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A mini-scale solid-phase collection and concentration method for
the multielement determination of ultra-trace rare earth elements
(REES) in natura water samples was developed by using a newly
designed amdl-scade filtration gpparatus. A small-sze chelating resn
disk (iminodiacetate type: IDA; 10 um pore size; 5 mm diameter; 0.5
mm thickness) was used for high-enrichment preconcentration of
REEsand for dimination of dkdi and dkdine earth metdsin sample
solutions. At pH 5.5, REEsin atificid river waters were quantitative-
ly collected on the chelating resin disk, and most of akali and dkdine
earth metals were removed. The REES on the chdating resin disk
were completely recovered by ultrasonication of the disk with 1 cm?® or
less of 0.1 mol dn2 nitric acid. A small amount (25 uL) of the con-
centrated sample solution was autometicaly injected and meesured by
inductively coupled plasma — mass spectrometry (ICP-MS) coupled
with an air flow injection (AFl) sysem.

The determination of ultra-trace REEs a ppt (102 g mL™) or
sub-ppt levels has become increasingly important in the field of earth
science, biology, environment, and so on.2 The abundance of the
REEsin naturd watersis often lower than LOD (limit of detection) of
ICP-MS, which is said to be the most sengitive among the andytica
instruments now available. In ICP-MS, non-spectra interference
from coexisting major components is aso not negligible. Therefore,
the development of argpid and reliable method for sdlective separation
and concentration of target dements from matricesis urgently needed.

In generd, a preconcentration step prior to |CP-M S measurement
isindigpensable, and various preconcentration methods, such as copre-
cipitation,® solvent extraction,* and ion-exchange with cation-exchang-
ers and chdaing resins®1° have been used for enrichment of REEs.
Among these techniques, the methods with chelating resins have been
most widely employed for preconcentration and matrix dimination in
highly saline water analysis. However, a batch-wise method® with
chelating resins such as Chdex-100 has some disadvantages as fol-
lows: (1) long time (2 h) to reach the adsorption equilibria between
IDA and target metals, (2) large sample volume (at least 500 cmd) for
50-fold preconcentration, and (3) relatively high concentration of nitric
acid (2 mol dn3) for metal recovery. Column trestment method with
chelating resin®1° also has some disadvantages as follows: (1) the
processis rddivey time-consuming (more than 3 h) and very trouble-
some, (2) after the eution of target eements, an additiona re-concen-
tration step is necessary for the enrichment. In practice, severd de-
ments such as Al, Fe, Zn and Pb are prone to be contaminated from
ambient air and vessdsduring evaporation sep.

In this work, the authors report a mini-scale solid-phase collection
and concentration system for ultrartrace dements in agueous samples.
The main purposes of this sysem are: (1) to downsize dl experimenta
conditions, such as samples, reegents, materids, vessds and wadtes, (2)
to attain high enrichment effect, (3) to redize argoid and smple opera
tion (lessthan 1 h), and (4) to protect samplesfrom contamination.

A filtration/concentration gpparatus used in the present work is
shown in Figure 1. The proposed system was newly designed by
improving the prototype filtratior/concentration gpparatus developed by
Motomizu et a1 for ultratrace determination of phosphate ion in pure
water samples. In the newly designed system, glassware ws entirely
avoided, and an effectivefiltering diameter was decreased from 2 mmto
1 mm. Furthermore, alower filtering supporter (Figure 1) was changed
from a smple pinhale type to a pinhole with a severd radid grooves,
which accderates the flowing of filtrate through a filtering materid to
enhancethe efficiency of filtration. AsisshowninFgure1, thefiltering
system conggts of three main parts; afilter housing (poly(chloratrifluo-
roethylene): PCTFE), an upper filtering supporter (poly(tetrafl uoroethyl-
ene): PTFE), and alower filtering supporter (PCTFE). The lower filter-
ing supporter, which holds filter materids together with the upper filter-
ing supporter, is tightened with the screw-cgpped filter housing. The
high-rate concentration (10-100 fold) can be esslly atained by varying
sample volumes from 10 to 50 cm? and eluent volumes from 05 to 1
cm®of 0.1 mol dn nitric acid.
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Figure 1. Mini-scale filtration/ concentration apparatus.
(a) plastic syringe; (b) three-way cock valve; (c) filter
housing; (d) upper filtering supporter; (e) filter material;
() lower filtering supporter.

An IDA-type chdaing resin disk (5 mm ¢) used in this sudy was
prepared by cutting 3V Empore™ Chdating Resin Disk (47 mm ¢).
This chdating resn condggts of 90 wt% of IDA- polystyrenedivinylben-
zene (PS-DVB) copolymer and 10 wt% of PTFE fiber. Recently, some
papers?4 were published, and reported the determination of sever-
a heavy metals in water samples by ICP-AES coupled with the
preconcentration using 3M Empore™ Chelating Resin Disk.
Their experimental conditions, however, were a large-scale sys-
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tem: sample volumes were 2 dmd for 200-fold concentration: that
is, acritica disadvantage of these methods isthat the required sam-
ple volumes (1-2 dm?) are too large to analyze when a sample vol-
ume is limited. In this study, an AFI/ ICP-MS system®10 for
microsampling was employed in order to reduce sample volumes
used for ICP-MS measurement. Measurements were carried out
using Seiko 8000H |CP-M S equipped with a TR-30-C2 concentric
nebulizer (J. E. Meinhard Co.). A microsampling system used
consisted of an autosampler (Seiko, AT-600) and a software (MS
ver 1.8) for data acquisition and controlling ICP-MS measure-
ment. Anaytical multielemental REEs standard solutions were
prepared from single element standard solutions (1000 ug mL™)
for atomic absorption spectrometry (Wako Pure Chemicals). All
the other reagents used were of guaranteed reagent grade.

To evauate the usefulness of the proposed filtration/concentra:
tion apparatus, we gpplied the proposed system with the mini-scaefil-
tering gpparatus to the determination of REES in river water samples
by AFI/ ICP-MS. In the pre-experiments using an artificial river
water sample,®10 the recovery of REES from the solution containing
large amournts of akai and akaline earth metals (Na; 20 ug mL, K;
10pugmL, Mg; 15 ug mL~t and Ca; 50 ug mL—1) as matrix ionswas
examined. Tenmillilitersof an artificid river water sample (eech REE
content was 1 ng mL~2, and 0.1 mol dnr3 HNO; was contained) was
adjusted to pH 5.5 by adding 1 cm?® of 1 mol dn3 anmoniawater and
1 cm? of 4 mol dnT3 ammonium acetate buffer solution (pH 6.25).
After the sample solution was passed through the chdating resin disk
equipped to the mini-scae filtering gpparatus, the disk was washed by
filtering 5 cm? of ultrapure water. Then, the chdlating resin disk was
trandferred into asmall plastic capped vid, and to it 1 cm® of 0.1 mol
dm3 nitric acid was added. Thevia was kept in water under ultrason-
ication for 20 min. Eight sets of filtering gpparatus were Smultaneous-
ly used to investigate reproducibility of the procedure. The results are
shownin Table 1. Recovery for fifteen dementswas admos 100% and
their RSDs (relaive standard deviations) ranged from 2.1% (Dy) to
4.4% (Er). Onthe contrary, the recovered amounts of four matrix ions
were less than 1%; thet is, mogt of alkali and akaine earth metd ions
could be removed from the find sample solution. In the case of 100-
fold preconcentration, 50 ml of an atificia river water sample (each
REE content was 1 pg mL~1) was passed through the chdating resin
disk like the same manner as above procedure, and the REES were
recovered with 0.5 cm?® of 0.1 mal dnt nitric adid. As is shown in

Table 1. Recovery of REEs from an artificial river water

samples by preconcentration using chelating resin disk and
mini-scale filtering apparatuses

Recovery

Sample 12 Sample 2P

m/z Element

Avr. SD RSD/% Avr. SD RSD/%

89 Y 101.0 40 39 98.5 46 47
139 La 968 30 31 976 62 64
140 Ce 975 27 28 99.0 49 5.0
141 Pr 972 38 39 982 74 75
146 Nd 971 35 36 97.9 95 97
147 Sm 1002 32 32 96.4 80 83
151 Eu 985 31 31 992 45 45
157 Gd 977 30 31 963 7.7 80
159 Tb 980 26 26 1020 68 67
163 Dy 975 20 21 955 70 73
165 Ho 972 27 27 97.5 59 6.1
167 Er 986 44 44 949 81 85
169 Tm 975 24 24 99.7 48 4.8
172 Yb 979 28 28 98.1 6.6 6.7
175 Lu 994 27 28 973 58 6.0

aguch REE content is 1 ng mL-, and 10-fold preconcentration (n=8).
bEach REE content is 1 pg mL-, and 100-fold preconcentration (n=7).
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Table 2. Analytical results of ultra-trace REES in natural water
sample by the present metod and column method

Element This study? Column/IDAY
pgmll pg ml!
Y 020 + 0.02 015 4+ 001
La 10 £ 015 10 £ 01
Ce 45 & 02 48 02
Pr 055 + 004 070 + 005
Nd 20  + 0.15 24+ 02
Sm 023 + 002 026 + 002
Eu 005 + 001 006 + 001
Gd 048 + 006 043 £ 005
Tb 007 + 001 006 = 001
Dy 023 + 0.02 023 + 003
Ho 007 + 001 005 + 001
Er 016 + 002 017 + 002
Tm 003 + 001 002 + 001
Yb 012 + 003 010 + 002
Lu 003 + 001 003 + 001

2100-fold preconcentration (n=7).
bCited from Ref. 10, 50-fold preconeentration (n=3).

Table 1, the recovery for dl REEs was dmost 100%, and their RSD s
obtained from seven gpparatuses were within 10%.

Shiogama water, the source of Asahi River in Okayama
Prefecture, was treated with the proposed chelaing resin disk, and the
REEs were concentrated by 100-fold according to the proposed proce-
dures. The sample solution containing concentrated REES was mess-
ured by the AHI/ICP-MS, and the data obtained by the chelating col-
umn method’® were also summarized in Table 2. The analytical
results obtained by both methods were agreed dosdy with each other.

From these reaults, it can be seen that the new filtration/concen-
tration apparausisavery useful tool for collecting ultra-trace eements
because of its smplicity, rapidity, repeatability, and compactness. The
proposed solid-phase collection/concentration system coupled with
IDA-chdating resin disk can be applicable to the preconcentration of
trace dementsin naturd waters such asriver water, |ake water, miner-
a water, and so on. Now our research for highly saline solution such
as seawater iSgoing on progress.
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