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 The fluorescence intensity of various substances is dependent on the physical and chemical properties (e.g. 
pH, temperature, sorption, presence of oxidants, etc.) of the respective sample matrix (e.g. water),  

We have studied the influence of some of these factors on the fluorescence intensity of Uranine, Rhodamine 
WT, and Sulphorhodamine, in order to enable their detection in trace levels by putting respective aquatic samples in 
optimal conditions. The results indicate that pH modifies the fluorescence intensity of Uranine solutions much more 
than for the fluorescence of Rhodamine WT and Sulphorhodamine water solutions. This process is reversible. Tem-
perature also has influence on the fluorescence intensity, whereas the presence of oxidants in water samples irre-
versibly destroy the fluorescing molecules. All of these processes manifest diverse effects on different kinds of fluo-
rescent dyes. 
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VLIJANIE NA NEKOI HEMISKI I FIZI^KI PARAMETRI OD VODNI PRIMEROCI   
VRZ SPEKTRALNITE ODREDUVAWA NA FLUORESCENTNI BOI 

Fluorescentniot intenzitet na razli~ni supstancii zavisi od fizi~ko-hemiskite svojstva (na 
primer: rN, temperatura, sorpcija, prisustvo na oksidanti i sl.) na matricata na ispituvaniot 
primerok (vo na{iot slu~aj voda). 

Vo na{ite istra`uvawa go prou~uvavme vlijanieto na nekoi od gorespomnatite faktori vrz 
fluorescentniot intenzitet na uranin (Uranine), rodamin (Rhodamine WT) i sulforodamin (Sulpho-
rhodamine G Extra), so cel tie da se detektiraat na nivo na tragi so doveduvawe na soodvetnite vodni 
primeroci vo optimalni uslovi. Se poka`a deka vrednosta na rN go modificira fluorescentniot 
intenzitet na vodniot rastvor na uraninot mnogu pove}e vo sporedba so istiot parametar kaj 
vodnite rastvori na rodaminot i sulforodaminot. Ovoj proces e reverzibilen. Ist karakter ima i 
vlijanieto na temperaturata vrz fluorescentnite supstancii, dodeka prisustvoto na oksidanti vo 
vodnite primeroci ireverzibilno gi razgraduva fluorescentnite molekuli. Site ovie procesi de-
monstriraat razli~ni efekti na razli~ni fluorescentni boi. 

Klu~ni zborovi:  spektrofluorometar; fluorescencija; ve{ta~ki traseri; spektri; sinhrosken; 
uranin; rodamin WT; sulforodamin G Extra 

INTRODUCTION 

The application of the spectrofluorometer 
techniques in the Institute of Nuclear Physics in 
Tirana focuses (for the time being) on the study of 

aquatic media by using fluorescent substances as 
artificial tracing agents placed within different wa-
ter systems intentionally and in conformity with 
objectives of the study. Following their injections, 
the content of these substances is monitored con-
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stantly or according to a given agenda in different 
parts of the system [1]. The questions these studies 
are trying to answer are several: where the 
groundwater is flowing to; where the groundwater 
is coming from; is there a hydraulic connection 
between two or more given points of the system; 
how is the flow of the groundwater within the sys-
tem under the study, etc.[2]. 

The fluorescent tracers should be selected 
properly due to the fact they possess different 
chemical, physical and optical properties, which 
can be further modified according to the conditions 
of the sample matrix they are placed into (e.g., pH, 
temperature, oxidants presence, etc). 

This paper presents results concerning the in-
fluence of pH, temperature and oxidants content of 
the water samples on the fluorescence intensity of 
commonly used fluorescent tracers, such as 
Uranine, Rhodamine WT and Sulphorhodamine G 
Extra. With this data in hand, one can place the 
tracers in water samples in optimal conditions in 
order to detect and measure them in very low con-
centrations. 

EXPERIMENTAL 

The spectrofluorometer measurements of wa-
ter samples are based on the fluorescence of the 
appropriate substances injected into these samples. 

For this study we have chosen water samples 
from the karstic system Mali me Gropa, injected 
Uranine and Rhodamine WT, as well as water 
samples from the lacustric system Ohrid-Prespa, 
injected with Sulphorhodamine G Extra [3]. Water 
samples from the same areas without the artificial 
tracers served as “background”. The pH, tempera-
ture, and oxidants content of water samples were 
then changed and the fluorescence intensity was 
measured. 

Apparatus 

The measurements were carried out in a 
Perkin-Elmer spectral fluorometer LS 55, at room 
temperature (∼25 oC) by using 1 cm quartz cells. 
Standard solutions for every compound were cre-
ated for calibration of the instrument. 

The pH measurements were carried out with a 
WTW pH 330 pH-meter calibrated with two stan-
dard buffer solutions at pH 4.01 ± 0.02 and 7.00 ± 
0.02. 

Temperatures were measured through the 
WTW LF 330 conductivity meter, which was ini-
tially calibrated with a certificated glass thermome-
ter (± 0.5 oC). 

Methods 

The LS 55 instrument was operated through a 
special software package (FL WinLab) that offers 
different application programs. We have realized 
all needed tracers determination in water samples 
by using the Synchronous Scan and Concentration 
Applications. The instrument was validated by the 
means of Raman spectra (Raman Peak Wave-
length, Raman Peak Intensity and Raman S/N ra-
tio) in a sealed water cell [4], and the instrument 
stability was checked by using an Anthracene 
sample as a reference material for the fluorescence 
intensity [5]. Parameters (so called methods of 
measurements) were then set in order to investigate 
the Uranine content in water samples through syn-
chronous and concentration applications. These 
parameters were as follows: 

Excitation wavelength (nm): 491 
Emission wavelength (nm): 512 
Excitation slit (nm):  10.0 
Emission slit (nm):  10.0 
Delta lambda (nm):  21 
Scan speed (nm/min): 1200 
Integration time (s):  10.00 
Emission filter:  open 
Solvent:   water 
Auto Background Subtract  

The calibration application was used for Ura-
nine instrument calibration.  

The measurement method for Rhodamine WT 
in water samples had the following parameters: 

Excitation wavelength (nm): 554 
Emission wavelength (nm): 580 
Excitation slit (nm):  10.0 
Emission slit (nm):  10.0 
Delta lambda (nm):  26 
Scan speed (nm/min): 1200 
Integration time (s):  10.00 
Emission filter:  open 
Solvent:   water 
Auto Background Subtract  

The calibration application was also used to 
calibrate the instrument for Rhodamine WT meas-
urements.  

Another method was created to measure 
Sulphorhodamine G Extra concentration in water 
samples having the following set of parameters: 
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Excitation wavelength (nm): 531 
Emission wavelength (nm): 552 
Excitation slit (nm):  10.0 
Emission slit (nm):  10.0 
Delta lambda (nm):  19 
Scan speed (nm/min): 1200 
Integration time (s):  10.00 
Emission filter:  open 
Solvent:   water 
Auto Background Subtract  

The calibration application was used to cali-
brate the instrument for Sulphorhodamine G Extra 
measurements [4]. 

Synchronous scan measurements of the back-
ground samples and water samples were carried 
out first to see the spectra and to check respective 
peak wavelengths; then concentration measure-
ments of all water samples were performed.  

RESULTS AND DISCUSSION 

Uranine is known for its strongest fluores-
cence. During its crystallization Uranine forms 
non-fluorescing elongated crystals. Concentrated 
solutions of Uranine keep a reddish color and do 
not fluoresce, too. Further dilution brings about a 
sensible dissociation of Uranine molecules into 
Sodium cations and very fluorescent anions. 

Besides the degree of the dilution (which 
means, the degree of dissociation) which influ-
ences considerably the fluorescence intensity, this 
intensity is also influenced by the presence of hy-
drogen ions in the solution. This explains the 
strong dependence of the Uranine fluorescence on 
the pH of the solvent [6]. 

The fluorescence intensity is abruptly de-
creased in solutions with lower pH values. Increas-
ing the sample acidity increases the presence of 
bluish-to-greenish Uranine cations which fluoresce 
very poorly. 

The conversion of the Uranine anion into 
cation is a reversible process – increasing the pH 
value returns the fluorescence to its previous inten-
sity. This property of the Uranine is largely used in 
differentiating it in the background of other dye 
tracers that fluoresce similarly to Uranine [6, 7]. 

Rhodamin WT (WT – water tracing) is a 
fluorescent substance commonly used in tracing 
groundwater and surface waters [6]. The intensity 
of its fluorescence does not depend on pH values 
of the flowing medium.  

Sulphorhodamine G Extra can be used in the 
same time and system with Uranine as its spectral 
properties favor a very good differentiation of 
these tracers from each other. Its sensibility against 
pH variations is very low [7]. 

The influence of pH values on intensity 
fluorescence 

The fluorescence intensity of fluorescent sub-
stances in water solutions is influenced in various 
ways by the pH of the solution. We have studied 
this phenomenon for Uranine, Rhodamine WT and 
Sulphorhodamine G Extra. 

First, the pH of the samples and the fluores-
cence intensity of the tracers under normal condi-
tions were measured. Then the pH value was 
changed by adding 0.05 N HCl solution through a 
micropipette, in order to create an acidic medium, 
and 0.05 N EDTA-Na solution, in order to create a 
basic medium. 

After each acid or basic solutions addition, 
the respective fluorescence of the sample was 
measured. The outcome of these experiments are 
shown in Figs. 1, 2 and 3. 

The values presented in Fig. 1 clearly show 
that the Uranine fluorescence intensity is consid-
erably reduced when the pH value of the sample is 
decreased below 7.87, reaching 3.5 % of its initial 
value for pH = 1.66. The highest and the most sta-
ble values of the fluorescence are exhibited at pH 
values exceeding 7.87, but they decline very 
abruptly for pH values lower than 6.23. Hence, in 
order to obtain correct fluorescence values, it is 
imperative to make the measurments at basic pH 
values of the sample matrix. In practice, each time 
one is going to measure the fluorescence intensity 
of Uranine in water samples, one has to add to the 
solution some drops of EDTA- Na 0.05 N in order 
to change it into a basic medium. 

Meanwhile the diagram in Fig. 2 demon-
strates that the fluorescence intensity of Rhoda-
mine WT could be reduced utmost by some few 
tens percent only for very low pH values (less than 
3). It doesn’t practically change on the range of pH 
values between 5.5 and 11.5, which means the 
analyses of water samples for Rhodamine WT con-
tent can be carried out directly (without modifying 
the ionic character of the respective matrix for the 
best part of most naturaly occurring waters). 
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Fig. 1. Influence of pH on intensity of the Uranine 

fluorescence 

 
Fig. 2. Influence of pH on intensity of the Rhodamine WT 

fluorescence 

 
Fig. 3. Influence of pH on intensity of the Sulphorhodamine  

G Extra fluorescence 

Figure 3 shows that the fluorescence intensity 
of the Sulphorhodamine G Extra remains practi-
cally unchanged when varying the pH of the sam-
ple. That means the measurements of the water 
samples for the fluorescence of the Sulphorhoda-
mine G Extra can be carried out directly in the 
original sample (without having to modify the 
ionic character of the respective matrix). 

The influence of the temperature on fluorescence 
intensity 

When sample temperature is increased the ex-
cited molecules are producing more energy in rota-

tional and vibrational movements, which leads to 
heat production. Therefore the fluorescence de-
clines [6, 7]. The influence of temperature on the 
fluorescence of different dyes could be different. 
We have studied this phenomenon for Uranine, 
Rhodamine WT and Sulphorhodamine G Extra.  

The temperature and fluorescence intensity of 
the tracers in water samples were first measured 
under normal conditions. Then the samples tem-
perature was changed and the fluorescence inten-
sity was measured again. 

The fluorescence intensities dependence on 
the temperature were measured experimentally for 
Uranine, Rhodamine WT and Sulphorhodamine G 
Extra, and are as follows: 

Figs. 4 and 6 show that when increasing the 
temperature, the fluorescence of Uranine and Rho-
damine WT is decreased.  

 

 
Fig. 4. Influence of temperature on intensity of the Uranine 

WT fluorescence 

 
Fig. 5. Influence of temperature on intensity of the Uranine 

fluorescence (comparative) 

The temperature-dependence of the fluores-
cence is more pronounced for Rhodamine WT. The 
Uranine fluorescence is lowered by about 20 % of 
its maximal value if temperature is increased by 
26.3 oC, while the fluorescence intensity of Rho-
damine WT is reduced by half of its fluorescence 
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maximum for the same temperature shift. This be-
haviour is more clearly presented in Figs. 5 and 7, 
which are calculated on the basis of concrete ex-
perimental data with reference to the respective 
maxima.  

 
Fig. 6. Influence of temperature on intensity of the 

Rhodamine WT fluorescence 

 
Fig. 7. Influence of temperature on intensity of the 

Rhodamine WT fluorescence (comparative) 

Fig. 8 shows that Sulphorhodamine G Extra 
behaves somewhat differently in comparison with 
Uranine and Rhodamine WT. Its fluorescence in-
tensity doesn’t change sensibly for temperature 
values that are commonly encountered when 
measurements are performed in laboratories. 

 
Fig. 8. Influence of temperature on intensity  

of the Sulphorhodamine G Extra fluorescence 

The influence of oxidants on fluorescence intensity 

Fluorescent substances can be irreversibly de-
stroyed when reacting with oxidant substances, 
such as ozone, chloride, etc. [6, 7]. 

Having this in mind, we have focused our 
study on investigating the influence of the 
Hypochlorite of Sodium on the fluorescence of 
Uranine and Sulphorhodamine G Extra. This sub-
stance was chosen because it is used very fre-
quently as disinfectant in water supply systems. 

In order to study the dependence of Uranine 
fluorescence on the presence of oxidants in water 
samples, fluorescence intensity of Uranine in a 
sample having no oxidizing agents was measured 
(Gurrat e Zeza). Then, different portions of oxidant 
(sodium hypochlorite) were added and the Uranine 
fluorescence intensities were measured. The results 
clearly demonstrate the destructive effect of 
oxidizing substances on the fluorescence of dye 
tracers in water samples (Figs. 9 and 10). 

 

Fig. 9. Decay of the fluorescence of Uranine in aqueous 
solutions after adding sodium hypochlorite 

 
Fig. 10. Decay of the fluorescence of sulphorhodamine  

G after adding sodium hypochlorite 

When the first portion of the oxidizing sub-
stance was added to the sample (at 10 ppb) of 
Uranine, its fluorescence was decreased by 84.1 % 
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of its initial intensity (Fig. 9). Increasing the con-
centration of the oxidizing agent to about 200 ppb 
reduced the fluorescence intensity to 4.4 % of its 
initial value. The same destroying effect of oxi-
dants was observed on Sulphorhodamine G Extra 
as well (Fig. 10). That means that the oxidizing 
agents destroy vigorously and irreversibly the fluo-
rescent capacities of Uranine and Sulphorhoda-
mine G Extra. 

Further measurements have shown the fluo-
rescence intensity is reduced in larger proportions 
when longer time periods of the oxidants presence 
in the samples are applied. The data in Table 1 are 
obtained by measuring the fluorescence intensity at 
different times after having added sodium hy-
pochlorite to the sample. After 15 minutes 54.77 % 
of the initial fluorescence remains, while after 30 
minutes this number is lowered to 33.76 %. That 
means the time factor should be kept always in 
view when working with water samples that con-
tain oxidants. 

T a b l e  1  

The value of the fluorescence intensity in different 
moments after having added sodium hypochlorite 

to the sample 

Sample Conc. 
(ppb) 

Intensity BG Time 
(in minutes) 

TFSRG 0.100 6.261 0.434 0 

TFSRG 0.055 3.429 0.434 15 

TFSRG 0.034 2.114 0.434 30 

CONCLUSIONS 

The highest and most stable values of the 
fluorescence intensity of Uranine are at pH values 
higher than 7.87. The intensity is decreased sig-
nificantly for pH values less than 6.23. This fact 
makes obligatory the alkalisation of samples and 
standards to pH > 8 before fluorescence intensity 
determinations could take place.  

The Rhodamine WT and Sulphorhodamine G 
Extra in water samples could be measured without 
preliminary treatments of respective samples ma-
trix due to the fact that the fluorescence intensity 
of these tracers is practically not influenced by the 
pH values commonly found in natural water sam-
ples. 

The dependence of the fluorescence on tem-
perature is most pronounced for Rhodamine WT. 
The Uranine fluorescence is lowered by about 
20 % of its maximal value if temperature is in-
creased by 26.3 oC, while the Rhodamine WT fluo-
rescence intensity is reduced to half of its fluores-
cence maximum for the same temperature shift.  

In this respect the Sulphorhodamine G Extra 
behaves somewhat differently in comparison with 
Uranine and Rhodamine WT. Its fluorescence in-
tensity doesn’t change sensibly for temperature 
values commonly encountered in laboratories. 

In conclusion, analysis of water samples for 
fluorescent tracers should take place at tempera-
tures below 30 oC, otherwise the samples should be 
preliminarily cooled. 

Oxidants destroy strongly and irreversibly the 
fluorescent capacities of Uranine and Sulphorhoda-
mine G Extra. Their quenching effect on fluo-
rescence is intensified when increasing the con-
centration of oxidants in water samples as well as 
the exposure time of fluorescent tracers to such 
agents. 

For this reason, water must not be sampled 
from water supply network, or one should analyze 
it first for probable presence of oxidants, and then 
decide whether to chose sampling points thereof. 
Otherwise the fluorescence measurements of such 
water samples could lead to erroneous results. 
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