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ABSTRACT

A systematic study on the use of y-rays for the destruction of organic
ingredients present in water and wastewater was carried out . The effect of y-
rays on two organic dyes in a distilled water medium was studied at various
dye concentration and at different dose rates and pH of solution. The kinetics
of the decolouration process was also studied and it was found to follow a first
order reaction. In all cases the G-value was calculated as a function of
irradiation dose. The investigations were extended to dye solution in
wastewaters originating at the textile factory. The different factors affecting
the decolouration percentage in case of wastewaters were studied. The G-
values were determined and the kinetics of the degradation process were
established. It was observed that the rate of the degradation reaction in case of
wastwater was slower than the case of distilled water. It is planned that work
is to be extended to conditions simulating natural conditions of wastewaters
released from the textile industry.
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INTRODUCTION

Dye stuff materials commonly used in the textile industry are toxic compounds and present an
environmental hazard when released to the ecosystem. The elimination of these compounds from
industrial wastewater has been studied using different techniques and methods (1). Among these
methods adsorption on charcoal has been extensively studied (2). Activated alumina has been also
widely used (3).

It is well known that the use of ultraviolet radiation is common for the treatment of chemical
pollution in different aquatic media, and also in the photolysis process (4). Also, ultraviolet radiation
could be used in presence of catalysts together with ozone or hydrogen peroxide; a process which
results in an increase in the efficiency of the photodegradation process as a whole (S).

Quite recently the use of high energy radiation techniques has gained importance and it was
shown that y-rays and electron beam irradiations can be effectively used for the destruction and
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elimination of organic pollutants from wastewater. In our laboratory a number of investigations on the
degradation of dye materials using y-rays has been previously carried out (6,7).

In this work the use of y-rays for the destruction and elimination of some dye materials from
water and wastewater originating in the textile industry has been investigated.

EXPERIMENTAL

Commercial Drimarpen Scarelet F3G (DS) and Drimarpen Brill Green X3G (DBG) dyes
obtained from Sandoz, Germany, were used without further purification. The chemical formulae of
these two dyes are not known to us. Other used reagents were of analytical grade.
Actual wastewater released from some textile factories drain was used.

A unicam UV4 UV/VIS spectrophotometer was used for measuring and scanning the
absorption spectra.

Irradiations were carried out in the ""Co gamma chamber 4000 of the National Center for
Radiation Research and Technology (NCRRT), Egypt. The dose rate was measured to be 2.25 kGy/h
using Fricke dosimetry [G (Fe^+) =1.62 umol /J].

The dye solutions were prepared by dissolving the dye under investigation in doubly distilled
water or actual wastewater. The solutions were placed in pyrex tubes (1.5 cm diameter and 6 cm
height).

RESULTS AND DISCUSSION

Validity of Beer's Law

Figures 1-4 show the absorption spectra of different concentrations of aqueous solutions of
both Drimarpen Scarlet F3G (DS), and Drimarpen Brill Green X3G (DBG) dyes dissolved in distilled
water and wastewater, respectively. It can be seen that, each aqueous solution of the different
Drimarpen dyes have a main absorption band in the visible region. The absorption spectra of DS dye
has two adjacent peaks at 400 nm and 504 nm and the amplitude of the peak at 504 nm is higher than
that of the peak at 400 nm. This absorption peak (400 nm) disappears in the case of wastewater. Also,
it can be noticed that the absorption peak of this dye is shifted towards lower wavelength (496 nm) in
the presence of wastewater. The absorption peak at 504 nm was therefore, used for expressing the
concentration of DS dye. On the other hand, the absorption spectra of the DBG dye has two adjacent
absorption peaks at 620 nm and 660 nm. In the presence of distilled water as a solvent for the DBG
dye, the prominent absorption peak appears at 660 nm while in the presence of wastewater, the 620
nm is the prominent absorption peak. From the four figures (1-4), it can be also seen that, the
amplitude of the absorption bands of the two dyes with different solvents (distilled water and
wastewater) increases gradually with the increase of the dye concentration.

By plotting the obtained optical densities at these absorption peaks against the different
concentrations of the dye solutions, linear relationships were obtained as shown in Figs. 5 and 6,
indicating that Beer's law is obeyed in the range of concentrations from 0.00625 g/L to 0.0375 g/L and
from 0.0125 g/L to 0.05 g/L for DS and DBG dyes respectively. The respective slopes of these straight
lines give the extinction coefficients, (e), at each wavelength which were found to be 85.60 L.g"l.
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cm"1 (504 nm) and 65.40 L. g"1. cm"1 (496 nm) for DS dye, and 48.84 L.g"1. cm"1 (662 nm) and
38.06 L. g"1. cm"1 (620 nm) for DBG dye in distilled water and wastewater, respectively.

In a previous work (8), it was found that the extinction coefficients (s), is 15.89 L. g"1. cm"1

for LB dye (612 nm), 17.37 L. g"1. cm"1 for LBR dye (514 nm) and 44.94 L. g"1. cm"1 for LBY dye
(414 nm). It is shown that the dyes under investigation in this part of the work have higher (s) values
than the other dyes which had been investigated before.

Radiolytic decoloration of dye solutions

Three different concentrations (namely 0.0125, 0.025 and 0.0375 g/L) of both DS and DBG
Drimarpen dyes dissolved in either distilled or wastewater were irradiated for different absorbed
doses. Figures 7 and 8 show the absorption spectra of the unirradiated and irradiated 0.025 g/L OS dye
solution dissolved in distilled water and wastewater. It can be observed that the amplitude of all
absorption bands decreases gradually with the increase of the absorbed dose and that complete
decoloration (indicated by complete disappearance of the absorption band in the visible region at 504
nm and 496 nm) occurrs at about 8 and 10 kGy, respectively. Identical absorption spectra for other
concentrations of DS dye were obtained indicating the same behaviour on irradiation with gamma
rays (9-10).

Similarly, figures 9 and 10 show the behaviour of radiation-induced decoloration of DBG dye
(0.025 g/L) dissolved in distilled water and wastewater (at 660 nm and 620 nm for distilled water and
wastewater dye solutions). The complete decoloration of this dye appears at higher absorbed doses (15
kGy for 0.025 g/L). It can be concluded, however, that the complete decoloration in case of both DS
and DBG dyes could occur at lower absorbed doses for lower dye concentrations.

The response of different dye solutions having different concentration was investigated and
was expressed in terms of the degree of decoloration of the respective dye. The degree of decoloration
of DS and DBG dyes dissolved in distilled water and wastewater was estimated from the reduction ir
the optical density of the absorption bands in the visible region of the spectrum (11) (at 504,496, 66C
and 620 nm, respectively) using the relationship:

Decoloration % = A ° ~ A ' X100 (1)
Ao

where, Ao and Aj are the optical densities before and after irradiation.

Figures 11-14 and tables 1-2 show the percentage decoloration for different initial
concentrations, Co, of DS and DBG dye solutions dissolved in distilled water and wastewater ai
different absorbed doses.

It is clear that, for the same initial dye concentration, the degree of decoloration increases witr,
the increase of the absorbed dose for the two dye solutions. Also, the degree of decoloration at the
same absorbed dose decreases by increasing the initial concentration of the dye. The extent o
decoloration for the same dye concentration is less in wastewater media than in distilled water. This
decrease can be attributed to the presence of other different organic and lorganic resedues in tin
wastewater medium causing a dispertion of the y-ray energy.
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Table 1. Decoloration percentage (AA/A0) of DS dissolved in distilled water (D) and wastewater
(W) for different initial concentrations (Co) and radiation absorbed doses analysed at
504 nm.

Cone.

0.0125

0.0250

0.0375

Dose,
KGy

D
W
D
W
D
W

Decoloration percentage, (AA/Ao), %
0.2

26.69
n/a

20.66
n/a
7.23
n/a

0.4

37.03
20.02
30.20
23.55
16.51
16.88

0.8

59.02
50.30
52.99
43.25
30.03
29.46

1.5

77.63
65.32
68.07
63.70
46.11
51.08

3.0

94.17
81.68
84.47
80.00
66.04
65.30

5.0

99.25
90.50
92.96
92.00
81.15
81.30

10.0

n/a
n/a
n/a
n/a
93
n/a

Table 2. Decoloration percentage (AA/A0) of DBG dissolved in distilled water (D) and
wastewater (W) for different initial concentrations (Co) and radiation absorbed doses at
660 nm.

Cone.

0.0125

0.0250

0.0375

Dose,
KGy

D
W
D
W
D
W

Decoloration percentage, (AA/Ao), %
0.8

n/a
21.70
n/a

11.00
n/a

10.50

1.5

48.90
n/a

35.60
n/a

21.50
n/a

2.0

n/a
41.20

n/a
24.20

n/a
20.00

3.0

74.60
n/a

49.70
n/a

L35.60
n/a

5.0

86.00
72.80
73.20
48.50
49.70
40.00

10.0

95.00
86.10
n/a

73.00
73.20
62.00

15.0

n/a
n/a
n/a

85.70
n/a

75.00

25.0

n/a
n/a
n/a
n/a

95.00
83.00

Kinetics of degradation

Aqueous solutions of commercial Drimarpen dyes in the presence and absence of other
specific pollutants of the textile and dyeing industry, at different concentrations, were used to study
the degradation kinetics. The results show that the kinetics of the degradation process can be described
by a first order reaction kinetics.

Figures 15-18 show the relationship between the variation of the residual concentration (for
different initial concentration of DS and DBG dyes) in case of both distilled and wastewater at
different absorbed doses. It is seen that, for the different concentrations investigated the radiation-
induced decrease in the dye concentration (12), as plotted on a logarithmic scale, is found to be linear
with the absorbed dose, in accordance with a first-order radiolytic effect as expressed by the following
equation:

-dC = kj C dD

which when integrated gives ;

(2)
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or

In C = In C o - kj D

C = C . e *kiD

(3)

(4)

where, C = dye concentration (g/L), Co = initial dye concentration (g/L), D = total absorbed dose (Gy)

and Iq = reaction rate constant (Gy/h).

The reaction rate constant is obtained as the slope of the straight lines shown above. This
kinetic constant is dependent on the initial concentration, Co of the dye. It decreases as the
concentration of the dye increase, so

oc
Co

_ constant

Co

Table 3 shows the reaction rate constant, kj, for different values of initial concentrations of
DS and DBG dyes. The plot of kj versus 1/CO gives straight lines passing through the origin (Fig. 19)
showing a good agreement with the proposed degradation scheme ofPiccinini and Ferrero for the
degradation of other dye compounds. Piccinini and Ferrero related the kinetic rate constant kj to the

initial concentration by the following equation:

- —
1 Co

where K* is the efficiency coefficient of dye radiolysis.

(5)

In our case the efficiency coefficient of radiolysis, K*, was obtained as the slope of the
straight lines given in Fig. 19, and it was found to be 1.17 x 10"6 and 5.9 x lO^g.L'l.Gy'* for the
decoloration process of DS in distilled water and wastewater, respectively. Also, it is found to be 4.53
x 1CT6 and 3.21 x 10"6 g.L^.Gy"1 for the decoloration process of DBG.

Table 3. Kinetic constant, k t, for different initial concentration, Co, of DS and DBG dyes
dissolved in either distilled water or wastewater.

Co, g/L

0.0125
0.0250
0.0375
0.0500

DS
dist. Water

^ max- 504 n m

0.268 xlO'3

0.455 xlO"3

0.958 xlO"3

Wastewater
^ max- 496 nm

0.167xlO-3

O.251xlO-3

0.462 xlO-3

DBG
dist. water

A. m»x= 660 nm
0.105xl0-3

0.189x10-3

0.355 xlO-3

Wastewater
^max= 620 n m

0.073 x 10"3

0.130xl0-3

0.254xl0-3
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It is shown from Fig. 19 relating kj to 1/CO that the efficiency of the degradation process K*

presented by the slope of the different curves in the figure, is higher in case of distilled water than in
case of wastewater for the two dyes investigated.

Radiation-chemical yield (G-value)

The radiation-chemical yield (G-value) for the decoloration of the two dyes is calculated using
the general formula (13-14):

G(-Dye) = — g/J (6)
p.D

where, AC is the change in concentration of dye (g/L), r is the density of dye solution (kg/L), D is the
absorbed dose in Gy.

Because of the fact that the molecular weight of this group of dyes is unknown, the G-values
of these dyes were obtained in unites of g/J. Figure 20 shows the variation of the G(-Dye) values with
the concentration of DS, DBG dyes. Since the relation between the radiation-induced change in
absorbance (AA=AO-Aj) and absorbed dose was not found to be linear allover the range of
concentration studied (see Figs. 11-14), the G-values were calculated for different initial concentration
of dye solutions using the slope of the straight part of the curves relating the dose to the percent
decoloration (Figs. 11-14). The G-value for each dye solution was found to increase with increase of
dye concentration as shown in Figure 20 for the case of distilled water and wastewater.

CONCLUSION

The absorption spectra of the two dyes under investigation (DS and DBG) were found to obey

Beer's law in the range of concentrations 0.00625 g/L to 0.05 g/L. The radiolytic decoloration at
different concentrations of dye solutions was established at different absorbed doses. The degree of
decoloration for the same initial concentration (Co) of the dye increases with the increase of the
radiation absorbed dose. In the degradation study, it can be seen that the radiation-induced decrease in
the dye concentration is linear, in accordance with a first-order radiolytic effect and the reaction rate
constant (kj) decreases with the increase of the dye concentration. The decoloration percentage and
the G-value for a given absorbed dose was found to be lower incase of wastewater than in case of
distilled. Also, the efficiency coefficient of radiolysis of the two dyes was found to follow the same
trend.
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