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ABSTRACT

Dyes were used as hydrogeological tracer which can be transported through geologic media along with water. The
organic tracer dyes are used as a tracer in sand and clay soil in a column study. Rhodamine B, Fluorescein and
Sulphorhodamine B. A simple column experiment were conducted to determine the adsorption behavior of the dyes
with the sand and clayey soil. The effect of the dye was tested in the column experiment by varying sediment
concentration. The concentration recovery was analyzed through the Fluorescence Spectrophotometer and observed
that Fluorescein dye shows good resistance to adsorption when compare to other two dyes. Rhodamine B was highly
adsorbed to both sample soils. The loss of dye was more in clayey soil when compared to sandy soil. The
Fluorescein dye could use for the further field study by observing the background concentration.
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INTRODUCTION
The fluorescent dyes were used as an important groundwater tracer to conduct hydrogeological studies.
Dyes which are used as tracer are the most important hydrological tracer.! Dyes have proven to be
powerful tracers and it can be directly observed or indirectly detected by using water sample analysis and
a variety of dyes are available as hydrological tracers.>* When the tracer dye is applied in the field for
groundwater studies, the loss of dye may occur due to adsorption with soil, reaction with chemical such as
oxidation of dye by chlorine or oxygen.’ Adsorption is one of the restrictive factors for the suitability of a
dye tracer and it is important to evaluate the adsorption character of the dye in the soil.® This study was
performed to determine the suitable dye tracer for the soil which was collected from Thiruthani area for
the future research work.Each dye has different excitation and emission wavelength. Table-1 presents
excitation and an emission wavelength of the various dyes. The different types of tracer dyes are the
following.
Table-1: Excitation and Emission Wavelength of Tracer dyes’

Dye | Excitation Wavelength (nm) | Emission Wavelength (nm)
Blue Fluorescent dye

Amino G acid 355 445
Photine CU 345 435
Green Fluorescent dye

Fluorescein (CI 45350) 490 520
Lissamine FF (CI 56205) 420 515
Pyranine (CI 59040) 455 515
Orange Fluorescent dye

Rhodamine B (CI 45170) 555 580
Rhodamine WT 555 580
SulphoRhodamineB 565 590
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EXPERIMENTAL
Dye Selection
For the experimental study three types of tracer dye were used such as Rhodamine B, Sulphorhodamine B
and Fluorescein to identify suitable tracer dye for water tracing study. Rhodamine B liquid dye of about
20 percent concentration of dye content was collected from Italia Corporation, Mumbai. The other two
dyes such as Sulphorhodamine B and Fluorescein of about 50 percent and 30 percent collected from
Chemosol Dye Industries, Mumbai. The characteristics and properties of dye were shown in Table-2.

Table-2: Properties of Fluorescent Dyes

Characteristics Rhodamine B Sulphorhodamine B Fluorescein
Colour Index 45170 45100 45350
Formula CasH31N20O5Cl C27H3007N2S;Nap Ca0H100s5Na;
Molecular Weight 479.02 604.67 376.15
Solubility in H20 70g/1 70g/1 25g/1
Excitation/Emission 555/580 565/590 490/520

Calibration curve for Rhodamine B, Sulphorhodamine B and Fluorescein

The standard curve or calibration curve was plotted between known concentrations with their intensity
value. They used to determine the unknown concentration from the intensity values that measured by the
instrument. The calibration curves were prepared for all three types.

The calibration curve was prepared by measuring the known concentration that varying from 1ppb, 10
ppb, 100 ppb to 1000 ppb in fluorescence spectrophotometer for Sulphorhodamine B and Fluorescein. For
Rhodamine B the concentration varies from 1 ppb to 200 ppb. Table-3 shows the intensity values for each
concentration. Figure-1 shows the best fit graph for all the three dyes that have been taken for the study.
These graphs were used to find the unknown concentration from the known value concentration.

Table-3 gives intensity values for Sulphorhodamine B, Rhodamine B and Fluorescein
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Fig.-1: Standard Graph for Rhodamine B, Sulphorhodamine and Fluorescein

Column Experiment

Two columns for two types of soil were fabricated. Figure-2 is the proposed column set up for the
experimental study. Two columns filled with two different soil samples, one column was fixed with
sandy soil and another column with clay soil was used for the experiment. Three types of dyes such as
Sulphorhodamine B, Fluorescein and Rhodamine B were applied to the column at various dye
concentration. The dye concentration was prepared and poured into the column manually at a different
time interval and the samples were collected by one individual graduated cylinder. The dye adsorption
was calculated to determine the outflow concentration and percentage of adsorption was determined from
the standard curve.

The dye solutions were passed through the soil. This study was made to evaluate the best dye that shows
good resistance to adsorption.
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Table-3: Intensity value for Sulphorhodamine B, Rhodamine B and Fluorescein

Concentration Fluorescent Dye
ppb SRB Rhodamine Fluorescein
1 0.02 0.088 0.63
2 0.034 0.156 0.711
4 0.053 0.294 1.006
6 0.075 0.456 1.116
8 0.094 0.619 1.261
10 0.116 0.736 1.902
20 0.325 1.283 2.723
40 0.557 2.049 5.518
60 0.915 2.844 6.938
80 1.119 3.639 9.456
100 1.426 4.26 11.35
200 2.123 6.845 20.56
400 3.345 3291
600 4.523 46.38
800 5.359 54.95
1000 6.113 62.86
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Fig.-2: Soil Column Design

Soil Column Experiment on Sandy Soil

Recovery of Adsorbed Dye Concentration of Rhodamine B

For column study, the column was filled with sandy soil of pebbles and gravel to a depth of 6 cm and soil
depth of 50 cm. The column was saturated with distilled water initially to remove suspended sediments if
any, and then different dye concentration was poured into the column. The concentration of 200 ppb, 400
ppb and 20 ppb was used for the experiment to determine the adsorbed dye concentration in the soil. The
concentration of 200 ppb was prepared and at every 10 min interval 100ml of the solution was poured into
the column, similarly this was run for a period of four hours and samples collected were measured in a
spectrophotometer. After this experiment, the concentration of 400 ppb was also tried for the experiment
followed by the same procedure.

Figure-3 shows that Rhodamine B for 200ppb and 400ppb was readily adsorbed dye concentration to the
soil as the percentage of adsorbed concentration was about 90% for 200 ppb. In 200 ppb the
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concentration of about 181 ppb was adsorbed to soil and similarly, for 400 ppb, 275 ppb was adsorbed to
soil.
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Fig.-3: Adsorbed Dye Concentration of Rhodamine B for 200 ppb and 400 ppb

Recovery dye concentration in soil

In Rhodamine B the adsorption of dye concentration was very high. Most of the dye concentration was
adsorbed by the soil. The column was washed out with distilled water to determine the recovery of dye
concentration adsorbed by soil. The recovery of dye concentration samples was collected at the outlet at a
discrete interval of times and the samples are measured using a spectrophotometer. Figure-4 shows the
recovery of dye concentration to 200 ppb. These figures indicate that the concentration recovery was
more by washing out the soil column with distilled water. The column set up and Rhodamine sample
collection was shown in Fig.-5.
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Fig.-4: Recovery of Dye Concentration for 200 ppb

ig.—S: Rhodamine B solution and Soil Column Set up
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Recovery of Adsorbed dye concentration of Sulphorhodamine B

Sulphorhodamine B was used in soil column at different concentration in both sandy soil and clay soil.
For sandy soil, the soil depth was maintained for about 50cm. In the sandy column, the Sulphorhodamine
B was poured at a different concentration at discrete time interval i.e. for every 10min, 100ml solution of
1000ppb of sulphorhodamine B was poured into the column and sample were collected for every 10min.
Similarly, this experiment was run for the whole day and the dye adsorbed to the soil was measured in a
spectrophotometer. Similarly, the same procedure was followed for 100ppb and 20ppb when these
concentrations were tried in the fresh sandy soil in different days and the graph has been plotted for
different time interval and recovery of dye concentration.

Figure-6 shows the adsorbed dye concentration for dye concentration of 1000 ppb, 100 ppb and 20 ppb.
The dye was adsorbed to soil initially and later by continuous flow the adsorption was decreased. The
adsorption of dye was more initially up to 80% and then it reduced to 20% and 15% both dye
concentration of 1000ppb and 100ppb which was tried at a discrete time interval. The adsorption of dye
was maximum up to 80 ppb initially and it was recovered slowly and reduced to 2 ppb. The adsorption of
Sulphorhodamine B to the soil was less when compared to Rhodamine B dye. Sulphorhodamine B in
sandy soil for 1000ppb has good resistance to adsorption in sandy soil.
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Fig.-6: Percentage of Adsorbed Dye Concentration for Sulphorhodamine B in sandy soil for 1000ppb

Recovery of Adsorbed dye concentration of the dye fluorescein

Background Fluorescence

The problem that occurred with Fluorescein dye was background fluorescence. It highly subjected to
background fluorescence that presents in nature. When 100ppb of Fluorescein was applied in a sandy
column the recovery concentration was greater than initial concentration. So to determine the background
fluorescence the sandy soil column was washed out with distilled water and the samples were collected at
the different interval and measured in the spectrophotometer instrument and the intensity values were
noted with respect to the emission wavelength. When the samples were measured in the instrument it
shows that the Fluorescein was present naturally in soil because the emission wavelength shows a peak
near 508nm, which was Fluorescein wavelength at a lower concentration. The background fluorescence
intensity values were noted.

When dye concentration of 100 ppb and 20 ppb was tried in sandy soil, constant flow was maintained in
the column and the samples were collected for every two minutes and measured in the instrument. The
recovery of dye concentration was measured and they are subtracted from intensity value of background
fluorescence. The Fluorescein dye was not adsorbed to soil and it shows good resistance to adsorption.
Fluorescein shows a good resistance to adsorption when compare to Rhodamine and Sulphorhodamine B.
Figure-7 shows the recovery of dye concentration of Fluorescein for 100 ppb and 20 ppb. These figures
indicate that Fluorescein was highly subjected to background fluorescence as it shows recovery
concentration higher than initial concentration. The background concentration of about 2 to 5 ppb was
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present naturally in soil and combined with dye concentration. The Fluorescein had good resistance to
adsorption in the sandy soil when compare to Rhodamine B and Sulphorhodamine B.

Soil Column Experiment on Clay Soil

Rhodamine B in Clay Soil Column

For this column study, the column was filled with pebbles and gravel to a depth of 6cm and after that clay
soil was filled to a depth of 30cm. The column was saturated with distilled water. After saturation of soil
column, the dye concentration of 200 ppb was passed through the soil. When Rhodamine B was passed
through the clay soil column the recovery was very minimum and adsorption of dye was more and the
recovery of dye concentration from the samples was not found even when this experiment was extended
for more than a week. It was observed that the Rhodamine B adsorb severely to clay soil. This has to lead
to very slow movement through the soil due to adsorption and finally, there was no concentration of dye
recovery from the clay soil.
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Fig.-7: Recovery of Dye Concentration of Fluorescein for 100ppb

Sulphorhodamine B in Clay Soil Column

Another column with clay soil was used for the adsorption study of Sulphorhodamine B. In column the
soil depth was maintained for 30 cm .In clay soil different dye concentration of 1000ppb, 100ppb was
used to find the recovery of dye from the soil and to determine the concentration of dye adsorbed by soil.
The dye concentration of 1000ppb was prepared and applied to the column at different time interval. The
flow rate was not maintained and continued for a discrete time interval by pouring 200ml of solution for
each 1 hour and samples were collected for each one hour and continued for the whole day. This cycle
was run for 5 days till the full recovery of dye concentration was obtained from the clay soil and it was
shown in Figure-7.
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Fig.-8: Percentage of Adsorbed Dye Concentration for Sulphorhodamine B in Clay soil for 1000 ppb and 100 ppb

Figure-8 shows that for dye concentration of 1000 ppb, the adsorption was initially more in clay soil i.e
the adsorbed concentration was about 99% of 1000 ppb. When the experiment was carried out for the first
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two days the dye concentration was totally adsorbed to clayey soil and there is recuperation of dye
concentration was very minimum. The adsorption percentage was 99% initially and then the adsorption
was slowly reduced by a continuous flow of dye concentration. And also the same procedure carried for
100 ppb, constant flow was maintained for the experiment and the percentage of adsorbed concentration
was shown in Fig.-9.

Fluorescein in Clay Soil Column

Fluorescein was tried in clay soil column in which the soil depth is taken up to 30cm and constant flow
head was maintained, i.e the concentration was maintained to a depth of 60cm from the depth of soil to
increase the flow rate. As the driving force increase, the recovery was high. For Fluorescein the
absorbance of dye was very less and had good resistance to adsorption in clay soil. In clay soil also it was
highly subjected to background fluorescence and it was measured initially before pouring the dye
concentration and then the Fluorescein concentration was poured and the head was maintained. The
recovery of dye concentration was shown in Fig.-9.
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Fig.-9: Percentage of dye concentration recovery for Fluorescein

Characteristics of Soil Properties before and after the Column Study

The clay soil properties were tested before and after the column test with Rhodamine B and
Sulphorhodamine B in which the adsorption was more to observe the cause of adsorption in soil and
identify the changes in the soil properties and the result were shown in Table-4.

Table-4 shows the soil properties of clay soil that used for the column study. The pH of the Rhodamine B
clay soil was less when compared to Sulphorhodamine B clay soil. Bor Jier Shiau' represented that
adsorption decreases with increase in pH. Sulphorhodamine B adsorb less when compare to Rhodamine B
but the pH value was greater than original clay soil. The other metals were less than the original clay soil.

Table-4: Soil Properties of Clay Soil before and after the Column Test

BEHAVIOUR OF HRDROGEOLOGICAL TRACER DYES

Soil properties Unit Original soil RB soil SRB soil
Organic content in soil % 0.40 0.33 0.35
Soil pH 7.06 7.65 8.45
Soil EC mS/cm 0.121 0.06 0.03
Cationic Exchage Capacity Meq/100g 18.33 16.32 14.97
Iron (Fe) ppm 4.52 4.96 3.78
Copper (Cu) ppm 2.94 2.72 2.56
Magnese (Mn) ppm 14.59 10.09 9.34
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The author David ? mentioned hydroxyl group of dye also responsible for adsorption. If the dye had more
number of hydroxyl group then the adsorption will be more. The adsorption was less for Fluorescein dye
which has one hydroxyl group and similarly Sulphorhodamine B has two hydroxyl group in which
adsorption was less but greater than Fluorescein.

CONCLUSION
It was determined from the study that the dye Rhodamine B shows maximum adsorption o sandy soil
itself and the concentration recovery was very less, i.e., for 200 ppb and 400 ppb of Rhodamine B the
maximum recovery of concentration was only 19 ppb and 48 ppb. When Rhodamine B was used in clay
soil the recovery of dye was not observed. Similarly, Sulphorhodamine B, on the sandy soil the
adsorption was less and shows good recovery of dye concentration when compare to Rhodamine B. But
for clay soil, Sulphorhodamine B was adsorbed to soil initially and then the recovery of concentration
increased gradually. When the column experiment was carried out Sulphorhodamine B, a constant head
was maintained, so that it identified that the recovery of concentration increases as the flow was
maintained. It observed that for continues flow, the recovery will be maximum and adsorption will be
reduced.
Finally, Fluorescein was also applied in the column at a concentration of 100 ppb and 20 ppb in both
sandy soil and clay soil. It shows good resistance to absorbance and shows maximum recovery of
concentration from the starting its
elf and Fluorescein dye was not adsorbed to the soil. But the problem occurred was when using
Fluorescein, it was highly subjected to background fluorescence that presents in nature itself. So
background fluorescence was measured initially before the dye was poured.
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