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This Research studied and surveyed the dye wastewater advanced
treatment technology and has been discussing the method four times
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1. Necessity of Establishing the Dye Wastewater Advanced
Treatment Technology

1.1 preface

In manufacturing textile goods, dyeing processing is a significant stage for raising raise their commercial value.
Specialization in this specific stage has improved in the textile industry, and, in many cases, dyeing and its
related stages are independent in terms of the form of the company. Dyeing arrangement is an industry (that
consumes) large amounts of industrial water which is mainly composed of chemical substances. The type of
fabric are diverse, and the number of kinds of raw materials, including dyes and the number of types of necessary
materials, are large. In addition, dyeing methods and processes are complex and adopt diverse unit operations,
and it may safely be said that the number of types of products is infinite. Locations of the companies are widely
distributed pationwide. Many of the companies have developed as local industries, and their growth is supported
by an abundant supply of good quality industrial water.

There are very few cases in which hazardous substances are contained in the wastewater, but the wastewater is
diverse in terms of components. In addition, , there are many components, such as dyes and surfactants, which
are difficult to treat, and so advanced treatment is required and the treatment costs tend to be higher. Furthermore,
the quality and amount of wastewater greatly change with the passage of time and are not uniform. Therefore,
it is difficult to lay out a treatment plan.

It is not only technically difficult but economically difficult to implement the dye wastewater treatment because
the management scale of the dyeing arranging companies is small, and many of them are subcontractors.

If roughly observed, the state and problems of the dyeing arranging industry are as follows. Of the enfire 526
companies concerned in the textile machinery dyeing arranging industry and woolen textile dyeing arranging
industry, the number of companies with a capital of 10 million yen or less is 246, accounting for 46.8%. In
particular, of the 1,200 companies inrolved in the dyeing arranging industry for thread and knitted goods, the
number of companies with a capital of 10 million yen or less varies from 1,140 to 1,150, accounting for 95 to
96%.

1.2 Wastewater Problem in the Dyeing Arranging Industry

1.2.1 Actual conditions of the wastewater treatment

Although the actual conditions of the wastewater treatment in the dyeing arranging industry are not well understood
under the present circumstances, large-sized companies and some medium-sized ones adopt such methods as
the activated sludge method and the coagulating sedimentation method, etc. Of the 188 factories in the textile
machinery dyeing arranging industry which are the subjects of investigation, 164 factories, which account for
87.7%, provide the wastewater treatment or discharge the wastewater into public sewage.

As aresult of the investigation made by the Wool Arrangement Association, 95% of the factories in the woolen
textile dyeing arranging industry establish a wastewater treatment facility or discharge the wastewater into
public sewage. In the dyeing arranging industry for thread and knitted goods in particular, there are many small
businesses, so that the realities of the industry are not clear, It is presumed that some companies do not set up
a sufficient treatment facility on the grounds that there are many small businesses in the dyeing arranging
industry in general, the amount of water is 50 m¥%day or less, selection of an applicable treatment method is
difficult because the amount and quality of water change greatly, and acquisition of land for a treatment facility
is difficult. There are also economic reasons, including construction costs, maintenance costs, and so on.



1.2.2 Dye wastewater and water pollution

In general, discharge of untreated industrial wastewater can affect people, other industries, sewage treatment,
etc. according to the amount and quality of the water and the destination of the discharged wastewater.

For instance, discharge of industrial wastewater into rivers and seas consumes DO, causes a shortage of DO,
and sometimes leads to the death of fishes. Furthemore, special components of wastewater sometimes have a
bad influence on drinking water, industrial water, agriculture, fisheries untreated and the like.

Like the wastewater produced in other industries, discharge of wastewater produced in the dyeing arranging
industry can cause problems depending on the to conditions of the destination of the discharged wastewater.
Moreover, even though the wastewater is treated, if the treatment is not sufficient, the same problems can occur.

The pollution of Miyata industrial water once damaged agriculture in the areas of Onishi City and Ichinomiya
City which are major woolen textile-producing centers. In particular, in the case of dye wastewater, there are
many cases where a visual hatred for coloring, foaming, and so forth becomes a problem,

1.2.3 Outline of the law and regulation concerning dye wastewater

Due to the Water Pollution Control Law, the water quality of the wastewater produced in the dyeing industry
has been controlled in conformity with the Order of the Prime Minister's Office No.35 since June 24, 1971.

Under this rule, the regulatory value varies with the type of industry, and a postponement of five years is
granted, but some regulatory value is uniformly determined in the same type of industry throughout the country.
The uniform standard concerning the dyeing arranging industry is shown in the following table. (specifically
the items which become problems in dyeing)



UNIFORM STANDARD

ltem Uniform Standard Provisional Standard
5.8~8.6 (To be discharged into public
water other than sea areas)
pH
5.0~9.0 (To be discharged into sea
areas)
BOD (mg/ ¢ ) 160 (Daily Average 120) 260 (Daily
Average 200)
COD (mg//) 160 (Daily Average 120) 260 (Daily
Average 200)
88 (mg/f) 200 (Daily Average 150)
n-Hexane 30 (Animal andl
vegetable oils and fats)
EXTRACT (mg/2 ) 5 (Mineral oif)
PHENOL (mg/ ) 5
CHROME (mg// ) 2
COPPER (mg/ {) 3

Until June 23,1976

Concerning the dyeing arranging industry, the provisional standard for the period of five years is determined
only for BOD and COD. However, in the case where the national uniform standard is insufficient in preserving
the environment according to the peculiar characteristics of the water area, a more stringent standard (strict
standard) is determined by a prefecture or a particalar city. Currently, the regions that do not enact the strict
standard are Yamanashi prefecture and Okinawa prefecture only, but Yamanashi is making preparations to start
applying a strict standard by revising its bylaw.

Of those regions, especially in the areas where the dyeing industry is thriving, considerably strict regulatory
value is decided on so that the environmental standard can be achieved by providing a more stringent standard.
Above all, Osaka prefecture needed to alleviate the poliution of Osaka Bay and proceeded with the revision of
its bylaw to decide on a more stringent wastewater standard in accordance with the "Law Concerning Provisional
Measures for Conservation of the Environment of the Seto Inland Sea" (Law No. 110, October 2, 1973) which
took effect in November, 1973. The standard related to dyeing processing is shown in the following table.



Osaka Bay water area strict standard

1} Osaka Bay Special Conservation Water Area (Type 2 Water Area)

item
Chorme
Area COD (mg/f ) SS (mg/f )
Amount of (mg/ £ )
wastewater
Existing plant 30me/Day 20 (Daily Average 15)| 30 (Daily Average 25) 1
30ms3/Day or more
Newly . .
Established plant 20 (Daily Average 15} | 30 (Daily Average 25) 1
2) Osaka Bay Water Area
ltem
Chorme
Area COD {mg/L ) SS (mg/L)
Amount of 9 v (mg/L)
wastewater
Existing plant 30~1,000me/Day |50 (Daily Average 40)| 100 (Daily Average 80) 1.9
1,000~5,000me/Day |30 (Daily Average 25)|. 80 (Daily Average 65) 1.5
5,000m3/Day or more |20 (Daily Average 15)| 50 (Daily Average 40} 1
Newly 30--1,000m3/Day |25 (Daily Average 20)| 40 (Daily Average 30) 1
Established plant | 1,000m3/Day or more |20 {Daily Average 15)| 30 (Daily Average 25) 0.6

As a result, the wastewater control has become strict. In the dye wastewater containing large quantities of COD
components in particular, observing the wastewater standard is regarded as difficult, and remarkable efforts are
required to achieve this goal.

Furthermore, this kind of concentration control method can not control the discharge of polluted substances
produced in a type of industry with a large amount of wastewater, and so the indication of progress of the
pollution in specific water areas (especially in stagnant inner bays, lakes, and marshes) is yet to emerge.

The opinion that the introduction of the method of regulating the total volume of wastewater shouid be examined
to cope with the current situation is expressed in every field. Restrictions on the discharge of polluted substances
by the total volume will inevitably enable an industry consuming large amounts of industrial water to keep the
concentration of the wastewater extremely low and require further advancement of the wastewater treatment .

On the other hand, the supply of industrial water is reaching its limit, and so the use of industrial water is
expected to be drastically restricted in the near future. In these circumstances, regeneration and reuse of the
wastewater are indispensable, and in this respect, further advancement of the wastewater treatment is required.

As for the dye wastewater, color and temperature are regarded as subjects of the restrictions in an extremely
small number of areas by but they are not yet regulated in general. However, since the actual conditions of the
problem of thermal effluent are being clarified, some measures will probably to be worked out in time. Color,
it causes local residents to complain, so some measures must be hammered out immediately. In addition and
detergents, surfactants can not be overtooked.



1.3 Points at Issue of the Dye Wastewater Treatment

Factors which make the treatment of the wastewater produced in the dyeing arranging industry difficult are
divided into economic facters and technical Poctois, The economic(include the fokowing:) factors involve:(D
The management scale of the businesses is relatively small. (2) The form of dyeing processing is subcontracted
processing on commission. (3) The processing stage is situated in the middle of the processing of the final
products (merchandise). @) Tt is difficult for existing factories and small-to-medium-sized factories to acquire
land for a treatment facility. (5) Due to a small number of employees, the personnel necessary for the wastewater
treatment can not be secured. (6 It is difficult to secure technical experts and to acquire knowledge regarding
the wastewater.

In terms of the technical points, as already stated, there are such problems as (the fact) that the quality and
amount of wastewater are not consistent, the number of pollution components is large, and there are many cases
where the quality and amount of wastewater mutually prevent each other from showing their effects on treatment.
Nneedless to say, the problems are derived from the characteristics of dyeing processing, and therefore, wastewater
treatment can not be considered without understanding the stages of the processing.

1.3.1 Processing stages and wastewater

The stages of the processing vary with the material and use. The stages where the wastewater is discharged are
those of decizing, scouring, bleaching, dyeing, and finishing.

1) Deciging stage
This is a stage where the starch adhering to threads and cloth is removed as a pretreatment of the dyeing
processing. Starch, CMC, PV A, etc. are hydrolyzed by enzymes, weak acids, oxidation, decizing agents,
etc. to become water-soluble and are washed without using soap.

2) Scouring stage
This is the stage where such impurities as wax, oils and fats, pectin, nitrogenous compounds, efc. are removed
by alkalis, soap, surfactants, etc.

3) Bieaching stage
This is the stage where naturally-colored substances are removed by hypochlorite, chlorite, hydrogen peroxide,
alkalis, etc.

4) Dyeing stage
This is the stage where dyeing is carried out by using dyes and dyeing auxiliaries. Besides various dyes,
surfactants and dyeing auxiliaries, inorganic salts, acetic acid, etc. are employed.

5) Finishing stage

This is the stage where such properties as crease-proofing and shrink-proofing are applied to the textiles.
Such processing agents as melamine resin, urea-formaldehyde resin, and surfactants as aids are used. la
addition, the processing covers which fat addition and starching, which is necessary for the spinning stage
and cloth manufacturing which follow the dyeing processing, is carried out in some cases.

Recently, processing which includes insect-proofing, mold-proofing, decdrization, water-proofing, dirt-
proofing, water repellency, prevention of electrification, incombustibility, flexibility, etc. is carried out in
compliance with the use. Chemicals used in the processing are greatly increasing in number and kind.

1.3.2 Pollution components of the wastewater

In the decizing, scouring, and bleaching stages to pretreat raw fibers, since foreign bodies or miscellaneous
matter mixed in the manufacturing processes are removed and washed, impurities are contained in the wastewater
since they have different shapes due to their decomposition.

Chemicals used in the processing, such as detergents for washing, alkali agents, and enzyme agents for decizing,
are also contained. As aresult, high pH and BOD, and large quantities of SS and n-Hexane extracts are sometimes
detected in the wastewater.



In the dyeing stage, although there is a difference according to the degree of dyeing power, residual dyes are
discharged. Mordant dyes and auxiliaries are also discharged white hardly being adsorbed by the fibers.

The number of kinds of dyes is countless, but they can be classified roughly into 5 to 10 categories in terms of
the relation between raw fibers and their dyeing affinity. Recently, the use of mixed dyes in response to mixed
spinning has become more popular. In many cases, about 90% of the dyes used are adsorbed by fibers, but the
adsorption rate in the case of direct dyes is only 60 - 80%, and only 40 - 60% in the case of sulphur dyes. In
terms of dyeing methods, in the case of yam-dyeing, dyeing is attained more easily, and consequently the
amount of polluting components contained in the wastewater is small. In a dye bath, in order to achieve the goal
of dyeing, many kinds of chemicals are added besides dyes. Many of the chemicals have the purposes of
humidification, emulsification, solubilization, dispersion, permeation, uniform dyeing, color development, etc.,
and large amounts of surfactants are used together with inorganic salts, organic acids, sodium salt organic acid
, alkali agents, etc. Dyeing does not reduce the quantity of those chemicals, and some of the chemicals are
discharged with the wastewater, which makes the dye wastewater treatment difficult.

The polluting components are those related to pH (Acidity, alkalinity), BOD, COD and n-Hexane extracts,
whiie chrome and copper are rarely detected.

In textile printing, the use of printing starch results in high BOD, COD, and SS. Thus, dyeing methods, types
and forms of raw materials (such as the states of cotton, threads, and cloth), and the dyes and chemicals used are
all diverse, and consequently the wastewater is also diverse. Stnce giving a detailed account of those matters is
not possible, explanation is limited to a summary of them.

1.3.3 Selection of a wastewater treatment method

Taking into account the water quality of dye wastewater, treatment methods which might possibly be effectiveness
effective and their characteristics are to be summarized.

1) Screening and sedimentation (Grit chamber) ‘
In most cases, polluting components of the dye wastewater are all dissolved or colloidal. Consequently,
screening and sedimentation are not effective in reducing the polluting components. In order to maintain a
wastewater treatment facility and to remove ravelings, foreign bodies, earth and sand, etc., they, are
indispensable. .
A grit chamber may also serve as a storage tank to normalize the quality and amount of water. The aim of
a grit chamber is to remove S8.

2) Coagulating sedimentation or coagulating pressure flotation
In many cases, polluting components of the dye wastewater are colloidal or water-soluble high polymers,
and they are hydrophilic in general. The aims of the coagulating sedimentation method or coagulating
pressure flotation method are as follows: to coagulate this kind of component with a chemical, to make them
hydrophobic, to improve their quality so that solid-liquid separation can occur easily, and to separate the
components by sedimentation, flotation, and filtration. Both methods are effective in removing SS, BOD,
COD, and color.

3) Biological treatment (The activated siudge method and the trickling filter method.)
The chief aim of biological treatment is to remove COD. Although the COD removal rate is low, components
of COD common to those of BOD can be removed.

4) Neutralization
PH control is significant in treating wastewater which shows extremely high or low pH value by neutralization
so that the effluent standard can be satisfied. However, pH control should be used to determine appropriate
conditions for coagulation treatment, biological treatment, and other types of treatment. Consequently,
neutralization is an indispensable unit operation.

5) Claritying filtration or coagulative clarifying filtration
The above methods, | through 4, are effective in treating the wastewater with relatively high BOD, COD,



and 85, and in achieving the national uniform standard. In addition to these methods, ciarifying filtration or
coagulative clarifying filtration is used as a method which removes trace amounts of §S and stabilizes the
water quality of effluent at 100 ppm or less. Rapid filtration equipment or a microstrainer is employed.

6) Activated carbon adsorption
Activated carbon adsorption is effective in removing dyes, BOD, COD, etc.
Because of the characteristics of activated carbon and economic efficiency, this method is applied to
wastewater with a low concentration which has been fully clarified by removing turbidity, oil content, and
SO On.

7) Absorptive bubble separation
This is a method which adsorbs the polluting substance on the gas-liquid interface and separates it by
introducing bubbles. The method is effective in removing trace amounts of organic matter such as dyes and
detergents.

8) Reverse osmosis
This is a method which produces concentrated solutions and diluted solutions by using a semi-permeable
membrane. The method can be widely applied to organic matter and ionic and nonionic matter, It is
applicable in the range of extremely tow concentration. The water must be fully clarified, and so a special
filter, in addition to sand filtration, is used as pretreatment .

9) lon exchange {lon exchange resin, ion exchange membrane, electrodialysis)
This is a method which is effective in desalination. Electrodialysis is not econornical since its efficiency is
lowered when the concentration of salts is 200 ppm or less.

10} Oxidative decomposition
Oxidative decomposition is effective in removing components that can not be decomposed by biological
treatment, specifically residual COD. Care must be given to the toxicity of products by oxidation. There is
room for the examination of types of oxidizing agents and economical efficiency. This method is also
effective in removing color, odor, and the activity of active material.

11) Concentration by evaporation

In the case of thick liquid waste, removal of polluting matter, chemical analysis, etc. , the cost is high. If the
concentration is high, proceeding with treatment is sometimes difficult. In this case, a method of discharging
water is more efficient, and there is some possibility that treated water of good quality is obtained by this
method. Furthermore, if components of the liquid waste can be recovered and reused, this method is also
easily realized in terms of economical efficiency.

An example of this case is spent lye produced by silk cotton processing. For reuse of the components of the
spent lye, some measures must be taken in order not to increase the number of kinds of polluting components.
The above is a summary of the applicable treatment methods according to the type and concentration of
polluting matter. It is desirable that methods 6 through 10 are used after the concentration is lowered by
methods | through 5, or that it is applied to wastewater with low concentration.

1.3.4. Points at issue of the wastewater treatment

1} Change in the amount and quality of water
Processing stages, dyes, and auxiliaries used vary with the type of processed goods (raw materials), so that
it is difficult to grasp the amount and quality of water. Since operation of a stage generally adopts a batch
method, the amount and quality (concentration) of water greatly change with the passage of time. During a
year, the color of water varies with the season. Moreover, in the long run, the fashion and development of a
new product affect the amount and quality of water,

2) Effluent temperature

The effluent tenperature from a dyeing processing facility is sometimes as high as 60 C or more, which
affects the wastewater treatment.



3) Nutrient salt ‘
Since the wastewater generally contains only a little nitrogen and phosphorus the supply of nutrient salt
must be considered when biological treatment is adopted.

4) Disposal of produced sludge
Since secondary treatment produces large quantities of sludge, a treatment and disposal method for the
sludge must be considered beforehand.

5} Form of companies
Many of the companies concerned in the industry are small businesses, and consequently a treatment facility
which is small-scale and effective is desirable.

6) Facility operation and management technology
Since there are many small businesses, it is necessary to make the operation and management technology for
facilities easy.

7) Facility construction cost and running cost
Since there are many small businesses, economical construction cost and running cost must be examined.

1.4 Necessity of Establishing the Advanced Treatment Technology

Since most traders concerned in the dyeing arranging industry are currently located in the interior of Japan,
BOD is regulated. Many of the traders adopt activated sludge and coagulating sedimentation and some of
them have a trial of activated carbon adsorption and oxidation by ozone. in order to improve the results of
decolorization. However, in the case where the wastewater is discharged into sea areas, COD is regulated,
and its regulatory value is 15 mg/ ¢ on a daily average in the Seto Inland Sea areas. Accordingly, as
measures to deal with the regulation, advanced treatment technology which can be realized both technically
and economically needs to be established.



2. Progress of Examination by the Committee on Dye Wastewater
Advanced Treatment (Outline)

This committee has successively conducted examinations four times to establish the dye wastewater advanced
treatment technology to cope with the effluent control aimed at conserving the environment of Seto Inland Sea
(which should mainly satisfy the strict standard for the Osaka Bay special conservation water area [Type 1
water area] ) .

An outline of the progress of the examination is below.

The committee decided to set limits on the subject of its investigation and research since an overall research
study on the dyeing arranging industry is difficult due to restrictions of time, geographical features, budget, etc.

As the interim report (Attached Paper) shows, as a result of the examination, the selected wastewater as a
subject of the research study was mainty composed of wastewater discharged from factory A affiliated with
factory J's housing complex cooperative, Actual wastewater, to which wastewater from other factories using
dyes that are not used at factory A was added, was also selected as the subject. The selected treatment methods
are as follows: (i) activated sludge —coagulating sedimentation — filtration — contact oxidation, (ii) oxidation
of wastewater treated by filtration by ozone—activated carbon adsorption, (iii) oxidation by light and chlorine.

The committee examined the results of the research commissioned which had been conducted according to the
interim report in various aspects, and made this report.

2.1 The First Meeting

2.2.1 State of the dyeing arranging industry
1) Companies concerned in the dyeing arranging industry are widely distributed throughout Japan.

2) The scale of the companies varies from small and medium to large, and particularly the number of
companies with 100 employees or less is large.

3) Processes are subdivided into production of many kinds of goods in small quantities, grouping of
factories, and subcontracting .

2.1.2 Examination of the problem of wastewater produced by the dyeing arranging industry

1)} The unitorm standard will take effect on June 24, 1976, and a more stringent standard will be put
into effect.

2) Establishment of the treatment technology and treatment facilities to satisfy the strict standard is
urgently required at present.
2.1.3 Examination of the dye wastewater treatment

1) Although the companies generally hope to set up an effective treatment facility, the fact is that they
can not afford such a sufficient wastewater treatment facility since they are pressed with their
investment in plant and equipment.

2) A factory site is small, and a company holding the factory lacks the capability of shouldering
economic burdens.

3) Taking into account the existence of the small businesses, an economical method that does not
require high construction costs or running costs needs to be examined.



2.1.4 Contents of the research commissioned

1) Whose dye wastewater should be used for the research?
Mixture of wastewater discharged from several factories is desirable, keeping the joint treatment in mind
due to the characteristics of the corporation. On the other hand, it appears that wastewater discharged from
a single company may indicate that obtained data can also be utilized for other types of dye wastewater. An
experiment space or a laboratory should be considered.

2) What target treatment value should be aimed at?
The target should be aimed atup to 15mg/ ¢ for COD and 25mg/ ¢ for SS on a daily average, both of which
are the standards for the Osaka Bay special conservation water area. As for BOD and pH, the uniform
standard is to be adopted.

3) What treatment method should be adopted?
Since the restrictions are tight, the treatment procedure to be adopted should be as follows: (i) activated
sludge method—coagulating sedimentation method —filtration as the primary and secondary treatment, (ii)
oxidation and adsorption methods as the tertiary treatment.
Three types of oxidation methods currently intended are as follows: (i) oxidation method by light and chlorine,
(ii) oxidation method by ozone—activated carbon adsorption method, (iii) contact oxidation method. As
for the scale of an experiment, a capacity which can be scaled up technically should be allowed.

2.2 The Second Meeting

2.2.1 Location for the research study and raw water

1) Location for the research
A 100 m? area which is situated in factory A affiliated to factory I's housing complex cooperative is to be
used. (Of the total 100 m?, approx. 40m? is occupied by a building.)
2) Raw water
The raw wastewater necessary for an experiment is to be mainly composed of wastewater discharged from
factory A, taking into account the location for the research. As for special dyeing (sulphur dyes), wastewater
from factory B is to be carried in and mixed with the raw wastewater.

2.2.2 Contents of the research commissioned

The treatment which satisfies or falls below the effluent standard for the Osaka Bay special conservation water
area or below is to be aimed at.

A method currently considered for satisfying the above-mentioned effluent standard is mentioned below. This
research puts particular emphasis on oxidation treatment.

Activated Sludge Method — —
Raw Water [ (Coagulating Sedimentation Method) |~ Filtration Oxidation Treatment

2.2.3 Contents of the research and party to which the research is entrusted

1) The activated sludge method, the coagulating sedimentation method, filtration, and the contact
oxidation method
The Activated sludge method, coagulating sedimentation method, and filtration, which are stages preceding
oxidation treatment, are to be carried out. Wastewater treated by these methods is to be oxidized by chlorine.
The contact oxidation method by chlorine is to be entrusted to Kurita Water Industries, Ltd.

2) Oxidation by ozone and the activated carbon adsorption method
Wastewater treated by the methods up to filtration of 1 is to be used. In oxidation adsorption treatment, the
treated wastewater is to be oxidized by ozone with strong oxidizing power and finally adsorbed by activated
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carbon. The oxidation adsorption treatment is to be entrusted to Orugano, Lid .

3) The oxidation method by light and chlorine
Wastewater treated by the methods up to filtration of 1 is to be used. In this method, the treated wastewater
is oxidized by adding chlorine and irradiating light. The method is to be entrusted to Toray Engineering Inc.

2.2.4 The interim report (see Appended Paper) examined by the committee was submitted.

2.3 The Third Committee
The Contents of each report of the research commissioned that were conducted in accordance with the interim
report were examined.
2.3.1 Report of the research commissioned

1) Kurita Water Industries, Ltd.
After filtration, the amount of CODwm of the wastewater was on the order of 40ppm on average. Each
company decided to conduct oxidation treatment by using this treated wastewater. Treatment effects of the
contact oxidation treatment were not observed.

2) Orugano Ltd.
Effects of oxidation by ozone on COD removal were not particularly remarkable. In this research, treatment
which could attain only CODu. of 15 ppm or less by activated carbon adsorption was possible.

3) Toray Engineering Inc.
Treatment which could attain CODw. of 15 ppm or less was possible.

3. Contents of the Research Commissioned

3.1 Subjects of the Research Entrusted to Kurita Water Industries, Ltd.

3.1.1 Operation of the activated sludge method, coagulating sedimentation method, and
filtration

The activated sludge method, coagulating sedimentation method, and filtration are to be carried out as pretreatment
for such advanced treatment as oxidation and adsorption. Effects of these methods are to be verified.

3.1.2 The contact oxidation method

Conditions are to be determined by a batch type experiment which uses treated wastewater obtained by treatment
3.1.1. A relation between current velocity and CODw removal is to be investigated by a continuous type
experiment.

3.2 Subjects of the Research Entrusted to Orugano Ltd.
3.2.1 Examination of changes in the quality and amount of water with the passage of time
3.2.2 Research on the amount of ozone added and properties of treated wastewater

3.2.3 Research on properties of wastewater treated by granular activated carbon adsorption
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3.2.4 Research on optimum treatment facilities for oxidation by ozone and the granular activated
carbon adsorption method

3.2.5 Research on recovery of granular activated carbon's capability after regeneration
of granular activated carbon

3.3 Subjects of the Research Entrusted to Toray Engineering Inc.

3.3.1 Relation between COD removal and necessary amount of chlorine

1) Changes in the amount of COD with the passage of time during a reaction and changes in the
amount of chlorine consumed with the passage of time are to be studied. (AClz/ ACOD is to be
understood.)

2) A difference in the above-mentioned AClz / ACOD according to the COD component is to be
studied.

3.3.2 Relations between COD removal and irradiation time

With reference to 3.3.1, a relation between the COD removal rate and light irradiation time is to be be studied.

4. Results of the Research

4.1 Analysis of Source

The following is a summary of the results of the examination of the dyeing processing stages which are sources
of the wastewater.

4.1.1 Raw fibers and materials

1} The diffecrent types of raw fibers are wool, cotton, rayon, polynosic, nylon, acryl, vinylon, polyester,
etc. These kinds of fibers are dyed when they are in the states of stock, top, threads for a kimono
with splashed patterns, processed threads, filaments, textiles, etc.

2) In this research, wastewater produced by the dyeing of wool, cotton, chemical fibers, and synthetic fibers
was sampled as raw wastewater. The following are dyes and auxiliaries used.
Dyes - acid dyes, cationic dyes, dispersed dyes, reactive dyes, fluorescent dyes, chrome dyes (Use of chrome
dyes will not continue in the future.), etc.

Acid agents - acetic acid, formic acid, oxalic acid, sulfuric acid, etc.

Alkali agents - caustic soda, ammonia, soda ash

Inorganic salts - mirabilite, salt, ammonium sulfate, sodium bichromate, sodium chlorite, hydrosulfide,
aluminum sulfate, etc.

Auxiliaries (compound chemical) - for acryl, for nylon wool, for ester

Oily agents (compound chemical) - for acryl, for nylon, for wool, for ester

Others - detergents, insecticides, starch agents, fixing agents fix, etc.

4.1.2 Stage of processing
An outline of the processing stage is shown in a chart.

In the dyeing processing, batch operations are applied to most yarn-dyeing. In the case of this experimental
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factory, continuous operations by using a wool dyeing machine, were adopted.

Apart from the continuous operations, a batch system wool dyeing machine was also used, and consequently
changes in the wastewater with the passage of time were considerably large. Moreover, in some cases it took 48
hours to transport the wastewater from the dyeing machines and other facilities discharging it to a wastewater
treatment facility in some cases. Accordingly, it is difficult to clarify a relation between the wastewater provided
for the experiment and the wastewater at the source (operation conditions).

4.1.3 Wastewater samples

Wastewater samples were collected on the condition that operations at the factory were not changed, and that
wastewater discharged was not divided according to the factory's own operation plans.

A portion of integrated wastewater was collected as a sample (raw wastewater).
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4.1.4 Research planning schematic flow
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The research was planned as shown in Figure.1 with the assumption of a rational treatment system flow by
combining various prospective treatment methods.

4.2 QOutline of Results of the Research

4.2.1 Quality and amount of wastewater

1) Since batch type operations are applied to many of the processes, the amount of wastewater is expected to
change greatly.

In order to stabilize the quality of wastewater so that the water gquality control can always be observed, it is
necessary to operate a whole treatment facility regularly.

To this end, first of all, the amount and quality of raw wastewater to be treated should be kept uniform as
much as possible. They should also be homogenized by providing a holding tank (a temporary storage tank)
in the middle of a drainage canal, or by returning a portion of the wastewater towards its source from the end
of a drainage canal.

2) Changes in the quality of wastewater are extremely great as shown in Table T-1, Attached Tables T1-4
(Attached Tables 1-4 in Table-1 of a report made by Toray Engineering Inc. ), Table K-3 (Table-3 of a
report made by Kurita Water Industries, Ltd.), Tables O-3, 4, 7, 8 (Tables-3, 4, 7, 8 of a report made by
Orugano, Ltd.) , Figures K1-5 and Figures O-5, 6, 10. There are cases where a few peaks are observed
during daily operation hours.

(D pH: Throughout the research period, pH varied from 4.7 to 10.4, and it was generally situated on the side

of alkali. pH of wastewater was obviously situated on the side of acid only for 2 days, on November 7 and
13.
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(2 Water temperature: The temperature of the wastewater is characterized as follows: (i) A range of its
variation is wide. (ii) It changes very easily. (iii) Changes take place quickly. As Table K-4 shows, on
November 13, the temperature rose to 42°C from 34C and then went down to 34°C  within 2 hours.

(3 COD: As Tables 0-3,4,7,8 show, the amount of COD ranges between 70.6 and 180 mg/ ¢ . Although it
was measured at the same time and on the same day, there is a slight difference according to the table.
However, the difference in the measured value appears to have been caused by a slight time lag in wastewater
sampling. As shown in Figure O-6, concerning the hourly variation on November 21, the value of COD
varied from 90 to 155 mg/ ¢ , and the maximum value and the minimum value were detected by hourly
water sampling. This supposedly explains that the mixing and homogenization of wastewater is difficult
since production adopts batch type operations and wastewalter is moved by piston flow in a drainage canal.

3) Correlation between BOD and COD
Results of simultaneous measurement of BOD and COD are extracted from Table K-3 to form Table-1. As
for raw wastewater, the value of CODw. is smaller than that of BOD as a whole. The value of BOD is 1.2 to
2.0 times that of CODw,, and consequently the value of BOD appears to be about 1.5 times that of CODus.
Since COD is detectable from not only crganic matter but inorganic reducing substances, it is not believed
that the correlation always complies with a fixed rule. However, in the case where the value of BOD is
higher than that of CODwm, it is generally believed that biological treatment can be carried out effectively
and easily.
Although biological treatment is effective in reducing BOD, it is not regarded as remarkably effective in
removing COD. Also, in this case, the amount of BOD of treated wastewater is smaller than that of CODwn
as a whole. The value of BOD is 0.3 to 0.9 times that of CODw , so that it is adequate to consider that the
value of BOD is about 0.5 times that of CODw on average.
This is also obvious in terms of the CODwm: and BOD removal rates,
Although there are some exceptional results, it may safely be stated that the BOD removal rate varies from
80 to 90%, while the CODw: removal rate varies from 60 to 70%.
if the contents of polluting components are qualitatively fixed, the value of BOD/CODD should be definite
showing a strong correlation, and the correlation can be indicated by the formula, BOD = a X COD + b (a,
b: fixed numbers). However, in terms of the contents of the dye wastewater, its components and constitution
are individually different, so that strong recurrence can not be expected.

4) Color, SS, etc. of raw wastewater
Since dyeing processing is mainly composed of thread and cotton dyeing, and dipping is adopted in most
cases, the coloring, S8, turbidity, transparency, etc. of the wastewater show lower value than other types of
wastewater. Accordingly, polluting components appear to be mainly composed of dissolved matter.

4.2.2 The activated sludge method
Taking account of the properties of raw wastewater, especially in the case where the treatment system which
can attain the target water quality is assumed, it is reasonable to adopt the activated sludge method in order
to remove most portions of BOD and COD. This was also proved by the results of the activated sludge
treatment. Since raw wastewater was generally situated on the side of alkali, it was treated by controlling
pH and by adding a proper quantity of urea and dipotassium phosphate as the need arose. Results of the
treatment are as shown in Table K-11.

1) The space loading varied from 0.5 to 1.0 Kg/m® per day, which was a favorable result.

2) In the case where the operation was carried out on the condition that MLSS ranged between 3,000 and
4,000ppm, the amount of BOD of treated wastewater ranged from 10 to 85ppm. Accordingly, the amount of
BOD was 44 ppm on average, and the BOD removal rate was 73.9%. In the case where the amount of
MLSS varied from 5,000 to 5,800ppm, the amount of BOD of treated wastewater ranged between 9 and
32ppm. In this case, the arnount of BOD was 20ppm on average, and the BOD removal rate was 88.7%. On
the other hand, the average amount of COD was 46ppm in the former case and 66 ppm in the latter case, and
the COD removal rates were 64.3% and 57.9%, respectively. As a matter of course, the COD removal rate
was lower than the BOD removal rate, but results were rather favorable, aithough the experiment was
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conducted on site in the file.

3) A water temperature of around 30T was maintained throughout the period of the experiment, so that conditions
were good,

4) As shown in Table K-4, the SV value of 30 to 40% and the SVI value of 100 or less wefe maintained.
Consequently, the settling efficiency of activated sludge was satisfactory.

5) The amount of DO inside an aeration tank ranged between 2.0 and 4.0ppm ali the time, so that there were no
problems with it. However, the amount of DO was reduced from 0.2 to 0.5ppm when sulphur dye wastewater
flowed in. Since the reduction of the amount of DO appears to be caused by sodium sulfide, more ventilation
should be allowed, or advance oxidation needs to be considered.

6) [n the case where sulphur dye wastewater flowed in, the amount of BOD of treated wastewater was 53ppm,
the amount of COD was 73ppm, the BOD removal rate was 75.0% , and the COD removal rate was 52.6%.
on the condition that tank space loading was 0.5 Kg/m® per day, and that the amount of MLSS ranged from
5,000 to 6,000ppm at the time of operation. Thus, the quality of treated wastewater was slightly deteriorated.
it appears that this happened because an outflow of activated sludge could not have been avoided. However,
wastewater treated by coagulating sedimentation and filtration showed no differences from other types of
wastewalter.

7) Production of excess sludge varied from 0.23 to 0.28 Kg per | Kg of BOD in dry weight.

8) As a result of the measurement, sludge settling velocity appears to range between 1 and 2mvhr. However,
since an inflow of sulphur dye wastewater reduces the sludge settling velocity to 0.2m/hr, it is better for the
water surface loading to be 17.8m*m? per day or less.

9) Activated studge treatment requires a long retention time and has the strong merit of absorbing changes in the
raw water concentration through the working of organisms. Consequently, treated wastewater of stabilized
quality can be obtained.

4.2.3 The coagulating sedimentation method

It is difficult to predict which will be more effective, carrying out the coagulating sedimentation method before
or after the activated sludge treatment, especially in terms of the functions and roles of the coagulating
sedimentation method. In this research, emphasis was put on removal of COD components and SS which
remained after activated sludge treatment.

As coagulants, 100 to 150ppm of aluminum sulfate or 100 to 200 ppm of polyaluminum chloride (PAC) was
used together with 1 ppm of polymer coagulants (K URIFLOC PN 133) .

1) Even if the SS (100ppm and more) value and COD {100ppm and more) value are high as in the case of
wastewater treated by activated sludge through which sulphur dye wastewater passes, use of about 200ppm
of PAC and polymer and about { ppm of coagulants are sufficient.

2) The amount of CODwm: of wastewater treated by coagulating sedimentation was on the order of 45ppm. The
COD removal rate varied from 40 to 45%. The coagulating sedimentation method is relatively effective in
removing BOD if the value of BOD remaining after the activated sludge treatment is high. However,
removing the residual BOD is difficult if the activated sludge treatment goes smoothly.

3) Production of sludge in the case of coagulating sedimentation was 0.1 Kg (dried sludge)/m3 (wastewater), If
activated sludge is added, 0.15 Kg/m® of dried sludge should be produced in the case where the amount of
BOD of raw water is 180ppm,

4.2.4 The clarifying filtration method

The filtration method has the foliwing aims : to remove minute SS running out due to coagulating sedimentation,
to reduce the amount of COD, to remove obstacles following advance treatment, and to reduce the load imposed
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on advanced treatment. Consequently, the clarifying filtration method is an indispensable operation according
to the advanced treatment in many cases.

In this research, the effects of rapid sand filtration (filtration rate: 2.6m/hr) were studied, and wastewater treated
by filtration was offered as sample water for oxidation treatment and adsorption treatment.

1) The amount of CODw of wastewater treated by filtration was about 40ppm. Since the target was not achieved,
more appropriate treatment must be added.

2) Since the amount of 8S appears to vary from 15 to 20ppm by coaguiating sedimentation, equipment which
is capable of capturing a large amount of SS is suitable. The filtration rate should be aimed at 10 to 15m/
hr.

3) After filtration, the amount of SS was Sppm or less all the time, but CODw could not be removed. Rather,
BOD showed a tendency to decrease a little. Accordingly, it is believed that dissolved COD can not be
removed, and that the causes of BOD exist not only in dissolved substances but in activated sludge which
flows out.

4.2.5 The contact oxidation method

It is possible to secure 20ppm or less of BOD and 10ppm or less of 88 by the activated sludge, coagulating
sedimentation, and filtration methods. However, it is evidently difficult for the amount of CODwm to be 40ppm
or less. Residual CODw is thought to be a substance which does not decoupese or which requires a very long
time for its biological decomposition even if decomposition is possible. Hence, it was belived that there were
no methods except for chemical oxidation, and so this research was mainly aimed at the examination of the
contact oxidation methoed. In the contact oxidation method, spherical oxidizing catalysts (CN balls) were used,
and the effects of oxidation by chiorine on COD removal were studied.

1} Sodium hypochlerite was used as an oxidizing agent, and the influences of pH on oxidative reaction were
investigated. As a result, as shown in Table K-8, although the tendency was slight, the lower the pH value
was, the lower the treated wastewater's CODw. value was. However, in this expenment, the amount of
residual CODw. was 30ppm and more. Furthermore, when the residual CODw was reacted by acidity, nickel
in the catalysts eluted, and highly concentrated nickel was detected. There was even a fear that wastewater
exceeding the regulatory value of nickel would be discharged depending on the location of the experiment.

2} CODMn was studied by changing the amount of sodium hypochlorite, which was an oxidizing agent to be
used from 600 to 1,500ppm. As a result, although the amount of residual COD decreased when the amount
of the oxidizing agent increased, a difference was hardly observed. (Table K-9)

3} Although effects of the catalysts were verified by the water passage method, effects of applying the CN balls
were not observed, as Table K-10 shows. Effects of applying the chlorine agent independently were
recognized.

4) As aresult of the above, in the case where the amount of COD.. is 40ppm after filtration, it is difficult to
reduce the amount of COD.. to 1 5ppm or less by oxidation by chlorine.

4.2.6 The oxidation method by ozone

A method which treats water by the oxidizing power of ozone is widely applied to the treatment of service water
in Europe. Since ozone remaining in treated wastewater returns to molecular oxygen gases, there is no need to
take account of hindrances, unlike the case of residual chlorine. Thus, this method is regarded as useful if care
is paid to the use of ozone.

This method is regarded as effective in the decolorization of dyes.

1)} Oxidation of wastewater treated by filtration by ozone
The reasults of oxidation of wastewater treated by filtration (The amount of CODw. is about 40ppm: this is
called secondary treated wastewater.) by ozone are shown in Table O-1.
As the table shows, although a decrease in the amount of COD is recognized, it is difficult to attain the
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3)

wastewater with 15ppm of COD w, which is the target. Results that show that the amount of CODwm. varies
from 30 to 35ppm and that the CODw removal rate ranges between 20 and 30% can only be expected.
However, it was found that a decrease in the average absorbance was striking, and the color removing
effects varied from 50 to 90%. As Table -2 also shows, although oxidation by ozone did not show any
effects in removing n-Hexane extracts and S8, the amount of surfactants was reduced from 30 to 50%.

Oxidation treatment of dye raw wastewater by ozone

Secondary treated wastewater appeared to be wastewater from which easily oxidizable substances by activated
sludge were removed. Furthermore, it appeared that only the matter that was stable against oxidation
remained behind in the secondary treated wastewater. Consequently, direct ozonization of raw wastewater
was put to the test. Table O-3 shows the results of the test. Although a decrease in the amount of CODw was
recognized in all experiments, it was extremely small, and, consequently, the effects of ozonization on
CODw- removal fell short of those of activated sludge treatment. According to Table O-4, removal of BOD,
n-Hexane extracts and SS by ozonization can hardly be expected. Oxidation, however, was sometimes
effective in removing surfactants.

As a result of this research, it was found that no remarkable effects of ozonization on CODwm.
removal could be anticipated.

4.2.7 The oxidation method by light and chlorine

In the case where organic matter contained in wastewater is oxidized by an oxidizing agent, factors which
prompt a reaction are pH, temperature a co-existing substance (catalyst), et¢. Irradiation of lights, ultraviolet
rays, -y rays, x rays, etc. are method which prompt the reaction. This method is similar to the case where
discoloring of the dyes is promoted by rays. The research was aimed at a decrease in the amount of CODw
through this method.

1)

2)

3)

4)

5)

6)
7)
8)

9)

This experiment adopted batch treatment and continuous treatment. Under appropriate conditions, the amount
of CODw. could be 15 ppm or less.

Table T-2 shows the results of the batch treatment, in which the amount of wastewater with CODw ranging
between 25 and 70ppm that had been treated by filtration was used as sample wastewater. As in the case of
experiment No.8, a decrease in the amount of CODw by an irradiation reaction was smaller than that by a
dark reaction in some cases. Accordingly, in this case, if the amount of COD of raw water is 40ppm, the
amount of CODw can not be expected to be 15ppm.

The value of CODwe of raw water flowing in and that of treated wastewater are not completely proportional.
This is considered to be caused by the substance contained in wastewater that has difficulty in being oxidized,
and the fact that the content of the substance varies with the type of wastewater.

In the batch treatment, as shown in Table 2, treated wastewater of good quality was obtained on the condition
that the COD removal rate varied from 60 to 90%. As Table T-4 shows, in every item, wastewater of target
quality which was worth being put to practical use was also obtained.

Concerning the continuous treatment, as Table T-3 indicates, the same results as those of the batch treatment
were obtained.

Mixing of sulphur dye wastewater did not affect the treatment.
Colorless treated waslewater was obtained, and it was found that decolorization effects were high.

Compared with the amount of COD removed, the amount of chlorine consumed was larger. About | 7ppm
of Chlorine(about twice its theoretical value) was consumed in order to remove 1ppm of CODwm, and,
consequently, the utilization rate of an oxidizing agent was not very high.

There is a direct relation between reaction time and the consumption of chlorine. The time necessary for the
amount of CODw to reach 15ppm or less is considered to range between 40 and 60 minutes on average.
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4.2.8 The activated carbon adsorption method

Itis known that the activated carbon adsorption method is effective in removing coloring substances and organic
matter. In the recent industrial wastewater treatment, attention has been paid to activated carbon and it has
come into wide use. In this research, adsorption treatment was conducted after various sorts of treatment, and
effects of the treatment were studied.

1) Granular activated carbon adsorption treatment

@ Pittsburgh granular activated carbon CAL was used as activated carbon. ‘The equilibrium adsorption test
and the packed column water passage test were conducted at a temperature of 25C.

@ Results of direct treatment of wastewater treated by activated sludge, coagulating sedimentation and
filtration (secondary treated wastewater) by activated carbon are shown in Table O-5 and Figure O-7 (2).
On the condition that the amount of CODwm» of raw water flowing in varied from 30 to 45ppm, and that the
water passage time was 90 hours, the amount of CODw. of effluent of the first tower was 17ppm. It was
in excess of 20ppm when the water passage time was about 100 hours. The amount of COD of treated
wastewater which had passed through the second tower varied from 10 to 15 ppm, and the amount of
COD of treated wastewater which had passed through the third tower varied from 5 to 10ppm.

(3 Results of water passage of the secondary treated wastewater which was oxidized by ozone are shown in
Table O-6 and Figure O-7 (1). In the case of ozonization, the amount of CODa, ranged between 25 and
35ppm, and it was about 30ppm on average. In the case where the treated wastewater had passed through
the activated carbon column, the amount of CODwms was 13ppm when the water passage time was 90
hours. Then, the CODm value of 21ppm was detected after the water passage time exceeded 105.5 hours.
Although the amount of CODwm. was once in excess of 20ppm when the water time passage was approaching
150 hours, it was 20 ppm or less up until the time reached 135 hours. The amount of CODw. was 10ppm
at the outlet of the second tower, and it was 2 to 8 ppm at the outlet of the third tower all the time.

(® Methods of directly treating dye raw wastewater by activated carbon were examined.

Since raw wastewater could not pass through the column without being treated, it passed after SS had
been removed by filtration. Results of this treatment are as shown in Table O-7 and Figure O-9 (2).
Since the wastewater was filtrate of raw wastewater, its water quality varied greatly, and the amount of
CODw» ranged between 70 and 140ppm. The amount of CODw. at the outlet of the first tower varied from
3510 90ppm. At the first tower, the COD removal rate was about 50% on average, and the fluctuation in
the concentration at the inlet and outlet of the first tower was almost parallel. The amount of CODu.
removed gradually decreased as the wastewater passed through the following columns, namely the second
and third towers. The removat rate was 40 to 50% at the second tower, and 10 to 20% at the third tower.
The amount of COD of the wastewater which had passed through the third tower varied from 15 to
40ppm. Accordingly, it is difficult to achieve the target value of 15ppm or less at all times.

(®Results of oxidation of raw dye wastewater by ozone which had been carried out before the raw wastewater
was treated by activated carbon are shown in Table O-8 and Figure 0-9 (1),
Due to the influences of a change in the raw wastewater concentration, there was a variation in the quality
of wastewater, which has the same tendency as the direct treatment of wastewater by activated carbon .
Although the concentration of wastewater and treated wastewater was slightly reduced by ozonization, it
was 10ppm at both the inlet and outlet of the first tower. A difference in the concentration was hardly
recognized between the second tower outlet and the third tower outlet. Even if ozonization is added, it is
difficult to attain the CODw value of 15ppm or less by treating raw wastewater by adsorption.

(®) In the case where adsorption treatment is mainly carried out, although ozonization is employed as well,
effects of ozonization on COD removal are not as great as expected. This can also be explained by the
results of the direct treatment of secondary treated waslewater conducted in the case where sulphur dye
wastewater was mixed, and by those of the equilibrium adsorption test carried out with ozonization.
(Figure O-11)
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(7) Effects of ozonization on activated carbon treatment indicate that since a water passage cycle was prolonged
by ozonization, the load imposed on activated carbon was reduced.

The amount of wastewater treated is thought to roughly vary from 2.0 to 2.5m’ per activated carbon of
1Kg.

(9) After an activated carbon regeneration test, the efficiency of activated carbon was recovered, and it was
almost as good as that of the brand-new one.

2) Powdered activated carbon adsorption treatment

(1) Table T-5 shows the resuits of direct treatment of secondary treated wastewater by activated carbon. It
appears that activated carbon of about 200ppm is required in order to attain the treated wastewater's
CODw» value of 15ppm or less on the condition that the value of CODw of wastewater is 42.5ppm.

(2) The amount of CODwm was reduced from 41.1ppm to 24ppm by oxidizing secondary treated wastewater
by light and chlorine. In the case where activated carbon of S0ppm was used in addition to the oxidation,
the amount of wastewater's CODw was 19.2ppm. The weight of CODwm. that activated carbon of g
adsorbs is equal to 96mg. (Table T-6)

(@) Asshown in Figure T-10, there is a difference in the inclination of the adsorption isotherm between the
cases in which oxidation by light and chlorine is carried out and the cases in which where it is not. This
indicates that after oxidation, the amount of adsorption is easy to control by equilibrium concentration.
Oxidation developed a tendency to make adsorption treatment difficult.

As the above indicates, the effects of oxidation by light and chlorine on activated carbon adsorption
showed a different tendency from those of ozonization. This is caused by the fact that a degree of
oxidation in the oxidation process differs between the two methods.

Comparison between Table T-6 and Table O-1 shows that a decline in the value of CODw. is more
remarkable, and oxidative degradation advances further in the case of oxidation by light and chlorine
than in the case of ozonization. Accordingly, it appears that there is a considerable difference in the
constitution of residual adsorbed matter (COD).

The above is a summary of the experiments conducted in this research on the treatment of actual wastewater
discharged from a dyeing factory. For details, refer to reports made by persons in charge of the research
which are attached at the end of this volume.

5. Conclusion

This committee has done the research study on the dye wastewater advanced treatment technology. During the
period of the research study, an interim industrial test which would be put into practice on site was planned, and
a study was made of the application of various types of treatment. The following is an outline of the study.

5.1 Outline of Results of the Research and Comprehensive Evaluation

1) Since the amount and quality of wastewater both change greatly, it is important to try to equalize
them in terms of treatment.

2) The following is the average water quality of raw wastewater.
BOD 200mg/ ¢
CODw  170mg/ ¢
SS 50mg/ ¢

3) Although a strong correlation is recognized between CODwm and CODCr , such a strong correlation
is not present between COD and BOD.
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4) The following is the average water quality of wastewater treated by activated sludge, coagulating
sedimentation, and sand filtration.

BOD 20ppm or less
CODm 40ppm or less
SS Sppm or less

5} The effects of the contact oxidation method and the oxidation method by ozone were not as good
as expected. It was difficult to attain treated wastewater with CODw. of 15ppm or less by those
methods.

6) It was possible to attain the target CODwm value of 15ppm by the oxidation method by light and
chlorine which irradiated x~rays to carry out oxidation by chlorine.

7) Activated adsorption was effective in removing CODw.. Direct application of adsorption to raw
wastewater, however, did not achieve the goal.
The following are further summaries of the above.

(D The activated sludge, coagulating sedimentation, and sand filtration methods are indispensable as treatment.
Since the treatment methods produce sludge, sludge disposal must be considered.

@ Activated carbon adsorption and oxidation by light and chiorine can both achieve the goal as advanced
treatment.

@) In terms of economic efficiency, it is more favorable that adsorption treatment is carried out after oxidation
treatment.

@ Although oxidation is effective in decolorization, care must be given to the toxicity of oxidative products.

(® Activated carbon treatment also has effects on decolorization. In terms of economic efficiency, application
of oxidation as well as the regeneration of activated carbon must be considered.

5.2 Dye Wastewater Advanced Treatment System and Points at Issue

An optimum treatment system which would satisfy the strict effluent standard applied to Osaka Bay by dye
wastewater advanced treatment (target water quality: CODwm. of 15ppm or less) was examined.

A research schematic flow sheet is shown in Figure 1.

By making a flow sheet for treatment which can be put into practice according to Figurel, the points at issue can
be clarnified.

According to Figure 1, four types of treatment flow are available: (1) oxidation by ozone — activated carbon
adsorption, (2) activated carbon adsorption only, (3) oxidation by light and chlorine only, (4) oxidation by light
and chlorine — activated carbon adsorption. In all types of flow, as stated earlier, wastewater which has been
treated by activated sludge, coagulating sedimentation, and sand filtration, in this order, are to be treated further.
If these four types of methods are to be simplified, in methods (1) and (2), activated carbon adsorption has
remarkable effects on the removal of CODuw; on the other hand, in methods (3) and (4), oxidation by light and
chlorine is strikingly effective in removing CODwm.. If costs and secondary effects are to be excluded, oxidation
by ozone in (1) and activated carbon adsorption in {4) can be eliminated.

Consequently, in order to reduce the number of treatment steps as much as possible and to simplify a facility,
either activated carbon adsorption or oxidation by light and chlorine must be selected.

In the case where many types of components are contained in such wastewater as dye wastewater, and where the
method must cope with the quantity ratio of the components and a difference in the processing lot, it is difficult
to determine which is superior by selecting either of them.

As yardsticks for selecting treatment processes, not only the merits and demerits of each treatment method, but
other factors covering management basis, technical levels, locational conditions (This is related to acquisition
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of materials.), securement of land, operationat conditions, prediction of future plans, etc. at a company must be
considered. In consequence, advanced treatment is not to be limited to only one system at this point. Any
effective method is to be picked out, and points at issue are only to be indicated.

1) Pretreatment-related matter
If the raw wastewater is limited to process wastewater only, there are few cases where foreign bodies are
mixed. However, removal of coarse SS by screening and such pretreatment as neutralization and grit removal
are required wherever they are suitable. A somewhat big-scale storage is preferable, not merely a pump pit.

2) The activated sludge method
Within the range of this research, no notable obstacles were found. However, when the proportion of
sulphur dye wastewater was large, treatment tended to be hindered, which requires attention.

3) Coagulating sedimentation - sand filtration
Within the range of this research, there can be no great obstacles. However, according to the raw wastewater,
activated sludge treatment can be impeded, the amount of 8S can increase, and the state of flocculation can
be deteriorated. Consequently, care must always be paid to the management of equipment.

4) Granular activated carbon adsorption
Regeneration of spent activated carbon must be considered.
Regeneration of activated carbon by heating in a regenerative furnace is favorable. It is significant that this
process is to be scaled up as much as possible in cooperation with other companies, and that the operation
rate of a regenerative furnace is to be raised.

5) Oxidation treatment

(1) The effects of ozonization were nol remarkable. The addition of ultraviolet rays irradiation should be
examined.

(2) Concerning oxidation by light and chlorine, methods For raising the rate of using oxidizing agents should
be investigated. For the purpose of rationalizing management, application of Toko test type chlorine
consumption measurement should be studied.

6) Differences in treatment effects according to the polluting component
In this test, attention was paid to influences of sulphur dye, but no great obstacles were observed in general.
However, since many other components which can not be dealt with by this test only are expected lo exist,
further care must be taken. In particular, attention must be paid to the existence of surfactants, oily agents,
inorganic salts (ammonia and phosphoric acid, in particular), etc.

5.3 Concluding Remarks

In terms of the diversity of dyeing processing, the results of this on-site experiment deal with only a part of the
whole dyeing industry, and, accordingly, it is difficult to regard them as sufficient data which can be applied 10
other types of dye wastewater. Furthermore, the period of the experimental research was limited, and a factory
was not entirely covered. However, data obtained by this research still provide valuable results which are
applicable on site and are unique design materials which can be put into practice. It is desirable that the technology
to develop the results further is to be explored, and pilot research aimed at the technology development is to be
conducted. As a matter of course, all possible measures must be taken for the purpose of maintenance and
management of a facility after the reatment facility actually starts operating. It is also strongly desired that data
are to be accumulated as much as possible, and that efforts are to be made so that the utilization of technology
can be established.
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Table 2 Result of oxidation treatment by lihgt and chlorine

CQOD Mn before

COD Mn after

Experiment Date treatment treatment o
. removal rate
COD wn COD wn
ppm ppm %
1 1016 70 56 200
» ’ 68 9 868
s ) 70 i1 84.3
4 17 65 9 %2
5 " 25 16 36.0
. 2 35 3 91.4
, » 30 12 60.0
\ o4 36 24 333
. o6 68 14 79.4
o 28 54 5 80.7
N ” 44 10 72.7
12 30 31 ¥ w0
) s a8 10 737
) . 45 12 73.3
) , » 14 65.9
16 o 29 9 69
> - 25 8.5 66.0
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(Attached Paper)
August 12, 1974

Mr. Toshio Eguchi

Chief Director

Environmental Pollution Control
Service Corporation

Minoru Tanaka

Chairman of the Committee
Committee on Examination of Dye Wastewater
Advanced Treatment Technology

Interim Report on the Dye Wastewater Advanced Treatment Technology

As aresult of our examinations of the above issue, it is has been deemed appropriate that a research study on the
following methods selected from various types of dye wastewater advanced treatments currently carried out is
to be done. Consequently, we ask you to conduct the research commissioned according to the attached outline.

As for the results of the research, we ask you to report them to us by January 10, 1975.

Description
1. The activated sludge, coagulating sedimentation, filtration and contact oxidation methods

2. The oxidation method by ozone and the granular activated carbon adsorption method
3. The oxidation method by light and chlorine

-~ 20



(Attached Paper)

Outline of the Research Study Commissioned

1. Treatment methods commissioned

(1) The activated sludge, coagulating sedimentation, filtration and contact oxidation
methods

In order to conduct the tertiary treatment effectively, it appears to be necessary to sufficiently carry out the
activated sludge, coagulating sedimentation, and filtration methods which are conventionally used. However, it
is still difficult to satisfy the strict standard by the conventional methods. Accordingly, it is to be determined
whether the contact oxidation method is applicable economically and technically as the tertiary treatment, and
if it is, what kind of treatment process is available.
a.Outline of the research
1. Scale of an experimental plant
(i) Capability
Activated sludge equipment 10m*day
Contact oxidation equipment  experimental scale
(ii) Necessary area Approx. 20m*
2. Experiment method (Details are to be discussed with a party entrusted with the research.)

3. Experiment period
September 20, 1974 - December 20, 1974

b. Equipment layout
Appended Figure 1

(2) The oxidation method by ozone and the granular activated carbon adsorption method
Wastewater pretreated by the activated sludge method and ozone with strong oxidizing power are to be used. It
is to be determined if the activated carbon adsorption treatment process is applicable economically and technically
as the tertiary treatment for dye wastewater,

a.Outline of the research
1. Scale of an experimental plant
(1) Capability 50¢/H-100¢/H-200¢/H
(ii) Necessary area  Approx. 30m?
2. Experiment method {Details are to be discussed with a party entrusted with the research.)
3. Experiment period
September 20, 1974 - December 20, 1974
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b. Equipment layout
Appended Figure 2

(3) The oxidation method by light and chlorine
Wastewater pretreated by the activated sludge method is to be used. Chlorine with oxidizing power and light
which accelerates oxidation are also to be used. It is to be determined if the oxidation method by light and
chlorine is applicable economically and technically as the tertiary treatment for dye wastewater.
a. Outline of the research
1. Scale of an experimental plant
(i) Capability 40-120¢ /H
(i) Necessary area  Approx. 20m?
2. Experiment method (Details are to be discussed with a party entrusted with the research.)
3. Experiment period
September 20, 1974 - December 20, 1974
b. Equipment layout
Appended Figure 3

2. Outline of the location for the experiment

Location for the experiment : Factory A located in Sakai City, Osaka Prefecture
For a site background drawing , see Attached Figure 4.
Sakai City is studded with lots of small and medium-sized dyeing factories.

There are many dyeing factories related to interior decorations in particular. Dyes and auxiliaries, etc. used
differ with the fashion in color and the types of fibers, so that a change in wastewater is striking. Consequently,
it is extremely difficult 10 grasp the average quality and amount of water.

Vacant land (approx. 100m?) located in factory A which carries out many kinds of processing and uses many
types of fibers and dyes. is available for use and is to be used as a site for the experiment,

Wastewater discharged from the factory is also available and is to be used as raw water.

3. Contents of the research study

In this research, according to the matters for investigation shown in 3-1, items to be studied mentioned in 3-2 are
to be examined. On the assumption that there are three cases in terms of the amount of wastewater: 1,000m?/
day, 3,000m*day and 6,000m’/day, data corresponding to the following items are to be submitted.

{1} Flow sheet

(2) Construction cost
(3) Running cost

{4) Construction area
(5) Number of operator
(6) Others
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3-1 Matters for investigation
(1) Types and amount of processing at the factory
(2) Work processes and amount of wastewater according to the process
(3) Properties and water temperature of raw water
{4} Quality and water temperature of treated wastewater

{5) Other necessary items
3-2 Quitline of items to be studied
a. The activated sludge method (the coagulating sedimentation method) and filtration

(pretreatment process)

(1) The temperature of wastewater and BOD load are to be parameters, and removal of COD and BOD is to be
investigated. (conditions for coagulation)

(2) Production of excess sludge
(3) Offensive odor and external appearance

(4) Other items considered to be necessary

b. Oxidation treatment (tertiary treatment process)
(1) Conditions for oxidation (oxidation effects)

(2) Other items considered 10 be necessary

4. Parties which are entrusted with the research (scheduled)

(1) The activated sludge, coagulating sedimentation, . Kurita Water Industries, Lid.
filtration and contact oxidation methods

(2) The oxidation method by ozone and 2 Orugano, Ltd.
the granular activated carbon adsorption method

(3) The oxidation method by light and chlorine . Toray Engineering, Inc.

5. Method of commissioning

\In reference to every treatment method, a contract on commission is to be made with the Environmental Pollution
Control Service Corporation individually, and the research is to be conducted according to the contract.
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1. Subject of the Research

Investigation and research on the dye wastewater advanced treatment technology

(The activated sludge, coagulating sedimentation, filtration and contact oxidation methods)

2. Contents of the Research

2.1 Target

In the dyeing processing arranging industry, since the types of chemicals used vary with the kind, color, and
light and shade of the material to be dyed, the quality and amount of wastewater change greatly. Furthermore,
some of the chemicals used do not allow such treatment processes as activated sludge, coagulating sedimentation,
filtration, etc. to remove their COD components. Consequently, there are some cases where the water quality
standard can not be enhanced.

This investigation is aimed at establishing the advanced treatment technology which aims to satisfy the Osaka
Bay water area strict standard (Type 2 water area).

COD 15mg/ € or less
BOD 20mg/ ¢ or less
Ss 20mg/ ¢ or less

2.2 Contents of the research implemented

2.2.1 Test Liquid

Synthetic model wastewater, which was produced by mixing dyeing processing wastewater discharged from
factory A affiliated with factory I's housing complex cooperative and sulphur dye wastewater discharged from
factory B was used. Top dyeing was applied to most stages of the dyeing processing .

2.2.2 Items for the research
(1) Operation of processes from the activated sludge method to filtration
As pretreatment for advanced treatment, the activated sludge and coagulating sedimentation methods and
filtration were to be carried out, and the the effects of the the treatment by those methods were to be verified.

(2) The contact oxidation treatment
Conditions were to be determined by a batch type experiment conducted with wastewater treated by the
methods mentioned in (1). Relations between flow velocity and COD removal were to be examined by a
continucus type experiment.

2.3 Location of the research implemented
Factory A located in Sakai City

2.4 Outline of the research implemented

Figure-1 shows a research facility flow sheet. Raw water was sampled from a wastewater storage tank owned

by factory A by using a submersible pump. It appears that the retention time of the storage tank was about 30
minutes.

The appointed amount of raw water flowed into an aeration tank (2m?) via a weighing tank, and excess water
overflowed into the storage tank,

The mixed solution flowing out of the aeration tank was divided into supernatant and activated sludge in an
activated sludge sedimentation tank (1 m?®), and the activated sludge was returned to the aeration tank by a
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return sludge pump. The return sludge rate ranged from 80 to 100%. As a nutrient for activated sludge,
nitrogen of urea and phosphorus of dipotassium phosphate were used, and the proper quantity of each of them
was thrown into the aeration tank once a day.

Coagulants were added to the wastewater treated by activated sludge in a reaction tank. The treated wastewater
flowed into a coagulating sedimentation tank (1 m?) after flocs were formed. Then, the treated wastewater was
separated from the flocs and flowed into a coagulation treatment tank. Sludge which sedimented in the coagulating
sedimentation tank was pulled out once a day.

A filter was filled with 40 £ of filter sand and was operated at a filtration rate of 2.6m/H. Filtrate was stored in
a filtrate tank and used in advanced treatment experiments, Backwash with tap water was applied to the filter
once a day.

3. Analysis and Measuring Methods

Analyses of sample water and of sludge were conducted in accordance with the following,

Item Analysis Method
Temperature JISK0102 - 4

External appearance JISKO0I102 - 5

Turbidity

Absorbance

Transparency JISKO102 - 6

pH JISKO0102 - 8

CODwmn JISKO0102 + 13
cop,, JISKO102 - 15
BOD JISKO0102 - 16
Total chrome JISKO0102 - 51

Chromic acid JISKO0102 - 51

Total Iron JISKO102 - 47
Nickel JIS K0102 - 41

Total nitrogen JIS K0102 - 27
Total phosphorus JIS KO0102 - 27
S8 JIS K0102 - 10

Residual chiorine

JISKO0102 - 26

ABS principle JIS K0102 - 22

DO (dissolved oxygen) JISKO0I02 - 24

sV Japan Sewage Works Association's sewage test method
SVI Japan Sewage Works Association's sewage test method
Settling velocity Japan Sewage Works Association's sewage test method
MLSS Japan Sewage Works Association's sewage test method
MLVSS Japan Sewage Works Association's sewage test method
I2 consumpticn Japan Sewage Works Association's sewage test method

Microscopic examination Microscopic examination of activated sludge by

a microscope
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4. Outline of the Research

4.1 Progress of the research

600 ¢ of return sludge was sampled at Ishizu sewage treatment plant on September 17, and the sampled return
sludge was regarded as seeding sludge. Water passage started after the seeding sludge was aerated in an empty
space for two days, and data collection started from September 24. Activated sludge treatment was operated
under four conditions.

Coagulating sedimentation and the filter were operated under almost fixed conditions. As coagulants, 100 -
150ppm of aluminum sulfate and 1ppm of polymer coagulants KURIFLOC PN 133 were used from September
26 to October 24. From October 25 to November 18, instead of aluminurmn sulfate, PAC was used in the same
quantity as aluminum sulfate. Since the amount of activated sludge carried over was 100ppm and over from
November 18, the amount of PAC to be added was increased to 180 to 200ppm.

The contact oxidation treatment greatly differed from the activated sludge and the coagulating sedimentation
and filtration treatment in terms of experiment methods, so that the filtrate was sent to the General Research
Institute of Kurita Water Industries, Ltd., where an experiment on the contact oxidation treatment was conducted.

4.2 Experiment conditions

Operation conditions for the activated sludge treatment can be classified into four categories according to the
period of the experiment. Table-1 shows operation conditions for the activated sludge experimental equipment.

Table-1 Operation conditions for the activated sludge testing equipment

Operation conditions
RUN Period
Flow rate Space ioading Raw water
1 Sep.24 - Oct.31 6.5m?/day 0.5Kg/m? - day Factory A only
2 Nov.01 - Nov.13 7.0 0.5 Factory A only
3 Nov.14 - Nov.22 7.0 0.5 Addition of Sulphur dye
wastewate
4 Nov.23 - Nov.29 14.0 1.1 Factory A only
Tabie-2 Chemical- feed to rate coagulating sedimentation equipment unit
The amount of chemical fed (ppm)
Period
Inorganic coagulant Polymer coagulant
Sep.24 - Oct.24 Aluminum sulfate 100 - 150 PN133 1.0
Oct.25 - Nov.18 PAC 100 - 150 PN133 1.0
Nov.18 - Nov.18 PAC 180 - 200 PN133 10

~- 43 -




yue) ajedy|i4

709

3UB) JudLeas
uonenbeon

198ys moy Ajoe) yaeasay -aunbiyg

10108{u) wenfeon

4

-

s et

}UB) UONEBIUBWIPES
Bunenbeon

(.|

lamolg

DREE

dwnd abpnis winlay

|O‘

4
T

}u

g

O|D||D|n

=

el ]

HUB} UolleuaUNPesS
abpn|s pajeaoy

yue) uonenbeon

ellg
sue) uonesay

dwnd Jajem mey

®

suey abeioig

VAN

b

uey Bujybleps



The filtration rate of the filter was 2.6m/H, and backwash was carried out once a day.

The amount of CODw. of treated wastewater could not be 15ppm or less by activated sludge, coagulating
sedimentation, and filtration. Consequently, spherical catalysts (CN balls) were employed, and COD removal
was examined by contact oxidation with chlorine.,

Prior to use of the CN balls, according to directions mentioned in a catalog of CN balls, they had been dipped in
a 3% NaClQ solution until foaming was observed, and then they were washed before being used in experiments.

In an experiment by the batch method, 10g of CN balls was put into 500m ¢ of test liquid. The designated
amount of NaClO was added to the liquid, and pH was controlled by sulfuric acid. Then, the liquid was shaken
for 40 minutes so that the CN balis could come in contact with it. After that, the liquid was filtrated by a filter
paper 5 Type C, and COD of the liquid was analyzed.

As for a2 water passage experiment, after NaClO was added to 2 £ of test liquid, the liquid passed through a glass
tower having an internal diameter of 27mm which was filled with CN balls, on the condition that SV was 5.1 ¢/
hr. Treated wastewater (510m ¢ ) collected between the times, 20 minutes and 80 minutes after water passage
started, was measured in terms of pH, residual chlorine, and COD.

In each experiment, COD was measured after residual chlorine was removed by sodium hypochlorite.

4.3 Results of the research

4.3.1 The activated sludge treatment

Results of the activated sludge treatment are shown in Table-3. Although the quality of raw water varied
greatly, a change in the quality of treated wastewater was relatively small since the retention time of the aeration
tank was long, Numerical values for the aeration tank related operation are shown in Table-4. The temperature
of the water inside the aeration tank was on the order of 30°C, which was a good condition for the activated
sludge treatment. SVI of sludge was generally 100 or less, and so the sludge settling efficiency was satisfactory.

The amount of CODwm of the wastewater treated by activated sludge slightly varied with the treatment condition.
Particularly, it is 100ppm and over in the case of RUN 4, which originated in activated sludge carried over.

Regarding removal of color, there are only qualitative observation results. However, it was recognized that red
and yellow colors tended to be difficult to remove in general.

The influence of addition the of sulphur dye wastewater was mainly represented by the fact that the quantity of
activated sludge carried over increased in the sedimentation tank. However, the influence of the addition of
sulphur dye wastewater on the quality of the final filtrate was hardly recognized, so it can be concluded that the
addition of sulphur dye wastewater does not seriously hinder treatment effects. As a result of a microscopic
examination, even when the value of SV was high, filamentous fungi were hardly observed. The number of
protozoa was generally small, and the number of pelmatozoic Ciliata (Vorticella, Carehesium sp) was extremely
small.

4.3.2 Coagulating sedimentation / filtration

When wastewater treated by activated sludge was treated by coagulating sedimentation, the treated wastewater
was in a favorable condition. The amount of CODw. was about 45ppm after the coagulating sedimentation
treatment. As for the amount of coagulant used, treatment was possible only with 200 ppm of PAC and 1ppm
of polymer coagulant, even in the cases of RUN 3 and 4 where the amount of activated sludge carried over was
remarkably large. The quality of wastewater treated by coagulating sedimentation and the quality of filtrate are
shown in Table-5. The amount of CODuw. of filtrate is 40ppm on average, and consequently advanced treatment
needs to be added in order to attain the target value of 15ppm.

Concerning color, as in the case of the activated sludge treatment, it was difficult to remove red and yellow
colors.
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4.3.3 Sludge production

As a result of the calculation based on an increase in the amount of MLSS and the amount of sludge pulled out,
in the case where the amount of sludge carried over was small, the amount of excess sludge produced by the
activated sludge treatment varied from 0.23 (0 0.28Kg - dry sludge /Kg-BOD.

Table-6 shows surveyed values of the amount of coagulant added and the amount of sludge produced in the case
of coagulating sedimentation. If the amount of sludge carried over is not large on the condition that 150ppm of
PAC is added, it appears that the amount of sludge produced by coagulation will be 0.1Kg - dry sludge /m* of
wastewater. Meanwhile, judging from Table-5, if the average amount of BOD of raw water is 180ppm, the
amount of excess studge produced will be 0.05Kg - dry sludge /m? of wastewater, so that the total amount of
sludge produced will be 0.15Kg dry sludge /m® of wastewater.

4.3.4 Contact oxidation
Table-7 shows the results of the analysis of sample water used in an experiment.

Table-8 shows the results of an experiment by the batch method conducted with the sample water on October
23. Table-8 indicates the results of the examination of optimum conditions by changing the pH value at the time
of the reaction. When the pH value was 2.6, the lowest COD value was obtained. However, the concentration
of nickel contained in treated wastewater became high when the pH value was low. Consequently, the pH value
must be 8 or more in actuality. Table-9 shows the results obtained when the amount of chlorine was changed on
the condition that the pH value was fixed. The influence of the amount of chiorine added was little.

Table-10 shows the results of water passage experiments in terms of COD removal. The table indicates that
while a decrease in the amount of COD by oxidation with chlorine only was remarkable, the effect of CN balls
was little. In all experiments, color could be removed for the most part by adding chlorine.

4.3.5 Summary of results of the experiment

The experiments were aimed at treating dye wastewater to the level at which the CODw. value of 15ppm or less
could be attained. The activated sludge, coagulating sedimentation, filtration, and contact oxidation methods
were examined.

Results of the treatment by the activate sludge, coagulating sedimentation, and filtration methods are summarized
in Table-11.
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Table-6 Sludge production in coagulating sedimentation

Amount of sludge]
Amount [ Amount Flow R
ltem | STBAC | of PN-133| Removed siudge S’Udg;ion (Raw | Sludge emark
added | added concentration “ds/day | water) oductio
Date pom | ppm X Volume g Y| maia | k9-ds/m? | Water treated by Water treated
ppm ¢ activated sludge by coagulation
11/18~1119 146 1 5,200X45 0.23 7 0.03 8/8 8S 15ppm 8/8 S8 &>
11/13 150 1 9,100X30 0.27 7 0.10
11INT7~1118 121 1 13,300X60 08 7 0.11 11/18 SS 110ppm  11/19 S8 20ppm
11/20~11/21 19 1 8,500X120 1.0 6.8 0.15 11/20 88 77ppm  11/20 S 6.7ppm
S8
11/26~11/27 200 1 12,100X195 24 14.4 0.16 11/26 SS 160ppm 11/26 SS 16ppm
11/27 SS 200ppm 11/27 SS 12ppm|

Table-7 Contact oxidation experiment sample water quality

N Sample Sample of Oct. 23 Sample of Nov. 21 Sample of Nov. 27
O | Mtem 10/23 11/21 11/27

1 External Odor Colorless, transparent, Red, t.ransparem, Light yellow, foaming
foaming foaming

2 pH ¢} 6.5 79 8.1

3 Transparency (degree) 30 or more 30 or more 30 or more

4 Suspended solid (S8) (ppm) . . -

5 | COD Mn (ppm) a3 26.0 0.6~0.8

6 800D (ppm) . - -

7 | COD Cr (ppm) 68.2 726 122
Sample name shows Absorbance value was Absorbance value was

Remark sampling date. obtained on condition obtained on condition
em that the wavelength was | that the wavelength was
510 nm 50 mm cell. 455 nm 50 mm cell.

Analysis conforms to the industrial effluent testing method, JISK-0102.
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Table-8 CODm removal by CN ball (Influence of pH)

Amount of NaClO theoretical Residual chlorine .
NaCIC added | equivalent against|  Regulated pH Tagr"eﬁied of treated water 50?35‘" otf Ni
as Ck COD ) (_)p Cl ated water tppm)
{ppm) e {ppm)
400 1.26 -1.5 25 90.5 33.2 665
400 1.26 2.6 4.1 81.0 25 37.9
400 1.26 4.8 6.4 114 365 26
400 1.26 6.2 6.6 116 346 20
400 1.26 8.1 8.1 132 348 Trace
400 1.26 97 9.4 148 356 Trace
Table-9 CODw. removal by CN ball (Influence of amount of NaClO added)
NaCiO added | NaClO theoretical Residual chiorine i
as Ck equivalent against Regulated pH Ta?ér“;ﬁed of treated water E&?exag: er ( ern)
(ppm) COD o () Cle PP
600 1.89 286 36 203 304 393
800 2.52 2.6 35 274 285 41.5
1000 3.15 2.6 35 aré 283 36.9
1500 473 2.6 3.4 586 251 47.0
Table-10 Result of treatment by water passage experiment
Amount of it
sample NaCIO add Chilorinating water Water treated by CN ball
Residual Residual
- COD un | Absorbance - COD me | Absorbance
Clz ppm (C;:I;:Ogg‘rﬁ pH ppm dogT gg‘g;}":‘ pH ppm HogT
{Raw water) 7.9 26.0 0.655
950 500 7.8 19.5 0.010 2186 8.3 17.5 0.010
Nov, 21
1,180 1,080 7.8 13.4 0.010 237 83 13.9 0.010
2,360 2,015 7.8 15.6 0.010 550 8.2 11.4 0.010
{Raw water) 8.1 58.3 0.143
550 430 7.0 46.8 0.025 176 7.5 418 0.025
Nov. 27
1,100 912 71 46.8 0.025 257 7.3 43.7 0.025
2,200 1,855 7.1 46.6 0.025 850 7.0 415 0.025
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As a result of the experiment, the following can be said.
1) The quality of raw wastewater is as follows:
BOD 200ppm (on average)
CODwm:170ppm {on average)
58 50ppm (on average)
2) Treated wastewater with the quality mentioned below can be attained by the treatment up to

fittration.
BOD  20ppm or less {on average)

CODwm 40ppm or less (on average)

58 S5ppm or less (on average)

3) If the aeration tank space loading is 1.0Kg-BOD/m? - day or less in the case of the activated sludge
treatment, it does not have a great influence on the final treated wastewater.

4} Mixing of sulphur dye wastewater increases the amount of S8 of the wastewater treated by activated
sludge. However, if coagulating sedimentation and filtration are conducted, mixing of sulphur dye
wastewater does not have a great influence on the wastewater quality.

5) As for the amount of chemical to be fed in the case of coagulating sedimentation, 150 - 200ppm of
aluminum sulfate or PAC and 1ppm of polymer coagulant can produce satisfactory flocs.

6) It was found that the amount of sludge produced was estimated to be about 0.15Kg(dried sludge)
per im? of wastewater.

Regarding removal of CODw by contact oxidation, the following can be said.

7) For the most pant, decrease in the amount of COD was caused by the action of oxidation only with
chlorine. Effects of the CN balls were hardly recognized.

8) It was made clear that even if the amount of CODwm. of filtrate was 40ppm on average, it was
difficult to reduce it to 20ppm or less by oxidation with chlorine.
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5. Consideration

Regarding the dye wastewater advanced treatment, field experiments on the treatment were conducted. The
experiments on dye wastewater treatment were conducted with material to be dyed. The Chemicals used which
are contained in dye wastewater vary with the type, light, and shade, etc. of the material to be dyed, which
causes a variation in the quality and amount of wastewater. In the experiments made this time, although there
was no variation observed in the amount of water since the designated amount of water flowed into an aeration
tank, a considerable change in the quality of water was observed. However, since the load on the aeration tank
was relatively fow and the retention time of the tank was long, the quality of treated wastewater was stable.

It appears that the load on the aeration tank can be dealt with sufficiently by the activated sludge method if the
load is situated in the range of the experiments, namely 1.0Kg BOD/m* day or less. However, mixing of
sulphur dye wastewater exceedingly deteriorated for settling efficiency of activated sludge and decreased the
amount of MLSS. Consequently, it is desirable for the water surface loading of the activated studge sedimentation
tank is to be low. In the case of RUN 4, the water surface loading is 17.8 m¥m?’ day, and a value which is equal
to or lower than that figure should be applied to the design of the actual equipment. Furthermore, in dealing
with the case where the outflow of SS is remarkable, it will be more effective if an addition of polymer coagulants
at the inlet of the sedimentation tank is made possible.

A decrease in the amount of DO is another problem in the case where sulphur dye wastewater is mixed. Even
if the foad on the aeration tank is the same, there are some cases where the DO value reaches 0.5ppm or less if
sulphur dye wastewater is mixed. Accordingly, sufficient scope should be allowed in aeration equipment.

There were no particular problems with coagulating sedimentation. The settling efficiency of flocs produced
was good. As for the inorganic ceagulant, PAC, which requires only a small amount of alkali to be added, it is,
is considered to be more favorable even if the coagulant is to be added in large quantities. As for a polymer
coagulant, nonionic matter is effective, and an addition of the coagulant in the quantity of 1ppm is enough.

Conceming a filter, since the filtration rate was low, no problems were observed during the experiments. However,
the filtration rate must vary from 10 to 15m/H on the actual equipment. Since the amount of SS contained in
wastewater treated by coagulating sedimentation is expected to range between 15 and 20ppm, a filter which
captures large quantities of S8, such as a double layer filter, should be adopted.

Many effects of contact oxidation on COD removal can not be expected. Particularly, the effects of catalysis
are little, so it can be concluded that they are inappropriate for the removal of COD of dye wastewater.
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6. Treatment equipments design

According to the results of the experiments that have been mentioned in the preceding chapters, a treatment
facility is to be designed in three cases, depending on the amount of wastewater; 1,000m¥day, 3,000m¥day, and
6,000m%day. As for contact oxidation, since it did not achieve its initial goal, a design is not to be worked out.

6.1 Design conditions

1) The amount of treated wastewater
Three cases: 1,000m¥day, 3,000m*day and 6,000m’day

2) Water quality

pH

BOD
CODMn
S8

3) Treatment conditions
Activated sludge

Coagulating

sedimentation

Filter

Sludge treatment

6.2 Flow sheet

Raw water
6.5-10
200ppm
170ppm

50ppm

Aeration tank space loading
MLSS

Sedimentation tank

water surface loading
Amount of return sludge
Amount of chemical

to be fed

Coagulation tank

retention time
Sedimentation tank

water surface loading

Form

Filtration rate

Amount of polymer
dehydrating agent to be used
Sludge is to be carried out as
dehydrated cake

A treatment equipment flow sheet is shown in Figure-2.

Treated wastewater
6.8-8.6
20ppm
40ppm
Sppm

0.8Kg BOD/m? - day
3,000 to 4,000ppm
15m¥m? - day

100%
200ppm of PAC
1ppm of Polymer coagulant

20 minutes
25m¥m? - day
Pressure type - double layer filter

10m/H
1.5% {against dry sludge}

Table-12 shows an outline of the specifications of the equipment to be used in a treatment facility. Figure-3

shows a plane layout drawing.
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6.3 Construction cost
Table-13 shows the construction cost according to the amount of treated wastewater.
Table-13 Dye wastewater treatment facility construction cost

(Integration standard, December 1974)
{Units: 1,000 yen)

Volume of treated water 1,000n/Day 3,000 6,000

Activated sludge 32,000 65,300 104,700
Ceaguiating sedimentation 11,600 25,200 40,900
Filtration 10,300 19,800 32,700
Sludge dehydration 14,300 31,100 52,500
Building 22,500 30,000 42,000
Electric instrumentation 31,700 64,300 106,100
Total 122,400 230,700 378,900

6.4 Operation expenses

When the operation expenses were calculated, the electricity costs, chemical costs, labor costs, and sludge
transport expenses were determined as major items. The following is the calculation standard for each item.

1} Electricity cost
Unit price 10yen/KWH
1t was determined that a raw water pump, aeration equipment, a filtrate pump, and chemical-feed pumps for
activated sludge and coagulating sedimentation were to be operated at all times. As for other equipment,
operation time was fixed according to citcumstances.

2) Chemical cost
A unit price and the amount of chemical to be used were determined as follows:
Chemical for promoting nutrition - Urea 50yen/Kg
Phosphorus (75%) 200yen/Kg
Quantity of addition BOD : N: P=100:5:1
Inorganic coagulant PAC 30yen/Kg 200ppm
Polymer coagulant 1,800yen/Kg 1.0ppm
Polymer dehydrating agent 3,500yen/Kg 1.5Kg against dry sludge

3} Sludge transport expenses
Truck rental fee 10,000yen / once for a 4-t truck
Table- 14 shows the operation expenses according to the amount of treated wastewater.
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Table-14 Dye wastewater treatment facility operation expenses

1,000m*/Day 3,000 6,000

1. Electricity cost 7,300 yen 16,200 yen 26,800 yen
2. Chemical cost  Nutrition

promating agent (1.750) (5.250) {10,500)

Coagulant {6,000) (18,000} {36,000)

Macromolecule (1,800) (5,400) {10,800)

Dehydrating agent {4,800) {14,400} (28,800}

14,350 43,050 86,100

3. Sludge transport expense 10,000 20,000 30,000

Total 31,650 79,250 142,900

Unit price for treatment 31.2 yen/mp 26.4 23.8

6.5 Operation personnel

It was determined that the number of operation personnel directly engaged in operation was to be 2 in the cases
of 1,000 and 3,000m*/day, and 3 in the case of 6,000m*day.

Since analysts and persons on night duty were involved with other departments, they were not taken into
consideration when the operation expenses were calculated.
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Appended figure-2 Hourly variation in raw water quality (CODw)
Considerable variation with time is is recognized.

Figure-2 Hourly variation in raw water CODun

—o— Sole + Sulphur dye wastewater

—*— Factory A

200
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a
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Appended figure-3 Change in aeration tank DO, water temperature and pH (RUN 2}
Appended figure-4 Change in aeration tank DO, water temperature and pH (RUN 3}
Appended figure-5 Change in aeration tank DO, water temperature and pH (RUN 4)

It is understood that the DO level is lower in the case of RUN 3 and 4 where sulphur dye
wastewater is added than in the case of RUN 2 where it is not added.
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Appended figure-3 Hourly variation in aeration tank DO, water temperature and pH (RUN 2)

_77 -



11

10
9

I

[«
8
7
6
40

5

2 35

©

7]

o

£

]

8

2 30
25
6

T 5

(=}

&

0

[m]

=

s 3

c

o

2

01

L=

A

RO, S

—e— Raw water

—o— Aeration tank
. Water treated by

activated sludge

-Amount of air
Total amount

11/9
'/_
L11/21

‘\'/'_"_'—\_11/16

9

10

1 12 13 14 15 16 17 18 19 20

Hour

Appended figure-4 Hourly variation in aeration tank DO, water temperature and pH (RUN 3)
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Appended figure-5 Hourly variation in aeration tank DO, water temperature and pH {(RUN 4)
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1. Subject of the Research

Investigation and research on the dye wastewater advanced treatment

(The oxidation method by ozone - the granular activated carbon adsorption method)

2. Contents of the Research

2.1 Target

In the dyeing processing arranging industry, since the types of chemicals used vary with the kind, color, and
light and shade of material to be dyed, the quality and amount of wastewater which is discharged from a company
involved in the industry change greatly. Consequently, the results of the treatment by existing treatment facilities
are not necessarily satisfactory.

Accordingly, this research is to be aimed at establishing the advanced treatment technology which aims to
satisfy the Osaka Bay water area strict standard (Type 2 water area).

2.2 Contents of the research implemented

2.2.1 Test Liquid
As for the test liquid offered to the research, there were three types :

{1) Dye wastewater discharged from factory A affiliated with factory J's housing complex cooperative (hereinafter
referred to as dye raw wastewater)

(2) Wastewater obtained by treating the above dye raw wastewater with activated sludge, coagulating
sedimentation and filtration (hereinafter referred to as secondary effluent)

(3) Wastewater obtained by mixing sulphur dye wastewater with the aforementioned dye raw wastewater by
about 5% and treating the synthetic wastewater with activated sludge, coagulating sedimentation, and filtration
(hereinafter referred to as synthetic wastewater which has undergone secondary treatment)

2.2.2 Items for the research

(1) Investigation of changes in the quality and amount of water with the passage of time

(2) Research on the amount of ozone to be added and the properties of treated wastewater

(3) Research on the properties of wastewater treated by granular activated carbon adsorption

{4) Research on the recovery of the capability of spent activated carbon which has been regenerated

{5) Research on optimum treatment facilities for the oxidation method by ozone and the granular activated
carbon adsorption method

2.2.3 Items for the analysis

Items for water quality analysis ...... pH, COD, BOD, S8, anionic surfactants, n-Hexane extracts, total chrome,
color (average absorbance), external appearance

Items for analysis on granular activated carbon capability ...... Packing density, iodine value

Items for granular activated carbon equilibrium adsorption measurement ... COD
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2.3 Location of the research implemented

2.3.1 The oxidation method by ozone, the granular activated carbon adsorption method

Factory A located in Sakai City

2.3.2 Experiments on ozone batch and granular activated carbon equilibrium adsorption,
and granular activated carbon regeneration and capability measurement

at a laboratory in the Environmental Technology Department, Orugano, Ltd,

5-5-16 Hongo, Bunkyo-ku, Tokyo

2.4 Outline of research facility

An outline of the equipment for oxidation by ozone and granular activated carbon adsorption which was
established in factory A is shown in Figure-1. Test liquid pumped up from a sccondary effluent tank or a dye
raw wastewater lank was split into two portions after passing through a sand filter. One portion of the dye raw
wastewater was stored in a filtrate tank and used in the granular activated carbon adsorption experiment. The
other portion entered an ozone oxidation tower at the top and came into contact with the ozonizing air which
was diffused by a diffuser in the counter-current direction. After that, the portion was stored in an ozonized
water tank and used in the granular activated carbon adsorption experiment. The granular activaied sludge
adsorption equipment consisted of two systems: one for secondary effluent, and the other for secondary eftluent
which had undergone ozonization. The three-tower serial water passage was applied to both of the systems. As
for the external appearance of the location where the rescarch facility was established along with the equipment
for oxidation by ozone and granular activated carbon adsorption, pictures are attached.

External appearance of the location of the facility

— R6—



Ozone oxidation tower (left) and granular
activated carbon adsorption equipment (right)

3. Analysis and Measuring Methods

3.1 Water quality analysis method
Item
pH JIS - K - 0102- 8
COD JIS - K - 0102-13
BOD HS - K - 0102-16
S8 JIS - K - 0102-10.2
Anionic surfactant JIS - K - 0102-22.1.1
n-Hexane extract JIS - K + 0102-18
Total chrome JIS - K - 0102-51.1
Color (average absorbance) the average absorption method by using representative

wave length

Note 1. The average absorption method by using representative wave length is a method in which the absorption
(-log T) is measured when the wave length is 370, 420, 470, 500, 530, 550, 570, 610, 660, and 750nm respectively,
the average of the measured values is taken, and it is used as an index for the thickness of color.
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Absorption spectrophotometer used ... HITACHI model 102, absorption spectrophotometer
Length of cell applied . 10mm cell

Note 2. As for terms which indicate external appearance, the following words were applied as a prefix. If, for
instance, the color of brown is taken , it can be described as blackish brown, dark brown, grayish brown, light
brown, and slight brown in descending order from the thickest.

3.2 Granular activated carbon equilibrium adsorption measuring method

Granular activated carbon equal to the one used in the adsorption experiment was crushed so that not less than
95% of the crushed activated carbon could pass through a 325-mesh sieve. The known amount of the sieved
activated carbon was mixed with 300m £ of test liquid, and the mixture was shaken for 2 hours at a fixed
temperature of 257C. After that, the activated carbon was removed by filtration, and COD of the filtrate was
measured. Calculations were was made by using the measured value, and an equilibrium adsorption diagram
was made.

3.3 Granular activated carbon regeneration and capability measuring methods

3.3.1 Regeneration method

As for regeneration, roasting regeneration was conducted by using a muffle furnace. First, the furnace was
heated at 950C, and mixed gas, which was obtained by letting nitrogen and carbon dioxide flow at flow rates of
6 ¢ /min and 4 £ /min, respectively, under the standard condition, was allowed to flow. Next, sample activated
carbon from which the water was completely swished was put on a stainless wire net and roasted for 30 minutes
at 950°C. Right after being roasted, the activated carbon was poured into water, cooled rapidly, and dried.

3.3.2 Capability measuring method

Brand new activated carbon, activated carbon which had already undergone the regeneration process, and the
one which had not were analyzed.

Item Method
Packing density JIS proposal for revision the granular activated carbon test method
Iodine value JIS proposal for revision the granular activated carbon test method

3.4 Method of measuring ozone contained in the ozonizing air

The fixed volume of ozonizing air which was sampled in a gas sampling tube was allowed to blow into a
potassium iodide solution. Isolating iodine was titrated with a sodium thiosulphate solution. The follwing

reaction was obscrved :
O, +2KI+ HO =1, + 2KOH + O,
I, +2NaS 0O, =2Nal + Na .80,

Accordingly, the following can be said.
0.IN Na,$,0, solution 1m £ =2.4mgO,
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4. Outline of the Research

4.1 Items for the experiments

In accordance with the items for the research mentioned in 2.2.2, experiments were conducted on the following
items.

(1) Oxidation of dye raw wastewater and secondary effluent by ozone

(2) Granular activated carbon adsorption and granular activated carbon equilibrium adsorption with four types
of wastewater: dye raw wastewater, dye raw wastewater treated by ozone, secondary effluent, and secondary
effluent treated by ozone

(3) Ozone batch and granular activated carbon equilibrium adsorption experiment with synthetic wastewater
which has undergone secondary treatment

{4) Regeneration of granular activated carbon used in the above-mentioned experiment item (2) and measurement
of the capability of the granular activated carbon

4.2 Progress during the period of the experiments

4.2.1 Establishment of experimental equipment
Equipment and appliances were carried in ............ on October 8

Establishment of the equipment and appliances and preparation for the experiments ...... October 8 - October 13

4.2.2 Progress of the experiments
The following shows the progress of the experiment by item.
(1) Experiment on oxidation by ozone
October 15 - November 14 experiment with the test liquid mentioned in 2.2.1 (2)
November 19 - November 30 experiment with the test liquid mentioned in 2.2.1 (1)
(2) Activated carbon adsorption experiment

October 29 - November 14 experiments with the test liquid mentioned in 2.2.1 (2)
and with wastewater obtained by treating the test liquid by ozone

November 19 - December 1 experiments with the test liquid mentioned in 2.2.1 (1)
and with wastewater obtained by treating the test liquid by ozone

(3) Ozone batch experiment and activated carbon equilibrium adsorption experiment with
the test liquid mentioned in 2.2.1 (3) ..... conducted with a sample collected on November 29

(4) Granular activated carbon regeneration and capability measurement .... conducted with granular activated
carbon which had undergone the adsorption experiment
4.3 Experiment methods and conditions

The following shows experiment methods and conditions by item.

4.3.1 Experiment on oxidation by ozone
Figure-1 shows an outline of the experimental equipment.

Test liguid pumped up from the secondary efftuent tank or the dye raw wastewater tank was introduced to the
ozone reaction tower after passing through the sand filter. The test liquid which entered the tower at the top
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came in contact with the ozonizing air diffused by the diffuser in the counter-current direction. Thus, the test
liquid was oxidized by ozone. The test liguid oxidized by ozone went out of the tower at the bottom and was
stored in the ozonized wastewater tank. The ozonizing air was produced by (silent discharge) that was caused
by letting the air, which had been dehumidified with a silica gel, pass through an ozonizer. As for flue gas
which came out of the reaction tower, it was diffused in the atmosphere as clean air after the 0zone was decomposed
and removed by activated carbon.

The following are the experiment conditions.

Ozone reaction tower (counter-current 200 ¢ x 2,000H
contact tower with racks and steps)

Effective depth of water 1,500mm

Ozone gas concentration 5.0-18.1mg Oy ¢ - air
Ozone gas flow rate 150-490¢ /H

Test liquid flow rate 70-250¢ /H

Flue gas treatment tower 50 ¢ x 1,000H

filled with granular activated carbon for
the gaseous phase

Sand filter 200 ¢ x 1,200H
Sand grain size 0.55mm
Sand layer height 700mm

4.3.2 Experiment on granular activated carbon adsorption
Figure-1 shows an outline of the experimental equipment.

The test liquid oxidized in the ozone reaction tower {(secondary effluent which had undergone ozonization) was
allowed to pass through the activated carbon tower at a fixed flow rate after being stored in the ozonized
wastewater tank temporarily.

The three-tower serial water passage was applied. For the purpose of observing the influence of oxidation by
ozone, filtrate (secondary effluent) which had not yet undergone oxidation by ozone was also allowed to pass
through the activated carbon simultaneously. Thus, treatment conditions were observed.

As for dye raw wastewater, experiments on activated carbon adsorption were also conducted with raw wastewater
which had undergone ozonization and with very raw wastewater,

The following are the experiment conditions.

Activated carbon used .........covvnnee. Pittsburgh granular activated carbon CAL
Activated carbon tower

For letting wastewater treated 80 ¢ x I,200H x 3 towers

by ozone through

Quantity of activated carbon filled 5.0 £ /1 tower

Activated carbon layer height 1.0m/1 tower

For letting filtrate through 26 ¢ x 1,300H x 3 towers

Quantity of activated carbon filled 0.6 ¢ /1 tower

Activated carbon layer height 1.0m/1 tower



Volume of water let through

Secondary effluent which 75¢/MH
has undergone ozonization

Secondary effluent 9.0¢ ™
Dye raw wastewater which has 50¢/H

undergone czonization

Dye raw wastewater 6.0¢/H

4.3.3 Experiments on ozone batch and activated carbon equilibrium adsorption with
synthetic wastewater which has undergone secondary treatment

(1) Ozone batch experiment
Figure-2 shows an outline of the experimental equipment.
Test liquid was put into a diffuser bottle with a capacity of 500m ¢ , and the ozonizing air was allowed to
blow into the bottle so that the liquid could be oxidized by ozone. The amount of czone required by oxidation
was calculated in accordance with the amount of ozone added and the amount of ozone which had not

reacted.
Volume of test liquid 400m ¢
Ozone gas concentration 50mg O,/ ¢ -G
Ozone gas flow rate 20¢/MH

(2) Activated carbon equilibrium adsorption experiment
Experiments on activated carbon equilibrium adsorption were conducted with the test liquid which had not
yetundergone the above-mentioned process of oxidation by ozone and with the one which had, according to
the granular activated carbon equilibrium adsorption measuring method mentioned in 3.2.

4.3.4 Granular activated carbon regeneration and capability measurement

The granular activated carbon used in the adsorption experiment was pulled out out of the tower after water
passage ended. Then, the activated carbon was regenerated in accordance with the regeneration method mentioned
in3.3.1. As for measurement of the capability of the activated carbon, brand new granular activated carbon, and
granular activated carbon which had not yet undergone the process of regeneration, and the one which had were
measured according to the capability measuring method mentioned in 3.3.2.

4.4 Results of the experiments

The following shows the results of the experiments by item,
4.4.1 Results of the experiment on oxidation by ozone

(1) In the case of secondary effluent
Table-1 shows the results obtained from October 15 to November 14,
Analyzed values (for total chrome, anionic surfactant, n-Hexane extract, and $S) other than those recorded
in this table are shown in Table-2.

Figure-3 is formed by plotting the values obtained from 11:00 to 13:00 which are shown in Table-1. Figure-
4 shows the hourly variations of October 30, 31, and November 1.

(2} In the case of dye raw wastewater

Table-3 shows the results obtained from November 19 to November 30.
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Analyzed values other than those recorded in this table are shown in Table-4. Figure-5 is formed by plotting the
values obtained from 11:00 to 15:00 which are shown in Table-3. The figure shows daily variations. Figure-6
shows hourly variations of November 21.

4.4.2 Results of the experiment on granular activated carbon adsorption

(1) In the cases of secondary effluent and secondary effluent which has undergone ozonization
Tables-5 and -6 show the results obtained from October 29 to November 14. Figure-7 shows the relation
between the water passage time and the amount of COD at the outlet of the activated carbon tower. Figure-
8 shows the results of the equilibrium adsorption experiment conducted with sample wastewater collected at
14:00 on October 31, and at 12:00 on November 13,

(2) In the cases of dye raw wastewater and dye raw wastewater which has undergone ozonization
Tables-7 and -8 show the results obtained from November 19 to December 1. Figure-9 shows the relation
between the water passage time and the amount of COD at the outlet of the activated carbon tower. Figure-
10 shows the results of the equilibrium adsorption experiment conducted with sample wastewater collected
at 17:00 on November 26.

4.4.3 Results of the experiments on ozone batch and granular activated carbon equilibrium
adsorption with synthetic wastewater which has undergone secondary treatment

(1) Results of the ozone batch experiment
The following shows results the of the ozone batch experiment conducted with synthetic wastewater which

had undergone secondary treatment. The synthetic wastewater was sampled at 13:00 on November 29.

Results of the ozone batch experiment

Ozone absorbed dose External appearance Color COD
(ppm as O, (average absorbance) (ppm as O)

- (raw water) light pink color 0.027 36.0

2.0 light pink color 0.016 36.0

4.1 sligltlly pink color 0011 353

0.5 sligltlly pink color 0.006 344

(2) Results of the granular activated carbon equilibrium adsorption experiment
Experiments on equilibrium adsorpiion were conducied with the synthetic wastewater that had undergone
secondary treatment, which was used in (1), and with the synthetic wastewater which had undergone
ozonization besides secondary treatment (ozone absorbed dose: 4.1ppm). Results of the experiments are
shown in Figure-11.

4.4.4 Results of granular activated carbon regeneration and capability measurement

The granular activated carbon used in the adsorption experiment was pulled out of the activated carbon tower
after water passage had ended. After that, the activated carbon was regenerated. Then, new activated carbon,
activated carbon which had not yet undergone the process of regeneration, and the one which had were measured
in terms of capability. The following shows the results of the measurement.

Brand new granular activated carbon
Packing density Iodine value

0.445 1,040
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5. Consideration

Of all the types of wastewater discharged from various industries, wastewater discharged from dyeing factories
is one of the most difficult to treat.

It may safely be said that the difficulty with the treatment of wastewater discharged from dyeing factories
" originates in the diversity of the quality and amount of the wastewater. Moreover, in terms of a form of company,
small-to-medium-sized factories are the nucleus of the dyeing industry under the present conditions.

There are some treatment methods that have been put into practice for the past several years. However, judging
from the recent tendency in the effluent standard, it is no exaggeration to say that a simple treatment method can
not deal with the numeric or ecnomic standard .

Consequently, it is necessary to set up equipment which is comprehensively favorable by combining some unit
operations. In this investigation and research, the focus was placed on finding what sort of advanced treatment
could attain what level of water in the case where advanced treatment was to be conducted with secondary
effluent (wastewater treated by activated sladge, coagulating sedimentation, filtration, etc.) .

As unit operations, oxidative decomposition treatment (oxidation by ozone) and adsorption treatment (activated
carbon adsorption) were selected. The quality of treated wastewater was aimed at being the one which could
satisfy the regulatory value for the Osaka Bay special conservation water area (Type 2 water area). As a result
of the investigation and research, it was found that by carrying out oxidation by ozone and activated carbon
adsorption, the aforementioned regulatory value could be fully satisfied. If desalination (the reverse osmosis
method, the 1on exchange method, the electrodialysis method, etc.) 1s conducted after the treatment, reuse of
water and the closed system will be possible.

Treatment methods that have been carried out in the past are attended with much difficulty in terms not only of
the quality of water but of the treatment of the sludge that is produced by a treatment facility. Taking this fact
into consideration, it is considered a necessary condition that the amount of sludge produced by a treatment
facility is nil or extremely small.

Dye wastewater used in this investigation and research was not colored much, and the COD value of the wastewater
was lower than expected.

Based on the evidence of the experiment data, the ozone absorption rate is considerably low. The rate, however,
is the value obtained by this experimental equipment. Accordingly, with actual equipment, it is fully possible to
attain the absorption rate of 95% and more, according to the past results.

As a matter of course, the point of ozonization is to remove COD. In addition, but not only that, it is to get rid of
color by making good use of the strong oxidizing power of ozone. By combining ozone treatment and activated
carbon treatment, the activated carbon's capability of adsorbing is expected to grow. According to the data of
the experiments conducted this time, as indicated in Figures-7 and -9, when the case where secondary effluent
is ozonized and then treated by activated carbon and the case where secondary effluent is treated by activated
carbon without being ozonized are compared on the condition that the water passage rate is the same {(double the
amount of treated wastewater per unit activated carbon), the water passage time is longer in the former by about
11% in the case of one cycle, and by about 12% in the case of two cycles. Likewise, as for dye raw wastewater,
the water passage time is longer when the wastewater is ozonized by about 9.5% in the case of two cycles, and
by about 17% in the case of three cycles than in the case where it is not. Generally, if activated carbon treatment
is aimed at decoloring colored water and removing COD, sometimes color leakage is observed in advance of
COD leakage. Hence, in the case where the degree of coloring is low, as in the case of the sample water used in
the experiments, by directly treating secondary effluent with activated carbon, the goal can be achieved.
Nevertheless, taking into account the changes in the degree of coloring, the combination of ozonization and
activated carbon treatment appears to be effective even if the cost of equipment may rise slightly. As a result,
in the case where secondary effluent is ozonized, the amount of ozone to be added is expected to vary from 15
to 20g0,/m’ of wastewater.
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As a result of the experiments, it is considered favorable that the calculation of the quantity of granular activated
carbon to be used for treatment is to be based on 2.0-2.5m? of wastewater/kg - C .

As for the operation expenses, they are mostly dominated by activated carbon treatment, so that it is desirable
that a factory regenerates activated carbon for itself. There are various regeneration facilities. In the case of
regeneration by heating which is conducted most commonly, the cost of equipment is comparatively high when
the amount of activated carbon regenerated is small.

Besides, taking into consideration the fact that the dyeing processing industry is based on the aforementioned
form of company, it is to be desired that the regeneration of activated carbon be carried out jointly by grouping
factories.

Tudging from the results of the experiments on the regeneration of activated carbon which was used under
various conditions, it is clear that the spent activated carbon can be regenerated to the same level as a brand-new
one.

Generally speaking, it may safely be said that the combination of the oxidation method by ozone and the
granular activated carbon adsorption method give full play to the performance in terms of dye wastewater
advanced treatment,

However, in the case where such matter as chrome is mixed, this treatment system can not be expected to deal
with it sufficiently, and, consequently, it is necessary to isolate wastewater which contains matter such as
chrome in the dyeing process and to treat it separately.

6. Dye Wastewater Treatment Facilities (which respectively deal
with the amount of wastewater as follows:

1,000m?®/day, 3,000m31day, and 6,000m?®day)

As mentioned in this report, with advanced treatment for secondary effluent in view, experiments were conducted
mainly by combining the oxidation method by ozone and the granular activated carbon adsorption method.

In the case of the quality of dye raw wastewater used in the experiments this time, it does not appear that the
merits of the above-mentioned combination are remarkable.

It rather appears that the treatment of secondary effluent can be done only with granular activated carbon. An
experiment on the direct treatment of dye raw wastewater by oxidation by ozone and granular activated carbon
adsorption was also conducted. However, as a result of the experiment, an economical facility will not be
anticipated if the effluent standard must be satisfied.

Accordingly, as the title of this report says, a trial calculation was done on the condition that secondary effluent
was to be treated by a combination of oxidation by ozone and granular activated carbon adsorption.

A flow sheet is shown in Figure-12. An outline of a facility and the quality of treated wastewater is shown in
Table-9. The cost of equipment, operation expenses, the construction area, and operation personne] are shown
in Table-10.
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Table-1 Result table for treatment of secondary treated water by ozone
Activated sludge—Coagulating sedimentation—Filtration—O; treatment

Exhaust Raw CO3 o Filter outlet effluent water quality Quality of water treated by ozone
Sampli Wastewater| O3 Gasliquid| CO3 as Amountof | O3 3
dartnplﬁﬁm flow ﬂogas ratio gas . goncentraﬁon O3 added | absorbed absorption External Q;e'??“ External Qt‘,’e'?.g‘ © Remark
ea %1 (L) (NUH) |(GIL)  concentration! (man N ) (ppm) | dose rate pH coD BOD S0 oH coo | BOD S0
(mgO¥N L) |9 (ppm) (%) appearance | (nom0) | (ppm O) ?f'gg% appearance | {ppm Q) | (ppm O) ??o";?r)
| 10115 10:00 100 250 2.50 7.20 4.00 18.0 85 47.1 68 |Llightgreen | 270 - 0.020 | 6.9 |Coloress 20.4 . 0.007
__. 100 | 150} 250 | 167 790 | a4a7 | 132 | 57 | 42 (68 | e | 272 | - _Q°_29__§?_C}°_'°_'*?5_5__+_?3:9____:___9997 ___________________________________
(1830 | 150 204 | 136 | 893 | 493 | 21 1 54 |..446 | 69 |Llightgreen | 280 | - | 0020 } 68 |Colodess | 250 | - 0006 | .
| 10/1810:00 | 100} 300 | 300 ) 515 | 240 | | 158 1 83 | %84 | 69 |Reddishpink| 605 | - | 0123 | 6.9 |Lightpink | 522 |\ - | 0040 ¢ ...
13:00 100 150 1.50 8.70 3.78 13.1 74 56.6 6.9 | Reddishpink| 60.5 . 0.123 | 6.9 |Light pink - . 0.040 |
............... S0 S0 80 88 W 74 | 966 | 63 |Reddshpnk| 605 | - | 0123 | 69 \Lightpink | - - | 0040 0 ..
_____ 15:00 | 150 % 300 | 200 | 9838 | 492 | 188 | 89 | 484 | 69 |Reddishpink| 605 | - | 0123 | 69 |Slightypink | - | - | 0025 |\ .
_____ 1700 | 150} 200 | 133 | 124 | S84 | 165 | 88 | 529 | 69 |Reddishpinkj 605 | - | 0123 | 69 iSlightypink | 49.4 | - | 0022 ) ...
| 10/2510:10 | 150 | 240 | 160 | 162 | 77| 259 | 145 | 559 | 6.7 Brightyeliow! 111 | - | 0.098 | 7.0 |Lightyellow | 104 | - | 0063 | ...
12:00 104 260 2.50 14.3 7.55 35.8 169 472 6.8 | Brightyeliow| 112 . 0.105 | 7.0 |Light yellow 103 . 0.060 N
| 10/261000 | 150 | 204 | 136 | 893 | 4.93 122 5.4 44.2 67 |Brightyelow| 785 - 0042 | 70 |Slightlyyelow| 708 | - [ 001 |
_____ 1_3_0(_)___1_5_0-_ __2Q-4 __1_3§ ___{3?0__“_4_7_8‘L 11.6 52 44.7 6.7 Bright yellow 703 i - 0.040 6.9 |Slightly yellow B63.0 - _0_01_3,.,,.,kA,*__,__-_-,--,L‘____-._-A_A
| 10/2813:00 | 150 | 280 | 167 | M4 | 560 | L 95 | 503 ;: 69 |Llightyellow | 384 | - | 00256 | 7.0 |Sighttyyellow} 370 | - | 0008 | ...
.. '800 | 150 | 250 ) 167 f 11 542 | . 185 | 95 | 513 1 70 |Ughtyellow | 291 | - | 0026 } 7.2 |Sighttyyellow| 257 | . | 0009 W ...
| 10/3010:00 | 200 | 200 | 100} 143 | 687 | . 143 | 74 | 518 | 69 |Ligntyellow | 305 | - | 0015 | 7.0 |Sightlyyelow| 208 | - joo008 |
... 130 280 | 200 | OBO | 146 550 | . "7 |73 | 622 | 67 |Lightyellow | 298 | - | 0014 | 6.8 |Sighttyyelow] 269 | - {0008\ ...
[ . _ 1400 | 150 | 280 | 173 | 142 664 1 | 245 | . 131 | .534 [ 69 |Lightyellow | 283 | 184 | 0014 | 70 |Coloress _; 245 | 98 | 0004 | ...
__. . 1e00 140 ] 2850 179 148 746 | 265 | 131 | 496 | 68 |Lightyellow | 288 | - | 0.018 ; 69 |Colorless | 263 | - {0004 ...
..... 20:00 | W00 | 250 | 250 ) 141 3790 4 383 | 165 | 440 | 68 |Lightyellow | 300 - | 0017 | 7.0 |Colodess | 288 | - {0004 ...
J10R111:00 | 200 | 200 | 100 | 106 ; 553 { __106 | 51 | 477 | 68 |Lightyellow | 285 | - | 0017 | 7.1 Slighty yellow| 267 | - {ooo7 |
_____ 12200 } 250 | 220 | o088 | 110 | 538 | 97 | 50 | 615 | 67 |Lightyellow | 281 : - | 0017 | 69 [Sightiyyelow| 249 | - | o007 |
14:00 | 150 200 1.33 11.2 6.64 14.9 6.1 41.0 6.9 |Lightyellow | 300 . 0016 | 7.1 |Slightly yellow| 26.9 - 0.006
16:00 | 200 | 200 1.00 14 580 | a1 56 | 491 | 68 |Lightyeflow | 288 | - | 0019 | 7.0 |Sughtlyyellow) 27.3 ; - ] 0007 | .
20:00 200 200 1.00 11.4 5.80 11.4 56 49.1 7.0 | Lightyellow | 31.8 - 0020 | 7.0 |Slightly yellow| 28.0 - 0.007
............... e 10y e o 880 L T4y 58 49 | 70 glightyellow § 318 | - | 0020 | 70 \Shghtlyyellow) 28.0 | - | 9007 & ...
| 19110:00 | 150 | 150 ¢ 100 | 177 940 | | w7 83 | 469 | 70 |Lightyellow | 376 | - | 0019 | 7.1 |Slightlyyellow) 345 | . | 0007 | ..., ...
12:00 | 200 150 | 068 17.9 8.75 12.0 6.2 514 | 70 |Jgyelowsh) g4 - 0.018 | 7.0 |Slightly yellow| 32.4 - o007 |
16:00 150 150 | 100 16.8 8.60 16.8 8.2 489 70 |Lghtyellowsh| = 344 | 107 0020 | 7.0 |Slightty yellow| 32.8 100 | 0.007
............... e e e e O o g o e O e A A e e e
2000 | 110 | 150 | 136 ] 172 | 983 | 284 | 99 | 416 | 68 |'@d™™"| 385 | - | 0019 | 70 |Sightyyebow| 318 | - |ooo7 |
| 121000 | 200 | 200 | s00| 105 | 531 | . 05 | 52 | 495 | 68 |'faed™™™"| 373 | - | 0019 | 69 iSightyyehow| 330 | - [ 0006 |
11:00 200 200 1.00 10.7 5.40 10.7 53 495 | 69 ‘;‘,‘?L‘;{*‘“"“"s" 38.5 - 0.020 | 69 iSlightly yellow| 33.8 . 0.008 | B
..ota00) 200 | 200 | 100} w07 | sa0 | 107 | 83 | 495 | 69 |G| ss1 | - | o019 | 69 Isigmyyelow) 3ts | - [ooes | ...
11/7 13:30 150 200 1.33 5.02 1.36 6.7 49 73.1 6.8 Lo yellowsh| a7 4 - 0.027 | 69 |Slightly yellow| 29.4 . 0.011
............... SR e e o e B a9 e 188 pgreen T} 90T o ] 0020 ) 09 (Slgntiyyellow) 294 - | B0 ...
o...1e00| 150 | 200 | 183} 115 | 202 | s | 106 | 731 | 70 {414 | - | 0026 | 69 |Sightyyeow| 326 | - | oow i
11/8 13:00 200 200 1.00 9.58 4.90 96 47 49.0 6.8 |Lgntysllowsn| 454 - 0.027 | 7.0 |Slightty yellow] 40.2 - 0.009 '
TT 77400 1500 | 200 [ 133717 T T 958 | 524 | 127 177 58 | 457 | 6.9 [lpdhnyenowsl®47o7|" T -7 7| T0.028 | 7.0 |Sugntyyellow| 399 | T [oofo | T T n s
“Yietado | 150 | 200 | 133l a0 422 {137 "1 81 7| "sg1 7| 69 [Lghtyellowish] 346 | 9.4 | 0024 | 7.0 |Shghtlyyellow| 308 | 70 | o009 | oo oooroorromrrrons
el B Al § I SRR R boo oo e A 7 RN A A Iaraii L L L ...
11/10 13:30 150 200 133 10.4 5.24 139 7.0 50.4 7.0 |Lightreddish |~ 415 - 0.035 | 69 [Slightly pink 38.3 - 0.015
11711 13:00 200 200 100] 994 251 9.9 74 747 70 |[Lightreadish | 42.4 B 0038 | 7.0 |Slightly pink 38.5 - 0.022
” 17:00 | 200 200 [ 100] 140 4.79 14.0 92 | 657 | 70 [Lantresdsh | 377 | 0.044 | 7.0 |Slightlypink | 333 - 0.025
............... Bt A AL IO o PR LA AL T SN (S AN S -1 OO I i A U B N bt e’ oo IO e e
11/12 14:00 200 200 1.00 10.3 5.47 10.3 49 47.6 6.7 | LNt reddish 32 - 0036 | 67 [Slightlyyellow| 306 | - (0014 {
1131300 | 200 | 200 | 100 | 12 | 606 | 12 | 51 | 465 | 68 |gHuied" | 476 | - | 0064 | 69 |Signtyyelow| 426 | - [ 001 |
11/14 13:00 200 200 1.00 10.4 5.30 10.4 5.1 49.0 5.8 g;%h‘ggeibvﬂsh 50.2 - 0.038 | 5.9 |Slightly yellow| 47.1 - 0.012

97- ~ 98-
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Tabile-3 Result tabie for experiment on oxidation of dye raw wastewater by ozone

Nov. 19 13:00-Nov. 30 17:00, 1974

Exhaust Raw CO3 Raw wastewater water quality Filter effluent water quality O3 treeated wastewater quality
Sampi Wastewater| Og gas | Gasliquid | CO3 s Amount of | O3 Gs
d Tpiﬁmne flow ﬂo\:;}v.vél ratio gas %ncentration O3 added | absorbed |absorption External 2;25399 External :;:ra_ge External ' :;gra?e Remark
aea ( M) (N/H) [(GIL)  |concentration] (mgOyN (ppm) | dose |rate pH coD L | pH COD | Boncs | pH earante | (eoD ol
) (mgOyN ) |(TIO¥NL) (ppm) (%) appearance |(pnm 0)| bance appearance | (ppm O) | bance appearante | (ppm 0)] bance
(Hog T) {Hog T) , {Hog T)
]
11/1914:00 200 468 234 15.7 5.94 36.7 228 62.1 6.7 | Reddish purpig 180 0.072 6.7 | Reddish purplg 161 0.073 6.9 Light yellow 147 0.050 | QOatreatment started at 13:00 on Nov. 19.
18:00 140 468 334 15.7 8.14 52.4 253 483 - | Reddish purpld 131 - | - | Reddishpurpld 122 | 0.073 - | Light yellow 110 | 0.047
............... B TP e o T
11/20 11:00 150 390 2.60 18.1 9.60 47.1 221 46.9 - Light red 97.2 0.048 - | Light red 83.7 0.048 - | Light yeliow 72.8 0.030
............... e e o e [ o e e B it T T S e T
14:00 240 400 1.67 18.1 8.47 30.2 16.1 53.3 - Red 91.6 0.067 - i Red 76.3 0.067 - | Light red l 68.1 0.048
............... B T e o s e )
17:00 100 490 4.90 149 9.12 73.0 28.3 388 6.9 | Red 118 0.080 6.9 { Red 98.6 0.081 7.0} Light red 859 0.042
11421 11:00 105 340 3.24 17.4 1.2 56.4 201 35.6 - | Red 156 | 0.080 - | Red 146 | 0.078 - | Lightred | 130 | 0.058
14:00 100 340 3.40 17.4 9.48 59,2 26.9 45.4 7.5 | Bluish green 118 { 0091 | 7.5 Bluish green 107 | 0.091 7.3{ Light yellow 929 | 0037
11/23 12:00 100 340 | 3.40 17.4 9.48 59.2 26.9 45.4 7.0 | Bluishgreen | 100 | 0081 | 7.2 |Blishgreen | 899 | 0077 | 72| Lightyelow | 845 | 0.040 do:;ga:mngas suspended all
............... B T v v ot AU IR K A
11124 15:00 100 340 3.40 17.3 9.20 58.8 275 46.8 6.8 [ Dark green 850 | 0.092 | 6.8 Dark green 805 | 0.090 6.9| Slightly yellow| 74.1 0.033
777777777777777 e S el Kl e (el ] el Sl RSN A SR BN NN RN EEEEC N NN EEEC SRR NCTE I SEEE N B e I B B T I I
11/25 12:00 150 440 2.93 16.2 6.72 475 27.8 58.5 - | Dark green 802 | 0.059 - | Dark green 838 | 0.059 - | slightly yellow| 77.3 | 0.029
............... e e T o e
15:00 140 440 314 16.3 6.82 51.2 29.8 58.2 6.3 | Dark red 838 | 0.050 | 6.3 Darkred 80.1 | 0.050 6.5| Light yellow 765 | 0.033
11/26 12:00 160 400 2.50 18.0 5.96 45.0 301 66.9 - Bright yellow 106 0.047 - | Bright yellow 97.6 0.049 - | Light yeliow 94.3 0.039
17:00 70 470 6.71 15.6 8.92 10.5 44.8 427 7.0 | Bright yellow 126 | 0.050 | 7.0 Bright yellow 118 | 0.050 7.0/ Light yellow 956 | 0.038
11/2812:00 | 150 420 | 280 15.2 6.14 426 254 59.6 - | Dark brown 133 | 0129 | - | Darkbrown 123 | 0.120 - | Dark brown, 105 | 0.070 doasy“gr?‘é"g_";‘;’_as suspanded all
17:00 150 420 2.80 15.2 6.10 42.6 255 599 6.9 | Dark brown 103 | 0.080 | 6.8 Dark brown 97.0 | 0000 6.9} Light brown 922 | 0.050
............... S T I B IR MRS (P B [T R T e e
11/29 12:00 50 420 8.40 15.2 8.33 12.8 57.7 45.1 - | Blackishbrowny 115 | 0.163 - | Blackishbrowr] 103 | 0.160 - | Light brown 940 | 0.060
............... -.--}-.--------._---_.--.---.--.---..__-__._-,-----.A,‘-------L.-..-. e e e e
17:00 150 420 2,80 15.2 6.13 426 25.4 59.6 7.0 | Dark brown 106 | 0.098 | 7.0} Dark brown 100 | 0.098 7.0| Light brown 94.0 | 0.061
............... T e
11/30 12:00 150 420 280 15.3 6.60 42.8 244 57.0 - Grayish brown| 100 0.084 - | Grayish brown| 91.8 0.080 - | Gray 86.4 0.050
17:00 100 420 4.20 15.3 9.10 64.3 26.0 40.4 - | Grayish brown| 120 0.072 - | Grayish brown| 113 0.072 - | Gray 106 0.046
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Table-5 Resuit table for treatment of secondary treated water by ozone by activated carbon adsorption
Activated sludge—Coagulating sedimentation—Filtration—Activated carbon

Oct. 29 18:00-Nov. 13 17:00, 1974

A%;m Activated carbon tower influent water quality No. 1 tower effluent water quality No. 2 tower effluent water quality No. 3 tower effluent water quality
) ca -
Sampling waler Average Average Average Average Remark
date and time | passage n | Extemal coD BOD | absor- p | External COD BOD | absor- " External coD BOD | absor- External coD 80D | absor-
time p appearance | (ppm 0)| (ppm O)| bance P appearance | (ppm O) | (ppm O)| bance P appearance ! (ppm O) | {ppm O)| bance pH appearance | (pom O) | (ppm O) | bance
(Hr) (Hog T) {-log T) (-og T} {(-log T}
10/29 18:00 6.0 7.0 | Light yellow | 29.1 - 0.026 | 72 |Colortess 4.0 - 0.000 7.1 | Colorless 25 - 0.000 | 7.1| Colorless 2.0 - 0.000 {Water passage started at
I S T S A R R R N F U D A | R N A R SRR DR | 12:00 and stopped at 18:00 on Oct. 29.
10/30 14:00 11.5 6.9 | Light yellow 29.0 12.0 0.014 6.9 | Colorless 63 ([2.00rlesg 0©.000 6.9 |Coloress 3.0 {20o0rlesy 0.000 6.9 Colorless 25 |2.0crlesy 0.000 |Water passage started at 8:30 on Oct. 30.
20:00 17.5 58 | Light yellow 30.0 0.017 - - - - - - - - - - - - -
10/31 9:30 31.0 6.8 | Light yellow 30.0 - 0.017 - - - - - - - - - - - - - - -
14:00 355 6.8 | Light yellow 29.5 - 0.016 7.2 | Colorless 8.0 - 0.000 - | Colorless 5.4 - 0.000 - Colorless 33 - 0.000
20:00 415 6.9 | Light yellow 310 - 0.019 - - - - - - - - - - - - - -
_______________ e o I A D I - ) g
1141 10:00 55.0 7.0 | Light yellow 376 - 0.019 - - - - - - - - - - - - - - -
16:00 | 610 7.0 ;g.’;‘n"e""“"s" 345 | 102 | 0020 | 7.0 |Colorless 14.1 33 0.000 7.0 |Colorless 52 [20orless 0.000 | 7.0 | Coloress 35 |2.00rlesy 0.000
11/210:00 | 79.0 6.9 ;g’;‘nve"w's" 36.9 - 0.019 | 7.0 |Colorless 16.6 - 0.000 7.0 |Colorless 6.5 - 0.000 | 70| Colorless 45 - 0.000
16:00 | 850 6.9 | Lightyellow | 36.9 - 0.019 - - 17.0 - - - - 7.0 - - - - 48 - . |Water passage stopped at 16:00 on Nov. 2.
_______________ oo oo oL oL | Water passage stopped all day from No. 310 6.
11/7 18:00 89.0 6.8 | Light yellow 40.1 - 0.027 7.0 | Colorless 16.8 - 0.008 7.1 |Colorless 9.2 - 0.000 | 7.1 | Coloress 51 - 0.000 |Water passage stopped at
R O T SR I B S R o O ) I R e (T 14:0QonMNov. 7. _ _ __ _______.
11/8 10:00 105 7.0 | Light yellow 46.2 - 0.027 7.0 | Slightly yellowy 26.5 - 0.007 - | Colorless 12.6 - 0.000 Colorless 84 - 0.000
18:00 113 6.8 | Light yellow 47.0 - 0.028 7.0 | Slightly yellow 31.7 - 0.008 - [Colorless 11.2 - 0.000 Colorless 72 - 0.000
-------- B I B B T T T T T S - - = = - - - - - - - e - B T T T S e I - e e e e e a s oo B e T T T e T T T,
11/9 11:00 130 6.9 | Light yellow 344 - 0.024 - | Slightty yellow] 25.0 - 0.014 - | Colorless 13.5 - 0.000 Colorless 6.4 - 0.000
IR R Ceo L iirrvatow | g b oaa | nose PR DR U R P D IR R B | camace | 77 Db neined e |Water passage stopped at 16:00 on Nov. 9.
16:00 135 6.9 | Light yellow 346 | . 94 0.025 6.9 | Slightty yellow] 25.5 49 0.016 6.9 [Colorless 14.6 32 0.000 6.9 Coloress 7.7 |(200orlesd 0.000
________ ST 2T ERER ) TR N PR | PP 0T haTyyelow 205 A9 | 0018 | DY |boloness | 145 ] 32 ) 0000 89 Coloress | 77 [200rlesq 0.000 | i1y firstoycle ended). . ... . . .
. ' . - Water passage started at 10:00 on Nov. 11.
| TTTT00§ B0 | |temyelow | DITT LT {000 | [ Stomyyelow 183 | o | 008 | - (Colodess | 8BS | - j 0007 ) - Colodess | 29 | - | 0007 |ng secondcycle started)
1112 11:00 25.0 7.0 | Lightyeliow | 312 0028 | 7.1 |Lightyellow | 19.3 - 0.020 7.1 |Slightly yefloW 9.1 . 0.012 | 71| Coloress 55 - 0.007
L - - - - - . - N e e A T e e e I o T S L
16:00 30.0 - | Light yellow 30.8 0.026 Light yeliow 17.4 - 0.021 - | Slightly yellow 6.9 - .01 - | Slightly yellow 57 - 0.007
k ------- L I R T B ] T T T S, BT B, e T T ) L I T T e R T B e T T e
11113 12:00 50.0 7.1 Light yellow 41.7 0.063 7.0 | Light yellow 294 - 0.027 7.0 [Slightly yellow 13.5 - 0.019 7.0 Colorless 6.2 - 0.016
TN B IR B U SRR R DR . VU O BUR R R 1 ia | rmmn | wnl e T T T Water passage stoppedat
; K 7.0 | Light yell 59.8 123 0.066 7.0 | Light yel! 42. ) . 6.8 |Light yell 16.2 38 0.022 X lorless 7. . | 0.0186
17:00 55.0 ght yellow 2 ght yellow 2.5 76 0.036 ight yellow 6 6.8 Co 0 {2.00rless 17:00 on Nov. 13.{The second cycle endefl)
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Tabie-6 Result table for treatment of secondary treated water by ozone by activated carbon adsorption

Activated sludge—Coagulating sedimentation—Filtration—Activated carbon Oct. 28 18:00-Nov. 14 9:00, 1974
Acrtti;fglted Activated carbon tower influent water quality No. 1 tower effluent water quality No. 2 tower effluent water quality No. 3 tower effluent water quality
. carbon
Sampling water Average Average Average | Average Remark
date and time | passage H External coD BOD absor- H External coD 80D absor- H External coD BOD absor- H External CcOoD BOD | absor-
time P appearance | (npm Q)| {ppm O)| bance P appearance | (ppm Q)| (ppm O) bance p appearance | (ppm Q)| (ppm O)| bance p appearance | (ppm0)] (ppm Q) | bance
{Hr) (log T) {-log T) {-log T} i {log T)
!
. : . i Water passage started at 12:00
10/29 18:00 6.0 7.2 [SLightly yeltow| 25.7 - 0.009 7.2 |Color 2.7 - 0.000 . 20 - . 71 Color 1.8 - 0.000
_______________ (TEPeMyyelow) BT | ¢ | 0008 | 72 [Colomess | BT | o] 0000 | 7| Coloress | 204 - ] 0000 ) 7a] Colfess | 18 - | 0000 | soppedat18000n0ct 29,
10430 14:00 1.5 7.0 |SLightly yellow| 28.3 10.0 £.008 7.0 |Coloress 43 p.Oorless 0.000 6.9 Colorless 3.0 [2.0o0ries§ 0.000 6.9 Colorless 20 2001 Ies# 0.000 |Water passage started at 8:30 on Oct. 30
_______________ e s S T
20:00 175 6.9 [SLightly yellow| 25.9 - 0.007 - - - - - - - . - - - - - -
10/31 9:30 31.0 7.0 |SLightly yellow| 24.3 - 0.0610 - . - - - - - - - - - - ! - -
............... E T o I - e T e D LR R R RN BT S EEREY EIEESEIEEE - - ---_-_-___-'- e
14:00 35.5 7.4 |SLightly yellow| 25.0 - 0.010 7.3 |Colorless 7.8 - 0.000 7.3 Colorless 3.6 - 0.000 7.3 Colorless 3 2' - 0.000
20:00 41.5 7.0 |SLightly yellow| 30.0 - 0.007 - - - - - - - - - - - - - -
111 10:00 55.5 7.1 [SLightly yellow| 34.5 - 0.007 - - - - - - - - - - - - - -
16:00 615 7.0 |SLightly yellow| 31.0 9.6 0.007 7.0 |Colorless 9.3 37 0.000 7.0 Colorless 36 |20orlesq 0.000 7.0 Coloriess 32 |20orlesqy 0.000
11/2 10:00 79.5 6.9 'SLightly yellow| 322 - 0.006 6.9 |Colorless 12.0 - 0.000 7.0 Colorless 3.8 - 0.000 7.0 Coloriess 2.5 - 0.000
16:00 855 6.9 SLightly yellow| 32.2 - 0.006 - - 125 - - - - 4.0 - - - - 25 - R Water passage stopped at 16:00 on Nov. 2.
............... ) e e e} - .. |- _ _|waterpassage stopped al day from No. 310 8.
11/7 18:00 89.5 6.9 [SLightly yellow| 38.0 - 0.014 6.8 |Colorless 12.9 - 0.004 7.0 Colorless 6.8 - 0.000 7.0 Colorless 4.2 - 0.000 |water passage started at 14:00 on Nov. 7.
_______________ B e T JN) S - T e e - T e e - e DT P
11/8 10:00 105.5 6.9 [SLightly yellow| 40.6 - 0.015 7.1 [Colorless 21.0 - 0.004 7.1 Colorless 9.5 - 0.000 - Colorless 8.6 - 0.000
18:00 1135 7.0 [|SLightly yellow| 42.0 - 0.008 7.0 |Colorless 193 - 0.002 7.1 Colorless 8.5 - - - Colorless 6.4 - -
,,,,,,,,,,,,,,, o e I I N () O
11/9 11:00 130.5 6.9 [SLightiy yellow| 30.5 - 0.007 - [Colorless 16.4 - 0.002 - Colorless 8.7 - - - Colorless 5.1 - -
16:00 1355 7.0 [SLightly yellow| 343 7.0 0.007 7.0 [Colorless 15.6 58 0.002 7.0 Colorless 6.4 22 0.000 1 71 Colorless 48 (20o0rlesq 0.000
............... - Iy e e I - = m o= oala - - - - - - B T e i | - - - = e = = e e fe = = = = B T T T T S
11/10 9:00 150.5 7.0 [SLightly yellow| 31.8 - 0.006 - [Colorless 235 - 0.002 - Colorless 10.7 - - - Colorless 6.6 - -
14:00 | 1555 6.9 |SLightly yellow| 33.1 - 0.008 | 7.1 [Colorless 255 . 0.002 7.1 | Colorless | 109 - - 7.1 | Coloriess 6.4 - . |Waner passage stopped al 14:00 on Nov. 10.
_______________ e 5 ot Y T i ceeo oo . |{Thefirstcycloended.) . . .
. . Water passage started at 10:00 on Nov. 11.
| VIS0 ) S0 | fSrentyyelow] 331 4 o | 002 | [Coboress | 27l -1 0005 | ;| Cooress | 80 | | 0004 ;| Coloress | 21 | 7 | 990 |(The secondcycle started)
11/12 11:00 25.0 6.8 [SLightly yellow| 30.8 - 0.016 6.9 [Slightly yellow] 16.2 - 0.008 6.9 |Slightly yellow| 71 - 0.008 7.0 Colorless 4.1 - -
............... B T ) T e ! [ I, L s L [ - - O e [
16:00 30.0 - [SlLightly yellow| 28.2 0.017 - |Stightly yellow] 13.3 - 0.008 - |Slightty yellow] 6.6 - 0.008 - Colorless 4.1 - 0.000
|
11/13 12:00 50.0 7.2 |Stightly yellow| 43.7 - 0.019 | 7.2 |Slightly yellow 21.4 - 0.011 7.0 |Slightly yellow| 9.0 - 0008 | 70 Colordess | 52 - 0.002
17:00 55.0 SLightly yellow| 52.5 . 0.014 - |Slightly yellow]  25.6 - 0.008 - |Slightly yellow| 126 - 0.006 -| Colorless 52 - 0.002
11/14 $:00 71.0 7.0 |SLightly yellow| 54.1 17.2 0.016 7.0 {Slightly yellow] 27.8 6.8 0.009 7.0 [Slightly yellow| 11.3 27 0006 | 7.0 Coloress 56 |20o0rlesy 0.003 |Water passage stopped at 9:00 on Nov. 14.
{The second cycle ended.)
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Table-7 Result table for experiment on dye raw wastewater activated carbon absorption

Dye wastewater storage tank—Filter—Activated carbon Nov. 19 15:00-Nov. 26 17:00, 1974

. 2:%‘:)8;80 Activated carbon tower influent water quality No. 1 tower effluent water quality No. 2 tower effluent water quality No. 3 tower effluent water quality
S:;I;r;p:g time :;l;g;ge PH External COD gt\)':é?? © PH External COoD 2;:5?? © PH External coD Qt‘;:(;?? y PH External coD Qgggarl_g © Remark Remark

time appearance | (oppm 0)| bance appearance |(ppm Q)| bance appearance | (nom ()| bance appearance ( (ppm Q)| bance
(Hr) {-log T) {og T) {-log ) {-log T)
IR A ST Reddshoume) M L0 L S .| . Water passage stared at 15:00 on Nov. 19. (The firstcycle started)

18.00 3.0 - | Reddish purple 117 £.080 Cloudy 43.8 0.015 Cloudy 20.6 0.015 - Cloudy 159 0.015

11/20 9:00 18.0 - | Yellowish brownl 146 - - Cln::udy ol i?éé I -- - - ) Cloudy -4-6.2- - - Cioudy— 353 -
[ oo | 200 | - tgmed | w | - |- - | o b o g -0
_______________ e e T
14:00 | 230 . Red 97.1 - - - - : . - . - . . - -
17:00 26.0 7.0 Red 101.0 0.070 7.1 Cloudy 34.0 0.017 7.1 Cloudy 227 0.015 7.1 Cloudy 19.6 0.014
11/21 9:00 42,0 - Red 110 - - Light red 492 - - Cloudy 338 - - Cloudy 27.0 -
17:00 50.0 7.3 | Bluish green 87.0 0.080 7.2 Light red 55.0 0.022 7.2 Cloudy 39.2 0.020 7.2 Cloudy 31.0 0.020
11/22 9:00 65.0 - Bluish green 146 - - Cloudy 895 - - Cloudy 63.0 - - Cloudy 52.7 - Water passage stopped at 9:00 due to backwash on Nov. 22.
11/23 10:00 67.0 - | Bluishgreen 140 - - - - - - - - - - - - - Water passagé started at 9:00 on Nov. 23.
""" 1200 | 630 |7.1| Buisngeen | 109 | 0091 | 71| Clouwy | 553 | 0022 | 70| Cloudy | 387 | 0020 | 70 | Cowy | ssa | oe20| T TTITIToTIToToTmoTmToooes
"""" oo | 7a0 | - | Ugmgeen | 105 | - [ | Tciwy |00 | - 1 - cowy | ams | - | [ clwy | ess | - | T TTTITTTiTTToiTTomommmmmmimmioes
[ 1124900 | 900 | - | Dakgeen | 118 | - | - | cowy | 708 | - | - | Couy | so5 | ~ ] -] clwy | 354 - | waterpassage stoppedats:00 onNov. 26. (The rstoycloended)
. R e IR IR R A RS RS S SN (N P S R Waler passage started at 12:00 on Nov. 24. (The second cycle started.)
11/24 15:00 3.0 7.0 Dark green 89.4 0.094 ' 69 'Cloudy ss | -7-0- . -C;Ol-..ld-y- - -:;1-1- 68‘ | .CI—Oudy 18.5 [ -
[ mssoo | 210 | | vegeen | 101 | - | - | cowy | eas| - | - | cowy | sms | - | couy | 2es | S
""" 1200 | 240 | | Dakgeen | 837 | - | -| - | | - |- oo

15:00 27.0 - Dark red 706 - - - - - - -'--- - --- ---- - - - N
........ o

17:00 2380 7.0 Dark green B84.6 0.055 7.0 Cloudy 60.4 - 7.0 Cloudy 5.1 7.0 Cloudy 23.2

1;!26-9:00- - -4-50 Dark green 108 1 - - Cloudy 81.8 - Cloudy 47.6 - - | -CI-Ol-ld;' 421 - -'- -

12:00 48.0 - Dark red 114 - - - - - -:----— .-.-- ---- - - -— - - S
[ 1700 | 530 | 67| Beigntyelow | 990 | 0060 | 69| Lightyelow | 807 | - | 69 |Sightyyelow| 450 | - s | cowy | e8| | Water passage stopped at 17:00 on Nov. 26, (The second oycle ended)
[ 11281200 | 20 [65| Dakbrown | 117 | - | 68| Ugmyelow | 538 | - | 68 |Sighiyyelow| 300 | 6.8 |Stghty yetow| 234 | - | Water passage started a1 9:00 onNov. 28. (The tirdcyce started)
'''' oo | 8o | | camwown | ses | - | - | Iy
[ 1ize1000 ] 250 | | Dakbown | 101 | - | 2| lgntbrown | 732 | | gntyetow | 48 | - [ gmyetow | e8| - | T T
'''' oo | 200 | | vakbown | 08 | - | - | - | | - |- o oy Sy o
'''' 1700 | 30 | 70| Dakbrown | 862 | 0172 | 70| Lighttrown | 624 | 0072 | 70 | Lightbrown | 402 | 0051 | 70 | Ughtyetw | ss2 | oese | T TTTTTTInnTIIII
[ 11201000 | 480 | 71| Darkbrown | 106 | 0110 | 68| Lightbrown | 702 | 001 | 65 | Ligntbrown | 465 | 0043 | 63 | Ugntyelow | a73 | oo | T TTTTIIIIImmTmIIeeT
""" 1600 | 560 Grayisngreen| 110 | | | Uonoreen | 755 | - | - | Ugmgeen | 510 | - | - | Lgmgeen | 418 | - | waterpassage stoppod at 16:00 on Nov. 30, (The tirdoyce ended)
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Table-8 Result table for experiment on activated carbon absorption for dye raw wastewater treated by ozone
Dye wastewater storage tank—+Filter—03 treatment tower-—+Activated carbon

Nov. 19 15:00-Nov. 27 10:00, 1974

. égrtgf:rl‘ed Activated carbon tower influent water quality No. 1 tower effluent water quality No. 2 tower effluent water quality No. 3 tower effluent water quality
%ng;:g time gg;g;m Extenal COD absor- External CoD abeor” External el absor: External coD theor” Remark Remark
time pH appearance | (ppm 0)| bance | PH | appearance |(ppm 0)i bance | P" | appearance | (ppmo)| bance | PH | appearance | (ppmO)| bance
{Hr) (-log T) {-log T) (leg T) (-log T)
| oesas ) T Hewyellow |82 00 . U N S I L " | . Water passage started at 15:00 o1 Nov. 19._(The first cycle started)
18:00 3.0 6.8 | Light yellow 108 0.040 | 69 Cloudy 36.2 0.015 7.0 Cloudy 18.1 0.014 6.8 Cloudy 14.5 0.014
11/20 9:00 18.0 - Light yeilow 140 - - Cloudy 73.0 - - ' Cloudy 4 1 .—4 - — Cloudy 325 -
11:00 20.0 - Light yeilow 106 - - - - - - - - h ‘-_ ' - - - - -
o -1'4;0;37 23.0 - | Lightyeliow | 959 R . N - - - - - -
17:00 26.0 7.0 Light yellow 100 0.045 7.0 Cloudy 42.0 0.016 7.0 Cloudy 20.1 0.013 7.0 Cloudy 17.0 0.013
11/21 9:00 42.0 - Light red 109 - - Cloudy 54.5 - - - - - - - - -
17:00 50.0 7.0 | Light yellow 788 0.050 | 7.0 Cloudy 36.0 0.020 7.0 Cloudy 28.0 0.017 7.0 Cloudy 19.0 0.017
11/22 9:00 66.0 - Light yellow 133 - - Cloudy 77.5 - - Cloudy 55.0 - - Cloudy 45.0 - Water passage stopped at 9:00 due to backwash on Nov. 22.
171‘;2:; 1-0;067 7 67.0 } Light yellow 131 - - . - - - - - - - - ) Water passage started at 9:00 on Nov. 23.
""" 1200 | 690 | 72| Lightyelow | 873 | 0043 | 7.1| Clowdy | 512 | 0020 | 7.1 | Cloudy | 316 | 007 | 71| Couwy | 284 | o007 | T
""" 1700 | 740 | - | Lihtyelow | 100 | - | - | Clouwy | 567 | - | - | Couy | 3¢ | - | - | Couwy | 278 | - |
eeson| o || e | e 1T ok e | [T | ey | s || et eersist e s e anien T
----- 1-5:0;1)- B 30 | 70] 'L}g;n-yéu;v;' ) -sé.t; ) -6.64:3.- 70| C]oudy ol 13;1; 1 - ] 70 - hC;o;Jd‘yi ‘ 2.9.1 - 7.0 | Cloudy 15.8 -
| tiese00| 210 | - | Lantyelow | 985 | - | - | |- ws | - | - | Mo | N 29 | S
[ zoo| 240 | - | ugnyelow | ere | - | - o UV T . Sl S S
""" 1500 | 270 - | ugmtyelow | 70 | - | -| - | | - |- - | - - - - -
17:00 29.0 7.0 Light yellow 88.1 0.030 7.0 Cloudy 37.5 - 7.0 Cloudy 302 - 7.0 Cloudy 242 -
[ -11-f2-6-9:0;)- 45.0 - Light yeII;)v; 1 96.0 - e Cloudy 56.0 - | Cloudy 35,7 . - Cloudy 28.0 -
""" 1200 | 480 | - | Ughtyelow | 55 | - | - | - o] S ] : - R -
17:00 53.0 6.8 Light yellow 104 0.041 6.8 | Slightly yellow | 61.3 : ' 6-.8 C;ot-.l;y- - 39.6 - 6.8 Cloudy 29.9 -
| izzioo0 | 700 | - | Lobtyelow | 960 | - | - | sightyyelow| 630 | - | - | Clousy | 402 | -t | couy | ee0 | - | Water passage stopped at 10:00 on Nov. 27. (The second cycle ended)
| iesizoo| 80 | - | ughteed | 108 | - | - | sigyyelow| 428 | - | - |signtyyetow| 228 | ] clwy | ome | - | Water passage started at 900 on Nov. 28. (The third cycle started)
""" 00| 80 |70 vakbrown | ses | - | - - b o oLy -
e 1000 | 250 | - |ugntdakorow] 918 | - | - | Ugnbrown | 515 | - | - { antysiow | s | - |- signtyyetow| 209 [ S
""" 0| 200 | - | tgmbeown | 108 | - | - - | U o -y
""" 1700 | 320 | 70| Lghtbrown | 103 | 0068 | 70| Lightyellow | 540 | 0044 | 70 | Ughibrown | 372 | 003 | 70 | Lightyelw | 386 | oe30|
[ 11301000 | 490 | 68| Lagntbrown | 80 | 0.060 | 69| Lightyelow | 516 | 0040 | 69 | Lighbrown | 34 | 0030 | 69 | Lghtyelow | 207 | oo2s|
""" w00 | 0 | - | Gay | w01 | - |-| - | - - |- - - - {-7 -1 g4 -1
[ aiti00| 740 | - | oy | w5 | - | | aay | 708 | - | - | Uswaray | %2 | - | - | Clousy | 385 | - | waterpassagestoppedat11:000n Dec. 1. (Thetirdcycleended)
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Table-9 Outline of ozone and activation treatment and treated water quality

Volume of treated water per hour
Item 1,000m?/day 3,000me/day 6,000m3/day NOTES
Classificatio
Cperation time Hrs 24 24 24
Volume of treatment water per hour m3/H 42 125 250
Operation
conditions Power source 220V 60Hz —do —do
Amount of ozone added max ppm 20 —do —do
Qutline of facilities
Amount of ozone generated kg OaH 0.84 25 5.0 ©0zone generation facility 1 set
- Compressor 1 unit
+ Dehumidification device 1 set
Ozone - Ozonizer 1 unit
treatment Reaction tower 1 unit 1,600 ¢ X5,000H 2,800 ¢ X5,000H 4,000 ¢ X5,000H 6r2,800 ¢ X5,000H 2 units - Electric instrumentation 1 set
facilities
©Reaction tower 1 unit
OFlue gas treatment facility 1 set
{Activated carbon type)
QReaction pump 1 set
©Piping valves and others 1 set
Adsorption tower 2 units 1,400 ¢ X4,500H 2,400 ¢ X4,500H 3,400 ¢ ><4,500H
Outline of facilities
Used activated carbon receiving and discharge tank 1 unit 1,400 ¢ X 4,500H 2,400 ¢ X4,500H
©Quenching tank 1 unit
Activated Regenerated activated carbon supply tank 1 unit 1,400 ¢ X4,500H 2,400 ¢ X4,500H ©Compression transfer tank 2 units
:adsrtz)orgon ©Supplementary tank 1 unit
and Amount of activated carbon initially required T 5 15 305 OCarbon catcher 1 unit
regeneration OKerosene storage tank 1 unit
facilities OPumps 1 set
©Piping valves 1 set
Activated carbon regeneraticn furnace 1 unit 1,215 ¢ X4 with burner 1,835 ¢ X4 with burner 1,835 ¢ X4 with burner
Electric and instrumentation facilities 1 set 1 set 1 set
Type Raw wastewater Secondary treated water Target treated water quality Ozone and activated carbon treatment reference value
Classificafi item v (Csaka bay type 2 water area)
PH 6.3~75 6.7~7.2 58~-86 6.8~7.3
COD wn (pprn) 80~180 30~60 20(Daily average 15) 5~7
BOD 5§ {ppm) 90~140 9~15 ~ 2 or less
Water quality _
58 {ppm) 8~30 2~8 30(Daily average 25) 2.5orless
Chromaticity {-log T) 0.048~0.173 0.018~0.123 ~ 0.000~0.003
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Table-10 Trial calculation result

Value of treated water

ftem 1000me/day 3000m/day 6000m3/day
Classification
Ozone treatment facility 37,000 74,500 137,000
Rough facility cost -A-ct-iv;‘n-ed- c_arbonadsorphon ;aéilgty ------ 43000 -------- 85500 ------ 140000 o
{Unit: 1,000 yen) -A-ct-iv;n;ad- c:'ar-bc;n—n;g;n—eration 1aci|-ity_ o 50000 -------- 110000 145,000
Total ¥145,000 ¥270,000 ¥422,000
Ozone treatment facility 6.6 58 6.7
Operation expenses -A-ct-iv;u;d— c:a\r-bc-m-a;is—o;pt—io;m ;at-:il;ty -------- 13 ---------- 12 -------- 1 2 o
(¥/im?) -ﬁ:ct-iv;\t(-ad- c-ar-bt.:on-rt;g;en-el:a;io-n -fa;;il_ity- o —19‘(5; ---------- 1 éz -------- 1 ',;4 o
Totat 27.5 25.2 243
Indoor section 30 40 80
Construction area ~C;u;d;)c;r ;e‘ct;or; ----------------- 60 iiiiiiiii 1.2C-) -------- 220 o
(m?) Toa 90 160 300
Number of
opetration 0.5~1 0.5~1 0.5~1
personnel

Note) 1. Rough facility costs
The expenses of civil engineering and construction work covering the foundation and buiiding for
a concrete storage equipment are not included. The standard for the sum of money is the one for
December 1974.

2. Operation expenses
Simple operation expenses excluding redemption interest and labor costs

Unit price Electricity ¥ 10/kwh
Kerosene ¥33/ ¢ -oil
Activated carbon ¥ 460,000/ T.C
Vapor ¥ 1,000/T.S (It is not necessary in some cases.)

3. Construction area
The area of a storage tank is not included. The tank can be set up in three dimensions according to
the location.

4. Operation personnel
The number of 0.5 means that one person can operate other equipment as well.
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Figure-3 Result of Experiment on Oxidation by Ozone with Secondary Effluent
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Figure 8 Activated carbon Equilibrium absorption diagram for
Secondary Effluent and Secondary Effluent Treated by Ozone
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Sample was taken at 13 : 00 hrs. on Nov. 29.

o+ Secondary teatment water of
synthetic wastewater

Xememmmonn x Treatment water of above-mentioned
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Figure-11  Secondary treatemt water of synthetic wastewater and activated carbon equilibrium
adsorption Diagram for its water treated by ozone
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1. Subject of the Research

Investigation and research on the dye wastewater advanced treatment technology

{The oxidation method by light and chlorine : "LIGHTOX" method)

2. Contents of the Research

2.1 Target

In the dyeing processing arranging industry, since the types of chemicals used vary with the kind, color, and
light and shade of material to be dyed, the quality and amount of wastewater which is discharged from a company
involved in the industry change greatly. Consequently, the results of treatment by existing treatment facilities
are not necessarily satisfactory.

Accordingly, this research was aimed at establishing advanced treatment technology which aimed to satisfy the
Osaka Bay water area strict standard (Type 2 water area).

2.2 Contents of the research implemented

2.2.1 Test liquid

Wastewater obtained by treating dye wastewater discharged from factory A affiliated with factory I's industrial
housing complex cooperative by activated siudge, coagulating sedimentation and filtration was regarded as test
liquid. (hereinafter referred to as pretreated wastewater)

2.2.2 Items for the research
(1) To grasp the properties of raw water
(2) To confirm the treatment effects of the oxidation method by light and chlorine

{(a) Quality of treated wastewater

{b) Relations between COD removal and the amount of chlorine required
{c) Relations between COD removal and the irradiation time

{d) Effects on decolorization

{e) Others

2.2.3 Items for analysis (wastewater which is a subject of investigation)
Industrial raw wastewater, pretreated wastewater, and wastewater treated by the oxidation method by light and
chlorine
2.3 Location of the research implemented

Factory A located in Sakai City

2.4 Outline of research facility
(a) Twenty-fiter batch type reactor

Lamp capacity 100W (special mercury lamp)
Tank effective capacity 20¢
(b} Sixty-titer continuous reactor
Lamp capacity 300W
Tank effective capacity 67¢
Capacity of treatment 40 - 120 ¢ /Hr

Details are as per attached figure.
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3. Analysis and Measuring Methods

Item Method

pH JIS.K-0102. 8

BODs JIS. K-0102. 16

CODMn JIS.K-0102. 13

CODCr JIS. K-0102. 15

Total Chrome T-Cr JIS. K-0102. 51

SS JIS. K-0102. 10.2

n-Hexane extract JIS.K-0102. 18

NH, - JIS. K-0102

Absorbance by using a spectrophotometer

4. Qutline of the Research

4.1 Progress during the period of the research
9/20 - 10/15 Installation and adjusting operation
10/16 - 10720 Grasp of quality of raw water and determination of conditions

10/21 - 11/30 Batch type test by using a 20 ¢ reaction tank
Continuous test by using a 60 ¢ continuous tank

12/1 - 12/20 Summarization of experiment results, design of an actual
plant, removal of equipments, etc.
4.2 Experiment conditions and methods

4.2.1 Batch type treatment

Twenty liters of pretreated wastewater was poured into a circular container made of polyvinyl chloride which
was provided with a pH meter. After that, sodium hypochlorite in the quantity equal to or more than its equivalent
against COD of raw wastewater was added. After the pH value of the reaction liquid was controlled by sulfuric
acid to about 5, the liquid was stirred by using a pump for about 10 minutes. Then, a portion of the reaction
liquid was sampled, and the value of COD and the amount of residual chlorine were measured. (This process
corresponds to the dark reaction.)

Next, with a 100W special mercury lamp turned on, while the reaction liquid continued to be stirred by a pump,
the liquid was sampled at regular intervals, and the value of COD and the residual chlorine were measured.
(This process comresponds to the light reaction.) The reaction was stopped when the value of COD fell to the
target value. During the reaction, in order to maintain the pH value of the reaction liquid at 5+ 1, caustic soda
was added to the liquid depending on the circumstances, and the hydrochloric acid, which was produced by the
undermentioned reaction, was neutralized.

light irradiation
HOC { ————— HC{ + O

In the case where the residual chlorine was used up before the value of COD reached the target value, sodium
hypochlorite was added so that the reaction could go on.
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4.2.2 Continuous treatment

With a 300W special mercury lamp tumed on, pretreated wastewater, to which chlorine in a quantity that was
slightly larger than its equivalent was added, was continuously supplied by a pump to a reaction tank of 67 ¢in
effective capacity (divided into 3 chambers) with an automatic pH controlling meter. Thus, the oxidation
reaction occurred. After the reaction, caustic soda was automatically added to the reaction liquid so that the
value of pH of the liquid could be controlled to 5 + 1. Chlorine was continuously supplied to the reaction
liquid from a gas cylinder before light was irradiated. The flow rates of the reaction liquid and chlorine gas
were controlled by a flow meter so that they could be uniform. After water was allwed to go through for a
specified time, the wastewater of each tank and effluent, the COD value, and the amount of residual chlorine
were measured.

4.3 Results of the experiments

4.3.1 Analysis of the properties of raw water

Results of the investigation of diurnal fluctuation and daily fluctuation as to industrial raw wastewater and raw
water flowing into "LIGHTOX'" are as shown in Attached Tables-1, 2,3, and 4. Table-1 is a summary of the
properties of industrial raw wastewater and of raw water flowing into "LIGHTOX". The concentration of
CODMn of raw water flowing into "LIGHTOX" varied from 23 to 73ppm, and the concentration was 1.5 - 5
times that stipulated by the Osaka Bay strict standard.

CODCr/CODwm. == 2 (see Figure 1) The relation of CODCr/BODs > 10 existed, and the value of BODS was
lower than that of CODwu.. Thus, the effects of activated sludge treatment in the stage of pretreatment were
recognized.

Surface tension was also small, which proves that surfactants were present.

Concemning T-Cr which is toxic substance, 0.34ppm of the substance was detected from industrial raw wastewater.
However, as to "LIGHTOX" raw water which had undergone pretreatment, the amount of the substance detected
was 0.03ppm, and consequently there was no particular problem with the concentration.

Figures-2 and -3 show examples of changes in the amount of CODw.. Compared with the daily fluctuation, the
diumal fluctuation is not very remarkable.
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Table-1 Water Quality of Raw Water

Raw Wastewater from Factory "Lightox" inflow Raw Water
Measured ltem = - = :
X n min—max X n min—max
External Appearance| Colored, Yellow, Red and| Slightly Mostly
Turbid 57 |Green colors | Colored | 61 |Yellow, Red and
Green colors
Transparency (cm) 15.3 56 55-~-23 30or more] 61 30 or more
PH 5.8 54 5.3~7.7 7.2 63 6.7~7.4
S8 (ppm) 19.8 1 19.8 4.1 18 3.3~52
BODs (ppm) 172 4 27 ~250 7.1 15 6.0~14.8
CODwmn (ppm) 148 54 83~197 438 61 23~72
CODcr (ppm) 487 29 323~816 76.1 32 51~144
T-cr (ppm) 0.13 4 0.02~0.34 0.02 5 0.01~0.03
Surface Tension 459 8 4450 60 8 5864
(dynefcmn)
n-Hexane.
Extracted substance 4 2 2.7~53 16 14 1.1~2.4
{(ppmy)
150
140 |
130 |
120 |
CODcr=2.06 CODw-3
110 |
CoDcr 100
(ppm)  go | , &
80 |

@ "Lightox" Raw water

60 A n|ightox" Treated water

50
40
30

20

0 1 L I 1 L i A i i L 1 L 1 L

10 20 30 40 50 60 70

CODmi{ppm)
Figure-1 Correlation between CODcr and CODw..
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FIGURE-3 Relation between change in COD wmn within a Day and Treatment Effect
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4.3.2 Quality of treated wastewater
Results of the examination of the batch type reaction and the continuous reaction are shown in Tables-2 and -3.
Results obtained by arranging those data in order are shown in Table-4 and Figure-2.

As for COD, color tone, n-Hexane extract and S8, a satisfactory result which could satisfy the Osaka Bay strict
standard were obtained in every item.

Treated wastewater of the same quality was also obtained in the case of wastewater mixed with sulphur dye
waste liquid.

Treated wastewater was completely coloriess and transparent.
4.3.3 Relations among COD removal, chlorine consumption, and reaction time

(a) The amount of chlorine
Relations between the amount of chlorine added and the amount of chlorine consumed and changes in the
amount of COD are as shown in Tables-2 and -3, and Figure-2.
In the tests carried out this time, examination was conducted by adding 100 - 1,000ppm of chlorine (500ppm
on average). In the dark reaction (without light irradiation), 100 - 280ppm of chlorine reacted.
The value of ACE/CODw varied from 10 to 30 in the dark reaction, and the value of ACL/CODwm was 15 on
an average in the light reaction. The relation between the amount of COD removed and the amount of
chlorine consumed in the whole reaction was as follows: ACl/ A CODw. = 16.5. The relation did not change
even in the case where sulphur dye wastewater was mixed.

(b) Reaction time
Relations among the reaction time, changes in the amount of COD and chlorine consumed in the batch type
reaction and the continuous reaction are as shown in Tables-2 and -3 and Figures-4 - 8. Relations between
the amount of chlorine added (almost the same as the amount of chlorine consumed) and the reaction time in
the batch type reaction can be summarized as in Figure-9. (A solid line shows the average value and a dotted
line shows the maximum value.)

-139-



URIQ ]

sseib apig

N

191eM MEY

(M3IA JuDL4)

J3laWmoy
191em mey

i

a-
=)
a

ololelelele!
olojelolele;
o0 o000
oLl COoOo*

sse|f opig

N

[}
1
Jajem pajess| / @

MOPUIM UCHBAISSQO
lsqueys uchdesy

Jequreys
uoloesy

L-2unby papuaddy

10j0B8Y

8

)

121w Hy

dwnd
Bunejnain

{10108l adA; y3ieq 0g) poydw uonepIxoooy4

wuer Aewlg)

Aepucoag)

(main ue|d)
duwie
[t m—
.
OpONose HY —
J818W
*— Bupljonuon S e
Hd _,
. . “ mucﬂm
_ UIAOLU
ol o] o) ds) | @) S
] | H— 4 |
:
(aseq Huey me:n: mmmn Aury
dwnd pasj-eonuays) BPUCORG) JopuljAo
:cac._ﬁ:.ﬁw ccoEum:_um Mue  sulolyD

(JojoBaI SAONUNUOY) POYIBL UOHEPIX00IoUg

— 140 -



ynses sishjeue Jojem pajesl] ,, xapul BAlR|e) pesds UonoBey ,

A 0z | 6t 922 0cE 29 | 6 691 | /6% X
4G AQ Jojemaisem 2S5t gL | §91 g8 S8/l ovL 00| & | B8 Ls2 QLL (0s2 | 2ellL FAY
wddy e=58 wddy L =xaq-u | f=Hd
aAp snydins jo Bumpy

06l 851 | P9l 2L 6/Z 161 0164} €9 | 8 12/62 | €01 |0OE | l&/HL | 9
widdz’ | =XaH-U 9 /=Hd {191EM pateal ) wddgze-wddy e 13 40D gl 90 | gLt 0z vive 9ez | v—0vZ2 |09 | 2 ey 0oL |00y | L Gl
9'¢l og't | 0€L £z Zise 66C | 0+662 |g9 |0 GE/SY 151 | 0Sy | 9itL 1
L'gL 202 | 921 9l 01192 10z | 0102 |05 |2 oz/ige  [evz | oSy | g/t gL
€' 2=Hd (s91em pores) ) wadd | z.-(1e1em mey) wddeg 1o 0D 661 012 | 661 9l 9122 8l¢ Z+~02¢ |08 |6 - Zzie |osL |oos logioL| 2t
wddzo 0=10-1 wddg" |=xaH-u wdd| =10 QO wdde' /=a0a g5t 502 | 9l 22 2Live 00% 000 |08 | 0! vevy (001 | 00S | 62/04 | 4L
wdd | | =xaH-u wddeg g=12-L wddp g 1=12 Q00 wdds'g=a08g - gzl 02 | 911 18 Sigy Iep | O—1EF [GL | 2L Zeivs  [pBL | G299 | 82104 | OL

6'9=Hd wdd|0"g=1D-1 wddgz=1 Q0D wddy '/ =a0[ 6El 592 | 1€l 9¢ vL/0S 0iF | 0«—0iF |09 |8t 05/89 |o082 |0SL | 92/0L | 6

052 or2 | €69 £ velz 802 | 0<80Z |OF | 6 g9 |26 |ooe |vEioL ! o8

zze grz | §22 0} AV Ge2 | o<S2c |ov |8 zeioe [sz1 |ooy |egE0L | 2

2'L=Hd + te={s)wddgs 1D Q0D 9G] 012 | 2€) €2 £/92 SIe | 0+SGlE 1S |6 9g/se (oot [005 | 2201 | 9

69=Hd » 0E—(-)wddes 15000 gl2 612" 0%¢ Z 9l/81 02 00/ o | £ gi/sg (o8t [ose | BLOL| S

8'9=Hd  (4e1em pejees]) wddg| . (ieiem mey) wddzel 13 Q0D A 06l | B'G) iy 6/96 171 Lle—gG. (02L& 95/69 9¥2 | 000L | ZL/0L ) ¥

uomippe yids ew zZ (Wddgzp+0se) 20 FAS! 06l | €2 55 L1199 9/9 | 0«89 [O0iL]¥ 99/02 |00V | 924 v €

22l 02 | bbt 2 6/95 €26 | £<925 |Gi |2k 9s/89 | vee |o0ss + Z

FA S61 | 86 ot 96/99 86 2001 or | ¥ 99/0, [0St [0SZ | 9LOL | 1

Wdd | Wdd  |Wdd | Wad W Wdd  |wdd Wdd |IWdd
JE101 LI LN Q007 i) i [l
W QO UN QOO Sy fopew | A0 Yy e N QOO 8yy oM,
H axeg as0)89 :.o.w:.mu way | PESN
| 40w un 0O a0 b waco | 0
"ON
sewey AoV P @0 | wew
uoneipeu dwen uonoea) Yaeq -uedxg
weuneay edd) yoyeq xobi

Insas uonesado adA} yoleg 702 .XO8LHDI. 2-21q8L

- 141 -




s8] adA) yojeq ay) JO 1Byl 0] SpuUOdanod ‘ON uswuadxy ,

9L 6’62 Sl 48t - 648 - gl el - gil - - - ey .M
0.6 AQ 1ajemeIsem . ] ) . ) _

okp nydins 10 Buip an §v2 ad 52 | §G-BL |08l | Sie-G6l 6 gL |Ble-0E |01 | pZ | v2 €€ | 008 [0S |iZii| @t
0’0 se 02 gl 922 £Le L—0ge pe 6 ge+— 1t gl ve e £e 00s 0s (1) cl
9GSl 4 St 61 Sle—vg i8¢ €100 Gt gl ve—4Liv | 002 og 0g o 009 or 62 L
4" 144 L F4Y Ql—2¢% vre 06+—¥Ed 9i cl ep—pS 161 0e 0t [0]4 Geg (4] 4 gac ol

g9l av Sl ac ce+~05 Gly GG L4 Sl ai 0S89 (X4 (] 0g oy 064 oy 92 6

002 Gl e 2] ¥ ARV £0¢C g+1L1lC ol 6 LC+-9E 38 ve 149 £e 00e [0}°] v 8

291 ve cl 9l 9+-22 681 21902 e *] Z2—0¢ 61 [#]Y [0: o Q0 ov [ %4 2

il 62 Gl 114 9«92 ooe gte—9glg 114 6 92«5t | tBI oy or 14°] 00% og 4 g9

uoiepe
oLy /04
18|BM
#OH
1ejo) u | Eevu i Poae (uiw) Wdd) | )
¥ oY I
- MW Q007 (Wdd) u OOV~ ['Wa0o0w = OB Aw | NeIpeLl W Qo0 (Wad) (Wad) | Wdd) E_H: wue} ) peppe | pelddns oN
" siojeg " au0jeQ wuel 3ue} :
L hvy acov 40v iy W03V MMA0o) Aav Aewo | hiep rewing 2@o| pnon 8lEQ | juew
{(Wdd} ww oo {Wdd) 0% -U028g Jo 1o -uadxy
WINOWY | IUNOWYy
SIS BIOUM, uoteiped dwin ucnaeas yeq BuipioH

ynsa. uojesado snonuURUOY ,XOB1HDI T, €-8I1q. L

-142 -



TABLE-4 Water quality of “LightOX" treated water

-— Dark reaction

Irradiation time (min)

Figure-4 Batch type test result (wastewater of Qct.17)
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Measured item X n min~max
External appearance Colorless, transparent - -
Transparency {cm) 30 or more - -
PH 7.1 7 6.5~7.6
S8 {ppm) <5 1 3.4
BOD s (ppm) 6.1 3 3.5~74
CODMN {ppm) 10.6 50 3~24
CODCr {ppm) 19.2 8 7~31
n—Hexane Extracted substance (ppm) 1.2 4 1.1~1.3
Surface tension (dyne/cm) 70 8 68~72
T-Cr {ppm) 0.02 3 0.01~0.03
1000 _
Cl
(ppm) |
9001 !
800 CQOD
(ppm)
100w 20 ¢
7001 1140
. Chlorine added 1000ppm
600|- - 4120
500} 4100
400} 4180
300} 160
2004 -1 40
100 120
0 0
0 30 60 120




Cl

{(ppm)

700 7 CODwmn
(PPmM)
Batch method
' 100W/20 ¢
600 7 Chiorine added 625ppm 120
s0 i - 100
9

400 - 80
300 - Cl. . - 60
200 - \ - 40
100 - 20

0 0

*— Dark veaction

Light irradiation time (min)

Figure-5 Batch type test result (wastewater of Oct. 28)
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300 T
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{ppm)

Amount of liquid passing 40 ¢ Hr

chiorine Added 625ppm

Primary tank

Ciz
Tertiary tank

Dark reaction

0 30 60 90

Light Irradiation time (min)

Figure-6 Continuous Test Result {(Wastewater of Oct. 28)
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400 -
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300
- 50
&
200 1 ° - 40
- 30
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Dark reaction
Irradiation Time (min)

Figure-7 Batch type test result (wastewater of Nov 6)
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{(ppmy}
400 7
300 1 °*
‘ Amount of liquid passing 50 ¢ /Hr COD wmn
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0 T 1] I J!i’ 0

0
Dark reaction
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Light Irradiation Time (min)

Figure-8 Continuous Test Result (Nov 29. mixing of sulphur dye wastewater)
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1000

Amount of chlorine added {ppm})

800
800
700
600
500
400
300
200

100

I

A d L

Maximum value

L 1

Reaction time {min)

10 20 30 40 50 60 70 80 90100 110 120

Figure-9 Relation between Amount of Added chlorine and
Reaction Time in Batch Type

4.3.3 Effect by concurrent use with activated carbon

Test result is shown in Table-5,6 and adsorption Isotherm is shown in Fig-10.

Table-5 11/12 Result of Activated Carbon Adsorption (sole)
Treatment for Wastewater Sampled on Nov.12

Amount of COD~ | ACOD« | COD,, | aCOD,, | mgCOD« | mgCOD,,
Addition ppm ppm ppm ppm /g-AC /g-AC

0 80 - 425 - - -
75 58.7 213 321 10.4 284 139
150 511 289 2541 17.4 193 116
300 25 54.9 15.1 27.4 183 91
600 10.9 69.1 6.3 36.2 115 60
200 6.4 73.6 4.4 38.1 82 42

(Powdered carbon contact time 50Hr)
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Table-6 Result of Treatment of Wastewater Sampled on
Nov.12 by using "Lightox" and Activated Carbon Adsorption Together

. Chlorine COD,, | aCOD | COD yn |ACOD pn Remark
§ consumption ppm ppm ppm ppm
% 0 81.2 - 41.1 - AC2/ACODer = 5.4
= 200ppm 47.2 34 24 171 ACA/aCODer = 11.7
Amount of
Activated COD¢r | aCODcr | COD y, [ACOD pyn | mg COD ¢r {mg COD pn
c | CarbonAdded | PPM | ppm | ppm | ppm | /g-AC 1g-AC
g 0 47.2 - 24 - - -
=t 50 38.8 8.4 19.2 4.8 168 96
2 100 36.4 10.8 17.0 7.0 108 70
>
? 200 25.0 22.2 12.3 11.7 111 59
300 20.2 27.0 10.2 13.8 90 46
400 10.2 37.0 6.1 17.9 93 45
{Powdered carbon contact time S50Hr}
200 -
2
& 100
E
c
o
g )
s 50 « COD w After "Lightox"
©
=z x  COD « After "Lightox”
S 30 ]
= 4  COD w Before “Lightox"
g 20 |
<
10 ; ' T

1 5 10 20 30 40 50
COD Residual Concentration (ppm)

Figure-10 Activated Carbon Adsorption Isotherm
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5. Consideration

5.1 Quality of raw water

As mentioned in 4.3.1, although the daily fluctuation in the quality of raw water is considerably great, the
diurnal fluctuation is not as great as the daily fluctuation.

In the case of the wastewater used this time, the amount of CODwm. remaining even after the activated sludge,
coagulating sedimentation and filtration treatment is about 1.5 - 5 times the amount of CODw. stipulated by the
Osaka Bay strict standard. Judging from the measured value of surface tension and the reactivity observed in
the treatment of oxidation by light and chlorine, the greater part of the CODw components are estimated to be
surfactants.

As for Cr*¢ which is a toxic substance, the concentration of the substance was relatively low in the tests conducted
this time, so it prsented was no problem. However, it is desired that chrome dye waste liquid is treated in
advance at its source.

5.2 Quality of treated wastewater and the effects of treatment

The quality of treated wastewater is as shown in the aforementioned Table-4. In the case where experiment
conditions were incorrectly determined, the value of COD sometimes exceeded the standard value. However,
it appears that if the amount of chlorine to be added is 500ppm or more, the Osaka Bay strict standard value can
be fully attained, regarding all the items including COD, color, n-Hexane extract, SS, etc. The deterioration of
the quality of treated wastewater observed on October 18 and 24 is considered to have been caused by addition
of an extremely small quantity of chlorine and the mixing of persistent substances with the wastewater.

In the case of the wastewater used in the tests this time, the value of AC ¢ /CODw is approximately twice the
theoretical value {about 9). Compared with the amount of COD removed, the amount of chlorine consumed is
large. Accordingly, the effects of oxidation are not very good. About | 7ppm of chlorine is required to remove
Ippm of CODwa.

It generatly appears that the cause of the high value of A C € o/ A CODuw. observed at the time of the dark
reaction is an N compound such as NH4+. In the case of the tests conducted this time, since amrmonium sulfate
was used by the factory, approximately 3ppm of NH,-N was detected from raw wastewater. About 30ppm of
C ¢, is consumed by 3ppm of NH -N in the following reaction.

N, + 6HC ¢

2

2NH, + 3C¢,
(Partially, NO_, is produced.)

The mixing of sulphur dye wastewater did not have an influence on the treatment effects in the tests conducted
this time.

As for the reaction rate and reaction time of the wastewater used this time, as Table-2 shows, the relative index
(H) of the reaction rate ranges between 1.58 and 2.0. Considering that the wastewater was treated by activated
studge, the reaction rate is slightly higher than usual.

The relative index of the reaction rate of wastewater containing surfactants varied from 2 to 3, as Table-7
shows. Since the index value is very close to the relative index value of the reaction rate of the wastewater used
this time, it is appropnate to consider that the majority of COD components are surfactants.
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Table-7 Oxidation Efficiency and Reaction Speed Ratio of Various Types of Wastewater

(Substance 10 be Onidized) 4G ¢2C0Dcr H
Sugar 4.4 7
Starch 4.4 7
Muitivalent Alcohol 4.4 6
Amino acid 53 4
Protein 5.5 4
surfactant 4.4 25~3.0
Ketone Ether (solvent) 54 25
Fatty Acid 3~5 2.3
Wastewater from water purification tank 10" 1.6
Domestic wastewater 5~6 1.8~2.2
Activated siudge wastewater 6.2" 1.7

{Notes) * Amount of C ? > required Due to NH: has increased.
*Chemical Equipment 1974 No.5

5.3 Use of activated carbon at the same time

In general, the movements of COD components in regard to activated carbon adsorption vary with whether
oxidation is conducted. In the case of the wastewater used in the tests, an incline of the adsorption isotherm is
steeper after oxidation by light and chlorine is conducted than before it is conducted. Consequently, the
concentration dependence becomes heavy.

As mentioned earlier, it is fully possible to reduce the amount of COD only by oxidation by light and chlorine.
Accordingly, it appears that it is not necessary to use activated carbon adsorption as well.
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6. Dye Wastewater Treatment Facilities
(which respectively deal with the amount of wastewater as

follows: 1,000m®day, 3,000m%day and 6,000m?/day)

6.1 Facility flow sheet

A wastewater treatment facility outline flow estimated from the results of the investigation and research conducted
this time is as described below. An outline of a "LIGHTOX" photooxidation treatment facility is as shown on
the separate flow sheet.

wgstlgxglter Raw water tank ——™ Activated Sludge {Aeration tank) ——

Sedimentation Coagulating R
tank ™ Flotation (Sedimentation) » Rapid Fitration -
"Lightox" Photooxidation pH. Free Chlorine Treatment >

A process in a dual square comresponds to one for which the cost of equipment was calculated in Item (6).

6.2 Trial calculation of the cost of equipment and the running cost

On the assumption that the wastewater which has the same quality as the wastewater used this time has was to
be treated, trial calculations of the cost of equipment and of the running cost were done involving the six cases
mentioned below. Results of the trial calculations are as follows:

(a) Premises for design and trial calculation

"LIGHTOX" influent "LIGHTOX" treated wastewater
CASE A CASE B CASE A CASEB
pH 7+1 CASEB CASE A CASEB
SS = Sppm CASEB CASE A CASE B
CODMn = 45ppm = 30ppm = 15ppm CASEB
(b)Design calculation
CASE A CASEB
A CODwn = 30ppm A CODwa = 15ppm
ACHE = 500ppm ALCE = 250ppm
Dark reaction 180ppm Dark reaction 100ppm
Light reaction 308ppm Light reaction 150ppm
# = 2Hr 8 = 1.33Hr
Lamp electricity 3.45SKWH/m’ Lamp electricity 2.32KWH/m’
1,000m’/day 3,450KWH/day 2,320KWH/day
| ¢
150KWH 100KWH
3,000m*/day 450KWH 300KWH
6,000m*day 900KWH 600KWH
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Table-8 Result of Trial Calculation for Equipment cost and Others

Treatment Volume of Wastewater

capacity 1000m3 / Day 3000ms / Day 6000ms / Day
ltem Case A CaseB | CaseA CaseB Case A CaseB
A e . 163 138 300 235 538 375
Equipment A’e(%z) 200 130 580 380 1,100 750
Electricity for
Running Cost
(Yen / Day) 96,900 58,900 | 290,700 176,700 | 581,400 353,400
Operation Personnel 0.3/shift 0.3/shift 0.3/shift

* Calculation for the capacity of equipment was done provided that treatment equipments
operated for 24 hours.

** Equipment deprecitation and labor costs are exciuded.

Running cost tria} calculation base

ce, ¥ 50/Kg
NaOH ¥30/Kg
Na S0, ¥ 170/Kg
Electricity ¥ 10/KWH
Lamp consumption ¥ 5/KWH

7. Summary

As part of the investigation and research on the dye wastewater advanced treatment technology, the oxidation
method by light and chlorine, "LIGHTOX", was examined by using industrial wastewater which had been
pretreated (by activated sludge, coagulation and filtration), and the following results were obtained.

1. It is possible to attain the CODwm, value of 15ppm or less (the Osaka Bay regulatory value) by treating the
pretreated wastewater using the oxidation method by light and chlorine.

If wastewater has the same quality that the wastewater used this time has, in order to remove 10ppm of CODw,
roughly 165ppm of chlorine, 186ppm of caustic soda, and 1.15SKWH/m3 of lamp electricity are required.

2. The oxidation method by light and chlorine makes complete decolorization aimost possible.

3. As aresult of the trial calculation, the running cost necessary for the oxidation treatment by light and chlorine
is estimated at 3.3 yen per 1ppm of CODw. removed.

4. As aresult of the trial calculation, the cost of equipment is estimated at about 163 million yen on the condition
that the amount of CODw removed is 30ppm and that the amount of wastewater to be treated is 1,000m*/day.
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