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ABSTRACT 

Decolorization and degradation of molasses pigments (melanoidins) in wastewater from yeast factories by 
ionizing radiation were investigated. In the case of samples with the same value of chromaticity (4000), the 
reduction degree of chromaticity of dialyzed sample reached 27.5% and 75 % at a dose of 4.5 kGy and 14 
kGy, respectively, and was greater than that of non-dialyzed sample. Organic acids such as oxalic acid, 
formic acid and glycolic acid were formed with increasing dose, and the biodegradability (BOD/COD) of 
wastewater was increased with decrease in pH. The relationships between the value of chromaticity/TOC 
and molecular weight of molasses pigments, were obtained from subsequent experiments using dialyzed 
and non-dialyzed samples with the same value of TOC. 

KEYWORDS 

radiation treatment, wastewater, recycled water, decolorization, degradation, COD, TOC, molasses pigment, 
melanoidin, organic acid, molecular weight distribution, 

INTRODUCTION 

In spite of lack of new sources, the large city such as Tokyo has consumed an increasing water. Therefore, 
recycling of municipal effluent has become increasingly important to support various usages as follows: 
washing, gardening, watering, agriculture and industry. However, the colored wastewater resistant to 
biological treatment, such as activated sludge treatment, is also known to discourage recycling water 
because the water is of low quality. Recently, the Ministry of Construction drafted a water quality standard 
for recycling water to improve the urban waterside environments, which presented the target value on 
choromaticity. From the view point of recycling, the developments and improvements of treatment process 
of colored wastewater is one of the most important and difficult problems. Effluent discharged from 
distillery and yeast factories to the public sewage system, contains molasses pigments (a kind of 
melanoidin), and which are hardly treated by conventional methods. As to decolorization of dark brown 
color of molasses pigments, numerous attempts, using hydrogen peroxide (Hayase F. et al., 1984), ozone 
(Kim S. B. et ah, 1985), microorganisms (Ohmomo S. et al., 1985) and others (Ichikawa M., 1991), have 
been carried out. 
We have studied wastewater treatments with ionizing radiation and also reported on degradation of 
molasses pigment in effluent from a yeast factory (Sawai T. et al, 1993, Sawai T. et al, 1993). 
In this paper, we investigated the decolorization and degradation of molasses pigments by ionizing 
radiation using wastewater without activated sludge treatment from a yeast factory. 
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MATERIALS AND METHODS 

Sample 
Colored wastewater without activated sludge treatment was obtained from a yeast factory, then part of the 
wastewater was dialyzed with permeable membrane. In our experiments, wastewater with the same value 
in chromaticity (4000) or TOC (about 300 mg/1) was prepared as a sample. 

Dialysis and fractionation by permeable membrane 
Seamless Cellulose Tubing (flat width: 25 mm, Union Carbide Corporation) and Spectra/Por membrane 
(No.l, 4 and 6, flat width: 25-45 mm, Spectrum Medical Industries INC.) were used as permeable 
membrane, and colored wastewater was dialyzed against distilled water at 4°C for more than 7 days. 
The molasses pigments in wastewater were fractionated into 4 fractions with Spectra/Por membranes (FR1: 
above MW 1000, FR2: above MW 6000-8000, FR3: above MW 25000, FR4: above MW 50000). 

Measurement of color 
Decolorization was evaluated by chromaticity (1 unit is defined as the color of solution contained 1 mg of 
platinum and 0.5 mg of cobalt /ll water), color difference (AE : CIE L a b ) and UV absorption at a wave 
length of 260 nm, and then UV-VIS spectrum was also measured. Color difference and UV-VIS spectrum 
were measured with Automatic Color Analyzer Model TC-1800 II (Tokyo Denshoku Co., LTD) and UV-
VIS Spectrophotometer UV 3100S (Shimadzu CO., LTD), respectively. 

Measurement of water quality (Japan Sewage Work Association, 1984) 
Water quality was determined by COD (Chemical Oxygen Demand), BOD (Biochemical Oxygen Demand), 
TOC (Total Organic Carbon, TOC Analyser TC-500, Shimadzu CO., LTD.) and pH. Molecular weight 
distribution were obtained from gel-permeation chromatography (column: Sephadex G-25 fine, Liquid 
Chromatograph LC-10AD, Shimadzu CO., LTD). Organic acid analysis was performed with a Carboxylic 
Acid Analyzer Model S-300 (Tokyo Rikakikai CO., LTD), which used a ion exchange chromatography 
applied by a post-column derivative method. 

Irradiation 
Gamma ray radiation: Samples were irradiated under aerobic (aerated with air pumps) and anaerobic 
condition (saturated with nitrogen gas) by gamma rays (Co-60 source, capacity: 185 TBq, dose rates: about 
3 kGy/hr). Electron beam radiation: Samples were agitated in order to saturate with air prior to irradiation, 
then irradiated by electron beams (5 MV Dynamitron accelerator, beam currents: 1.0-2.0 mA). 

RESULTS AND DISCUSSION 

Effect of radiation sources 
The color difference and pH of non-dialyzed wastewater (NDW), irradiated under aerobic condition by 
gamma ray, were decreased with increasing dose (Fig.l). In other cases, any remarked change was not 
observed in pH. The color difference of wastewater, irradiated under anaerobic condition by gamma ray, 
was rapidly decreased to 4 kGy and slightly increased above the dose . However, that of wastewater 
irradiated by EB gradually decreased to 14 kGy and was almost constant above the dose. 

Experiment on samples with the same value of choromaticitv (4000") 

Change of color 
In the experiment using dialyzed (DW) and non-dialyzed wastewater (NDW) with a chromaticity of 4000, 
the reduction degree of chromaticity of DW reached 27.5% and 75 % at 4.5 kGy and 14 kGy, respectively, 
and which was greater than that of NDW (Fig.2). Furthermore, the change of color difference was similar 
to those of chromaticity and UV absorption at a wave length of 260 nm. 
UV spectrum of both sample showed the shoulder at a wave length of about 260 nm and this shoulder 
disappeared with increasing dose. 
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Fig. 1 Changes of color difference and pH in non-dialyzed wastewater irradiated by gamma rays and EB. 
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Fig. 2 Changes of chromaticity, color difference and optical density (260 nm) of wastewater 
irradiated by gamma rays 

Change of water quality 
The pH of DW decreased from the initial pH 5.3 to about 3 at 4 kGy and had a tendency to increase above 
about 80 kGy. On the other hand, the pH of NDW continued to decrease to 100 kGy and NDW reached pH 
3 at this dose. Both COD and BOD values were also decreased with increasing dose, and the value of 
BOD/COD ,used as an indicator of biodegradability, showed the maximum at 75 kGy (Fig. 3). 
The high molecular weight components of molasses pigment were degraded to lower molecular weight 
substances by ionizing radiation (Fig.4) and typical organic acids as an intermediate in degradation process 
were observed. The DW formed oxalic acid and glycolic acid at 5 kGy and the formation of those acid rose 
to the peak at 25 kGy (Fig. 5). The change of acid formation was closely related to that of pH.(Fig. 3) 

Experiment on samples with the same value of TOC (about 300 mg/0 

Change of color 
Samples with the same value of TOC had very different values of chromaticity as shown in Table 1. NDW 
showed the lowest value of chromaticity/TOC ,and FR1 and FR2 had higher values of chromaticity in 
comparison with those of FR3 and FR4. The former seems to be caused by a lot of low molecular weight 
and colorless substances. On the other hand, the latter may be closely relate to number of chromophores in 
melanoidin molecule. However, every sample showed similar result about the reduction rate of color by 
ionizing radiation. 
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Fig. 3 Changes of BOD, COD and BOD/COD in non-dialyzed wastewater by gamma ray radiation. 
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Fig. 4 Change of molecular weight distribution of molasses pigments by gamma ray radiation. 
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Fig. 5 Changes of organic acid formation and pH in dialyzed wastewater by gamma ray radiation. 
0 : formic acid Q: oxalic acid J^. acetic acid ^ : glycolic acid 
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Table 1. The values of chromaticity, TOC and chormaticity/TOC in dialyzed fractions (FR1-4) 
Sample 

Chromaticitv 
TOC (mg/1) 

Chromaticity/TOC 

NDW 
1800 
297 
6.06 

FR1 
4500 
285 

15.79 

FR2 
4750 
260 

18.27 

FR3 
3750 
262 

14.31 

FR4 
3500 
310 

11.29 

Change of water quality 
The change in pH of every sample was similar: the pH of NDW and five fractions (FR1-FR4) were 
decreased rapidly to 24 kGy, and showed the minimum (about pH 3) at 49 kGy. Organic acid formation 
also rose up the peak at 49 kGy. Furthermore, every sample irradiated by gamma rays was different in 
reduction rate of TOC (Table 2). The value of choromaticity/TOC was decreased rapidly with increasing 
dose because chromaticity was decreased more rapidly than TOC: for example, the values in Table 1 
changed to 0.52 for NDW, 2.04 for FR1, 1.94 for FR2, 1.18 for FR3, and 1.28 for FR4 at 24 kGy, 
respectively. 

Table 2. The change of TOC (mg/1) in dialyzed fractions irradiated by gamma ray 
Dose (kGy) NDW FR1 FR2 FR3 FR4 

0 297(100) 285(100) 260(100) 262(100) 310(100) 
9 295(99.3) 275(96.5) 262(101) 260(99.2) 285(91.9) 

24 279(93.9) 245(86.0) 258(99.2) 211(80.5) 235(75.8) 
49 237(79.8) 200(70.2) 209(80.4) 154(58.8) 163(52.6) 
75 221(74.4) 114(40.0) 143(55.0) 69(26.3) 75(24.2) 

note: the figures in parentheses represent percentage of residual TOC value. 

CONCLUSION 

Gamma ray radiation under aerobic condition was effective in decolorizing and degradating the molasses 
pigments in colored wastewater. However, it seems to be necessary to improve the irradiation condition for 
EB radiation. The decolorization efficiencies of DW by ionizing radiation were markedly increased in 
comparison with those of NDW. Change of pH is closely related to that of organic acid formation or 
biodcgradability. Every wastewater with the same value of TOC showed the minimum in pH and 
maximum of organic acid formation at the same dose. The values of chromaticity/TOC of FR1 and FR2 
were greater than those of other fractions and NDW. 
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