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DETERMINATION OF URANIUM IN NATURAL
WATERS BY LASER-EXCITED FLUORESCENCE
FOR URANIWM EXPLORATION

Meral Eral and Selman R.Kinaci

Ege University, Institute of Nuclear Sciences,
35100 Bornova - lzmir, Turkey

ABSTRACT

The uranium concentrations of the natural water
samples collected from Northern Aegean Region, were
measured by laser-excited fluorescence technique for
hydrogeochemical prospecting. The reconnaissance survey
measurements were made using external standards and
detailed analysis realised with internal standard
method to correct the quenching. Uranium concentrations
for waters of all types range from below the detection
limit of 0.05 ppb to 309.09 ppb and have a mean of
16.07 ppb. The precision of the method as shown by
standard deviation is satisfactory. The laser-induced

fluorescence method was applied easily and successfully
855
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in the uranium prospecting program and the data might

indicate a uranium deposite in Saricaoglu Region,

INTRODUCT ION

The determination of wuranium concentrations in
geological samples is very important in the exploration
of the natural resources of this element. Among these
geological samples, natural waters have a special
importance indicating the uranium enrichments not only
at the surface but also at the depth. Because, an
enrichment of uranium in the soil and rocks should show
up as an increase in the uranium concentration of its

groundwaterl'z.

Water samples may be analysed for uranium by any
of the following methods: extraction or direct fluori-
metry, neutron activation and fission tracts. In the
past, fluorimetry has been the most widely used method.
Laser-induced flurescence is similar to that based on
conventional fluorescence but differs mostly in the
way the fluorescence is produced. These differences
provide some real advantages in the ease and simplicity

of direct measurement of uranium4’5.

In this work, the samples collected from Northern
Aegean Region were analysed using a Scintrex UA-3 laser

fluorimetric uranium analyser-an instrument designed
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for direct analysis of uranium in water and which can

be conveniently used in the field-.

EXPER IMENTAL

Investigation Area

The uranium concentrations of natural water samples
collected from Northern Aegean Region where detailed
radiometric investigations have been carried on by the
Institute of Nuclear Sciences, were measured for
hydrogeochemical prospecting. Geochemical surveys were
divided 1into two main groups; reconnaissance and
detailed. The reconnaissance surveys were applied to
the large area, Kozak Granodioritic Massive and its

environments, as shown in Fig. 1.

The geological wunits in the area are; massive
limestones, fine grained clastics which are metamorp-
hosed, granodiorite, granodiorite=-porphyr, dacite,
andesitic volcanites, conglomerates, lacustrine sedi-
mentary series, andesitic agglomerates and alluvion
(Fig. 1). The sedimentary ‘series is consists of
claystone, sandstone, limestone, carbonate-shale and;
mudstone, coal, partially coalified claystone, bitu-

minous-shale and shale bonds including uranium.

Detailed surveys were focused on Saricaoglu Region

situated in the western part of Saricaoglu Village
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(Bergama-lzmir) as shown in Fig. 3. The region is

between Sakla and Saricaoglu Stream.

Calibration was made by measuring the response of
the instrument to uranyl standards in the range of
interest. The water samples collected from Saricaoglu
Region were analysed by internal standard method to

correct the quenching.

Conductivities and pH values of natural water
samples were measured by Chemtrix 700 portable conduc-

tivitymeter and by Chemtrix 600 pH-meter, respectively.

RESULTS AND DISCUSSION

A total of 267 water samples were collected and
analysed in the summer and fall of 1986 and 1987,
This total includes 169 spring samples, 68 well samples,
and 30 stream samples. Semilogarithmic histograms for
the uranium concentrations in all waters, spring waters,
well waters and stream waters are shown in Fig. 2.
Uranium concentrations for waters of all types range
from below the detection limit of 0.05 parts per
billion (ppb) to 309.09 ppb and have a mean of
16.07 ppb.

The concentration of wuranium in natural waters
varies between 0.1-10 ppb and previous experiences

confirm that more than 10 ppb uranium concentration
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FIG., 2 Semilogarithmic histograms for uranium concent-
rations in different types of water samples
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definetely requires follow-uplo

. So, Bergama-Saricaoglu
Region having waters with 10 ppb and higher uranium

concentrations was selectéd as detailed survey area.

Laser Fluorimetric Analysis

The water samples were analysed using a Scintrex
UA-3 uranium analyser. The determination is based on
the fluorescence of the uranyl complex formed by the
addition of the reagent, Fluran (Scintrex), to the
sample during analysis. Fluran has several functions;
it enhances the fluorescence of the uranium (by a
factor of about 80), acts as a buffer (best results
are obtained at pH 5.5-7) and is able to mask some
quenchers such as iron and manganese (the presence of
the quencher reduces the wuranium fluorescence)7’8.
In the absence of the proprietary reagent, a dilute
solution of sodium hexametaphosphate can be substituted
to establish optimum conditions for uranium fluores-
cences. Some authors have suggested the possible use

of polysilicates instead of Flurang.

The concentration of the buffer was generally
sufficient to correct the pH values of the water
samples. The acidified water samples were neutralised
with SN NaOH. Sometimes the addition of fluran caused

the formation a white precipitate, insoluble calcium
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or magnesium phosphates and this interfering effect
was eliminated by the dilution of the sample. At low
uranium concentrations, the precipitate was dissolved
using concentrated ortho-phosphoric acid.

The uranium concentrations, pH and conductivity values
of some typical natural water samples collected from
Saricaoglu are shown in Table 1. x is the arithmetic
mean of four measurements made by standard addition
method and o is the related standard deviation. The
precision of the method as shown by the related
standard deviation in Table 1, is satisfactory. Gene-
rally, waters with high uranium concentrations also

have higher conductivities and pH's,

The location and wuranium concentrations of well
and spring water samples collected from Saricaoglu
Region are shown in Fig. 3. The water samples with
high uranium concentrations were collected from the
springs in the sedimentary series, Since, it is very
well known that values greater than 50 ppb uranium
concentration in natural waters indicate a strong

10

uranium source nearby =, these data might indicate a

uranium deposite in the region.

The laser fluorescence method was applied rapidly,

easily and successfully in the wuranium prospecting
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program of the Institute leading to further radiometric

investigations. It is necessary to drill holes at some

localities in the area in order to define and evaluate

the distribution and quantity of uranium,
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