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ADVANCED OXIDATION PROCESSES 
OF REAL TEXTILE WASTEWATERS****  

Textile wastewater is known to be highly resistant to biodegradation under both natural and waste-
water treatment plant conditions. Different real textile wastewaters from knitting company located in 
Ł6dź, Poland, were subjected to treatment by advanced oxidation processes (AOPs). The following 
agents were used: ozone (Оз), hydrogen peroxide (1202) and UV radiation. They were applied separately 
and in all possible combinations: 03  + UV, Oз  + 1202, UV + 1202, as well as all three at the same time: 
03 + UV + 1202. The effluents before and after the treatment were analyzed according to requirements of 
the Polish standards which included: pH of the effluent, specific colour and colour threshold (CT), 
chemical (COD) and biochemical oxygen demand (BОD5), anionic detergent (AD), total organic carbon 
(TIC), dry residue (DR), soluble substances (SS) and suspensions (S). Ozonation was carried out in a 
lab-scale bubble column reactor with centrally located UV burner. We used two kinds of UV lamp: low-
pressure mercury discharge lamp TNN, 15/32 type, of 15 W power and medium-pressure mercury dis-
charge lamp, TQ 150 type, of 150 W power. The most effective version of AOPs proved to be a simulta-
neous use of all three agents. In the case of such a treatment of wastewaters, practically complete discol-
oration and full destruction of surface-active substances were observed at simultaneous reduction of COD 
and TOС  and increase of biodegradation effectiveness. 

The results obtained suggest that simultaneous use of 03, 1202  and UV-irradiation can be applied 
successfully on a technological scale. Combination of these methods enables almost complete degradation 
of toxic substances and may contribute to recycling and conserving of water in textile factories. 

1. INTRODUCTION 

Textile industry produces large quantities of effluents which are not only very 
toxic and resistant to destruction by physicochemical treatment methods but hardly 
biodegradable. The nonbiodegradability of textile wastewater is due to high content of 
dyestuffs, surfactants and additives which are generally organic compounds of a com-
plex structure [1]. Textile wastewater, being nonbiodegradable under both natural and 
sewage treatment plant conditions, is a potential nuisance to the environment. There- 

'Institute of Applied Radiation Chemistry, Technical University,  Łódź,  Poland. 
"Institute of Knitting Technology and Techniques, Ł6dź, Poland. 

"Institute of Bioprocess Engineering, Ł6dź  Technical University, Poland. 
"This paper has been presented at III NEAR Conference in Cracow. 



18 J. PEtKOWSKt et al. 

fore, it is necessary to find an effective method of the wastewater treatment capable of 
removing colour and toxic organic compounds from textile effluents. The literature 
indicates that ozone application, due to its high oxidizing power, may result in at least 
partial destruction or removal of many refractory organic matters [2]—[7]. 

Ozone application in the processes of oxidation of pollutants present in textile 
wastewater gives good results [7]—[13]. Advantages of ozone application lie in its 
easy availability, lack of secondary pollution, no hazard of overdosage and flexibility 
of the method. Ozone in aqueous solution causes disintegration of detergents and dyes 
as well as destruction of aromatic systems and chromophores. However, the sole ap-
plication of ozone to achieve a complete purification is sometimes insufficient and 
very costly. Hence, it is advantageous to combine ozonation with other oxidizing 
agents or to use chemical oxidation methods as a pretreatment step before biological 
oxidation of wastewater. 

Recently, a growing interest in the application of combined methods of chemical 
03  oxidation and UV-irradiation as well as 03  with 1202  is observed in the literature 
on ozonation [14]—[19]. Synergistic effects of such combinations as 03  + 1202, 1202  
+ UV, 03  + UV and 03  + 1202  + UV, called advanced oxidation process (AOP), are 
often observed. The application of advanced oxidation allows us to reduce signifi-
cantly the costs of energy needed to produce ozone. There are reports regarding in-
stallations working in few countries in this way on both semi-commercial and com-
mercial scales [3], [6], [7], [20]. 

In a series of studies, we would like to present results of our investigations of ad-
vanced oxidation of real textile wastewater. This study presents a discussion of the 
results obtained during investigation of wastewater treatment with ozone, hydrogen 
peroxide and UV-irradiation and the combination of the oxidants. In our previous 
studies, we have presented results of decomposition of synthetic textile wastewater in 
APIs processes [21]—[24]. 

2. MATERIALS AND METHODS 

Three different kinds of wastewater obtained during cotton dyeing were used. Real 
textile wastewater was collected in knitting company located in  Łódź,  Poland. 

The dyeing wastewater (1) used in the experiments was a moderately concentrated 
wastewater of not very intensive green colour CT-50; the values of COD and BOD5  
were 320 mg 02/dm3  and 42 mg 02/dm3, respectively. The BOD5/COD ratio reached 
0.13, i.e. it was difficult to reconstruct it biologically. The content of anionic deter-
gents was as low as 3.9 mg/dm3. The content of suspended matter was also low, i.e. 
10 mg/dm3. The contents of both dry residue (2270 mg/dm3) and soluble substances 
(2260 mg/dm3) were the same within the limit of error. 

The dyeing wastewater (2) was also a moderately concentrated wastewater of not very 
intensive blue colour CT-250, the values of COD and GODS  were 320 mg O2/dm3  and 
64 mg O2/dm3, respectively. The В0D5/COD ratio was 0.20. The content of anionic 
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detergents was low, i.e. 2.6 mg/dm3. The content of suspended matter was pretty high: 
120 mg/dm3. Dry residue was 1680 mg/dm3  and soluble substances — 1560 mg/dm3. Total 
organic carbon reached 117 mg/dm3. 

The dyeing wastewater (3) was strongly concentrated. It was characterized by 
an intensive orange colour, CT = 670, high value of COD (1310 mg O2/dm3), BOD5  
equal to 75 mg O2/dm3. The content of anionic detergents was 5.3 mg/dm3  and that of 
soluble substances — 1040 mg/dm3. The BOD5/COD ratio reached 0.06, i.e. it was 
difficult to reconstruct it biologically. 

Both crude and treated wastewaters were analysed taking into account the follow- 
ing characteristics: 

specific colour, 
colour threshold (CT), 
pH, 
anionic detergent content (AD), 
chemical oxygen demand (COD), 
biological oxygen demand (BОD5), 
dry residue (DR), 
soluble substances (SS), 
suspensions (S). 

All analyses were carried out according to the Polish Standards. 
In the experimental series with dyeing wastewater (2), total organic carbon (ТOС) 

was analysed in Coulomat 702 Li/C, Strёhlein Instrument. 
The experimental set-up for wastewater treatment consisted of the following ele-

ments: an  ozonator  with equipment, reaction vessel and a system of sorption bulbs 
(figure 1). Oxygen from a steel cylinder was pumped to the  ozonator  by two drying 
columns filled with СaС12  and P205, and then by a flowmeter used for measuring oxy-
gen flow rate. The  ozonator  was equipped with an ozone monitor produced by ELIMP 
to measure the ozone content in oxygen at the reactor inlet and outlet. The volume of 
1.3 dr3  of wastewater was poured into a glass reactor equipped with a thermostating 
jacket. The mixture of oxygen and ozone flowing to the reactor was introduced into 
the solution by means of a porous plate which enabled good gas dissipation. In the 
center of the reactor there was a quartz tube in which a light source was placed. These 
were the Heraeus lamps: low-pressure mercury discharge lamp, TNN 15/32 type, of 
15 W power and medium-pressure mercury discharge lamp, TQ 150 type, of 150 W 
power. Light sources were cooled by air flow or water. 

In the case of 15 W lamp, the emitted luminous energy is 1.2499.1021  eV/min, 
which corresponds to 200.23 J/min, or to 3.337 W. The number of quanta is 2.96.1020  
quantum/min.  Taking into account the quanta of the wavelength 2 < 310 nm, which 
constitute 75.9% of the total number of quanta, the corresponding energy is 87.4% of 
the total amount of energy, i.e. 175.1 J/min. 

In the case of 150 W lamp, the luminous energy is 5.81.1021  eV/min, which corre-
sponds to 931 J/min, or to 15.51 W. The number of quanta is 1.95.1021  quantum/min.  
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Taking into account only the quanta of the wavelength 2 < 310 nm, which constitute 
10.8% of the total number of the quanta, the corresponding energy is 16.02% of the 
total emitted energy, i.e. 149.2 J/min. 

15 

2 

lb 

Fig. 1. Schematic of the system for wastewater treatment by advanced oxidation methods: 
Ia, lb — steel cylinders with oxygen and neutral gas, 2 — rotameters, 3 — drying columns 

filled with СaС12  and P205, 4 — gas flow meter cooperating with computer, 5 —  ozonator,  6— porous plate, 
7— glass reaction vessel, 8— quartz tube with UV lamp, 9— thermostating jacket, 10 — magnetic mixer, 

II — hydrogen peroxide tank, 12 — system of ozone neutralization, 13 — ozone concentration meter which 
measures ozone content in oxygen at the reactor inlet and outlet, 14 — UV-lamp feeder, 15 — computer 

So, the amount of energy, which can be used in the process of ozone decomposi-
tion, is by 17% higher for the 150 W lamp. These values refer in general to the num-
ber of quanta and energy emitted by the lamp and transferred through the "active" 
volume of the reactor. 

The wastewater treatment parameters were as follows: 
1. Ozonation was carried out in a 1.5 dm3  glass bubble column reactor filled with 

1 dr3  of solution at ambient temperature. The incoming ozone gas flow rate was 
20 dm3/h at the initial ozone concentration of 64 mg/dm3. Ozonation periods varied 
between 30 and 120 minutes. The corresponding ozone dosages were in the range 
from 640 to 2560 mg 03/дт3. The degree of ozone conversion decreased from the 
initial 70% to about 40% after 120 minutes. 
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UV irradiation was carried out in the same reactor as the ozonation process. 
A quartz tube with light source was placed centrally in the reactor. The Heraeus lamps 
were applied: a low-pressure mercury discharge lamp, TNN 15/32 type, of 15 W 
power and medium-pressure mercury discharge lamp, TQ 150 type, of 150 W power. 
The wastewater was UV-irradiated for 1, 2 and 6 hours and then mixed by means of 
oxygen flow at a rate of 20 dm3/h. Light sources were cooled by air flow or water. 

The process of wastewater oxidation by hydrogen peroxide was carried out in 
the same reactor as ozonation. The solution was mixed by means of oxygen flow at 
a rate of 20 dm3/h. Hydrogen peroxide in the form of 30% solution  (perhydrol)  was 
added at the reaction onset in the amount of 5, 10, 15 and 20 сm3/dтз  of wastewater. 
The reaction time was 1 hour. 

At the combined ozone and UV light action in the wastewater the reaction times 
of 60 and 120 minutes were tested. Oxygen flow rate was equal to 20 dm3/h. The 
ozone concentration at the inlet to the reactor was 64 mg/dm3. The degree of ozone 
conversion decreased from the initial 70% to about 45% after 120 minutes. 

A combined treatment with ozone and hydrogen peroxide consisted in adding to 
them, at the reaction onset, 30% solution of hydrogen peroxide in the amount of 5, 10 
and 20 cm3/дт3  of wastewater. The reaction times were 1 and 2 hours. The amount of 
ozone applied was 1280 mg/dm3. 

Wastewater treatment by hydrogen peroxide and UV light consisted in adding 
first 30% 1202  solution in the amount of 5, 10, 15, 20 and 25 ст3/дт3  of wastewater 
and then it was UV-irradiated for 1 and 2 hours. The flow rate of the oxygen—ozone 
mixture was 20 dm3/h. The ozone concentration at the inlet to the reactor was 64 mg/dm3, 
which corresponded to the ozone dosage rate of 985 mg/h•dm3  of wastewater. The 
degree of ozone conversion decreased from the initial 70% to about 40% after 120 
minutes. A low-pressure lamp (15 W) and medium-pressure lamp (150 W) were used. 

Wastewater treatment by means of a simultaneous action of all three agents (Оз, 
1202  and UV) consisted in adding first 30% 1202  solution in the amount of 5, 10, 15 and 
20 ст3/дт3  of wastewater. Then wastewater was subjected to simultaneous ozonation and 
UV irradiation for 1 and 2 hours. The oxygen—ozone mixture flow rate was 20 dm3/h. The 
ozone concentration at the inlet to the reactor was 64 mg/dm3  as usual. The degree of 
ozone conversion decreased with time from the initial 70% to about 35% after 120 min-
utes. A low-pressure lamp (15 W) and medium-pressure lamp (150 W) were used. 

After completing the reaction the excess hydrogen peroxide was decomposed by 
manganese dioxide (Ма02). In all experiments, the process temperature was kept 
constant at 295 K.  

Э.  RESULTS AND DISCUSSION 

Experimental results of the measurements of pH, COD, BOD5, CT, AD for dyeing 
wastewaters (1), (2) and (3) and TOС  for dyeing wastewater (2) are given in tables 1, 
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2 and 3. Changes of TIC for dyeing waste (2) obtained by applying different variants 
of AlPs are shown in figure 2. 

Table 1 

Changes of some characteristic parameters of dyeing wastewater (1) 
resulting from applying different variants of advanced oxidation 

Type 
of treatment 

Specific 
colour p1 

COD 
[mg 02/dm3] 

GODS  
[mg 02/дтз] 

AD 
[mg/dm3] 

Nontreated green 50 9.0 320 42 3.9 

03  0.5 h light green 17 9.0 190 19 2.3 

1.0 h light green 8 8.8 130 34 1.6 

1.5 h noncoloured - 8.6 140 47 1.3 

2.0 h noncoloured - 8.3 120 18 0.7 

UV 1.0 h green 50 8.9 220 26 2.4 

2.0 h light green 33 9.0 150 24 1.8 

6.0 h light green 17 9.0 110 27 1.5 

1202 5 сm3/дтз  green 43 9.5 210 54 2.4 

10 cm3/дтз  light green 33 9.4 170 50 1.5 

15 стз /дтз  light green 25 9.3 170 49 1.4 

20 сm3/dm3  light green 17 9.3 150 10 0.7 

03  + UV 1.0 h noncoloured - 8.1 115 12 2.4 

2.0 h noncoloured - 8.3 105 18 1.5 

03  + 1202  1.0 h+5 стз/дтз  light green 25 8.4 130 13 1.4 

1.0 h+10 сmз/дmз  light green 17 8.5 110 10 0.8 

1.0 h+20 стз/дтз  noncoloured - 8.7 75 10 0.5 

1202 5 стз/дтз  noncoloured - 8.0 275 17 2.3 

+UV (1 h) 10 стз/дтз  noncoloured - 8.2 200 <10 2.2 

15 стз/дтз  noncoloured - 8.4 144 <10 2.0 

20 сmз/dm3  noncoloured - 8.4 130 18 1.7 

25 стз/дтз  noncoloured - 8.5 42 <10 0.6 

1202 5 стз /дтз  noncoloured - 8.1 195 <10 2.6 

+UV (2 h) 10 стз/дтз  noncoloured - 8.2 <20 <10 2.1 

15 стз/дтз  noncoloured - 8.5 <20 <10 0.7 

20 cm3/dmз  noncoloured - 8.4 <20 <10 0.6 

03  5 ст3/dm3  noncoloured - 8.4 <20 <10 1.5 

+ UV (2 h) 10 ст3/дтз  noncoloured - 7.9 <20 <10 0.9 

+ 12O2 15 ст3/дтз  noncoloured - 8.3 <20 <10 0.0 

20 ст3/дт3  noncoloured - 8.1 <20 <10 0.0 

03  5 ст3/дтз  noncoloured - 8.4 130 <10 1.8 

+ UV (1 h) 10 ст3/дтз  noncoloured - 8.4 70 <10 1.1 

+ 1202 15 ст3/дтз  noncoloured - 8.3 <20 <10 0.8 

20 ст3/дтз  noncoloured - 8.4 <20 <10 0.0 
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Fig. 2. Yield of TOС  (mg/dm3) for the dyeing waste (2) obtained due to application 
of different variants of advanced oxidation: 1— nontreated waste, 2-03   (1 h), 3— UV low-pressure 
mercury lamp (15 W, 1 h), 4-1202 (5  сm3), 5— 0 + UV low-pressure mercury lamp (15 W, 1 h), 

6— 0 + 1202  (5 cm3, 1 h), 7— UV + 1202  (5 cm3), low—pressure mercury lamp (15 W, 1 h), 
8— 03  + UV + 1202  (5 cm3, 1 h), low-pressure mercury lamp (15 W). The above values refer to 1 dm3  

of solution at ambient temperature. Ozone flow rate — 20 dm3/h, initial ozone concentration — 64 mg/dm3  

For the all kinds of wastewaters and AOPs no significant changes of wastewater pa-
rameters such as DR, SS and S were observed, so they were not presented in the tables. 

3.1. TIE EWbCT OF OЗ  

From the data presented in table 1 it follows that the concentrations of pollutants 
in the wastewater, expressed in terms of the parameters analysed, decrease with an 
increase of the treatment time (the dosage of ozone). As early as after half an hour, 
which is equivalent to treatment with ozone dosage approaching 600 mg/dm3, the 
wastewater is completely decolourized. Reduction of COD and AD are 62.5% and 
82%, respectively. 

In the case of the moderately concentrated dyeing wastewater (2), the results of its 
treatment by ozonation are very similar to the results of treatment of the dyeing 
wastewater (1) (table 2). 

In the case of strongly concentrated dyeing wastewater (3), the destruction of ani-
onic detergents is almost complete, however, the COD reduction amounts to 25% 
only. More information on the ozonation of real and model textile wastewaters is 
available in our previous papers [22]—[24]. 

3.2. THE ЕРРЬСТ  OF UV 

From the data presented in table 1 it follows that CT, COD and AD decreased with 
an increase of the reaction time (dose of UV radiation). The application of sole UV 
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irradiation did not guarantee a complete decolouration of the wastewater even during 
a 6 h process (colour reduction was 65% at most). Reduction of AD was 53% and 
65% for 2 h and 6 h reaction time, respectively, while that of COD reached 54% and 
61% for 2 h and 6 h, respectively. 

Table 2 

Physicochemical characteristics of the dyeing wastewater (2) 
obtained due to application of different variants of advanced oxidation 

Type 
of treatment 

Specific 
colour CT pH 

COD 
[mg 02/dm3] 

GODS AD TOC 
[mg O2/дтз] [mg/dm3] [mg/dm3] 

Nontreated blue 250 8.2 320 64 2.6 117.0 
0 1.0 h noncoloured - 7.8 220 20 0.4 83.2 

2.0 h noncoloured - 8.0 135 14 0.0 75.7 
Uv  1.O h, 15W 1." orange 100 8.1 185 15 1.5 84.1 

2.0h,15W 1. yellow 50 8.2 170 15 0.0 82.1 
1.Oh,150W 1. orange 67 8.2 260 18 0.7 96.2 
2.0h,150W I. yellow 33 8.3 280 18 0.0 93.9 

Н202  5 стз/дтз  1. purple 120 8.4 300 10 0.3 104.9 
10 стз/dліз  1. purple 100 8.5 290 33 0.0 100.3 

03  1 h +5 стз/дтз  noncoloured - 7.9 190 10 0.4 75.5 
+ Н202 2 h +10 стз/дтз  noncoloured - 8.0 135 63 0.7 72.9 
О3  (15W)1.Oh noncoloured - 7.6 140 10 0.8 63.0 
+1V  (15W)2.0h noncoloured - 7.6 125 13 0.0 52.6 

(150W)1.Oh noncoloured - 8.1 225 33 0.8 72.0 
(150W)2.Oh noncoloured - 8.0 180 12 0.0 64.7 

Н202 (15 W) (1 h) noncoloured - 8.3 125 42 0.8 62.6 
+UV (1h) 5 стз/dmз  

(150W)(1h) noncoloured - 7.9 240 <10 1.3 48.2 
5 стз/dmз  
(15W)(2h) noncoloured - 8.2 180 <10 0.0 48.7 
10 стз/дтз  
(150 W) (2 h) noncoloured - 8.1 230 13 0.8 31.5 
10 стз/dліз  

Н202  (15W) noncoloured - 8.2 180 <10 0.0 48.7 
+ UV (2 h) 10 cmз/дтз  

(150W) noncoloured - 8.1 230 13 0.8 31.5 
10 стз/dmз  

03  (1 h), 1202 15W noncoloured - 7.8 125 16 0.0 
(5 стз /дтз) 150 W noncoloured - 7.7 175 72 0.0 69.6 
+UV(1 h) 
03  (2 h),  15 W noncoloured - 8.3 224 10 0.0 49.3 
Н202  150 W noncoloured - 7.9 245 11 0.0 59.7 
(10 стз/дтз) 
+ UV (2 h) 
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Moderately concentrated dyeing wastewater (2) was photochemically destructed 
by two kinds of UV lamps: low-pressure mercury discharge lamp and medium-
pressure mercury discharge lamp. In the case of monochromatic light of wavelength 
of the 252 nm, the effects of COD and TOС  reduction were much better than for the 
medium-pressure lamp. 

Table 3 

Physicochemical characteristics of the dyeing waste (3) 
obtained due to application of different variants of advanced oxidation 

Type of treatment 
Specific 
colour 

CT 
COD BOD5 AD 

pH [mg 02/dm3] [mg 02/dm3] [mg/dm3] 

Nontreated orange 670 1310 75 5.3 

03  1.0 h orange 670 6.6 990 220 0.8 

2.0 h orange 500 7.1 980 50 0.0 

UV 2.0 h 15 W orange 670 7.4 1080 78 2.4 

1.0 h 15 W orange 670 7.3 870 95 0.0 

1.0 h 150 W orange 670 7.2 1010 45 0.8 

2.0 h 150 W orange 670 7.5 960 155 0.0 

1202  5 сm3/dm3  orange 670 7.1 1310 93 0.0 

10 ст3/dm3  orange 330 7.5 1280 13 0.0 

03  + UV 1.0 h 15 W orange 670 6.6 860 50 0.0 

2.0 h 15 W orange 170 6.8 720 24 0.0 

1.0 h 150 W orange 500 7.3 1020 40 0.0 

2.0 h 150 W 1.ye11ow 100 7.0 960 75 0.0 

03  + 1202  1.0 h 5 ст3/дт3  yellow 120 7.2 1310 73 0.0 

2.0 h 10 ст3/дт3  1. yellow 67 6.8 1080 30 0.0 

1202  +UV 1.0 h 5 ст3/дт3  15 W orange 500 7.3 1280 27 0.0 

2.0 h 10 ст3/dm3  15 W yellow 120 7.3 1210 127 0.0 

1.0 h 5 ст3/dm3  150 W orange 330 7.0 1230 107 0.8 

2.0 h 10 ст3/дт3  150 W yellow 120 6.9 1280 127 0.0 

03+UV+ 1202  1.0 h 5 ст3/дт3  15 W 1. yellow 100 7.1 1000 235 0.0 

2.0 h 10 ст3/дт3  15 W 1. yellow 25 7.0 780 84 0.0 

1.0 h 5 ст3/дт3  150 W 1. yellow 67 7.1 1030 15 0.0 

2.0 h 10 ст3/дт3  150 W 1. yellow 17 7.0 800 87 0.0 

1. - light. 

Generally there were no differences in photochemical destruction of both dyeing 
wastewaters (1) and (2). However, in the case of strongly concentrated dyeing waste-
water (3), we did not observe decolourization in 2 h reaction time. Reduction of COD 
was about 30% and it was slightly higher for low-pressure 15 W lamp. The detergent 
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was completely destroyed. The effect observed was due to an intensive colour of the 
wastewater (3) — high initial value of CT and relatively low concentration of detergent. 

3.3. THE ENNhCT OF 1202 

Table 1 illustrates the effect of 1202  on the changes in pollutants' concentrations 
in the dyeing wastewater (1). With an increase in the amount of 1202  added, there 
was a decrease in chemical oxygen demand, biochemical oxygen demand, colour 
threshold value and concentration of anion surfactants. Under the experimental con-
ditions, 80% reduction of AD, 65% reduction of colour and 50% decrease of COD 
were obtained. However, the amount of 1202  added was significant — 20 сm3/dтз  of 
wastewater. 

Physicochemical characteristics of dyeing wastewater (2) are given in table 2 and 
those of wastewater (3) — in table 3. Decolourization of wastewater (2) by means of 
5 and 10 cm3  Н202/dm3  was much better than that of wastewater (1), though the initial 
CT values were lower for the wastewater (1) than for the wastewater (2), reaching 50 
and 250, respectively. The COD and TOС  reductions were rather low, i.e. 10% and 
15%, respectively, while the detergent destruction was complete. In the case of 
wastewater (3), a complete destruction of detergent was also observed, but the colour 
reduction amounted to 50%, while the COD practically did not change. Hence, hydro-
gen peroxide was mostly effective in destruction of anionic detergents. 

3.4. THE ЕFr СТ  OF %mv 

The best results of decomposition of organic compounds measured in terms of 
COD value were obtained when ozone and UV (both lamps) were applied. Applica-
tion of ozone only led to worse results, while UV irradiation proved to be the worst 
(see tables 1, 2 and 3, positions 1, 2 and 4). The low-pressure 15 W lamp was more 
advantageous than the medium-pressure 150 W lamp. However, these differences 
depended on the process version applied. So, the decomposition due to photochemical 
oxidation is observed when both lamps are used. However, these differences are much 
bigger than it might be expected from the intensity of light emitted by the two lamps 
in the UV range. From actinometric measurements it follows that this difference is 
about 17%. The differences in COD decrease reach about 40% and 60%, while for 
TOС  — only 14%, and for BOD5  — 20%. In the case of anion detergents, a faster de-
composition was reported for a 150 W lamp. This is, however, a significantly errone-
ous result because of a low output value of AD. 

When ozonation and UV irradiation were applied simultaneously, similar results 
of deteriorated decomposition efficiency measured by COD value were obtained in 
the case of a 150 W lamp. These differences were smaller when TOС  was analysed. 
The results show that when a lamp of improper characteristics is used, the synergistic 
effect of UV radiation does not occur in relation to ozone. On the contrary, a slightly 
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negative effect is observed, especially for a prolonged treatment (large ozone doses 
and irradiation). This conclusion is undeniable; however, it has not been given in the 
literature in such a straightforward way yet. 

Simultaneous application of ozone and UV for the wastewater (2) caused its com-
plete decolourization within 1 hour, independently of the application of the UV lamp. 
The anionic detergents were decomposed very fast. The COD reduction was 61% and 
34% for 15 W and 150 W lamps, respectively. 

The concentrated wastewater (3) was better decolourized by the lamp of higher 
power. It was due to an intensive colour of the wastewater and the fact that photo-
chemical reactions took place in the vicinity of the lamp. The COD was reduced by 
45% and 27% for the 15 W lamp and for the 150 W lamp, respectively. The anionic 
detergents were destructed completely as well. 

3.5. THE  Е  +ЕСТ  OF 03/1202  

Table 1 shows the reduction of basic parameters of the wastewater (1) subjected to 
the combined 03  + 1202  treatment. The ozonation lasted 60 minutes, and the concen-
tration of 1202  added changed from 5 to 20 сm3/dm3  of wastewater. Good effects of 
treatment were obtained. It is evident that ozone is the main oxidizing agent. Addition 
of hydrogen peroxide in the amount of 5 стз/dтз  of wastewater, despite the fact of 
not improving the process yield, even slightly deteriorates the process conditions. 
This can be observed in the case of deterioration of wastewater decolouration (an 
increase of colour threshold value) and no COD changes. An increase in the amount 
of hydrogen peroxide added causes a slight improvement of the treatment efficiency. 
In wastewater containing 20 cm3  of 1202/dтз  of wastewater, the colour reduction 
after ozonation was complete, AD concentration decreased by over 85%, while that of 
COD by 75%. 

The wastewater (2) was treated at low concentration of hydrogen peroxide. The 
colour completely disappeared, COD reduction reached 40%, and TOС  reduction was 
35% for the reaction time of 1 hour. The extension of the reaction time to 2 hours 
increased the COD reduction to 58% and TIC — to 48%. Detergents were not com-
pletely destructed at 5 and 10 cm3  doses of 1202  per 1 dr3  of wastewater and their 
removal reached 73 and 63%, respectively. 

In the case of strongly concentrated dyeing wastewater (3), the decolourization 
was not complete, being 82% for 1 h and 5 cm3  of 1202  per 1 dr3  of wastewater and 
90% for 10 cm3  of Н2O2/дт3  of wastewater. The COD reduction was 18% only, while 
detergents were completely destroyed. 

3.6. THE  Е1-  ' СT OF Uv/H202  

The combined treatment of the dyeing wastewater (1) with UУ/Н202  had a very 
advantageous effect on colour reduction. The wastewater was completely decolour- 
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ized as early as at the lowest dosages of the oxidants used. On the other hand, the sole 
application of UV irradiation and separate use of 1202  brought about poor results. 
When both agents were used jointly a clear positive synergistic effect was observed. 
In the case of anionic detergents, the results were not so explicit. A combined use of 
UV irradiation and 1202  produced less advantageous results than separate application 
of the two components, especially at low doses of the oxidants. The combined use of 
UV irradiation and 1202  in low doses caused some deterioration of COD in the dye-
ing wastewater (1). A positive synergistic effect occurred only at higher doses of oxi-
dants when COD reduction was very high. 

Results of the investigation of the wastewater (2) are given in table 2. The decol-
ouration of the wastewater (2) was similar to that of the dyeing wastewater (1). In this 
case also a combination of UV and 1202  produced excellent results which were ex-
pressed by complete wastewater decolouration although its initial colour was much 
more intensive than that of the dyeing wastewater (1). Worse results were obtained 
for anion-active detergents. In the case of COD of wastewater, the combined treat-
ment with UV and 1202  yielded good results, especially when a low-pressure lamp 
(15 W) was used. For example, at the dose of 5 cm3  Н2O2/дm3  of wastewater only 
a 6% reduction of COD was obtained, while at 1 h UV irradiation with 15 W lamp 
and 150 W lamp the reduction in COD reached 42% and 19%, respectively. When 
both these factors were applied the COD reduction was 61% (using 15 W lamp) and 
25% (for 150 W lamp). Thus, the application of low-pressure 15 W lamp is much 
more advantageous than that of the medium-pressure 150 W lamp. When 1202  and 
UV irradiation (15 W) are used jointly, the process of pollutants' decomposition is the 
most intensive. This is confirmed by an increase of wastewater susceptibility to bio-
degradation which increases from 20% for untreated wastewater to 34% after the 
treatment. In wastewater treated with single oxidizing agents, the susceptibility to 
biodegradation (B0D5/COD) decreased to a few per cent. Thus, compounds of a sim-
ple structure were decomposed first, while the complex, organic structures, which 
could not be rebuilt biologically, remained practically not degraded. 

In the case of concentrated wastewater, the decolourization effect was the worst 
for the low-pressure lamp, but this trend was not observed for the COD reduction. 

3.7. THE ЕNrhСT OF Oз/UV/Н202  

The application of all three oxidizing agents at the same time was very advanta-
geous and evidently enhanced the degradation of organic pollutants present in the 
wastewater. The quickest was the degradation of dyes, while the decomposition of 
anion-active detergents proved to be slightly slower. This was especially evident in 
relation to COD of wastewater. In some samples practically a total reduction of COD 
was obtained. For instance, a dose of 1202  equal to 5 cm per 1 dm3  of wastewater 
combined with 2 h treatment with ozone and UV light resulted in a practically com-
plete COD reduction (higher than 94%). Under the conditions when each of three 
such agents as hydrogen peroxide, ozone and UV irradiation is applied separately, the 
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COD reduction equals 34%, 62%, and 53%, respectively. Experimental results for the 
dyeing wastewater (1) are given in table 1. 

For comparison similar investigations were carried out for the second lot of wastewater 
(the dyeing wastewater (2), table 2). This wastewater appeared to be more resistant to oxi-
dizing agents. Although after a simultaneous treatment with ozone, UV light and hydrogen 
peroxide it was completely decoloured and devoid of anion-active detergents, the COD 
decrease was not so evident. A positive synergistic effect was observed only at low doses 
of oxidizing agents. Prolonged time of treatment with ozone and UV light associated with 
an increase of the amount of 1202  had a disadvantageous effect on ozonation, with COD 
reduction being higher in this case. Similarly as in the case of the dyeing wastewater (1) it 
was better to use a low-pressure UV lamp. 

When all three agents were applied at the same time, the reduction of any particu-
lar parameter was very high. In the case of dyeing wastewater (1), beside a complete 
decolouration and reduction of detergents, also COD and BOD5  values decreased 
below the accuracy of determination, so it was impossible to specify their susceptibil-
ity to biological decomposition. In the case of more concentrated dyeing wastewater 
(2), where COD reduction was not so high, the value of the BOD5/COD ratio declined 
which caused that the treated wastewater showed slightly worse susceptibility to bio-
logical degradation than the untreated wastewater. 

Both colour reduction and destruction of detergents in the wastewater (3) were 
almost complete. The COD reduction was equal to 40%, but BOD5  slightly increased, 
so the biodegradability of the treated wastewater increased. 

4. CONCLUSIONS 

Studies on real textile wastewater treatment using 1202  and UV irradiation or 03, 

1202  and UV irradiation showed that, in general, the best results of pollutants degra-
dation were obtained when two or three agents were used simultaneously. Under ex-
perimental conditions, satisfactory results of wastewater treatment were obtained. 
They were expressed by complete decolouration and full degradation of anionic de-
tergents. It was also possible to obtain a total reduction of COD. The results of treat-
ment depended on duration of the treatment, oxidant doses, the amount of 1202  
added, and on the concentration and type of pollutants in wastewater. In order to ob-
tain a satisfactory reduction of pollutants, we have to dose the oxidants very precisely. 
In advanced oxidation processes with simultaneous UV irradiation, low-pressure 
lamps with possibly mono-energy spectrum in the UV—C range should be used. 

The products of degradation obtained in this way are much less toxic than the ini-
tial compounds which makes them easily biodegradable. The method proves that the 
oxidizing agents can be dosed with some flexibility, depending on the concentration 
and type of pollutants present in the wastewater. However, the wastewater composi-
tion should be under constant control, and the wastewater parameters have to be opti-
mized when an optimum decomposition of pollutants at a minimum cost is to be ob-
tained. 
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The results obtained suggest that simultaneous use of 03, 1202  and UV irradiation 
can be applied successfully on a technological scale. A combination of these methods 
enables almost complete degradation of toxic substances and may contribute to recy-
cling and conserving water in textile factories. 
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PROCESY PОGL$BIONEGO UTLENII  NIA  PODCZAS 
OCZYSZCZANIA RZECZYWISTYCH ŚCIEKÓW WŁÓKIENNICZYCH 

Ścieki włókiennicze są  trudne do oczyszczenia i słabo biodegradowalne. Trzy rodzaje rzeczywistych 
ścieków włókienniczych z łódzkich zakładów oczyszczano metodami pógłębionego utleniania (AOPs). 
Zastosowano następujące czynniki: ozon, nadtlenek wodoru i promieniowanie  UV  zarówno pojedynczo, 
jak i we wszystkich kombinacjach (ОЗ  +  UV,  0 + 1202,  UV  + 1202  oraz trzy jednocześnie 03  +  UV  
+ 1202). W ściekach przed i po oczyszczaniu analizowano następujące parametry: odczyn  (pH),  zabar-
wienie specyficzne i liczbę  progową  barwy (Lp), chemiczne (ChZT) i biochemiczne zapotrzebowanie 
tlenu (BZT5), anionowe substancje powierzchniowo czynne (ASPC), ogólny węgiel organiczny (OWO), 
substancje rozpuszczone  (SR),  suchą  pozostałość  (SP)  i zawiesiny (Z). Oznaczenia wykonano zgodnie 
z Polską  Normą. Procesy zońёwamaprowadzono skali laboratoryjnej w szklanym reaktorze, do którego 
doprowadzono gaz i w którym umieszczono centralnie palnik  UV.  Do doświadczeń  utyto dwóch typów 
lamp  UV:  niskociśnieniowej lampy rtęciowej typu TNN 15/32, o mocy 15 W i średniociśnieniowej lampy 
rtęciowej typu TQ 150, o mocy 150 W. 

Procesy pogłębionego tleu niania Ьуły najefektywniejsze wtedy, gdy zastosowano jednocześnie 
wszystkie trzy czynniki, tzn. 03, 1202 i  UV.  Uzyskano wtedy praktycznie całkowite odbarwienie ścieków 
i rozkład anionowych środków powierzchniowo czynnych, znaczną  redukcję  ChZT i OWO oraz poprawę  
biodegradowalności ścieków. 

Uzyskane rezultaty wykazują, te proces pogłębionego utleniania z jednoczesnym zastosowaniem 
ozonu, nadtlenku wodoru i promieniowania  UV mote  być  z powodzeniem zastosowany na skalę  przemy-
słową. Metoda ta prowadzi do całkowitej degradacji substancji toksycznych, umożliwiając biolоgiczne 
doczyszczanie i zawracanie wody w zakładach włókienniczych. 




