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ABSTRACT. The measurement of trace amounts of uranium(VI) and thorium(IV) in the solutions
containing high concentration of dissolved salts was carried out. The procedure using reversed phase
liquid chromatography with trace enrichment techniques has been developed to cope with the high salt
content of the samples. 2m/ of sample were passed through a small C,3 reversed phase enrichment
column with a-HIBA eluent (0.11 M, pH 5.5) where the uranium and thorium were separated from other
constituents and concentrated. The uranium and thorium were then backflushed from the column onto
a deactivated C,s reversed phase analytical column where furthe separation was achieved with a mixed
eluent (pH 3.0, 0.17 M a-HIBA/0.0038 M 1-pentanesulfonate). The separated species were determined
spectrophotometriacally by postcolumn reaction with Arsenazo III, the chromogenic reagent. Detection
limits were found within 1 ppb range for both species.
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Fig. 1. Schematic diagram of HPLC system. A: Waste
tank, B: Sample loop, C: Pump for Arsenazo III, D:
Guard column, E: Pump for enrichment eluent, F:
Auto-sampler, G: Pump for Analytical eluent, H: Enli-
chment column, I: Analytical column, J: Postcolumn
reactor, K: UV/Vis spectrophotometer, L: Washing
solution (60% methanol/H;0), M: Washing solution
(H:0), N: Analytical eluent, O: Enrichment eluen, P:
Auto-swiching valve station.
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Table 1. Effects of pH, a-HIBA and 1-pentanesulfonic
acid on the retention of U(VI) and Th(IV) in reversed
phase column

a-HIBA 1-pentanesulfonic Retention time

pH &N acid (M) AR, (min)
Th(IV) U(VD
4 0.06 - 80 >20
4 0.11 - 56 >20
4 0.23 - 116 34 15
4 0.34 - 78 26 104
4 0.46 - 53 21 74
3 0.11 - 44 31 75
4 0.11 - 56 >20
4 0.11 - >20 >20
4 0.11 0.005 9.4 38 13.2
4 0.17 0.005 82 29 111
4 0.23 0.005 74 2.5 9.9
4 0.34 0.005 53 2.1 74
3 0.17 0.005 18 1.7 35
35 017 0.005 44 21 6.5
4 0.17 0.005 82 29 111
3 0.17 0.0013 28 20 48
3 0.17 0.0025 23 19 4.2
3 0.17 0.004 20 18 38
3 0.17 0.005 18 1.7 35

AR;: difference between U(VI) and Th(IV) in retention
time.
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Fig. 2. Typical chromatograms under the specific ex-
perimental conditions as follows: Sample volumn inje-
cted: 0.1 mJ, Sample concentration: Th(IV) and U(VI)-
0.25 ppm each, Other conditions: see in Table 3. (A)
Chromatogram of Th(IV) and U(VI) obtained using
a analytical colulmn only, (B) Chromatogram of Th(IV)
and U(VI) obtained using a analytical and a enrich-
ment column.
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Table 2. Experimental conditions for the enrichment
and separation step

Step Reagents Flow rate Column
Enrichment 0.11M a-HIBA 10 mi/min Brownlee,
pH55 3cm
0D-032
Separation 0.17M o-HIBA/ 1.0mi/min Supelco,
1-pentanesulfonic 5cm
acid(0.0038 M) LC18DB
pH 3.0
Detection  7.5X10°5M 1.0 m//min
Arsenazo III

with 0.1M HNO;
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Fig. 3. Chromatograms of Th(IV) and U(VI), Sample
concentration: Th(IV)-135 ppb, U(VI)-79 ppb, Sample
volumn injected: 2ml/, Analytical conditions: see in
Table 2.
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Fig. 4. Chromatograms of Th(IV) and U(VI), Sample
concentration: Th(IV)-3.5 ppb, U(VI)-4.0 ppb, Sample
volumn injected: 2 m/, Analytical conditions: see in
Table 2.
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Table 3. Chemical composition of artificial ground wa-
ter and recovery of uranium and thorium

Sample 1 Sample 2
Ions
Real Real
concentration (1) Found concentration (2) Found
Na* 202 404
K* 2 4
Mg?* 8 16
Ca?* 600 1200
Sr2* 0.8 16
SiO#Z~ 0.8 16
HCO;~ 0.4 0.8
Cl- 1372 2744
S04 316 63.2
NO;~ 2 4
UQ2te 314 28.1 61.8 4575
Thite 55.8 54.5 1121 108.2

sppb, (1) 1:25 dilution of SCSSS, (2) 1:125 dilution
of SCSSS.
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