The conservative behaviour of fluorescein
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Abstract
Failure to account for fluorescein absorbance changes with pH may be responsible for some of the apparent non-conservative
behaviour of this easily detectable tracer compound. While it is possible to calculate an accurate absorptivity value for fluorescein
at every pH, this calculation is not necessary if the sample pH is increased above pH 9 before measuring the absorbance. Intense
sunlight degrades fluorescein quickly but even hot samples are stable if kept in the dark.

Introduction
Tracers are selected for their ability to be transported through a
water system in a manner similar to the item of interest. A good
tracer will be a stable substance, show no reactivity with the system
components, and must have reliably quantitative detection at low
concentrations (Behrens, 1986). These characteristics stress the
conservative nature of a good tracer because tracer mass recovery
is viewed as confirmation of a properly conducted field trial and
necessary to obtain accurate measurement (Feuerstein and Selleck,
1963). Tracer recovery is also important because conservative
elution patterns can be tested using different mathematical models
to quantify the flow character, and the total amount of recovered
tracer is used as a validity test for this approach (Levenspiel, 1972).
The organic compound fluorescein is easy to detect and can be
measured using either its strong fluorescence or highly absorptive
character (Klonis and Sawyer, 1996). Other advantages of
fluorescein include its low sorption tendency (Behrens, 1986) and
its relatively low temperature exponent (Feuerstein and Selleck,
1963). The disadvantages of fluorescein are its photochemical
instability, pH sensitivity (Lindqvist, 1960), and it has been suggested
that fluorescein solutions are unstable when heated (Leonhardt, et
al., 1971).
The absorbance sensitivity of fluorescein to pH is a result of
changes in the ionic form of the fluorescein molecule, with each
ionic species having its own characteristic absorbance (Zanker and
Peter, 1958). There are large differences between the absorptivities
of the different ionic species (Lindqvist, 1960) so accurate
dissociation constants must be used in order to predict these
absorbance changes. However there was little agreement between
the published fluorescein pKa values until recently when it was
shown that a number of these values do agree once activity
corrections are applied (Smith and Pretorius, 2002).
Fluorescein’s reputation of being a non-conservative tracer
(Feuerstein and Selleck, 1963, and Smart and Laidlaw, 1977) limits
its use to qualitative rather than quantitative studies. This paper
examines the influence of pH, light, and heat on fluorescein
measurements, to demonstrate that fluorescein can be used for
quantitative studies. Two experiments are described. The first uses

the previously determined pKa and absorptivity values of the
different fluorescein species (Smith and Pretorius, 2002) in a series
of elution experiments to test the quantity of fluorescein recovered,
and a second experiment compares the degradation effects of light
and heat.

Materials and methods
Chemical quality was certified to meet ACS (American Chemical
Society) specifications and supplied by either Fluka or JT Baker.
Distilled water was used throughout. Standard grade Fluka
fluorescein was used without further purification. The fluorescein
moisture content was measured by calculating the mass lost after
overnight drying at 105°C under vacuum. This moisture correction
was applied to all fluorescein mass measurements.
Absorbance readings were made using a Turner Model 350
spectrophotometer at the fluorescein, high-pH absorbance
maximum, which was 492 nm on this instrument. Samples were
collected and analysed in new, polished, 13 × 100 mm borosilicate
glass tubes.
A Corning Model pH-30 meter was used and pH calibrations
were performed before, during, and after each test session.
Calibrations were performed in a water bath at 25°C (the titration
temperature) at pH 4.00 and pH 7.00 with calibration solutions
prepared using “pHydrion” buffer capsules supplied by Micro
Essential Laboratories.
Elution tests
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This experiment used previously published fluorescein pKa and
absorptivity values (Smith and Pretorius, 2002) to determine the
amount of fluorescein recovered from a test column. The test
apparatus is shown in Fig. 1 and comprised a constant pressure
feed, connected to a column filled with non-epoxy coated, aquarium
gravel. Solution flowed from the feed container, through the gravel
column, into a tracer-sensor, and then into a sample collector. The
tracer-sensor was connected to a data-logging system to ensure
regular measurements. Data-logged signals were converted to the
equivalent absorbance and the total recovered fluorescein was
calculated at the end of each run.
The tracer-sensor was constructed specifically for this project.
A light source and light detector faced each other at either end of
the sensor tube (Fig. 1). A blue light-emitting diode (LED) served
as a light source, while a light-dependent resistor was used as the
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