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Abstract. The degradation and decolouration of organic pollutants, i.e. dye stuffs and phenolic compounds, by
gamma irradiation have been studied. First, samples from effluent of textile industry were taken to be irradiated
at a certain condition. Irradiation was done after dissolving the samples five times with distilled water in
laboratory scale, followed by upscaling those samples into 5 litre in volume. Irradiation was done at a dose of 0—
25 kGy, aerated and a dose rate of 5 kGy/h. The parameters examined were the change of absorption spectra,
COD (Chemical Oxygen Demand), the percentage of the degradation, the change of pH and degradation product
using HPLC. It was demonstrated that the dilution of sample enhanced the degradation and decreased the COD
values. The degradation product of textile wastewater is mainly oxalic acid.

Second, the effects of radiation on aerated phenolic compounds mixture, i.e. resorcinol, o-cresol and m-
cresol were done. Individual phenol was studied followed by mixture of the phenolic compounds. Irradiation was
done in aerated condition with doses of 0-10 kGy, dose rate of 5 kGy/h and pH range from 3 to 12. The initial
concentration of resorcinol, o-cresol and /w-cresol were 50 ppm and 60 ppm for phenolic compounds mixture,
respectively. Parameters examined were absorption spectrum, pH, and degradation products. The uv-vis
absorption of the solution were observed before and after irradiation. HPLC was used to determine the products
of degradation. Degradation of resorcinol, w-cresol and o-cresol could be achieved at dose of 6 kGy at pH 9,
while o-cresol in acid condition (pH 3). The degree of degradation for resorcinol, w-cresol and o-cresol at above
conditions were 90%, 88% and 45%, respectively. Degradation of phenolic compound mixture occurred at a dose
of 7.5 kGy and pH 9', at this condition almost 99% of phenolic compounds degraded. Oxalic acid was the main
degradation product.

1. INTRODUCTION

Textile, oil and gas, which give important foreign exchange, are exported from Indonesia.
On the other hand the activity of oil production and textile industry causes pollution into the
environment. Wastewater released by those industries contains toxic refractory dye stuffs at
high concentration. They will go into the environment and contaminate the surface of the
water and the water itself. A conventional method was used for decolouration and degradation
of such dyes and for removal of phenols, but improvement has not been reached yet since the
method is still releasing some amount of sludge [1-2].

Environmental Management Control (EMC) Jakarta reported that decolouration of
colouring wastewater was still difficult to be solved, so that the use of another method was
necessary.

Some researchers reported that radiation induced decolouration and degradation of
disperse, acid and reactive dyes as well as phenolic compounds, so that radiation technology
could be an alternative method to solve the problem [3-10]. Investigations were done to at
certain conditions, followed by the study of the degradation product using HPLC.
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2. EXPERIMENTAL

2.1 Materials

2.1.1. Dyes wastewater

Samples of dyes waste-water were taken from the effluent of the textile industry of
PT Unitex, Bogor, Indonesia. Samples were numbered from E to H, and kept in 5 L plastic
jars.

2.1.2. Phenolic compounds

Phenols used in this study were standard phenols, i.e. o-cresol, m-cresol and resorcinol.
A study on phenolic compounds was done individually, followed by a mixture of o-cresol,
/w-cresol and resorcinol. Others chemical substances used were H2SO4, NaOH, and H3PO4.

2.2. Sample preparations

22.7. Samples E-H

Samples E-H were prepared by dissolving the samples five times with distilled water.
The samples were irradiated at a dose of 0-25 kGy with cobalt-60 y rays at room temperature
and placed in 500 mL Pyrex reaction vessel (5 cm dia. and 16 cm height). The dose rate of
5 kGy/h was determined by a Fricke dosimeter. During irradiation air was bubbled.
Parameters examined were absorption spectra, COD and percentage of degradation.

2.2.2. Upscaling of samples E and F

Irradiation of samples E and F was done by dissolving the samples five times with
distilled water. Irradiation was carried out in a 5 L stainless steel reaction vessel (15 cm dia.
and 40 cm height), at a dose of 0-25 kGy and dose rate of 5 kGy/h. Parameters examined were
the change of pH and degradation products.

2.2.3. Phenolic compounds

For individual phenol (o-cresol, w-cresol and resorcinol), irradiation was done at a
concentration of 50 ppm with doses of 0, 2, 4, 6, 8 and 10 kGy. The dose rate used in this
study was 5 kGy/h, determined by using a Fricke Dosimeter. Irradiation was also done at
several pHs (3, 5, 7, 9 and 12) with the same doses as above. During irradiation air was
bubbled through the solution. The degree of degradation of individual phenols was measured
and the change of spectrum examined.

Degradation studies of the mixture of o-cresol, m-cresol and resorcinol were done at a
concentration of 60 ppm. Irradiation was done at doses of 0, 5, 7.5, 10, 15 and 20 kGy, and
various pHs 3, 5, 7, 9 and 11. During irradiation air was bubbled through the solution.
Parameters examined were the changes of spectrum and pH, degree of degradation and
degradation products. The absorption spectrum was measured with a Hewlett Packard 8453
spectrophotometer. The pH of the solution was measured using Metrohm pH-meter. The
degradation product was measured using HPLC using a Shodex RS-pak.

3. RESULTS AND DISCUSSION

3.1. Dye wastewater

Figs 1- 4 show the spectra of samples E, F, G and H, respectively. It is shown that two
absorption peaks were detected at uv and visible regions. The absorption band in the uv region
is considered to be their substituted aromatic rings and the absorption band in the visible
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region is considered to be the main absorption assigned to the conjugated system of dye
molecules. The peak in the visible region decreased rapidly, but that in the uv region
decreased slowly as dose increased. These decreases in intensity are obviously due to the
destruction of the conjugated system of dye molecules by attack of OH radicals, just as in the
case of water-soluble azo dyes (7). The intensity in the uv region decreased slowly, because
substituted aromatic rings has high persistence to radiation. Persistence is obviously due to the
Ti-electrons which are delocalized. In the presence of oxygen during irradiation the oxidative
species will be increased. These species will degrade the structure of the dye molecule in
wastewater.

The reaction is as follows :
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The COD measurement of samples E, F, G and H are shown in Fig. 5, the COD value of
sample E, F, G and H decreased after irradiation at a dose of 25 kGy from 1204, 658, 147,
1267 ppm into 16.3, 16.5, 61.2 and 86.9 ppm, respectively. COD measurement is one of the
important parameters usually used in wastewater treatment. The decrease of COD upon
irradiation indicated that samples have already degraded.

The degree of degradation of samples E-H are shown in Fig. 6. At a dose of 20 kGy,
almost all of the samples degraded by more than 80%. It can be estimated from the results that
samples have degraded.
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FIG. 6. The degree of degradation of sample E-H.

3.2. The change of pH after irradiation of upscaling of samples E and F

The pH of samples E and F after irradiation are shown in Fig. 7. The pH was slightly
decreased; the change in pH indicated that the dye molecules are degraded to lower molecular
weight compounds such as organic acids [7].

3.3. Analysis of degradation product of samples E and F

Figures 8 (a) and (b) show the chromatogram of samples E and F after irradiation at a
dose of 5 kGy and 20 kGy, respectively. Figure 9 shows the chromatogram of oxalic acid
standard. By matching the retention time of the samples with the standard acid it could be
seen that the main product of samples E and F is oxalic acid.

The suggested mechanisms of oxalic acid formation proposed by Spadaro et al and
Nickelsen et al. in their reports [11, 12], are shown in Figs 10 and 11. Spadaro proposed
probable mechanism for benzene formation in the *OH mediated degradation of azo dyes. The
resulting OH adduct would break down to produce phenildiazene and a phenoxy radical.
Phenildiazene is extremely unstable and is further oxidized into benzene as the final
compound. The phenoxy radical would be oxidized into CO2. Nickelsen proposed the
oxidation of benzene into carboxilic acids, such as oxalic acid, through the formation of
mucondialdehyde.
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3.4. Measurement of absorption spectra of individual phenol

The absorption spectra of the unirradiated resorcinol, o-cresol and w-cresol in aerated
system showed strong absorption bands in the uv region, namely at 275 nm for resorcinol and
272 nm for o- and m-cresol. (Figs 12, 13 and 14). It is also shown that the absorption bands of
resorcinol, o-cresol and m-cresol increased at doses of 2 kGy and 4 kGy, respectively, but
gradually decreased at higher doses. The results suggested that increase in absorption was
caused by the formation of polymer. At low dose, energy is just enough to form polymer
molecule structure [8]. The absorption intensity of o-cresol decreased by 80% at a dose of
10 kGy. Many factors caused the radiation induced phenol degradation, such as substrate,
concentration, applied dose rate, availability of dissolved oxygen, etc. Further investigation on
this topic should be done in the future work.
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FIG. 12. The spectra changes of aerated resorcinol solution by irradiation. Figures 0, 2, 4, 6,
8 and 10 represent the dose in kGy.
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FIG. 13. The spectra changes of aerated o-cresol solution by irradiation. Figures 0, 2, 4, 6, 8
and 10 represent the dose in kGy.

140



2 0 0 Wave length (run) 400

FIG. 14. The spectra changes of aerated m-cresol solution by irradiation. Figures 0, 2, 4, 6,
8 and 10 represent the dose in kGy.

3.5. Effect of pH on the radiolysis of phenolics solution

As shown in Figs 15 (a) and (b), degradation of phenolic compounds increased at
various pHs with increasing doses. These increases were obviously due to the high intensity of
the primary product that forms from the radiolysis of water, especially the oxidator species.
The population of oxidator species increased because air was bubbled through the solution
during irradiation. The results showed that resorcinol was the most degradable compound; it is
assumed that the structure of the molecule has already changed.
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FIG. 15. Effect ofpHon the degradation of phenolic compounds; (a) 4 kGy and (b) 6 kGy.

The change of the molecule structure of resorcinol and m-cresol might occur at higher
pH and induce less degradable compounds. On the other hand, the pH solution hardly affected
the degradation of o-cresol.
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3.6. Effect of pH on spectrum change of phenolic compounds mixture.

The spectra of phenolic compounds mixture at pH 3, 7 and 11 are shown at Figs 16, 17
and 18, respectively. The phenolic compound mixture at pH 3 and 7 showed strong absorption
at 273 nm; in general the spectra at all pHs decreased as dose increased.

At acid condition (pH 3) the spectrum intensity of unirradiated phenolic mixture
increased slightly, compared with that at pH 7. It is suggested that hyperchromic effect
occurred after the addition of H2SO4 to adjust the pH.

At basic condition (pH 11), the spectrum intensity of unirradiated phenolic mixture
increased considerably, and the absorbency shifted from 273 nm to 289 nm. The results
suggest that hyperchromic effect and bathochromic shift occurred. The shift of the absorbency
indicated a change of the molecule structure of phenolic compound mixture.
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FIG. 16. The spectrum of phenolic compound mixture atpH3.
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FIG. 17. The spectrum of phenolic compound mixture atpH 7.
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FIG. 18. The spectrum ofphenolic compound mixture at pH 11.

3.7. Effect of pH on the radiolysis of phenolic compounds mixture solution

Figure 19 shows the effect of pH on the radiolysis of phenolic compound mixture. The
increase of the remaining phenol at pH 3-7 with a dose of 7.5 kGy indicated that the structure
of the molecule has already changed thus induced less degradable compounds. The remaining
phenol at pH 9 is 0.53 ppm; it means almost 99% of the phenol has degraded. At a high dose
(15 kGy) the remaining phenol is only 0.39 ppm; it is indicated that phenolic compounds has
degraded completely at that condition.
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FIG. 19. Effect ofpHon radiolysis of phenolic compounds mixture.

3. 8. Change of pH after irradiation

The change of pH after irradiation could be seen in Fig. 20. hi the beginning pH lowered
steeply at all pHs with the exception of pH 11. The change in pH was caused by the formation
of organic acids. The formation of organic acids indicated that the structure of the molecule
already degraded into low molecular weight. Degradation of the phenolic molecules is
induced by the reaction with oxidative species formed due to water radiolysis.
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FIG. 20. The change ofpH after irradiation.

3. 9. Analysis of degradation products

The degradation products of phenolic mixture compounds were measured using HPLC
with Shodex RS-pak column. Determination of acidic compounds were compare with that
acidic standard (oxalic acid). The retention time of degradation products of phenolic mixture
compounds is exactly the same as the retention time of oxalic acid standard. Figs. 21 (a)
and (b) show the spectrum of degradation products of phenolic compounds after irradiation at
a dose of 20 kGy and a standard of oxalic acid. It is assumed that the degradation product of
phenolic compounds was mainly oxalic acid.
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FIG. 21 (a). Chromatogram of irradiated phenolic mixture compounds at a dose of 20 kGy;
(b). Chromatogram of oxalic acid (5,25 min).

4. CONCLUSIONS

Radiation induced decolouration and degradation of textile dyes stuff and phenolic
compounds were demonstrated. Degradation of textile dyes stuff could be carried out but the
necessary dose varies with the type of waste. In general, irradiation of textile wastewater after
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dilution can be done. At this condition the COD value, pH and degree of degradation
decreased. The main product of degraded wastewater was oxalic acid.

Degradation of resorcinol, o-cresol and m-cresol could be achieved at a dose of 6 kGy at
pH 9, while o-cresol is in acid condition (pH 3) and aerated. The degrees of degradation for
resorcinol, o- and m-cresol at this condition were 90%, 88% and 45%, respectively.

Radiation degradation of phenolic compound mixture could be carried out in aerated
system. The best degradation of phenolic mixture could be achieved at a dose of 7.5 kGy and
pH 9; at this condition almost 99% of phenolic compounds was degraded. The main product
of degraded phenolic compounds was oxalic acid.
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