3.8 cm o.d. x 12 cm (2 g) for manual and of 1.9 cm

o.d. x 10 cm (0.7 g) for automatic pulsated column. The PU foam

packings were saturated with a long-chain tri-n-alkylamine

solution containing inactive iodine dissolved (0.1 M I2 in 10 %

(v/v) Alamine 336 in toluene per g of foam). The water samples

were acidified with HC1, to the milk samples 37 % formaldehyde

was added to prevent protein coagulation and blocking of the

column. In both techniques the recovery of I decreases with
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increasing volume of samples. The best performaces were obtain-

ed with pulsated columns for water samples. Manual pulsation

in the open systeo allows to preconcentrate -*11 500-x from 5 L of

sample in a 150 mL syringe in about 30 min with a 95 % recovery

for distilled, tap and surface water. The same value of recovery

was obtained with automatic pulsation of I L of water samples

(20 mL syringe) in the dosed system in 1 hr (FIG. 7). Increas-

ing the reagent content in the foam 2.5-fold, the same recovery

can be obtained by pulsing for 25 min. For milk only static

column can be used (with flow-rate of 65 - 85 mL/min and

81 - 84 % recovery of ^ I) since the PU foam packing losses

its flexibility during pulsations due to its undesirable

swelling /74,76/.

An improved method for rapid separation and preconcentra-

tion of I from drinking water and milk using static column

(20 mL medical syringe) filled with 2 cylindrical PUF plugs im-

pregnated with a tertiary alkylamine-iodine complex was describ-

ed. The loading solution (5 mL of 0.1 M Ip in 10 % (v/v) Alamine

336 in toluene per cylinder) was equilibrated with 0.05 M solu-

tion of NaN02 in 1 M HC1 in the ratio of 1:10 before impregna-

tion. By passing 5-L samples through the column, with a flow-

rate of 100 mL/min, the ^'i was separated with 95 % yield from

water or 80% yield from milk, with 10 -fold preconcentration

(TABLE V). Measuring the ^ I in the compressed foam in the

same syringe with a conventional well-type Nal/Tl detector a

lower limit of detection of about 0.04 Bq/L was achieved for

100 min of counting /79/.

In addition to the listed methods in TABLE IV, a new

technique of preconcentration should be mentioned. Gesser and
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Venkateswaran used thin strips of PEST-type PU foams (25 cm

long, 1.5 era wide and about 0.05 cm thick) loaded with PAN to

separate trace amounts (*viO /Ug/L) of Cd from 670 L of water

being stirred by a centrifugal pump. Rapid diffusion of the

solute takes place. The Cd can be back-extracted from the strip

with CHC13 and finally stripped into 25 mL of 0.1 M HC1 /82/.

FU foam was also used to develop and extraction chromatographic

method for Th-production. The method is based on the sepa-

ration of ™Th from uranyl salts using TOA or TBP impregnated

PU foam in 6 M HC1 medium.A decontamination factor higher

than 5.10J from uranium was obtained /54A

4.2.2. Separation From Gaseous Media

Gimesi and Banyai immobilized finely divided silver chlo-

ride (or iodine) or colloidal silver on OC type PU foams by

soaking the foam material in 10 % (col.) TBP solution in

ethanol and then in AgNO, solution. Silver halogenide foam

was produced with appropriate sodium halogenide, or colloidal

silver foam with ascorbic acid at elevated temperature. Radio-

iodine in the I"* form can be-retained on AgCl by precipitate-ex-

change or on Agl by isotope-exchange mechanism. A microraethod

for the determination of I in flour, potato, cabbage and

meat using colloidal silver foam was developed. The method is

based on the liberation of radioiodino vapor from the sample

solution, obtained by the mineralization of the original sample,

with hydrogen peroxide. Steam-distilied iodine vapor is quan-

titatively retained on silver* foam column:

coll 2vap
(2)
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Carbon dioxide was also employed to expell iodine vapor instead

of steam. The radioiodine was measured directly on the compressed

foam /70/.

Since PU foam cylinder impregnated with iodine-Alamine 336

solution proved to be successfull in the preconcentration of

-* I from water, these cylinders were examined for sampling
125 125

airborne I in the vent of a ^I-labelled compounds produc-

ing plant. A pair of foam cylinders in a glass column was

used unimpregnated and/or impregnated with Ig-Alamine complex

or only with amine alone. From TABLE VI it can be seen that

the amine loaded PU foam haa the same efficiency as iodine-

amine complex loaded foam. Therefore, amine impregnated cy-

linders can be recotnended, because their preparation is simpler.

The air flow-rate between 1 0 - 2 0 L/rain and the activity in

the range of 20 - 200 Bq/m3 had no effect on the collection

efficiency. As regards the possible physical and chemical forms

of airborne radioiodine, it can be really expected that under

the given conditions, due to the reactivity of amine and PU

foam, all principal inorganic and organic foams of radioiodine

are effectively, collected. The main advantages of the method are

the use of cheap material and* convenient geometry o. the foam

in which the radioiodine can be collected (relaxed cylinders)

and measured (compressed cylinders). A counting efficiency of

84 - 1 % has been attained and for a 100 s counting a LLD of

about 0.35 Bq/m3 has been attained /80,81/. It should be noted

that Bowen was the first who pointed on the possibility of

the use of untreated PU foams for the absorption of iodine

vfipor /30/. In the comparative experiments we have shown that

foam cylinders can also be used untreated but with lower

efficiency /80.81/.
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4.3. New Method of Sample Preparation for Radioactivity

Measurement

In connection with the separation of radioiodine from

environmental waters a new method of rapid and inexpensive

sample preparation for gamma radioactivity measurements has

been devised using pulsed column bed separation /77f78/.

The method has also been utilized in static column bed

separations /70,75,76,79-81/.

The method takes .advantage of the resilient nature of

open-cell PU foams. During the separation process cylindri-

cal packing of the conventional medical syringes are in the

released (static column) or in alternating (repeating) com-

pressed and released (pulsed column) state. Completing the

separation, the packing of the syringe is compressed into

the smallest possible volume (by the plunger, rubber plu^j,

etc.) (FIG. 8). Then the radioactivity of the foam can be

measured in the same syringe with a very favorable counting

efficiency, e.g., in the case of ^ I an efficiency of about

45 - 0.5 % can be obtained using 50 x 50 mm well-type Nal/Tl

detector (with 2$ mm i.d. well) coupled to a single channel

analyzer. In spite of the inhomogeneous radioactivity distri-

bution along the cylinders, good reproducibility of counting

has been achieved when the. cylinders are counted in the same

compressed position.

4.4. Theory of Pulsed Column Separations

In the separation and preconcentration of I and '" -Ti

by pulsed PU foam column technique (firstly introduced by



Braun and Farag /83/), theoretical principles of the method

have also been worked out in our papers, which enable the

calculation of the separation efficiency in two basic, closed

and open systems /53,75/. As it is shown in FIG. 5, by alter-

nating the compression and release of the polyurethane foam

cylinder, regular volume fractions of the liquid phase come

into contact with the column packing, so that owing the forced

flow (on the contrary from the static foam column where only

the gravity flow takes place), efficient separation and pre-

concentration of a solute is effected.

We have shown in our previous papers /53,74-76/ that the

theoretical separation efficiency (fraction extracted) in

closed system (Ec^) can be calculated:

KT
Jcl -(-

(n-1) K
V (3)

where

P + KD p + nKD

is the distribution ratio of the solute between the

foam and the liquid phase and p is the preconcentration factor

expressed as the ratio between the volume of the liquid phase

(W ) and volume of the compressed foam cylinder (Vf). The n

denotes the number of volume fractions <*iven by the ratio of

W to the free volume of the pulsed column at the release of

the foam cylinder (Wn) and u. is the number of pulses (draw-

discharge cycles). Similarly, in the open system the following

equation can be derived, for the calculation of the value of

separation efficiency (E__):

K
E D
op p + nK

(4)

D
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These equations are valid assuming that in each pulse equilib-

rium distribution occurs, and the KD> p and n remain constant

throughout the process.

In our further paper we have mathematically investigated

the theoretically maximum attainable separation efficiencies

(Scl,max' Eop,max' i n t h e s e t w o systems /84/. Extending the

theoretical considerations to extreme cases (i.e. when

u = n —» • o o , equations were derived to calculate the

Ecl,max a n d Eop,max a s

""cl, max

KD
p + K.D

E
K

op,max
2- (1 - e"P/KD)

(5)

(6)

From the comparison of these equations with our earlier

results it becomes evident that E
CX }

is equal, to the value

of E obtained in the simple one-stage static (batch) procedure

and E equals the value of E obtained in the multi-stage

dynamic (flow) column operation with a static foam bed /85,86A

For the same values of k, = K«/p and n, the open system requires

considerably smaller number of u = n pulses to obtain the maxi-

mum value of E in comparison with the closed system (FIG.9).

It is also evident that the open system affords higher efficien-

cy than the closed system for the same K~ and p values. From

the view-point of the preconcentration process it is important

that the open system enables higher volume preconcentration

than the closed system for the same K^ and p. For E > 53.21 % t.ie

theoretical relative volume preconcentration (defined as
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q = Pop/Pci? *
s greater than 1.72, more precisely q> e - 1 /8b/

and approaches its maximum value of 2 for E approaching 100 %

/87/. This means, that by the open arrangement it is possible

to analyse almost two times as much as liquid sample than by

the closed arrangement.

The verification of this theoretical study was done in

separation of I from water with an automatic pulsation devi-

ce /78/ under experimental conditions described elsewhere /75,76/.

As it can be seen from TABLE VII there is a satisfactory agreement

between theoretical and experimental separation efficiencies

(t is the number of repetitive sample passages through the pul-

sed column) /84A It should be noted that pulsed column separa-

tion has received a serious attention as a promising method in

environmental analysis especially under field conditions /6,11,1?/.

5. SEPARATION AND PRECONCENTRATION OF INORGANIC SPECIES WITH

RESILIENT POLYURETHANE FOAMS FOR RADIOANALYSIS

5.1. Neutron Activation Analysis

Neutron activation analysis (NAA) is one of the most

sensitive multielemental techniques available for trace elements

determination /56,88/. Its applicability to air or natural water

analysis is, however, limited by matrix interferences and dif-

ficulties in irradiating large volume samples. The concentra-

tion of the important trace elements, e.^., in natural waters

is so low that a preconcentration step is necessary in many case ;.

A preconcentration technique suitable for NAA must nerve im'.h

to eytend the lower limit of determination of the traco :-.peci.o;:
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in question and, to eliminate the effect of the interfering

matrix. It may serve also to avoid the irradiation of ler^e sam-

ples, and post irradiation radiochemical separations, thus

allowing immediate counting /6,88/, Among the preconcentration

techniques suggested, sorption on matrices like activated car-

bon /6,89/, ion-exchange resins or chelating resins /15,13/ seems

to be most advantageous, especially when the use of a How tech-

nique is possible. Impurities present in the sorbents may affect

the accuracy of the determination /16,9O/. Unloaded and reagent

loaded resilient PU foams provide a very cheap, simple and fast

sorbent for separations and preconcentrations based on liquid-

solid contact. Their use as preconcentration matrices gives new

possibilities in thermal neutron activation analysis of trace

elements in water (TABLE VIII).

PU foams for NAA of separated gold (III) chloride from

natural waters have been used firstly by Schiller and Cook.

All experiments were carried out in n batch system and the gold

was determined by direct irradiation of the foam in situ. The

results were compared with those obtained by coprecipitation

with ferric (III) hydroxide, aluminium (III) hydroxide, PbS

find Dowex 1. Lead sulphide and FU foams v/ere found to be the

inoGt effective. No interfering gamma pe;3k3 were detected using

these collectors. This method facilitates the nondestructive

determination of gold at ppb levels /91/.

Unloaded and loaded PU foams were examined in combination

with thermal NAA by Braun et al. It was found that the structure

of the foam Is not dama;»?ci by irradiation period less than 1 hr

in n neutron flux of 3 x 10 J n.cm '.R .In the unloaded PETK

type form the major impurity is tin. PF.5T type foara material ir.
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practically free of tin (TABLE I). Both PAN loaded and un-

loaded PETH type foams were found to extract gold and mercury

quantitatively form 20 - 50 ml* of 0.2 KSGN solutions /55/.

The two metals were determined with reasonable accuracy at

several hundreds of ppb level after 10 rain irradiation, 48 hr
1 qa i q'7

cooling and 500 s activity counting of Au and Hg. Mercury

and indium were preconcentrated by unloaded PETH end PEST type

foams from thiocyanate medium. Doth types were found equally

efficient. Hg and In were determined after 10 min irradiation,

52 hr (for Hg) and 4 hr (for In) cooling, and 300 s counting

of Hg and J Sn. Good precision and accuracy were attained

at several tens of ppb level /55A

Indium and mercury at ppb cone'?:vtr3tion levols were quanti-

tatively recovered by the DDDC loaded PEST type PU foam from

aqueous solutions of pH 2. Antimony was recovered only 70 %.

The determination was made at similar conditions as above.

In these experiments batch method of preconcentration was used,

where 0.1 g of precleaned and/or pretreated 5 mm edge cubes of

PU foam was added and shaken with the aqueous solutions for 1 hr.

Before irradiation the foam (Tubes were dried and packed into

pure polyethylene capsules /55/.

5.2. X-Ray Fluorescence Analysis

X-ray fluorescence analysis is a well established spectro-

scopic analytical technique for the determination of multielera.-r .

systems. Moreover, the technique offers acceptable speed and

economy, and ease of automation /1 6,18,97,98/. The disadvantage -is

feature of XRF analysis in general is its relative high limit
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of detection, which is often not allowing the direct deter-

mination of traces analytes, e.g., in very diluted aqueous

solutions. Another disadvantage of XRF analysis comes from

the fact that its accuracy considerably suffers from matrix

effects, i.e., the absorption of exciting and fluorescent

radiation. Using homogeneous bulk samples like solid sorbents

or precipitates relatively simple correction procedures are

possible /95,99/. This meets the need of XRF analysis where

mostly thin samples are required, and in comparison with

NAA, more special sample preparation and pretreatment tech-

niques have to be used.

Although a great number of sorbents have been used for

the preconcentration of trace elements from aqueous media prior

to XRF determination, until 1980 almost no attention has been

paid to PU foams for such an use /38,43/. The situation in this

respect is changing, as it can be seen from TABLE IX* In all

of the listed methods (except Ref. 95) radionuclide-excitation

XRF analysis was employed which is, apart from INAA, the most

important instrumental radiosnalytical routine method in en-

vironmental analysis. Marginally it could be noted that in

spite of several limitations, radionuclide source XRF has

certain advantages over the tube-excited XRF analysis /98/.

Chow et al. were the first who combined the preconcentration

by means of PU foam with subsequent in situ determination of

a separated element by direct XRF analysis. Cobalt was separated

;;»s Co(II)-thiocyanate complex in the presence of Cu, Fe, Pb, Zn

nnd Ni. Iron, zinc and copper are also extracted, but they do not

interfere in the determination of Co. Batch squeezing or column



particularly wnen n piasticizer, ov-cn-n-nonyipntf

-It-

technique was used. Cobalt was concetratei quantitatively between

0.25 -2.0 /Ug/L concentration from 50 - 150 mL samples by PU fonm

disc of 2.5 cm in diameter and 0. o cm thickness, squeezing for

30 - 60 min or at a flow-rate of about 1 mL/min. Co was measured

directly on the foam by short time XRF analysis /38/.

A PETH type PU foam disc (3.5 cm in diameter and 0.5 cm

thick) was used by Khan and Chow /43>44/ for preconcentrntion of

P0?~ as phosphomolybdate from 100 mL samples containing 0.002 ivi

molybdic acid and »^0.01 M HC1. After the extraction, the foam

disc was washed with 0.1 M HC1 and water and dried. The disc

was then placed on a plastic film stretched across the x-ray

source holder. The XRF analysis of the foam samples was perform-

ed with a commercially available XRF unit equipped with a 18. 5 GE>i

Am source. The X-ray spectrum was accumulated for 100 sec. and

the integrated counts for the Mo Koc line were obtained. A linear-

relationship exists between the counts for Mo K&: and the ini-

tial phosphate concentration. The lower limit of detection can

be improved by suitable adjustment of the foam weight and sample

volume. Thus 0.1 ppm of phosphate can onsily be determined with

a precision of 5 - 10%. The results indicate that equimolar

amounts -if Si, Ge and As (V) do interfere /43/.

Chow and Ginsberg extracted metal thiocyanatc complexes with

PETH type PU foam and the metal sorbents determined by XKF.

Fe(III), Co(II) and 2h(II) were extracted individually and

collectively from 3.0 M NH.C1 and 1 M NH^SCN solutions by

2 cm diameter and 1.6 cm thick unloaded PU foam disc by squeez-

ing for 30 min. The volume of samples was 100 mL. Similarly,

Pt(II) and Pd(II) can be extracted. Thp met-al extractions were

more than 95 % complete and no interference was observed in XKF
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analysis. The excitation time was 100 sec. The intensity vs.

concentration calibration curve was linear from 0 - 1 0 ppm /92/.

A simple method for the determination of As was described /93/.

It consist in the oxidation of As(III) by iodine into extractable

As (V), and its separation as arsenomolybdate acid at pH 1.5

from 100 mL samples using PETH type FU foam discs as described

earlier /38/. The squeezing time was 1 hr. The As was determined

directly in the foam disc by the XRF system described elsewhere

/38/. The detection limit was 3.6 ,ug/100 mL for excitation tirap

of 100 sec. A linear x-ray intensity response was observed in the

concentration range from 50 - 350 ,ug of As on the foam. The pre-

cision for the determination of 50 ,ug of As in 100 mL sample

is fairly good, BSD = 6.6 %. Among the studied elements (P, Si

and Ge) only Ge interferes.

The use of PETH type PU foam discs (2.3 cm diameter) of dif-

ferent thickness (7.2, 12.9 and 16.4 mg/cm~) for preconcentration

of inorganic Hg(II) and the most important organoraercurials, was

studied by Braun and coworkers /94/. The foam discs were loaded

with DDDC (20 % w/w) and oc-dinonylphtalate as plasticizer.

Hg(II) and methylmercury was almost quantitatively sorbed from

25 <nL samples during shaking for 1 hr; the sorption of phenyl-

mercury was ca 90 % from the same volume of acetate buffered

(pH*v5) solutions over the concentration range 0.2 - 2.0 /ug/tnL

of mercury (as Hg). Increases in the volume of the sample seriously

affect the sorption efficiency, as shown in TABLE X. For 500 s
109

excitation annular ^Cd radionuclide source with on activity

of 700 MBq was used. Matrix effect of the loaded foam discs on th»>

final measurement was found to be low. Impurities in the foam do

not interfere (FIG. 10).



An important theoretical and practical contribution of

matrix effect of FJ foam sorbents in XRF analysis have be-en

made by TOrflk et al. /95/. PETH type PU foam discs of different

thickness, loaded with DDDC complexes of various metals (Mn, Co,

Cu, Si, Hg and Pb), were used to study the heterogeneity effects

in direct tube-excited XRF analysis of these heavy metal precon-

centrates. Since the diameter of the cells in the open-cell PU

foams reaches 30 - 300 yum, considerable heterogeneity effects

might occur, which impair the accuracy of the method. Absorption

correction factors for different exciting and characteristic

fluorescent radiations were celculatdd and relative differences

of these factors of heterogeneous and homogenous materials with

the same weight were investigated in dependence on the sample

thickness. It was found that underestimation of the absorption

correction factor when considering the sample being homogeneous

is less than 2 % for high Z elements when the sample thickness

is at least 2 mm. For this thickness minimum detection limits

are also around minima, as it can be seen, e.g., for Zn and Co,

in FIG. 11. The accuracy of XRF analysis was confirmed by instru-

mental NAA (TABLE XI).

Recently, a novel method of indirect phosphate determination

using radionuclide-excited XRF analysis in connection with PU

foam separation was described by Khan and Chow /96/. Again

a foam disc (2 cm in diameter and 0.8 cm thick) wmp used to

preconcentrate phosphate as molybdosmtitnonylphosphBte (PCb^^o. ,̂ 0. -)

from 100 ml> water samples. The preconcentration and XRF technique

(18.5 GDq Am source) were used as described /43/. In the

course of optimization of the separation various factor? affect-

ing th" optimal MSbP complex formation wc-e investigated as the
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influence of pH and Sb:P ratio. The intensity of the Sb Koc line

was detected with a Si(Li) detector. The effect of As, Si and Ge

was evaluated as their heteropolymolybdate complexes are also

extracted. It was found that Si did not interfere in large

excess (up to 10 mg), whereas only 250 -ug of Ge end less

than than 50 ,\xg of As can be tolerated in 100 n».L of sample

solution containing 50 ,ug of PO?". This method hes several

advantages over the previous method base<l on Mo determination

/43/, e.g., the Sb determination has a detection limit of 0.02

ppra compared with 0.10 ppm for Mo, and the phosphate can be

determined even in the presence of large amounts of silicon.

6. CONCLUSIONS

Although the modern instrumental nuclear and radioanalyti-

cal methods have made a great progress in direct radionuclides

and trace elements determinations in various areas of environ-

mental analysis, in many cases they cannot avoid sample pre-

treatment or preconcentration prior to analysis, where diffe-

rent physical and/or chemical procedures are involved.

Foamed plastics, especially open-cell type resilient .

polyurethane foam sorbents represent a new type of cheap and

efficient separation and preconcentrotion media with steadily

increasing versatile application also in the analysis of envi-

ronmental samples. The main advantages of these fô cas reni.de

in their special quasi-spherical membrono-like structure and

morabrarirt-kinetio properties. Polyurethnne foams nan immobi-

lir.rj various reagents as collectors ?>nd owing to their out-

standing hydrodynamic ond/or aerodynnnio properti**.". allow vory

i-»picl .".olid-liquid and solid-gas pli-r.> contacts in column oporntSn!i:
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The polyurethane foams seems to function as a relatively

inert support, with great ability to adopt the p jperties of

loading materials, mostly for trace preconcenti v,ion rather

than for separation purposes. The resilience o' polyurethane

foam sorbents permits their use in special operation modes

as are the automatic batch squeezing or pulsated column

separations.

Preconcentration with polyurethane foams can also bo used

conveniently under field conditions mainly in air and natural

water sampling. Frequently, the combination of polyurethane

foam preconcentration leads to the application of simpler radio-

analytical instrumentation techniques. Polyurethane foams can

be equally well used in indirect as well as direct (in situ)

multielemental determinations.

A great potentiality of open-cell type resilient poly-

urethanes lies in their large-scale production all over the

world.for many industrial applications. They can be used as

sorbents directly or with a minor pretreatment only. Therefore,

it can be said that polyurethanes are open to commercial pro-

duction of mainly specially manufactured reagent foam sorbents

with a potentially great success also in separation science

and technology.
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TABLE I . TRACE ELEMENTS (ppm) IN PREY/ASHED POIA'URETHANE FOAM

CRSD = 2 - 10 %} ND - n o t de te rmined) (From Kef .55)

Element Polyether
type

Polyester
type

Tin

Chlorine

Sodium

Magnesium

Aluminium

Iodine

Bromine

Manganese

Vanadium

Indium

Arsenic

Antimony

Potassium

1096

43

8

8

0.7

1.9

1

0.1

0.01

0.02

4.5

0.48

8

23

93

7

8.7

8

0.08

ND

ND



TABLE II. SEPARATION OF RADIOKUCLIBES FfiOil AQUEOUS SOWIIOKS USULQ 'JXLOAQED P0LXURETUAK3 FOAUS

(FETH-polyether end FEST-polyester type PUPj determination by radiometry)

Radic-nuclide(s)

58Co(II), 59Fe(III)

124Sb(III,V)

n9Sn(II)

192Ir(IV)

53Co(II)

65Zn(II), 203Hg(II),

:(nat.)

nOAad), 204TKI).

Carrier con-
centration

/ug.l"1

traces

mg.l"1

mg.l"1

/MQ • 1

mg.r1

traces

Medium

thiocyanate

chloride

chloride

thiocyanate

thiocyanate

thiocyanate

nitrate

picrate

Foam
type

PETH

PETH

PETH, PEST

PETH

PETH

PETH,PEST

PETH

PETH

Type of solid-
liquid contact

batch, column

automatic squeezing

batch squeezing

batch squeezing

batch squeezing

batch, column

automatic squeezing

batch squeezing

Ref.

34

35

36

37

38

39

40,41

42
UOEa(II), 210Pb(II)

198Au(III)

traces

molybdic acid PETH

nolybdat s FETH

cyanide PETH

batch squeezing

batch sque&sing

botch, column,
pulsated column

43

45

J2Z-



2A3L3 III. HSAGEiTS USS2 AS LOADINGS 0? FGLxURETKA^i; F0A1S FOR SEPAiUTIO;; 0? EAJIOIIUCLIDES

Type of loading
reagent Loading reagent Separated

radionuclide References

Solvent
extractants

Hydrophobic
chelating
reagents

Anion exchangers
Cation exchangers
Heterogeneous ion

h
Anchored functional
groups
Finely divided
precipitates

Hydrophobia organic
phases

tri-n-butyl phosphate
methyli zobutylket one
diethyl ether
isopropyl ether
ethyl acetate
zinc dithizonate (Zn(HDz)2)
diethyldithiocarbamate

1,2-ethanedithlol
1-phenyl-3-methyl-4-benzoyl-
pyrazolone-5
1-(2-pyr^dylazo)-2-naphtol
tri-n-octylamine
bis(2-ethyl-hexyl)-phosphoric acid
catex (Varion KS)

-sa

Ag,S , ca tex+Ag,S
CuT *
AgCl, Agl , A g - c o l l o i d

iodine-TBP; iod ine - to luene
iodine-TNOA; iodine-Alamine 336
AgHDz+TBP
iodine-Alamine 336

198Au;58Co,59Fe
198Au

110tnAg;203H^
203Hg;58Go;i24Sb;
114mIn;59Fe,109Cd,203Hg
124Sb,76As,203Hg
234Th
54Mn,58Co,59Fe;58Co
198Au,203Hg
58Co;233Th
ThCnat.)
40Ca,65Zn,59Fe,109Cd

20jHg

IIOmAg
11OmAg
1311

1311
1311
11OmAg
1251

33,47;48
49

50;51-54
51,55,56;57;55,5o
55; 58
59
60
61 ;62
55
63; 64
65
66

67

68
69
70
71;72
72,73;53,74-79
71
30,31

SEPARATIOM 07 EADIOKUCLIDES FROi'; AQUTCUG SOLUIICIIC UCI.13



IA3LE IV. SEPARATION OP KADICNIJCLISES FROil A3UTCUS SCLVIICXC UCI.I3 LCALL'3 i-wI/.:;;U.:ii,U>:; rC
(PETH-polyether and PEST-polyester type PUF; de te rminancy by radioaietry)

Radionuclide
Carrier
concen- Medium
tration

Foam
type
(plast.)

Loading
reagent

Type of solid- - *
liquid contact *ei*

58Co(II)

198Au,203Hg

114mIn(III),
124Sb(III),
203Hg(II)
203Hg(II)
oiethylmercury
phenylmercury
1311(1", I 2 )

124Sb(III,V)
76As(III)
203Hg(II)

59Fe(III)
109Cd(II)
124Sb(III)
203Hg(II)

Th(nat.IV)

234Th(IV)

203Hg(II)

1311(1", I , )

traces

/ug.l"1

/ug.l"1

/ug.l"1

traces

mg.l"1

mg.l"1

/ ug . l " 1

/ u g . l " 1

</Ug.l"1

mg.l"1

potassium
thiocyanate
thiocyanate

0.01M HKO3

0.01M H2SO4

neutral

0.1M HNO3

pH=9.5
(NH4OH)

pH=1

pH 3-6
(HNO3)

0.01M HKO3

0.1M HC1

PETH(p)

PETH(p)

PEST

PETH(p)

PETH(p)

PETH

PETH

PETH(p)

PETH

PETH(p)

PETH(p)

1-(2-pyridylazo)-2-
naphtol (PAIi)
1-(2-pyridylazo)-2-
naphtol + TBP

di ethylammoniunctiethvl-
dithiocarbamate (ZDZZ)

diethylaamoniucdiethyl-
dithiocarbamate
AgCl

1,2-ethanedithiol

sodiux diethyl-
dithiocarbamate

coluan cethod

batch shaking

batch Ehskir.g

coluoiii method

column method

batch shaking,
column method

batch shaking,
colucn method

column method

52

55

55

56

70

58

bis(2-ethyl-hexyl)-
phosphoric acid
1-phenyl-3-methyl- column method 60
-4-ben2oyl-pyrazolcr.e-5
zinc dithizonate

iodine-Alamine 336

\

pulsated column 54

static column 74,76,79
pulsated column 76-78



TABLE V. EFFICIENCY OF 131I SEPARATION FROM WATER SAMPLE AND

MILK OF VARIOUS VOLUMES

Sample
volume

L

1

2

3

4

5

Distilled
water

97.6 i

96.9 -

96.5 -

96.2 -

96.0 i

0.4

0.4

0.4

0.6

0.5

Separation efficiency,

WQter3

96,7 - 0.3

96.0 - 0.5

95.6 i 0.4

95.3 - 0.5

95.1 - 0.4

Milkb

97.2 -

93.6 i

90.0 i

85.9 -

82.7 -

0.

1.

2.

3.

3.

6

3

9

0

7

^Composition (mg/ L)

SO|~(39.2), Fe(0), lin(0), total hard

ness 10.1 Genuan degrees, pH 7.8

bFat content 35 g/ L



TABLE VI. COLLECTION EFFICIENCY OF THE UHIMPREOKATED AKD
IMPREGNATED POLYURETHANE FOAMS AT 15 L/nxin A'R
FLOW-RATE FOR SAMPLING OF 30 cin (Fro:i nof.1.*' )

Polyurethane Collection efficiency
foam - standard deviation,

Unimpregnated 73.9 - 5.4

Impregnated v/ith +

Alamine 336 39.3-2.8

Impregnated with +

I2-Alamine 336
 83"7 " 2'



["ABLE V I I . COMPARISON OF THEORETICAL ( E t h e o r ) AND EXPERIMENTAL

( E e x p > EFFICIENCIES OF THE 1 3 1 I SEPARATION FROM

VARIOUS VOLUMES (WQ) OF WATER SAMPLES (From R e f . 8 4 )

w

(ml) vf

100 50

1000 500

w

\

5

0

u

5
10

15
20

50
00

50
100

150
200
250
300

00

t = -
n

1

2

3
4

10

00

1

2

3
4
5
6

00

Closed
arrangement
theor

67.21
89.23
96.44
98.80
99.95
99.95

63.45
86.44
94.77
97.79
98.88
99.28
99.50

a aexp

66. 6
90.2
96.2
98.3
98.5

-

59.2
82.5
90.5
94.0
94.9
95.3

Open
arrangement

"F*

theor

99.97
99.97
99.97
99.97
99.97
99.98

99.75
99.75
99.75
99.75
99.75
99.75
99.75

Eexpa

95.9
98.8
98.9
98.9
98.9

-

74.4
90.7
95.0
95.8
96.3
96.3

a'The average relative standard deviation is less than 0.5 %.



TABLE VIII. SEPARATION OF INORGANIC SPECIES FROM AQUEOUS SOLUTIONS FOR NEUTRON ACTr/ATION ANALYSIS

(PETH-polyether and PSST-polyester type ?UF)

Elements
(compounds)

Concen-
tration Medium Foam

type Reagent Type of solid-
liquid contact Ref.

Au(III)

In(III)'

In(III)

Co, Ni, Hg, Br mg.l

,-1

,-1

,-1

-1

chloride

acid

acetate
buffer

FETH unloaded brtcb

thiocyanate PETH unloaded, batch cethod
PEST PAN

PEST DDDC

PETH DDDC

batch method

batch method

91

55

95



TABLE IX. SEPARATION OF DIFFERENT SPECiES FROM AQUEOUS SOLUTIONS FOR XRF ANALYSIS

(PETH-polyether type polyurethane foam)

Elements
(compounds)

Co(II)

PO>

Pd(II)*

As(V)

Hg(II)
methylmercury
phenylmercury

Mn,Co,Ni,Cu,Zn,
Hg.Pb.Br

Concen-
tration

/ug.l"1

< mg.l"

mg.l"1

mg.l"1

mg.l"'

mg.l"1

VU..1-

Medium

acidic
thiocyanate

molybdic
acid

thiocyanate

molybdic
acid

acetate
buffer

acetate
buffer

antimonyl
molybdic
acid

Foam
type

PETH

PETH

PETH

PETH

PETH

PETH

PETH

Reagent

unloaded

unloaded

unloaded

unloaded

DDDC

DDDC

unloaded

Typo of solid-
liquid contact.

automatic batch
squeezing or
column asthoG

cutossitic batch
squeezing

automatic batch
«squeezing

automatic batch
squeezing

batch method

batch method

automatic batch
squeezing

Ref.

33

42

92

93

9-

c~

96

D



TABLE X. EFFECT OF THE VOLUME OF SAMPLE ON THE PERCENTAGE

RECOVERY (From R e f . 9 4 )

Mercury
species

Hg(II)

CH3Hg(I)

FhHg(I)

25

99

96

89

Recovery

mL

.8

.4

.1

(%) from different

250 mL

77.3

82.4

volumes

500 mL

64.9

67.2



-It-

TABLE XI. COMPARISON OF THE RESULTS OF XRF ANALYSIS WITH INAA

FOR TWO FOAM SAMPLES (coneentrationr/Ug/sample)

(From Ref. 95)

Ele-
ment

Co

Ni

Hg

Br

0.168

12.8

18.8

0.84

1st sample
XRF

- 0.039

- 1.1

- 1.2

- 0.09

NAA

0.2

10.0

19.0

0 . 7

XRF

0.26 -

14.0 -

16.4 -

0.78 i

2nd sample

0.026

0.1

1.1

0.08

NAA

0.21

11.0

19.0

0.64

MA-



CAPTIONS TO FIGURES

FIG. 1. Scanning electron micrographs of a typical poly-

urethane foam structure (bottom - lOOx); (From

Ref. 12, p. 6)

FIG. 2. Cell used in foam squeezing (From Khan, A.S., Baldwin,

W.G., Chow, A., Can. J. Chea., 59(1981)1490)

FIG. 3« Foam chromatographic column (From Braun, T., Farag,

A.B., Anal. Chim. Acta, 62(1972)476)

FIG. 4. Schematic diagram of a high-volume air sampler

(From Thrane, K.E., Mikalsen, A., Atmos. Environ.,

15(1981)909)

FIG. 5. Equipment for automatic pulsed column separation

in the closed and open system: 1 - motor, 2 - gear,

3 - eccentric, 4 - plunger, 5 - syringe, 6 - poly-

urethane cylinder, 7 - valve, 8 and 9 - sample con-

tainers, 10 - pulse counter (From Refs. 54 and 78)

FIG. 6. Tree diagram of the multi-faceted possibilities in

application of polyurethane foam sorbents (From Ref. 27)

FIG. 7. Effect of the number of pulses on the ^ I recovery

in the closed system (From Refs. 76 and 77)

FIG. 8. Radioactivity measurement of the compressed poly-

urethane foam cylinder in various syringes (1)

using a well-type detector (2) (From Refs. 77 and 78)

FIG. 9. Plot of the number of pulses (u) vs. separation effi-

ciency (E) for various k,=K~/p and n values in the

closed (a) and open (b) systems as defined by Eqs (3)

find (4), respectively (k, nn] n vnluos, respectively:



— / oo—

50 and 10 (index 1), 50 and 200 (index 2) and 1 and

20 (index 3)) (from Ref. 84)

FIG. 10. The XRF spectra of: (1) clean PETH type PU foam disc;

(2) DDDC - loaded disc (20 % w/w)j (3) Hg (50 /Ug)

sorbed on the DDDC - foam disc (7.2 mg.cm thick)

(From Ref. 94)

FIG. 11. Detection limits, DL, (in arbitrary units) for Zn

and Co, respectively, vs. sample thickness ( AI -

absorption coefficients) (From Ref. 95)
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Fig. 3. Foam chromatographic column
(From Braun, T.f Farag, A.B., Anal.
Chim. Acta, 62(1972)476)
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Fig. 5. Equipment for automatic pulsed column separation
in the closed and open systen: t - motor, 2 - gear, 3 -
eccentric, 4 - plunger, 5 - syringe, 6 - pclyurethame
cylinder, 7 - valve, 8 and 9 - sanpla containers, 10 -
pulse counter (From Refs. 54 and 78)
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Fig. 8. Radioactivity ••a»ur«««nt of the compressed polyurethane
foaa cylinder In various syringes (1) using a well-type detector (2)
(From Rtfs. 77 and 78)

Fig. 9. Plot of the number of pulses (u) vs. separation efficiency (E)

for various kd * Kp/p and n values In the closed (a) and open (b)

systeas as defined by Eqs (3) and U ) , respectively (kd and n values,

respectively: 50 end to (index

(index 3)) (From Ref. 84)
I), 90 and 200 (Index 2), and 1 and 20
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