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Abstract

Novel preconcetration method involving porous polytetrafluoroethylene (PTFE) filter tube impregnated bis(2-ethylhexyl) hydrogen phosphze
(HDEHP) as a sorbent was studied to establish it as a practical preconcentration method for ultra trace analysis with ICP-MS. A 1 ng portior
In(111) in 2000 ml of matrix free solution or 700 ml of synthetic seawater was quantitatively complexated with HDEHP adsorbed onto porous PTF
filter tube by passing the solution through the micro pore of the filter tube. Preconcentrated In(lll) was then quantitatively recovered provided
the elution, which consists of a cyclical filtering 0.1 ml of 8 moldihydrochloric acid through the filter tube for 1 min; therefore, up to 20000- and
7000-fold of enrichment was attained for matrix free solution and synthetic seawater, respectively. To introduce a 0.1 ml of the eluted solution
ICP-MS, flow injection method with air segmented discrete sample introduction (ASDI) was also studied by using manually operated simple val
system. By using ASDI, good linearity of calibration curve=(0.99997) was observed from 0.01 to 5.0 nghdf In(lll). Good reproducibility
was also shown in measurements of 0.1 ml of 5 ngtraf In(lll) (R.S.D. = 1.9%, =5). The average recovery and R.S.D. of the results for the five
duplicates determination of 0.1 ng of In(lll) spiked to 200 ml of synthetic seawater were 99 and 2.4%, respectively. The method was applied to
determination of In(lll) in coastal seawater sampled at north east of Hachijyo Island, Japan; using 200 ml of sample, 2000-fold preconcentratior
In(Il) was performed within 30 min for five samples. The analytical detection limit and the blank were 9.8 and 2Irpgpectively. The average
concentration was determined to be 96 g And R.S.D. of the results was 3.7%~3).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction fields; marine geochemistry is one of typical example of these
fields. Since then, concentration levels and oceanic distributions
In this couple of decades, the ability to quantitatively analyzeof many trace elements, which serve as an important key to
the trace metals has been enhanced by both advances in clegierstand the marine geochemical cycle of elements, have been
technologies of sample treatment and in analytical instrumemewly obtained, or revised from the old doubtful data. Although
tation for more sensitive elemental detection. The developmenhere are fewer elements today whose concentrations are not yet
of inductively coupled plasma mass spectrometry (ICP-MS) iknown, there are many trace metals whose distributions were
a prime example of instrumental advances. Its excellent anabtained only through study at one or a few locations, including
Iytical feature of multi element detection capablllty with hlgh Sc, T|, Zr, In, p|atinum group e|ementsy Au, Hg and Th.
sensitivity has allowed the rapid progress in many scientific |ndium is highly particle-reactive (47% association in the
Mediterranean Se§}] and thus must have a short mean oceanic
* Corresponding author. Tel.: +81 3 3269 6226; fax: +81 3 3269 6226. !’eSIde.nce time enoth to not beco.me thorothly mixed smcg It
E-mail addresses: mmura@rikkyo.ac.jp, mmura66@nifty.com is rapidly removed from seawater; it leads to tremendous spatial
(M. Murakami). and temporal variability, and hence it makes the element poten-
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tially useful as tracer of marine processes. Furthermore, indiurhydrophobicity of PTFE allows firm adsorption of the hydropho-
will be worth monitoring also as a tracer which indicates thebic liquid chelating agent, which often has long hydrocarbon
effect of human activity on environment, because its environchains, on the surface of the fiber, thus the reagent layer is made
mental load may be increased in near future by rapid increasingn the fiber by impregnating the tube with the liquid chelating
in consumption of indium in recent years in the field of elec-agent. In this system, preconcentration is performed as follows:
tronics industry which has been caused by being utilized as analyte ion is extracted into the reagent layer on the fiber when
material of liquid crystal display, light emitting diode, solar cell a sample solution is filtered through the wall of the tube, and
and lead-free solder, ef®]. However, the short ocean residencethen it is eluted by filtering an eluent through the wall of the
time also leads to very low concentration of indium in seawatertube. The attractive feature of the system is that it ensures a high
indium is known as one of the elements which have the lowestnrichment factor by eluting the extracted analyte to a small
levels of concentration in seawater among all the elements thablume of eluent; the ‘tube-shaped’ filter enables treatment of a
have ever been reported to date and there were few publicatiossnall volume (like a droplet) of eluent which cannot be treated
which report the reliable value of its concentration in seawateby conventional disk-type filter, because the filter tube does not
until recent years. Orians and Boy&] determined the con- need any holder which gives rise to significant dead volume in
centration of indium in open ocean seawater by using ICP-M&ontrast with the disk-type filter.
followed by the 3000-fold enrichment by the preconcentration To validate our approach, we have preliminarily studied the
with lab-made TSK-8HQ chelating ion exchange resin and thg@reconcentration of In(lll) with a bis(2-ethylhexyl) hydrogen
subsequent evaporative concentration. Amakawa ¢tJaber-  phosphate (HDEHP) impregnated PTFE filter tube as a sorbent
formed 300-fold enrichment of the indium in 1000 ml of seawa-by subsequent AAS detecti¢h5]; in this work, we found that
ter of North Pacific Ocean by the liquid—liquid extraction which 1 g of In(lll) in 21000 ml of synthetic seawater was quantita-
uses HDEHP/2-ethylhexyl dihydrogen phosphateMIEHP) tively extracted to the filter tube, and then was also quantitatively
and the subsequent evaporative concentration, and then detetuted into 0.3 ml of 4 moH?* hydrochloric acid; thus 3300-fold
mined by using isotope dilution ICP-MS (ID-ICPMS). or more enrichment was attained by the one step preconcentra-
Accurate determination of some ultra trace elements (<pptlion alone, without the evaporative concentration. We have also
such asindium and rare earth elements (REESs) still difficult evestudied that the applicability of the present system to preconcen-
now because both the major ions in sea water cause the specttation of REEs in seawater; it was observed that ppt levels of
and non-spectral interference under ICP-MS measurement afREES in natural sea salt solution were quantitatively preconcen-
the concentration of analyte is often lower than their limit oftrated by the present system with maximum preconcentration
detection on ICP-MS. Hence, as shown in the above reports, tHfactor of 200- and 20-fold for Nd—Lu and La—Sm, respectively,
determination of such elements requires the sample pretreatmearid were determined by ICP-M$6].
to which separate the analyte from matrix and to enrich themto Whereas there are few recent reports for improved method
several hundred-fold or above. Various conventional techniquesyhich is applicable to determination of indium in open ocean
e.g., liquid—liquid extractiorj4—6], coprecipitation[7—9] and  seawater, the result of the previous study suggests that our system
liquid—solid (sorbent) extraction with bat¢h0,11]or column  has potential to apply to the purpose provided that it is properly
[3,12-14]technique using ion exchange or chelating resin, havditted with ICP-MS detection. However, several additional stud-
been used for the present purpose. These conventional methodss and new tactics to introduce the small volume of eluent to
however, are not always fit to highly sensitive ICP-MS sincelCP-MS without any loss are still required to fully execute the
they were established as a preconcentration and matrix sepaystem as the preconcentration method for ICP-MS determina-
tion method for less sensitive AAS and ICP-AES. They involvetion of indium in real seawater sample, since the concentration
many time- and labor-consuming processes which need bothf indium in natural seawater is probably lower than that tested
proficient operation and large amount of chemicals; furthermordn the previous study by a factor of 1000 or more.
they often need the additional evaporative concentration because Hence, in this paper, we have tried to optimize the system to
they alone are difficult to achieve the high enough enrichmengstablish the present technique as the preconcentration method
factor (as over 100-fold). It is difficult for such processes tofollowed by ICP-MS measurement. First, following extraction
prevent the contamination which affects the detection of ppt oconditions were investigated by using a matrix free solution or a
less, which is available on ICP-MS, because they involve varsynthetic seawater containing 1 ng of In(lll): pH for extraction,
ious probable sources of the contamination which cannot beample volume and sample flow rate. As the conditions for elut-
disregarded now although they had been negligible when thimg the extracted In(lll), acidity of the eluent and eluting time
concentration of analyte is ppb or so. Thus, the new, clean, andere also studied in order to minimize a volume of the eluent
simple preconcentration method which can fit today’s, and alsoeeded. Next, to efficiently introduce a droplet of the eluent to
future’s, ultra trace analysis should be established. ICP-MS, we have studied the discrete sample introduction tech-
In an effort to develop the novel method more suitable fornique, which called as segmented flow injection ($ET) or air
ultra trace analysis, we have proposed the novel sorbent extrasegmented discrete introduction (ASIP1B]. The ASDI is the
tion system involving a porous polytetrafluoroethylene (PTFE)echnique which prevents the dilution of a sample caused by the
filter tube (pore size jum) which is impregnated with liquid diffusion to the carrier of the sample, by putting small air gaps
chelating agent, as a solid sorbéhb]. The PTFE filter tube into the both ends of the sample solution plug to segment the car-
has the porous tube wall which is formed of PTFE fiber. Strongier solution and the sample. The ASDI effectively improves the
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sensitivity and the detection limit, especially when a small vol-
ume of the sample is measured; Stefanova 18] reported that

the detection limit has been improved about three times than that
obtained on conventional flow injection method, when 0.5 ml of
the sample was injected. In spite of such an advantage, however,
there are few repor{4 9] concerning to the practical application

of this technique to ultra traces analysis; the one of the proba-
ble reasons is that it requires the complicated sampling system
in order to insert an air segment between a sample plug and a
carrier flow, at suitable timing. Hence, in this work, we have
proposed the simple method which enables to manually imple-
ment the same sampling sequence which has been performed

(@) (b)

from pump to pump

| t

on the automated ASDI, by manually aspira_lting up the samplejg 1. schematic diagram of the preconcentration set up (a) and the circulating
into the simple lab-made valve system which has the sampléution apparatus (b) (from ReffL4]); 1, PTFE filter tube; 2, peristaltic pump;

loop with a bigger volume than the volume of the sample to bed, sample solution; 4, PTFE filter tube; 5, heat-shrinkable plastic tube for end

introduced.

cap; 6, PTFE tubing to pump and 7, eluting acid.

The preconcentration of indium from coastal seawater with
HDEHP impregnated PTFE filter tube followed by measurementeagent solution into the micro pore of the tube. Then the tube

on ICP-MS with the manual ASDI flow injection system was

was dried by air at room temperature. The sorption capacity of

also studied, to confirm the practical applicability of the presenthe 25 mm tube for In(lll) has been determined to be B§0

method.
2. Experimental
2.1. Materials and reagents
Porous PTFE filter tube (pore sizewin) was obtained
from UNIVERSAL Co., Ltd. (Toshima-ku, Tokyo, Japan).

Bis(2-ethylhexyl) hydrogen phosphate was purchased fro
Tokyo Kasei Co., Ltd. (Kita-ku, Tokyo, Japan). Both nitric and

(5.5x 10-%mol) in the previous workl15].

2.2.2. Preconcentration

The preconcentration system consisted of a MasterFlex
model 7524-10 peristaltic pump equipped model 751960 multi-
channel pump head with a Tygon pump tube connected to the
HDEHP adsorbed PTFE filter tube, with PTFE tubiRgy( 1(a)).
Then 100-1000 ml of solution containing 0.1-10 ng of In(lll),

"Which had been acidified to pH 3 with nitric acid, was seeped

through the filter tube at a flow rate of 10-20 ml min Up to

hydrochloric acid were EL (high purity chemicals for the elec—ﬁve samples were simultaneously processed.
tronics industry) grade, and were purchased from Kanto Chem-

ical Co., Inc. (Chuo-ku, Tokyo, Japan). All chemicals were used

as received. The ultra pure water was prepared with Millipor

model Milli-Q water purification system. Synthetic seawater was

prepared as described by Riley and Skirr¢2@, by desorbing
the following reagents into 1000 ml of ultra pure water; NaC
23.487 g; MgC} 4.981 g; NaSO, 3.917 g; CaCl 1102 g; KCI
0.664 g; NaHC@0.192 g; KBr 0.096 g; BBO3 0.026 g; SrCGi
0.024 g and NaF 0.003 g.

e2.2.3. Elution

The preconcentrated In(lll) was then eluted by 0.1 ml of
8mol =1 hydrochloric acid which was added Rh(lll) to be a

jconcentration of 1 ng mit as an internal standard, at flow rates

of 1 mImin~1. To obtain a quantitative elution recovery by using
0.1 ml of 8mol ! hydrochloric acid, the acid was added to
a conical-bottom vial, and was circulated to the filter tube as

Coastal Seawater sample was collected during the regul&#9- 1b), for a period of 1-3 min.
service on Tokyo—Hachijyo island line of passenger steamer
of Tokai Kisen Co., Ltd., at about 20 km north east offshore2.2.4. Measurements
of Hachijyo Island, Japan. The sample was filtered through The concentration of In(lll) inthe eluent was determined with
0.45pm Nucleopore membrane filter and acidified to about pHICP-MS on Fisons model PQ equipped Meinhard concen-

3 with concentration HNg) then was stored in acid-leached
polyethylene terephthalate bottle.

2.2. Procedures
2.2.1. Impregnation of HDEHP into porous PTFE filter

tube
A porous PTFE filter tube (25mm 1 mm i.d., 2mm o.d.)

tric nebulizer and a Scott-type double pass spray chamber. The
sample was manually introduced by air segmented introduction
technique using a house-made FIA system including Rheodyne
type 50 six-ports rotary valve equipped 0.2 ml of sample loop, a
disposable plastic syringe and Gilson Minipuls peristaltic pump.
The recovered eluent or 0.1 ml of In(lll) standard solution
was drawn up through the valve with a disposable plastic syringe
until awhole of the sample or the standard solution went into the

was sealed at its one end with heat-shrinkable plastic tubesample loop, which was initially filled by air; the sample plug
Added the tube and 25 ml of 35% HDEHP in hexane solutionwas put between small air segments, as shoviaign2, because
into a 50 ml conical flask, and applied ultrasonic wave to thethe volume of the sample (about 0.1 ml) is insufficient to fill the
flask for 5 min on an ultrasonic cleaner, to well impregnate theotal volume of the sample loop and dead space of the valve.
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3. Results and discussion
Fig. 2. Sample loading by manual ASDI.

3.1. Extraction

Then, by turning the valve to the inject position, the sample
plug and the air gaps transfer into ICP-MS, with 1% nitric acid3-/-/- PH
solution as a carrier, at a flow rate about 0.3 mindinin this The effect of pH of the sample solution on sorption of 1 ng of
process, as the dispersion of the sample into the carrier solutidR(!) was studied for 100 ml of both matrix free samples and
is suppressed because both of the air gaps divide the sample plfligh salinity samples consist of synthetic sea water; the results
from the carrier, the broadening and lowering of the peak could@'® shown irFig. 3. For matrix free sample, In(lll) was quanti-
be eliminated. The operational conditions of ICP-MS and meal@tively extracted from less than pH 1.0 through Fig(3a)).
suring sequence are summarized@able 1 After injecting the In the case of the highly saline sample, quantitative extraptpn
sample, turning the valve to the load position and the samplin§/@s not observed under pH 2.3; the range of the quantitative
line and the sample loop were washed with 1 ml of 1% nitricéxtraction was shifted to pH 2.3-3.bi¢. 3b)). On the stand-
acid solution by completely drawing up the solution with the Point of reducing a contamination, it is noted that the use of
syringe, then next sample was loaded. buffer solution is avoidable since such a range of the pH value

Data were acquired using the time resolved mode. All peak§an bg gdjusted with clean nitric agid or hydrochloric acid; it is
were evaluated through integration of the area beneath the pedieneficial for the ultra trace analysis. .
A calibration curve was prepared by directly measuring the Hence, pH 2.5-3.0 was estimated as an optimum because
In(Ill) standard solutions which were made by adding variougdn(lll) can be quantitatively extracted regardless of the salinity
known amount of In(I11) to the hydrochloric acid solution which ©f the sample.
was prepared to same acidity as that used as eluent; a constant
3.1.2. Flow rate

The effect of sampling flow rate on the extraction recovery
of 1 ng of In(lll) in 200 ml synthetic seawater was studied over

— the range of 5-30 mImin'. The results shown ifiable 2 the
P'iiﬁ;g”‘g&‘;ﬂs(w) 1350 quantitative recovery was obtained up to 25 mlmint is note-
Reﬂectefpower w) < worthy that sampling flow rate of over 20 ml mihis applicable

to the filter tube system; such a high flow rate is not allowed to
conventional column system because of its high backpressure.

Table 1
Operating conditions of ICP-MS and sampling sequence

Gas flow rate

Coolant (Imirr1) 14.0
Augxiliary (Imin—1) 1.2
Nebulizer (I mirr1) 1.0 Table 2
Sample uptake rate (mlmin) 0.3 Effect of flow rate on extraction of 10 ng of In(lll) from 100 ml solution
Data acquisition Flow rate (mlmirrt) Recovery (%)
Time resolved mode mas&/(Z) 115 for In, 103 for Rh
) . 5 100
Measurement mode Peak jumping
Dwell time (us) 200 10 101
15 98.0
Measuring sequence 20 99.8
Sample uptake (s) 50 25 98.0

Rinse (with 5% HNQ) (s) 120 30 95.2
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Fig. 4. Effect of sample volume on extraction of 1 ng of In(lll) for (a) matrix

free solution &) and (b) synthetic seawater sampi@)( Fig. 5. Effect of eluent volume on elution of In(l1l) with (a) 4 mofi (O) and

(b) 8mol "1 (a) of hydrochloric acid.

However, when the flow rate was increased to over
20 mimint, leaking of the sample solution was occasionally hydrochloric acid, sufficient recovery was observed at 0.2 ml or
observed at a connection of the Tygon pump tube and the Teflambove although it was still not observed at 0.1 Fig( 5(b)).
tube. Therefore, 10-15 ml mih was used as an optimum in our

later studies. 3.2.2. Circulating elution
In our previous worl15], we found that the elution recov-
3.1.3. Sample volume ery increases with “circulating elution”, by which the eluting

The effect of the sample volume on the extraction recovery oficid had passed through the filter tube is returned back to the
1 ng of In(l1l) was studied for samples of matrix free solution or tube again and again. Such a decrease in the volume of the elu-
synthetic seawater. For the matrix free solutibig( 4(a)), the  ent is desirable because it directly leads to the increase in the
extraction of In(11l) was almost quantitative through 2000 ml. Onfactor of preconcentration. Thus, 8 motlof hydrochloric acid
the other hand, when the synthetic seawaféy.(4(b)), quan-  was selected as an optimum for the elution of preconcentrated
titative extraction was observed up to 750 ml and the recovenin(lil). Hence, to reduce the volume of the eluting acid as much
was steeply decreased with more increasing the sample volumas possible, the influence of circulating a 0.1 ml of 8 mél|
Therefore, the sample volume of up to 700 ml was appropriatéydrochloric acid through the filter tube on the elution recovery

in considering safety. of In(lll) was studied.Table 3shows the results. As mentioned
above, the quantitative recovery was not obtained when a 0.1 ml

3.2. Elution of 8 mol I~ hydrochloric acid was only once filtered through the
filter tube (it was designated as one time of cycl&aile 3. On

3.2.1. Acidity and volume of eluting acid the other hand, the quantitative elution recovery was established

It is known that HDEHP works as a very strong chelatingby two to four times of the circulation.
agent for In(lll), REEs and Y(ll), and the elution or back extrac-  Thus, two to four times of the circulating was taken as an opti-
tion of these elements with various mineral acids is very difficultmum; it required the period of 1-3 min on our system. Hence,
[5]. In our previous study15], it was observed that the elut- to elute the preconcentrated In(lll), a 0.1 ml of 8 mottl
ing process, which consisted of cyclical filtering a 0.1 ml of hydrochloric acid was circulated for 1-3min at a flow rate of
4molI~1 hydrochloric acid through the filter tube for 1 min, 1 mimin~1, in our later studies.
must be repeated three times to obtain the quantitative recovery
of 2.5ug of In(lll). To achieve the higher enrichment of ana- 3.3. Measurements
lyte, the volume of final eluent has to be decreased as much as
possible. Thus, elution of preconcentrated In(lll) was studied®.3.1. Sample introduction
by using 0.1-1.0 ml of 4 or 8 mot of hydrochloric acid, at a As mentioned above, the present system has allowed quan-
constant flow rate of 1 ml min'. titatively transferring 1 ng of In(lll) in 700 ml of highly saline
Fig. 5shows the results obtained when the eluting acid wasample to 0.1 ml of eluent; it means that sensitivity of the ICP-
only once filtered through the filter tube sorbent loaded 1 ng
of In(lll). When the 4 molt? of hydrochloric acid was used,
the recovery of In(lll) was increased with increase in the acid;?leftif eycle of elution on recovery of In(l)
volume, and was reached 98—-100% at 0.8 ml or abieige §(a)).

Although the quantitative recovery of In(lll) can be obtained Cycles (time) Recovery (%)
with 4 mol I-1 of hydrochloric acid by the single elution, it needs 1 93.3
large amount of the eluting acid. 2 103

On the other hand, It found that increasing the acidity con3 103
siderably decreases the volume of the eluting acid required t 1857

establish the quantitative recovery of In(lll); using 8 mdl bf
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MS measurement is enhanced by a factor of 7000 if the resulting?: /- Calibration curves made from (a) whole peak arég &nd (b) main
. . o eak areak).

eluent can be directly measured without any further dilution.

To measure such a small volume of sample by means of ICP-
MS, flow injection (FI) method is used as a sample introductiorpeak areakig. 7(b) shows the calibration curve that is based on
technique. In normal FI system, however, the diffusion of thethe area beneath only the main peak. It is noted that both good
sample solution into the carrier solution occurs in the course dlinearity (the correlation coefficient=0.99997) is kept from
transportation, and it causes considerable lowering of resulting.01 to 5.0 ng mi'. Such a depress of the linearity of the curve
signal peak, especially when the volume of the sample is les&) is probably due to the low signal to noise ratio of the residual
than 0.5ml[18]. Hence, to avoid such dispersion and to suc-peak. Hence, the residual peak was ignored and the intensity was
cessfully measure the 0.1 ml of resulting eluent, we have appliedapitulated from the area of main peak, to quantify the signal
the technique that is called air segmented discrete introductioobtained by ASDI.
which prevents the dispersion by segmenting the sample plug The intensity measured and quantified under the above con-
and carrier solution by inserting small air gap between them. dition showed good reproducibility: a 1.9% of relative standard

Fig. 6 shows the transient signals for 0.1 ml of In 5ngl  deviation (R.S.D.) was observed at five duplicates measurements
solution obtained on the manual-AS[Bi¢. 6a@)) and onthe nor-  of 0.1 ml of 5 ng mt-2 of In(l11) solution, provided that the inter-
mal Fl equipped 0.1 ml sample loopi¢. 6(b)). Compared with  nal standard was used.
the normal FIFig. 6(b)), higher and narrower peak was observed
by manual ASDI Fig. 6(@)): the height of the signal obtained on
ASDI was higher than that obtained by normal Fl by a factor o

about2, and the baseline peak width was approximately halfth?toncentration of trace In(lll) from seawater, the extraction and

on normal Fl. It means that the fraction of noise in the region o lution of 0.1 ng of In(lI1) from 200 ml of synthetic seawater was

ghbet;'r?gglovxh'&?ﬁ 'usslid g?ﬁ:ﬂiﬁiﬂ?‘rgﬁnfﬂsﬁ]m thAe Spgl"%udied. In this study, the preconcentrated In(lll) was recovered
' IS Iow alrl. Ths, with 0.1 ml of eluting acid; therefore, the enrichment factor is

is advantageous especially when the concentration of analyte Uhout 2000-fold

the sample is near to its limit of detection. Table 4shows the results of five independent measurements
of 0.1 ng of In(lll) in 200 ml of synthetic seawater. The quan-
3.3.2. Integration range of the peak for quantification tification was carried out with the working curve which were
In the case of the ASDI, small and broad residual peak wag epared by directly measuring of the In(lll) standard solu-
shown following the main peakF(g. 6(a)); it is caused by the  ions without the preconcentration. Quantitative recoverie was

residual sample solution which is carried along with carrier soluypiained from the highly saline sample with good reproducibil-
tion. Since it is also originated by part of the analyte in the;;

) > 6{5 even though 2000-fold enrichment was carried out. The
sample, the intensity should be calculated by the area benegifijts indicate that the sorption and elution of In(lll) s little

both peaks. Hence, effect of the integration range on quantifigfte cted by the coexisting of salt matrices, and suggests that the

cation has been studied in both cases of which the intensity Qfresent method is applicable to real natural water samples such
signal was calculated from the area beneath only the main peal soawater.

and from the area beneath both the main and residual peak.
Fig. 7(a) shows the calibration curve which is made from the
areas beneath main and residual peak. As showFign7(a),  Table4 _
linearity of the curve becomes considerably spoiled at low con °t! recovery from synthetic seawater sampis b)
centration range about less than 1 nghk.g., 0.05ng mit of  Added (pgt?) 500
In(lll) gave higher intensity than that for 0.1 ngTdl Found (pgt) 495
On the other hand, it was found that the linearity was muctﬁesccge&)(%) 929'2
improved when the intensity was evaluated from only the main_—— '

f3.3.3. Recovery for spiked synthetic seawater sample
To verify the applicability of the present method to the pre-
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Table 5 a very small volume of eluent, and hence it yields the high
Analytical results of three independent measurements of In(lll) for Japanesgnrichment factor as over 7000-fold in considerably less time
coastal sea water and sample consumption than the conventional column system

Found (pgt*) or the liquid—liquid extraction technique, without any further
; gg evaporation. The ability of the system was fully brought out by
3 o5 fitting the system to ICP-MS by using the manual ASDI tech-
L nigue as the sample introduction method.
'\R"Zag(‘()gg ) 963 . The fact that the reagent is used as an excellent extractant for
.U, 0 . .
Blank (pg * the rare earth elements (REEs) suggests that this system should
pgl) 21 29
D.LA(pgl Y 9.8 also be usable for REEs; the application of the method to the

2 Calculated form 8 of the blank preconcentration of REEs in seawater is now in progress.
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