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Reaction of various kinds of water-soluble dyes with
ozone was examined. It was found that the reaction of
dyes with ozone improved their biodegradability, and the
values of biochemical oxygen demand (BOD) and total
organic carbon (TOC} of the ozonation products
correlated with those of the theoretical TOC of the original
dyes. In addition, the azo dyes had a tendency to be easily
decomposed with ozone, and the decomposition of dyes
was markedly accelerated when ozonation was
accompanied by ultra-violet irradiation.

INTRODUCTION

Treatment of industrial waste water containing dyes has
recently received special attention and several methods
have been proposed to cope with this difficult problem,

TABLE 1

Dyes Used for Ozonation

including: adsorption by activated carbon, etc. [1], the
coagulating sedimentation method [2], the chlorination
method [3], ozone treatment [4] and so on. For the decolor-
isation of waste water containing water-soluble dyes,
ozone treatment was found to be effective [5]. Also, com-
bining ozone treatment with adsorption using activated
carbon and other methods has been reported to give very
good results [6]. However, until now there has been no
detailed information available on the reaction of dyes with
ozone. Consequently, we set out to examine the behaviour
of various kinds of water-soluble dyes with ozone.

EXPERIMENTAL

Materials

Alt the materials used were purified by recrystallisation or
column chromatography. The materials are shown in
Table 1.

Ozonation

The ozonation method was the same as reported previous-
ly [7]. Ozonation (Nihon Ozon Co. 0-1-2 type ozone
generator) was carried out with ozone—oxygen mixtures
{ozone: 26.4 mg/min, oxygen: 225 ml/min} on 0.75 mmol
of dyes in 1000 ml of water at 30°C. Ozonation using a
200 W high-pressure mercury lamp was also carried out
under the same conditions as the process described above.

Developing‘®

Recrystallisation

Class of dye Dye R solvent solvent

Monoazo C.l. Acid Yellow 23 0.18 A Water

C.l. Acid Orange 7 0.74 A Water

C.l. Acid Orange 8 0.78 A Ethanol

C.L. Acid Red 88 0.80 A Water
Disazo C.l. Acid Black 1 0.52 A Water
Triphenylmethane  C.l. Basic Violet 3 0.89 B Ethanol

C.!. Basic Violet 14 0.82 B Water

C.l. Basic Blue 5 0.96 B {b)

C.l. Basic Green 4 0.92 B Benzene/ethanol
Diphenytmethane C.I. Basic Yellow 2 0.89 B Ethanol
Anthraquinone C.l. Acid Blue 23 0.56 A Water

C.l. Acid Green 25 0.75 A Ethanol/water
Xanthene C.l. Basic Violet 10 0.91 Cc Ethanol

Pyronine G {C.). 45005) 0.79 B Ethanol
Indigoid C.l. Acid Blue 74 0.25 A Water
Thiazine C.1. Basic Blue 9 0.44 B (b}
Methine C.I. Basic Qrange 21 0.79 B Ethanol

C.l. Basic Violet 7 0.85 B Ethanol

{a) The developing solvents were as follows: A — n-butanol;ethanol:1% aqueous ammonia in the ratic 6:2:3, B ~

methanol:acetic acid:water in the ratio 6:1:4, C — 95% ethanal

(b} Purified by column chromatography

JSDC Volume 100 April 1984 125




Biochemical Oxygen Demand

Air was bubbled into the ozonated solution for 40 min to
remove the dissolved ozone, followed by addition of 0.1 M
sodium hydroxide to decompose the peroxides. The
absence of peroxides was confirmed by a potassium iodide
test. After several minutes the pH value was adjusted to
6.6-7.5 with 6 M hydrochloric acid. Biochemical oxygen
demand (BOD)} was measured according to the procedure
described in the standard method [8]. The samples were
diluted with the seeded dilution water. River water poliuted
with domestic waste water near the Gifu Prefectural Insti-
tute of Public Health was used as the seed material. Dissol-
ved oxygen was determined by the azide modification of
the iodometric method.

Total Organic Carbon

To 20 ml of the ozonated solution, potassium persulphate
(2 g), 6% phosphoric acid {0.25 ml) and water {10 ml} were
added. Air was then bubbled into the solution for 10 min.
After the substrates were decomposed in a sealed tube at
121°C for 1 h, the total organic carbon (TOC) was measured
using an Astro Ecology Japan Co. Model 1500 type spec-
trometer.

RESULTS AND DISCUSSION

Change in BOD and TOC

Figure 1, which is typical of all the results, represents the
results from all dyes except C.l. Basic Violet 10 {(BV10), and
gives the change in BOD and TOC with time when BBS was
ozonated. Since dyes have some toxicity toward micro-
organisms [9] and show different degrees of biodegrada-
bility, variation in BOD and TOC values was observed.
Except in the case of BV10, the BOD rose to a maximum
value after about 2 h and then fell. This indicates that
organic compounds having better biodegradability than
the original dyes were formed during ozonation. The fact
that the TOC value does not become zero, even after 9 h
when the dye is already decolorised, has been reported
previously [10], indicating the limiting nature of the ozone
treatment by itself. Unfortunately, the products at this stage
could not be identified. The BOD of BV10 did not reach a
maximum, and the decrease in its TOC was slower than
with that of the other dyes. These phenomena may be
attributed to the difficulty of decomposition of the reaction
products of BV10 with ozone.
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Figure 1—Change in BOD and TOC values during ozonation
and ozonation accompanied by u.v. irradiation of C.1. Basic
Blue 9 (see text for experimental conditions)

It is ctear that the values of the BOD:TOC ratio after 1.5 h
are almost constant, showing that the BOD values depend
on the TOC values.

Various Properties and their Correlation
In order to investigate the behaviour of dyes during ozona-
tion, the correlation between the factors attributable to the
dyes and the properties which provide information about
their ozonation products was examined.

Under the experimental conditions used, the decomposi-
tion of dyes with ozone had almost ceased after 6 h and the
values of the indices were almost constant. Thus, the fac-
tors involved can be taken as: molecular weight, theoretical
TOC values (TOC,) and TOC values after 6 h {TOC,). The
following values were chosen as indices of the effective-
ness of the ozonation reaction: the BOD values after 6 h
{BOD,), TOC,, the values of the ratio BOD,:TOC, and
TOC,:TOC,. The linear regression coefficient (r) is 0.59,
within the 99% significance level. Table 2 shows the values
of the various properties and their correlation; Table 3
shows the linear regression coefficients between them.

Dye Properties and their Correlation Providing Information on Ozonation Products

Mol. TOC, TOC, BOD,
Dye wit (p-.p-m.) {p.p.m.} TOC,. TOC, {p.p.m.} BOD,:TOC,
C.l. Acid Yellow 23 530 144 17.0 0.12 438 0.28
C.l. Acid Qrange 7 348 144 26.0 0.18 13.7 0.563
C.l. Acid Orange & 364 144 44.0 0.31 21.2 0.48
C.l. Acid Red 88 398 180 50.8 0.28 15.0 0.31
C.l. Acid Black 1 612 198 9.0 0.05 1.7 1.30
C.l. Basic Violet 3 407 225 85.1 0.38 54.6 0.64
C.l. Basic Violet 14 338 180 84.0 0.47 53.8 0.64
C... Basic Blue 5 392 225 1245 0.55 124.4 1.00
C.l. Basic Green 4 464 207 50.0 0.24 64.7 1.29
C.l. Basic Yellow 2 322 153 54.0 0.35 415 0.77
C.l. Acid Blue 23 571 198 81.0 0.41 415 0.51
C.l. Acid Green 25 618 252 83.0 0.33 74.0 0.89
C.l. Basic Violet 10 479 252 162.5 0.64 121.3 0.75
Pyronine G 303 153 96.5 0.63 72.2 0.76
C.l. Acid Blue 74 466 144 5156 0.36 25.7 0.50
C.i. Basic Blue 9 318 144 66.0 0.46 58.3 0.88
C.I. Basic Orange 21 350 252 112.5 0.45 80.7 0.72
C.l. Basic Violet 7 417 216 34.0 0.16 358 1.056
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TABLE 3

Linear Regression Coefficients (r) between the Values of
Various Properties Relevant in the Ozonation of Dyes

BOD, BOD,:TOC, TOC,:TOC,
Mol. wt -0.13 0.18 -0.41
TOC, 0.65
TOC, 0.91

BOD, and TOC,

The BOD, values showed a good positive correlation with
TOC, {r=0.91) because of the improved biodegradability of
the ozonation products. In view of the positive correlation
between the TOC, and TOC, values (r=0.61)}, itis reasonable
to assume that the BOD, values correlate with TOC,
(r=0.65), i.e. the BOD, and TOC, values show a positive
correlation with TOC, values.

BOD:TOC

The value of the ratioc BOD:TOC is used to determine
whether the sample can be treated biochemically, and the
ideal value is calculated to be 2.02 [11].

The values for the ratio showed a wide variation,
Although the values for the original dyes (BOD,: TOC,) were
almast zero, for the ozonated products the BOD,:TOC, val-
ues were 0.7+0.5, nearly the same as that of domestic
sewage treated biochemically {12].

This result suggests that waste water containing water-
soluble dyes could be purified to a similar level as domestic
sewage biochemically treated with ozone.

TOC,:TOC,
The values of the ratio TOC,:TOC, showed no correlation
with molecular weight (r=-0.41), depending rather on the

structure of the dyes. The values for azo dyes tended to be
low compared with those of the other dyes; those of xanth-
ene dyes tended to be high.

The results of our experiments showed that the dyes
could not be decomposed completely by ozone treatment
alone. In order to improve this situation, ozonation of dyes
together with irradiation under u.v. light was carried out.
The TOC values of all dyes used in this experiment became
zero within 3.5 h. The typical exampie (BB9} is shown in
Figure 1.

Although the mechanism of this reaction is not clear, it is
worthy of notice that the decomposition of dyes is remark-
ably accelerated when ozonation is accompanied by u.v.
irradiation.
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