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The fluorescence ability of eosin enables its using as an artificial tracer in the water system studies. The prob-
lem deals with the application of eosin to trace and determine water movements within the karstic system and under-
ground waters. The fluorescence intensity of fluorescent dyes in water samples depends on their physical and chemi-
cal properties, such as pH, temperature, presence of oxidants, etc. Besides that, the UV radiation may induce photo-
chemical decomposition of eosin which can cause large measurement errors. This paper presents the taken results
studying the influence of these factors on eosin fluorescence intensity using the concentration and synchron scan
methods. The method we have elaborated for this purpose made it possible to optimize procedures we use to analyze
water samples for the presence of eosin and measure its content, even in trace levels by the means of the Perkin Elmer
LS 55 Luminescence Spectrometer
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BJIMJAHUE HA ®PU3NYKUTE U XEMUCKHUTE TIAPAMETPHU
BP3 CHEKTPAJIHOTO OIIPEJEJTYBAILE HA EO3UH

dryopecrieHTHaTa KapaKTEpUCTHKA HA €O3UHOT OBO3MOJKYBa HEroBa ynorpeba Kako BEMITaYKH 00eexkKyBad BO
CTyauMuTe 3a BOAHHUTE cucTeMd. OBaa KapaKTEpHCTUKA CE€ KOPHUCTHU 3a CIIE[EHhe U OJpPEIyBambe Ha JBHKEHETO Ha
BOJIaTa HU3 KapCHHUTE IIPE/ieIN U HU3 HOJ3EMHHUTE TeKOBH. VIHTEH3UTETOT Ha (uIyopecueHnnja Ha (QIIyopecieHTHUTE
6oM BO NMpPUMEPOLM HAa BOJA 3aBHCH OJf HUBHH (U3MUKM M XEeMHCKH cBojcTBa:: pH, Temmeparypa, mpHCYCTBO Ha
oxcupancu uTH. OcBeH Toa, YB 3pademero Moxe Jja HHAYIHpa pOTOXEMHCKO pacHarame Ha €O3UHOT, IITO MOXKeE Ja
JIOBEeAe 1O TOJIEMH TPEHIKH IPH HEroBO Mepeme. Bo 0BOj Tpyn ce Ipe3eHTHpaHH pe3ynTaTute JOOHCHH CO
IpOY4yBae Ha BIMjaHUETO Ha CIOMeHaTuTe (HakTopu Bp3 (IyOpeclieHTHHOT MHTEH3UTET Ha CO3UH CO KOPHCTEHE
HAa KOHLEHTPALUCKH U CHUHXOTPOHCKHM CKeHHMpauku MeToau. IlocramkaTa koja e oOpasioxeHa OBO3MOXYBa Ja ce
ONTUMHPAAT KOPUCTEHUTE MOCTATKM 32 aHAJIM3a Ha IIPUMEPOLH BOJa BO MPHUCYCTBO Ha eo3uH. CoAp)KHHATA HA CO3UH
MOXKE []a Ce ONpeIeNy TypHu U IPU HErOBO NPHCYCTBO BO TPAard, Kako IITO OBJE € HANMPABEHO CO KOPHCTEHE Ha
JyMUHHCLEHTeH criekrpoMerap of tunot Perkin Elmer LS 55.

Kirydnu 360poBH: CIICKTPAIHO OMpEIeNyBamke; €03uH; QiryopeciieHTeH HHTeH3UTET ([5); CHHXOTPOHCKH CKEH;
BEIITAYKH 00eNeKyBay

1. INTRODUCTION

The management of aquatic systems requires
one to know and study them in order to assess their
water usability as well as to find optimum and sus-
tainable ways of water management [1, 2].

Modern and powerful techniques of tracers in
hydrology are elaborated for this purpose. The in-

troduction of fluorescent and radioactive tracers
has led to enormous methodological and instru-
mental developments [1, 2]. The problems they
deal with when applied in studying various water
systems might be grouped into different groups,
according to WHERE the groundwater is flowing
to, FROM WHERE it comes, WHETHER under-
ground hydraulic connections exist between dif-
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ferent points of the system or not, HOW the groun-
dwater is flowing in(to) and/or through the system
under the study, etc. [3].

The application of the spectrofluorometric
technique in our Institute refers mainly to the study
of water systems by using fluorescent dyes as arti-
ficial tracers. System’s water is labelled through
them according to some present plans and objec-
tives and then their presence is monitored from
time to time in various parts of the system under
the study. This information can be obtained by
measuring the content of fluorescent dyes in direct,
water samples or in active coal samples. In this
paper we will present only the eosin results ob-
tained from the experiments in water samples.

Eosin — CyH¢BryNa,Os is produced from the
reaction ofthe fluoresceine and Bromine [3, 4].

It is an anionic tracer not dangerous for the
people, so we can use it in the study of water sys-
tems.

When measured in water samples eosin fluo-
rescence intensity depends on different physical
and chemical properties of the sample matrix — pH,
temperature, oxidants’ presence, etc. [3, 4, 5].

Their respective influence should be studied
by our Perkin Elmer LS 55 Luminescence Spectro-
meter in order to determine optimal conditions for
detecting the eosin maxima in trace levels.

2. EXPERIMENTAL

The fluorescence of some water containing
eosin is measured by means of the Perkin-Elmer
spectral fluorometer LS 55. We have previously
analyzed some “blanks” having been sampled from
different water systems, in order to assess the natu-
ral presence of “eosin” fluorescence, the so called
“background”.

A special software package (FL WinLab) ma-
nages different application programs the instru-
ment LS 55 offers. We have detected and measur-
ed tracer contents in water samples by using the
Synchronous Scan and Concentration Applicati-
ons. First the instrument validation should be real-
ized through the Raman spectra (Raman Peak Wa-
velength, Raman Peak Intensity and Raman S/N
ratio) from a sealed water cell [6] and a reference
material (Anthracene) [7]. Then the instrument sta-
bility is checked with regard to the fluorescence
intensity by means of a reference material (Anthra-
cene) [5, 7]. Parameters were set in order to inves-

tigate the eosin content in water samples through
synchronous and concentration applications. These
parameters were as follows: Excitation wavelength
— 516 nm; Emission wavelength — 538 nm; Excita-
tion slit — 10.0 nm; Emission slit — 10.0 nm; Delta
lambda — 21 nm; Auto Background Subtract, etc.

The characteristic peak wavelengths were ve-
rified beforehand by some preliminary synchro-
nous scans.

3. RESULTS AND DISCUSSION

At first the instrument was previously calibra-
ted with six eosin standard solutions by means of
the calibration application for eosin deter-
minations. The equation of the eosin calibration
curve was:

1-=43.915*C + 0.019
R*=0.9999

where:

I — the fluorescence intensity
C — eosin concentration (ppb)
R’ — the correlation coefficient

1. The influence of pH values
on the eosin fluorescence

First, a measurement of the pH of the eosin
standard solution and the respective fluorescence
intensity in normal conditions was undertaken.
Then the pH value was changed by adding HCI
0.05 mol/dm through a micropipette, in order to
create an acid medium, as well as EDTA-Na
0.05 mol/dm™, in order to create a basic medium.
After each additional portion of the acid or basic
solutions, the respective fluorescence of the sam-
ple was measured. The obtained results are shown
in the following diagram (Fig. 1).

Figure 1 shows clearly the highest and the
most stable values of the eosin fluorescence inten-
sity which belong to pH values exceeding 5.58.
Lower than pH = 5.58 intensity declines very fast.
The eosin fluorescence intensity is considerably
reduced when pH values of the sample are lowered
below 5.58, reaching 5.84 % of its initial value for
pH = 0.4. All this means in practice each time one
is going to measure the water sample for the eosin
presence can do it directly but in order to have cor-
rect measurements of the eosin content the sample
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matrix must be controlled before that pH > 5.6.
The influence of pH on the eosin fluorescence in-
tensity is a reversible process.

509
4 ‘___‘ ﬁi
£ 40
g
£ 359
= 304
g 254
820
£is S
=3
Z 104
54
09 v v v
0 2 4 6 8 10
pH

Fig. 1. Influence of pH on eosin fluorescence intensity

2. The influence of temperature
on the eosin fluorescence intensity

When sample temperature is increased the
excited molecules spend more energy in rotational
and vibrational movements, which leads to heat
production. It is expected therefore to measure
lower fluorescence intensities [4, 5]. The tempera-
ture influence on fluorescence intensity of differ-
ent dye tracers might be manifested differently.
This phenomenon for the case of eosin has been
studied.

First, the temperature and fluorescence inten-
sity of the standard solution of 1 ppb eosin for
normal conditions have been measured (the bold
values in Table 1) and then we have changed tem-
perature and measured respective fluorescence in-
tensities. Table 1 shows the measurement results.

Table 1

Influence of temperature on intensity of eosin

No  Temperature Intensity  Conc.

°C ppb
1. 10.1 43.951 1.001
2. 12.9 43.461 0.989
3. 16.4 43.272 1.002
4. 20.5 43.968 1.001
5. 26.7 43.441 0.989
6. 29.8 43.756 0.996
7. 32.0 43.555 0.991
8. 37.9 43.671 0.994
9. 41.0 43.784 0.996
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The measurement results demonstrate clearly
that the eosin fluorescence is stable if temperature
values of the water sample change from 10 to 41 °C.

3. The Influence of oxidants on eosin fluorescence
intensity.

The fluorescence ability could be irreversibly
destroyed following the action of oxidants, such as
ozone, chloride, etc, on fluorescent substances.

Having this in view, we have focused our stu-
dy on investigating the influence of the sodium hy-
pochlorite on the eosin fluorescence intensity be-
cause it is usually used as a disinfectant in drin-
king water supply in our country. We have first
measured the fluorescence intensity in the standard
solution of 0.05 ppb eosin having no oxidizing
agents. We have had equal amount of solution of
0.05 ppb eosin in eight flasks. Then we have added
different portions of NaOCI in every flask: 100,
200, 300, 400, 500, 700, 900 pl and measured re-
spective values of the eosin fluorescence intensity.
The obtained results demonstrate clearly the de-
structive effect of oxidizing agents on the eosin
fluorescence in the water samples (Fig. 2).

Figure 2 shows plainly this effect. The first
portion of the oxidizing substance added to an eo-
sin sample decreased its fluorescence by 14.38 %
of its initial intensity; 500 ul of oxidizing agent in
the same sample reduces fluorescence to 50 % of
its initial value whereas 700 ul of NaOCI reduces
fluorescence to 76.45 % of its initial value. That
means the oxidants destroy vigorously and irre-
versibly the fluorescent capacities of eosin.
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Fig. 2. Decay of eosin fluorescence in water solutions
containing sodium hypochlorite

Further measurements carried out on this ef-
fect have shown that the fluorescence intensity is
reduced in larger proportions when longer time
periods of the oxidants presence in the samples are
applied. The data in Table 2 are obtained by meas-
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uring the fluorescence intensity in different mo-
ments after having added sodium hypochlorite to
the sample.

Table 2

The value of the Ir. in different moments
after having added NaOCI to the sample

Eosin st. sol. + Ir Ie Ir Ie
NaOCl (ox.) t=0min ¢=30min ¢=60 min =90 min

E+0pul Ox 22.021 22.021 22.021 22.021
E+100 ul Ox.  18.862 12.832 8.576 4.906
E+200pl Ox. 17.146 8.971 4.687 2.388
E+300pulOx. 15.755 4.922 1.795 0.676
E+400 pl Ox.  13.676 2.584 0.720 0.387
E+500 ul Ox.  11.547 1.360 0.552 0.264
E+700 pl Ox.  7.442 0.680 0.374 0.231
E +900 pl Ox. 5.612 0.530 0.252 0.135
E+ 1000 pl Ox. 5.118 0.473 0.244 0.135

So, in the flask containing eosin standard so-
lution and 100 pl NaOCl, only 68 % of the initial
fluorescence has remained in it 30 minutes later
while this number is lowered to 45.5 % after 60
minutes and to 26 % after 90 minutes. In the last
flask containing eosin standard solution and 1000
pl NaOCl, only 9.24 % of the initial fluorescence
has remained in it 30 minutes later, while this
value is lowered to 4.8 % after 60 minutes. Later,
after 90 minutes 97.4 % of the eosin initial fluo-
rescence was destroyed.

That means the time factor should be kept
always in view when working with water samples
containing oxidants in studies using eosin as an
artificial tracer.

4. The influence of the UV radiation on the eosin
fluorescence intensity

The UV radiation may induce photochemical
decomposition of eosin which can cause large
measurement errors. To investigate this phenome-
non, an eosin standard solution was prepared
(conc. = 1 ppb, solvent: distilled water) and added
in 2 colorless glass bottles and in 2 brown colored
bottles. Then, they were put in two different situa-
tions so-called: ‘in the light’ and ‘in the shadow*.
One colorless glass bottle and one brown colored

glass bottle were firstly put in the “in the light*
and the other uncolored bottle and afterwards one
brown colored one was put ‘in the shadow’. The
eosin fluorescence intensities of these four flasks
were measured at the same time according to one
schedule. At the beginning the measurements were
frequent and after some times were less than be-
fore.

The supervision of this process continued for
four months. The obtained results of the eosin
photodecomposition in different conditions are
shown in the following Tables and diagrams. Ta-
ble 3 shows the decay of the fluorescence of eosin
standard solution of 1 ppb in the colorless glass
bottles exposed to daylight in the condition of so
called ‘in light’.

Table 3

Decay of the fluorescence of eosin aqueous
solutions in colorless glass bottles, ‘in light’

No Expositionto  Ir of Eosin Day ofthe  Time of the

daylight (day) eosin conc. measurement measurement
(ppb)
1. 0 43724 0.995 12.03.07 12: 00
2. 0.96 0.791 0.017 13.03.07 11:30
3. 2.96 0.019 0.00 15.03.07 11:30
4 3.92 0.00 0.00 16.03.07 10:30

Table 3 shows how a 1 ppb eosin standard so-
lution in colorless bottle decomposes when sub-
jected to daylight. It is obvious from the results
that the UV radiation decay immediately eosin.
Light destroys 98.29 % of the total fluorescence
intensity only after one day, whereas after two
days exposure, the eosin fluorescence was destroy-
ed 100 %.

Table 4 shows the results of the eosin fluores-
cence intensity (/r) decay after exposure to day-
light in the brown glass flask, ‘in light’.

One can see clearly from the results of Table
4 that the fluorescence intensity of eosin after 3
days exposure to daylight in the brown glass flask,
‘in light’ is destroyed 91.53 % and completely af-
ter 42 days, so 39 days later than in the case of the
colorless bottle in the same conditions. This
proves that the brown flask delays the decompo-
sition of eosin.
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Table 4

Decay of the fluorescence intensity (Ir) of eosin
in the brown glass flask, ‘in light’

No  Exposition to daylight Ir Eosin conc.
(day) of eosin (ppb)
L. 0 43.724 0.995
2. 0.96 28.565 0.680
3. 2.96 3.704 0.084
4. 3.92 2.527 0.057
5. 6.92 0.245 0.005
6. 7.92 0.243 0.004
7. 8.92 0.195 0.004
8. 10.92 0.192 0.004
9. 13.92 0.187 0.004
10. 14.92 0.178 0.003
11. 15.92 0.157 0.003
12. 16.92 0.151 0.003
13. 17.92 0.086 0.002
14. 20.92 0.060 0.001
15. 37.92 0.030 0.001
16. 42.92 0.00 0.00
17. 50.92 0.00 0.00

The obtained results of the eosin fluorescence
intensity (/) decay after exposure to daylight in
colorless glass bottle, ‘in shadow’ are shown in
Table 5.

Table 5

Decay of the eosin fluorescence Intensity
in the colorless glass bottle, ‘in shadow’

No Ir Eosin conc.  Exposition to daylight
of eosin (ppb) (day)

L 43.724 0.995 0

2. 2.655 0.060 0.96

3. 0.234 0.005 2.96

4. 0.00 0.000 3.92

The results above show the eosin fluorescence
intensity how a 1 ppb eosin standard solution in a
colorless bottle decomposes when subjected to
daylight. It is clear from the results that the UV
radiation decays immediately eosin in this case,
too. Light destroys 93.93 % of the total fluo-
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rescence intensity only after one day. The UV ra-
diation destroyed 100 % of the eosin fluorescence
after three days exposure, so one day later than in
the case of the colorless bottle ‘in light’ (Tab. 3).

Table 6 shows the obtained results after expo-
sure to daylight of 1 ppb eosin standard solution in
a brown flask in condition ‘in shadow’.

Table 6

Decay of the eosin fluorescence intensity
in the brown glass flask, ‘in shadow’

No Ir Eosin conc Exposition to
of eosin (ppb) daylight (day)

1. 43.724 0.995 0

2. 41.013 0.933 0.96

3. 36.942 0.845 2.96

4. 35.456 0.807 3.92

5. 29.436 0.671 6.92

6. 29.072 0.662 7.92

7. 28.432 0.647 8.92

8. 26.056 0.593 10.92

9. 24.009 0.546 13.92
10. 23.346 0.531 14.92
1. 22.628 0.515 15.92
12. 22.051 0.502 16.92
13. 20.550 0.468 17.92
14. 17.385 0.395 20.92
15. 6.344 0.144 37.92
16. 6.242 0.142 42.92
17. 6.150 0.140 50.92
18. 6.066 0.138 59.92

The results of Table 6 show clearly that the
decay of the eosin fluorescence intensity in the
brown glass flask, ‘in shadow’ is more gradual
than the decay in the other conditions. In this case,
light destroys 86.3 % of the eosin total fluores-
cence intensity only after 60 days.

Figure 3 shows the dynamics of the eosin de-
composition after exposure to daylight in four dif-
ferent conditions mentioned above.

It is obvious from the graphs that the brown
glass and especially the brown flask delays the
decomposition of eosin.
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Fig. 3. Decay of the fluorescence of eosin in aqueous
solutions exposed to different conditions of daylight

The results show clearly that eosin is extrem-
ely sensible to daylight. It can decay very quickly.
That means one must have this influence in con-
sideration when one wants to use eosin as an arti-
ficial tracer for water system studies. It should
therefore not be used in surface water tracing ex-
periments but only in underground water studies.

4. CONCLUSIONS

e The maximal fluorescence of eosin in the
aqueous solution is reached at the pH-value over
5.58. The fluorescence intensity of eosin decreases
sensibly for pH < 5.58, but one can measure the
eosin fluorescence intensity directly in water sam-
ples because their pH-values are usually over 6.
Anyway one should check pH of water samples
before eosin fluorescence measurements.

e One can observe that the eosin fluores-
cence intensity doesn’t change for temperature
different values from 10 to 40 °C. That means spe-
cial treatments should not be applied to the water
samples and standards before eosin measuring.

¢ The oxidants destroy strongly and irrever-
sibly the fluorescent capacities of eosin. This

quenching effect on the eosin fluorescence is in-
tensified when the concentration of oxidants in
water samples arises and the contact time of eosin
to such agents is longer, too.

For this reason, water must not be sampled
from water supply network or it should be previ-
ously analyzed for probable presence of oxidants,
then to decide whether to choose sampling points
thereof. Otherwise the fluorescence measurements
of such water samples could lead very probably to
erroneous results.

¢ The UV radiation induces a photochemical
decomposition which leads to analytical errors and
the destruction of eosin in the aqueous solution.
That’s why it is necessary to protect eosin stan-
dards and samples from the ambient light by stor-
ing them in brown glass and in the dark.

¢ Eosin is more affected by the ambient light
than some other dyes and can decay very quickly.
It should therefore not be used in surface water
tracing experiments.
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