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1. A flow injection device for pre-concentration of elements to be determined in a 

liquid sample by means of a spectroscopical analysis device, comprising:

first pump means for feeding a sample liquid and a' buffer liquid: 

second pump means for feeding an elution liquid;

an ion-exchangsr column for retaining and thereby pre-concentrating the 

elements to be determined, the ion-exchanger column having a first end and a second end 

and tapering from the second end to the first end;

a vaiv© disposed in conduits interconnecting the ion-exehanger column and the 

first and pump Means and being adjustable to a first valve position and a second

valve position;

a spectroscopical analysis device and conduits Connecting the spectroscopical 
analysis device to the valve;

the valve, in the first valve position, connecting the first end of the ion- 

exchanger column to the first pump means and the second end of the ion-exchanger 

column to a waste outlet for feeding the sample liquid through the ion-exchanger column 

in order to thereby retain and pre-concentrate the elements to be determined at the ion- 

exchanger column; and

the valve, in the second valve position, connecting the second end of the ion- 

exchanger column to the second pump means and the first end of the ion-exchanger 

column to the spectrospopical analysis device for eluting the retained and pre-



(11) AU-B-46829/89 -2-
(10)621966

concentrated elements to be determined from the ion-exchanger column in order to feed 
the elution liquid containing the elements to be determined to the spectroscopical analysis 
devise.

6. A flow injection method of pre-concentrating elements tc be determined in a 
sample liquid by means of a spectroscopical analysis device, comprising the steps of:

connecting conduits leading from first and second pump means through a valve to 
conduits leading to an ion exchanger column tapering from its second end to its fitst end, 
the spectroscopical analysis device, and a waste outlet, respectively:

switching the valve to a first valve position in order to connect the first pump 
means to the first end of the ion-exchanger column and the second end of the ion- 
exchanger column to the waste outlet;

feeding the sample liquid by the first pump means through the ion-exchanger 
column for retaining and thereby pre-concentrating the elements to be determined at the 
ion-exchanger column:

switching the valve to the second valve position in order to connect the second 
pump means to the second end of the ion-exchanger column and the first end of the ion- 
exchanger column to the spectroscopical analysis device;

feeding an elution liquid by the second pump means through the ion-exchanger 
column for eluting the retained and pre-concentrated elements to be determined from the 
ion-exchanger column iu order to pass the elution liquid containing the eluted elements to 
be determined to the spectroscopical analysis device; and

during the step of feeding the elution liquid and in (he second valve position, 
maintaining in operation the first pump means for feeding a buffer liquid through the 
conduit leading to the valve and through the valve to the waste outlet.
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APPARATUS AND METHOD FOR PRE-CONCENTRATION
OF A SAMPLE FOR SPECTROSCOPICAL REASONS

Field Of The Invention
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The invencion relates generally to spectroscopy and 
more specifically the pre-concentration of a sample substance 
in the flow injection analysis. '

BACKGROUND OF THE INVENTION

C < f 
tt i

An arrangement for the pre-concentration of a sample 
substance for spectroscopical purposes in the flow injection 
analysis is known from a paper by Olsen et al in the journal 
"The Analyst", vol 108, 905-917. Into parallel peristaltic 
conduits, a peristaltic pump feeds water, a buffer liquid in 
the form of ammonium acetate and an eluting liquid in the 
form of nitric acid. An injection vflilve is arranged in the 
hose conduit, into which water is fed. The injection valve 
contains a through-passage and a sample Ιόορ, which is 
adapted to be optionally switched into title flow in the hose 
conduit. Then the through-passage is switched into the hose 
conduit, a flow of sample liquid is passed through the sample
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loop, such that the sample loop is filled with sample liquid. 
After the injection valve has been changed over, the sample 
loop filled with sample liquid is connected to the hose 
conduit carrying the water flow, such that the sample liquid 
is taken along by the water flow. The water and the sample 
liquid, respectively, are mixed with the buffer liquid and, 
in a first valve position of a valve arrangement,· flow 
through an ion-exchanger column from a first end of the ion- 
exchanger column to a second end. The second end
communicates with a waste outlet. In the first valve 
position of the valve arrangement the eluting fluid flows to 
a nebulizer and is sprayed into the flame of an atomic 
absorption spectrometer. Now pre-concentration of the sample 
takes place in the ion-exchanger column. The valve
arrangement is subsequently changed over to a second valve 
position. In this second valve position, the water and 
ammonium acetate hose conduits communicate with the waste 
outlet. The second end of the ion-exchanger column 
communicates with the hose conduit carrying the eluting 
liquid. The first end of the ion-exchanger column 
communicates with the nebulizer of the atomic absorption 
spectrometer. The eluting liquid flows through the ion- 
exchanger column in a direction opposite to the previous 
direction and elutes the pre-concentrated elements to be 
determined in to the nebulizer and thus into the burner of 
the atomic absorption spectrometer.
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From a paper by Hartenstein et al in "Analytical 
Chemistry" 57 (1985), 21,25 and a paper by Zhaolun Fang et al 
in "Analytica Chimica Acta" 200 (1987), 35-49, an arrangement 
is known wherein a first sample liquid with an associated 
buffer liquid and a second sample liquid with an associated 
buffer liquid are fed by a first peristaltic pump. The 
sample liquids are mixed with the associated buffer liquids 
in tube coils, which are connected downstream to the 
peristaltic pump. The thus obtained sample and buffer 
liquids are passed to a first valve. In a first valve 
position of the first valve the sample and buffer liquids are 
passed to a first end of an associated ion-exchanger column. 
The other second ends of the ion-exchanger columns each 
communicate' with a waste outlet. Then the two ion-exchanger 
columns are loaded in a parallel with the sample liquid, the 
sample is pre-concentrated in the columns. A second
peristaltic pump feeds an eluting liquid and water. In a 
first position of the valve the water is passed to the 
nebulizer of a plasma burner. In this first position of the 
valve the eluting liquid communicates with a waste outlet.
In the second position the valve passes the eluting liquid to 
the second end of one of the ion-exchanger columns, the first 
end of which then communicates with the nebulizer. The ion- 
exchanger column exposed to the eluting liquid is selected by 
a change-over valve.

♦ 4 «
♦ β β
♦ « β 4

♦1 l ί < t I



4 BS-3943

By the use of two ion-exchanger columns, which are 
loaded in parallel, the analysis time can be approximately 
halved. Instead of the eluting liquid, water is passed to 
the nebulizer while the ion-exchanger columns are loaded. 
The water washes the nebulizer and stabilizes the plasma.
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In all known eirrangements of the present type the 
ion-exchanger columns have substantially constant cross 
section over their entire length. The ion-exchanger columns 
according to the paper by Zhaolun Fang et al in "Analytica 
Chimica Act" 200 (2987), 35-49 have conically tapered ends. 
This is to ensure uniform flow. However, the essential 
portion of the ion-exchanger column, in which the sample is 
pre-concentrated, is cylindrical.

In order to obtain a high pre-concentration of the 
sample in the ion-exchanger column, a relatively long pre­
concentration time is required with the known arrangements. 
This results in dead times of the spectrometer and to 
inadmissibly high consumption of inert gas when a plasma 
burner is used. Reduction of the analysis frequency results 
in difficulties with the calibration in routine applications. 
Increased drifts of the experimental conditions occur namely 
due to the increase time of the experiment. The drifts have 
to be taken into account by more frequency calibration 
actions. This, however, further reduces the efficiency of 
the method. A further problem therein is the dispersion of 
the eluted sample slug, which counteracts an increase in the 
degree of sensitivity and thus makes longer pre-concentration 
times necessary.
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Therefore it is an object of the invention to increase the degree of sensitivity of 
the measurement in spectroscopical analysis without the time for a single analysis 
becoming impermissibly high.

It is a further object of the invention to counteracli the dispersion of the eluted 
5 sample slug in the pre-concentration of a sample substance for spectroscopical reasons

in the flow injection analysis.
SUMMARY QF..T.HE INVENTION,
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The present invention is directed to an ion-exchanger column for use in 
spectroscopy. In accordance with the present invention, the ion-exchanger column is

1 0 tapered from the second end toward the first end.
The use of such a shape of the ion-exchanger column means that, when the ion-

exchanger column is loaded, which is effected from the narrow first end of the ion- 
exchanger column, the sample is pre-concentrated in the area of this narrow firs* end, 
i.e., in the “tip" of the ion-exchanger column in an area of reduced diameter. From this

1 5 area the sample is then eluted in very short time by the eluting fluid. Therefore, a
sample slug of high concentration but short duration emerges from the ion-exchanger 
column. Correspondingly, the spectrometer supplies a high but very short output 
impulse. Thereby, a high degree of sensitivity can be achieved, which is determined by 
the height of the impulse, without the pre-concentrated samples quality, which is an

2 0 analog to the area of the impulse, having to be large and thus the time of pre­
concentration having to be undesirable long. It has been shown that, with an ion- 
exchanger column according to the invention, at high analysis frequency a sensitivity can 
be achieved which is high compared to the prior art.

The present invention therefore provides a flow injection device for pre-
2 5 concentration of elements to be determined in a liquid sample by means of a

spectroscopical analysis device, comprising:
first pump means for feeding a sample liquid and a buffer liquid; 
second pump means for feeding an elution iiquid;
an ion-exchanger column for retaining and thereby pre-concentrating the

3 0 elements to be determined, the ion-exchanger column having a first end and a second end
and tapering from the second end to the first end;

a valve disposed in conduits interconnecting the ion-exchanger column and the
first and second pump means snd being adjustable to a first valve position and a second
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a spectroscopical analysis device and conduits connecting the spectroscopical 
analysis device to the valve;

the valve, in the first valve position, connecting the first end of the ion- 
exchanger column to the first pump means and the second end of the ion-exchanger 
column to a waste outlet for feeding the sample liquid through the ion-exchanger column 
in order to thereby retain and pre-concentrate the elements to be determined at the ion- 
exchanger column; and

the valve, in the second valve position, connecting the second end of the ion- 
exchanger column to the second pump means and the first end of the ion-exchanger 
column to the spectroscopical analysis device for eluting the retained and pre­
concentrated elements to be determined from the ion-exchanger column in order to feed 
the elution liquid containing the elements to be determined to the spectroscopical analysis 
device.

Preferably the said valve is adapted to connect a port for a neutral rinsing liquid 
to a spectroscopical analysis device in the first valve positioned and to the waste outlet in 
the second valve position. Preferably the ion-exchanger column is conically tapered 
from the second end toward the first end.

Preferably also the ion-exchanger column comprises 8-quinolinol 
azoimmobilized porous glass particles having a particle size in the range of 125 pm to 
177 pm and a pore diameter of 500 nm, the particles being densely packed in a funnel- 
shaped receptacle and held together therein by a glass wool plug placed at the second end of 
the funnel-shaped receptacle.

The present invention also provides a flow injection method of pre-concentrating 
elements to be determined in a sample liquid by mean?, of a spectroscopical analysis 
device, comprising the steps of:

connecting conduits leading from first and second pump means through a valve to 
conduits leading to an ion-exchanger column tapering from its second end to its first end, 
the spectroscopicai analysis device, and a waste outlet, respectively;

switching the valve to a first valve position in order to connect the first pump 
means to the first end of the ion-exchanger column and the second end of the ion- 
exchanger column to the wast outlet;

feeding the sample liquid by the first pump means through the ion-exchanger 
column for retaining and thereby pre-concentrating the elements to be determined at the 
ion-exchanger column;
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5b

switching the valve to the second valve position in order to connect the second 
pump means to the second end of the ion-exchanger column and the first end of the ion- 
exchanger column to the spectroscopical analysis device;

feeding an elution liquid by the second pump means through the ion-exchanger 
5 column for eluting the retained and pre-concentrated elements to be determined from the 

ion-exchanger column in order to pass the elution liquid containing the eluted elements to
be determined to the spectroscopical analysis device; and

during the step of feeding the elution liquid and in the second valve position,
maintaining in operation the first pump means for feeding a buffer liquid through the 

1 0 conduit leading to the valve and through the valve to the waste outlet.
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Preferred embodiments of the present invention will now be described in detail 
with reference to the accompanying drawings:

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a circuit diagram of an arrangement for the pre-concentration of a

5 sample for spectroscopical purposes by means of an ion-exchanger column in flow 
injection analysis in the mode of operation "prs-concentration".

Fig. 2 shows a portion of the arrangement of Fig. 1 in the mode of operation 
“measurement”.

Fig. 3 illustrates th j time sequence of a measurement cycle with the arrangement 
1 0 of Figs. 1 and 2.

Fig. 4 shows a longitudinal section of an ion-exchanger column in the arrangement 
of Fig. 1.

Fig. 5 shows the signals, which were obtained with repeated measurements with 
an arrangement according to Fig. 1.
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PREFERRED EMBODIMENT OF THE INVENTION;

In Fig. 1 numeral 10 designates a first peristaltic 
pump. The peristaltic pump 10 feeds a sample liquid, which 
is supplied through a port 12 and a hose conduit 14. 
Furthermore, the peristaltic pump 10 feeds a buffer solution, 
which is supplied through a port 16 and a hose conduit 18.
The two hose conduits 14 and 18 are united in a branching 
point 20. a common conduit 22 leads from the branching point 
20 to a valve 24.
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A second peristaltic pump Λ6 feeds an eluting 
liquid, e,g., 2-molar hydrochloric acid. The eluting liquid 
iii supplied through a port 28 and a hose conduit 30. the 
hose conduit 30 likewise communicates with the valve 24.

Furthermore, a conduit 32 communicates with the 
valve 24, through which conduit 32 de-ionized water is 
supplied.

A port 34 of the valve 24 communicates with the 
nebulizer of a burner 3h of an atomic absorption 
spectrometer, which is only schematically illustrated in Fig. 
1. A further port 38 of the valve communicates with a waste 
outlet 40. A port 42 of the valve 24 likewise communicates 
with waste outlet 40. A port 44 of the valve 24 communicates 
with a first end 46 of an ion-exchanger column 48. A port 50 
of the valve 24 communicates with a second end 52 of the ion- 
exchanger column 48. The second end 52 has a larger diameter 
than the first and 46.
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in the first valve position of the valve 24 
ilivstrated in Fig. 1, the common conduit 22 communicates 
with the first end 46 of the ion-exchanger column 48 through 
the valve 24 and its port 44. The second end 52 of the ion- 
exchanger column 48 communicates with the waste outlet 40 
through the port 50 of the valve 24, the valve 24 and the 
port 38. The fiist pump 10 is switched-on (Fig. 3) and the 
second pump 26 stands still. Thus, no eluting liquid is fed. 
De-ionized water is supplied to the nebulizer of the burner 
36 through conduit 32, the valve 24 and port 34. In this way 
the nebulizer is rinsed.
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In this first valve position corresponding to the 
mode of operation "pre-concentration", sample and buffer 
liquid flow from the first end 46 to the second end 52 
through the ion-exchanger column 48. Thereby the elements to 
be determined are retained and pre-concentrated in the ion- 
exchanger column.

After a period of time of 20 seconds, for example, 
(Fig. 3) the second pump 26 is switched on. At the same time 
the valve 24 is changed over into its second valve position. 
In the second valve position of the valve 24, which is 
illustrated in Fig. 2, the conduit 22 communicates with the 
waste outlet 40 through the valve 24 and port 42. Then the 
peristaltic pump 10 aspirates a new sample and thus displaces 
the previous one with the elements to be determined and r/'e- 
concentrated in the ion-exchanger column from the conduit 22 
and the valve 24. The second pump 26 feeds eluting liquid 
through the peristaltic conduit 30, the valve 24 and port 50
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Second
to the dH^e-et end 52 of the ion-exchanger column 48. The 

·?-'ΓβΑ 4-1° ...seeeed^endNof the ion-exchanger column 48 communicates with 
the nebulizer of the burner 36 through the valve 24 and port 
31+. Thus, the second pump 26 urges eluting liquid from the 
second end 52 through the ion-exchanger column 48 to the 
first end 46. Therewith, the elements to be determined and 
pre-concentrated in the ion-exchanger column are eluted. The 
elutant is transported into the nebulizer of the burner 36 by 
the eluting liquid. Therewith, the ion-exchanger column 48 
has the function of the usual sample loop in the flow 
injection analysis. However, the ion-exchanger column 48 
also effects a pre-concentration of the sample.

The ion-exchanger column 48 is tapered from the 
second end 52 toward the first end 46, which is schematically 
shown in Fig. 1 and illustrated in detail in Fig. 4. In the 
illustrated preferred embodiment the ion-exchanger column 48 
comprises a conical funnel 54. This funnel 54 is a
conventional Eppendorf-pipette tip of plastic, which is cut­
off at its pointed first end 46, such that an outlefe having 
an inside diameter of approximately 0.5 mm is obtained. This 
funnel 54 is densely packed with a granular ion-exchanger 56. 
The ion-exchanger is 8-quinolinol azoimmobilized on porous 
glass having a defined pore width with a particle size of 125 
- 177 pm and a pore diameter of 500 nm. Such an ion- 
exchanger is delivered by Pierce Chemical Company under the 
marking CPG/8-Q» The funnel shape of the ion-exchanger 
column allows the ion-exchanger 56 to be packed very densely. 
The ion-exchanger 56 is held together by glass- wool 58 from 
the second end 52.
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The valve 26 communicates with the nebulizer through 
the shortest length possible of PTFE-copduit 60. The PTFE- 
conduit 60 has a length of 5 cm and an internal diameter of 
0.5 mm.

As can be seen from Fig. 3, the device is programmed 
for a pre-concentration time of 20 seconds and an eluting 
time of 10 seconds. Thus, this results in 120 analyses per 
hour. The flow rate of the sample liquid for the pre­
concentration is 1.8 ml/minute. The buffer liquid is an 
ammonium acetate solution having a pH-value of 9. The buffer 
liquid is supplied with a flow rate of 0 = 2 ml/minute. It is 
mixed in the branching point 20 with the acid sample liquid 
having a pH-value of 3. A value of 2.7 ml/minute has turned 
out to be optimal as the flow rate of the eluting liquid, 
degassed 2-molar hydrochloric acid. The elutant is supplied 
co a nebulizer with an aspiration rate of lOml/minute.

Fig. 5 shows signals, which were obtained with 
repeated measurements of the same sample liquid with an 
arrangement according to Figs. 1 to 3. The sample liquid was 
a copper solution having a concentration of 100 pg/l Cu. A 
pre-concentration took place with an ion-exchanger column of 
tue type illustrated above having a volume of 65 μΐ. The 
sample volume was 1.6 ml. The analysis frequency was 120 
measurements per hour. The pre-concentration factor was 25. 
This resulted in a mean deviation (RSD) of 1.2% of the 
measurements.
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The described arrangement is a system which bridges 
the large sensitivity gap of 2-3 magnitudes between the flame- 
ASS and the atomic absorption spectroscopy with a graphite 
furnace. A 20-30-fold signal increase results relative to 
the usual flame-AAS with similar analysis frequeny and the 
same sample consumption.

The spectroscopical analytical instrument can be an 
atomic absorption spectrometer, the eluate being sprayed from 
the ion-exchanger column into a flame. The flame is arranged 
in the path of rays of a measuring light beam of the atomic 
absorption spectrometer. The analytical instrument can also 
be an atomic absorption spectrometer operating with
electrothermal atomization. Finally, the spectroscopical 
analytical instrument can be an atomic emission spectrometer 
having a plasma burner. In such an atomic emission
spectrometer, a plasma of high temperature is generated in an 
inert gas flow by a high frequency field. A sample liquid is 
auntrated into this plasma. The sample liquid is atomized in 
the plasma. The atoms are stimulated to emission of
radiation. Thereby, by means of a polychromator, a plurality 
of eleiisnts can simultaneously be determined in the sample.
By pre-concentration of elements tc be determined in the ion- 
exchanger column and subsequently supplying tne eluate to the 
analytical instrument, the sensitivity of the measurement is 
increased.
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/ ('vz: Although the preferred embodiment has been 
illustrated and described, it will be obvious to those 
skilled in the art that various modifications may be made 
without departing from the spirit and scope of this 
invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

• ο β «« e ·0 · ·

* «»« « (• « 9* ·♦
<♦· «

• · · «
a · · «

1. A flow injection device for pre-concentration of elements to be determined in a 
liquid sample by means of a spectroscopical analysis device, comprising:

first pump means for feeding a sample liquid and a buffer liquid; 
second pump means for feeding an elution liquid;
ai ion-exchanger column for retaining and thereby pre-concentrating the 

elements to be determined, the ion-exchanger column having a first end and a second end 
and tapering from the second end to the first end;

a valve disposed in conduits interconnecting the ion-exchanger column and the 
first and second pump means and being adjustable to a first valve position and a second 
valve position;

a spectroscopical analysis device and conduits connecting the spectroscopical 
analysis device to the valve;

the valve, in the first valve position, connecting the first end of the ion- 
exchanger column to the first pump means and the second end of the ion-exchanger 
column to a waste outlet for feeding the sample liquid through the ion-exchanger column 
In order to thereby retain and pro-concentrate the elements to be determined at the ion- 
exchanger column; and

the valve, in the second valve position, connecting the second eno of the ion- 
exchanger column to the second pump means anc the first end of the ion-exchanger 
column to the spectrosGopjcal analysis device for eluting the retained and pre­
concentrated elements to be determined from the ion-exchanger column in order to feed 
the elution liquid containing the elements to be determined to the spectroscopical analysis 
device.
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2. A device as in Claim 1 wherein:
the said valve is adapted to connect a port for a neutral rinsing liquid to a 

spectroscopical analysis device in the first valve positioned and to the waste outlet in the 
second valve position.

A device as in Claim 1 wherein:
the ion-exchanger column is conically tapered from the second end toward the

3.



Η

1 4

4. A device as in Claim 2 wherein:
the ion exchanger is conically tapered from the second end toward the first end.

5. The device as in Claim 3, wherein:
the ion-exchanger column comprises 8-quinolinol azoimmobilized porous glass

particles having a particle size in the range of 125 μΓη is 177 pm and a pore diameter of 
500 nm, the particles being densely packed in a funnel-shaped receptacle and held 
together therein by a glass wool plug placed at the second end of the funnel-shaped 
receptacle.
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6. A flow injection method of pre-concentrating elements to be determined in a 
sample liquid by means of a spectroscopical analysis device, comprising the steps of:

connecting conduits leading from first and second pump means through a valve to 

conduits leading to ion-exchanger column tapering from its second end to its first end, 
the spectroscopic® .ro.iysis device, and a waste outlet, respectively;

switching f:iie vaive to a first valve position in order to connect the first pump 
means to the first end of the ion-exchanger column and the second end of the ion- 
exchanger column to the waste outlet;

feeding the sample liquid by the first pump means through the ion-exchanger 
column for retaining and thereby pre-concentrating the elements to be determined at the 
ion-exchanger column;

switching the valve to the second valve position in order to connect the second 
pump means to the second end of the ion-exchanger column and the first end of the ion- 
exchanger column to the spectroscopicai analysis device;

feeding an eiution liquid by the second pump means through the ion-exchanger 
column for eluting the retained and pre-concentrated elements to be determined from the 
ion-exchanger column in order to pass the elution liquid containing the eluted elements to 
be determined to the spectroscopical analysis device; and

L
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during the step of feeding the elution liquid and in the second valve position, 
maintaining in operation the first pump means for feeding a buffer liquid through the 
conduit leading to the vaive and through the valve to the waste outlet.

DATED this 16th day of December, 1991. 
BODENSEEWERK PERKIN-ELMER & CO., GMBH

WATERMARK PATENT & TRADEMARK ATTORNEYS
THE ATRIUM
290 BURWOOD ROAD
HAWTHORN VICTORIA 3122
AUSTRAUA
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