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EXPLANATORY NOTES
Currency Exchange Rate
During the period of consultation, from July 28, 1990 to September 9, 1990
the average rate of exchange was 81.5 Cruzados for 1 U.S. Dollar. This rate
of exchange changed less than 2% for this peniod.
Definition of Acronyms and Terms

CETIQT - Centro de Technologia da Industrice Quimica e Textil

SENALI - Servico Nacional de Apprendizagem Industrial




ABSTRACT

The consultant. John J. Porter, served as an Expert in Textile Effluent
Treatment (DP/BRA/87/033/11-10/J 13103) to the Centre of Technology of the
Chemical and Textile Industry (CETIQT) during the period 7/90 to 9/90.
The wastewater laboratory, at CETIQT was evaluated and
recommendations made for improving its operation and service to the
textile industry. Several visits were made to industries in the states of
Minas Gerais, Santa Caterina and Sao Paulo and a written report of each
visit is included giving recommendations for improving the treatment or
reducing the volume of wastewater discharged. Written material used for
the presentation of seminars during the consultation period is included at
the end of this report. It will be very important for CETIQT to develop first
hand information on wastewater analyses and biological and
physical/chemical treatment methods being used in Brazil so that it can
advise industry and government on the proper selection of waste treatment
syvstems. The limited availability of current wastewater treatment
information in Brazil necessitates that CETIQT develops a wastewater
laboratory to serve the textile industry.
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INTRODUCTION

The Brazilian textile industry has developed significantly in recent
vears and is presenily undergoing modernization because of the decrease
in import restrictions. While modernization has improved the operating
condition of the industry the government is enforcing relatively new
regulations controlling textile wastewater treatment and discharge.
Because of the need to rapidly develop practical and economical methods of
treating textile wastewater SINAI-CETIQT sought the help of UNIDO to
retain a special consultant to assist the textile industry during the months
of August and September, 1990. The consultant (John J. Forter, see
ANNEX 1) was selected and agreed to visit small, medium and large
dyehouses in the countrv and survey the technical level of wastewater
treatment being used and make recommendations to the dyehouses on
methods they could use, or install to improve their wastewater treatment
systems. The consultant also visited the new wastewater laboratory being
installed at CETIQT and made recommendations to improve the operations
of the laboratory so it could best benefit the Brazilian Textile Industry.

During the period of visitation the consultant gave seminars at
CETIQT and at other selected locations on the state-of-the-art in textile
ffluent treatment and recommended action the textile industry should take
to decrease industrial water pollution. The recommendations are given in
this report in the following sections. The consultant will be available to
assist the staff and laboratory at CETIQT for the next 2 1/2 years in the field
of textile effluent treatment upon the request and support of UNIDO. The
consultant would also assist staff personnel at CETIQT with the
development of training programs in the U.S. and arranging visitations to
textile wastewater treatment treatment facilities.

Objectiv

1. Assist and instruct CETIQT on textile wastewater treatment methods,
recycling techniques and reuse possibilities.




2. Visit Brazilian textile companies and make recommendations for

wastewater treatment and reduction.

3. Visit governmental agencies responsible for the regulations for
wastewater treatment and obtain current information on textile wastewater
treatment practices.

4. Visit engineering laboratories involved with the development of plans
and specifications for textile wastewater treatment and obtain information
on current practices.

5. Give specific seminars or formal presentations during the consultation
period to provide technical information on textile wastewater treatment.
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ACTIVITIES

The consultant arrived in Rio de Janeiro, Brazil as scheduled on July
29, 1990 and spent the first two weeks at CETIQT inspecting the laboratory,
exchanging information with Deyse de Carmo and preparing information
in Portuguese that would be suitable for distribution at the planned
meetings and seminars. The new laboratory for wastewater analvsis and
treatment evaluation was almost completed and appeared to be very
adequate and modern.

The schedule for plant visits was completed and a listing of plants
visited is included in Annex 2. Additional visits were arranged with
governmental agencies involved with wastewater discharge regulations
and engineering laboratories involved with waste treatment plant design
and these are shown in Annex 3.

During the consultation period several seminars were given and a
listing of these with titles are given in Annex 4.

The final four weeks of the consultation period were involved with
visits to textile plants in the states of Minin Gerias, Sao Paulo and Santa
Latanna and preparauon of reports describing each plant and making
recommendations for wastewater treatment and recycling. These reports
are given in Annex 5.

Two papers were prepared for use during the consultation period and
these are given in Annex 6.




RECOMMENDATIONS
To SENAI - CETIQT

1. An excellent wastewater laboratory is almost completed at CETIQT.
CETIQT should develop laboratory skills for several analyses useful for
characterizing textile wastewater and develop proficiency in these
analyses. For example: COD, BOD, total solids, suspended solids, pH, total
nitrogen, phosphate, and selected metals such as chromium, copper, zinc,
cadnium and lead would be very useful for characterizing textile
wastewater and designing appropriate treatment systems.

2. Laboratory treatability studies should be conducted at CETIQT with
specific textile dyeing and finishing wastestreams so that first hand
information is obtained on current wastewater characteristics and
treatment techniques. This would involve aerobic biological treatment,
physical/chemical treatment and anaerobic treatment as these are
treatment methods which are being used in Brazil.

3. CETIQT should extend its work on the use of membrane processes
available to Brazil or those that will become available for recveling dves

(indigo), PVA size, caustic soda and bleaching wastewater.

4. CETIQT would benefit from the extension of the work identified in 1, 2
and 3 above under the direction of the consultant and coordinated with
Paulo Justo of CETIQT. It would be most helpful if Paulo Justo and Deys::
de Carmo could participate in a training program in the U.S. and visit
organizations and companies involved with textile wastewater treatment.
This could be developed by CETIQT and the consultant and submitted to
UNIDO for support consideration.

5. It would be very helpful to provide specific course and laboratory
instructions at the university level for Deyse de Carmo (laboratory analyst)
in analytical chemistry and organic chemistry. The diversity of the
analytical methods required for wastewater analyses and complexity of
organic chemicals used by the textile industry make an understanding of
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these subjects extremely valuable to persons working on wastewater
treatment and analvses.

6. - CETIQT should develop information for process automation using
microcomputers. This could be initiated with commercial vendors which
are developing in Brazil such as Texas Instruments of Sao Paulo which is
developing process control information and will supply instrumentation to
the textile industry in the near future.

To the Textile "Tndustry

The textile industry must obtain valid, current treatment information on its
wastestream before designing a treatment system for treating its
wastewater. If this is not done an expensive treatment system will be
installed, as has been done, that will not effectively treat the wastewater
and will have to be replaced when regulatory inspection becomes operat:ve.
Specific information on existing systems is given in Annex 5.

T vernmental Agencies Regulating W. water Treatmen

The regulatory agency must require that ind+:=try submit monthly reports
which monitor the characteristics of wastewater being discharged to the
environment. These reports would identify the treatment quality being
obtained and provide information on the types of treatment used in Brazil.
The agency could use this information to require that effective treatment
systems be used for new locations, modified, or modification be made to
existing waste treatment systems to improve their treatment.

The government should develop wastewater treatment systems to treat
industrial and domestic wastewater together. Most domestic industrial
wastewater can be treated jointly as is done in the U.S. When problems
occur with specific industrial pollutants pretreatment syster.s can be
installed by the industry. By treating the wastewater jointly the industry
can pay for a major portion of the cost of the wastewater treatment system
for the city. Since Brazil has a small number of wastewater treatment
systems in place this would provide the capital needed to construct many
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waste treatment facilities to serve the cities. The joint treatment system
could be constructed outside of the city where space is available and less
expensive biological treatment systems can be used. When space 1s very

limited, treatment cost escalates rapidly.




DP/BRA/87/033/11-10/C/J.1.1.01

Post title:

Duration:

Date required:

Duty station:

Purpose of project:

Duties:

Expert in textile effluent treatment

1.5 man-months

August/September 1990

Rio de Janeiro with travel within the country

The strengthening of the Centre of Technology of the
Chemical and Textile Industry (CETIQT)

The consultant will:

-visit a number of selected small, medium and large
dyehouses and survey the technical level of waste water
treatment,;

-co-operate with the Chief Technical Adviser (CTA) in the
preparation of the detailed work-plan in his special field.

-give seminar/courses* at CETIQT and at selected other
locations on the state-of-the-art in textile effluent treatment,
what is to be expected, what can and what should be done in
the Brasilian textile industry;

-in co-operation with CETIQT management review the
applied research programme for the next 2 1/2 years in the
field of textile effluent treatment;




Qualifications:

Background
Information:
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-make technical recommendations for actions to be taken by
industry, and - if and where necessary - for iegal actions to
be taken by the Government in order to reduce the pollution
of the environment.

-The expert will also be expected to prepare a technical
report setting out the findings of the mission and
recommendations to the Government on further action
which might be taken.

Chemist (chemical engineer) or industrial biologist with at
least 5 years industrial research experience in the analysis
and treatment of wastewater generated in textile
preparation (scouring, bleaching, mercerising) dyeing and
finishing.

The Centre of Technology of the Chemical and Textile
Industry (CETIQT) is a unit of the Servico Nacional de
Aprendizagem Industrial (SENAI) system, exclusively
devoted to assist the Textile and Confection Industry
regarding education at 1st, 2nd and 3rd grades in
technological research, technical assistance and
dissemination of technological information.

In order to keep pace with the significant technological
developments in the textile industry and taking into account
the importance of the textile industry for the international
trade balance CETIQT is steadily updating its curriculum.
External assistance is being sought for providing the basis
for specialized courses for textile technologists as well as for
advice on the research programmes in specific areas.

Advisory services would be provided through lectures on
advanced process control in dyeing and finishing; on
changes in characteristics of materials during mechanical
and chemical finishing techniques; on cotton spinning,
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weaving and knitting technology and by providing expertise
-in garment design and pattern and grading technology.
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ANNEX 2

Textile C ‘es Visited During The Consultation Period

Specific details of visitation, plant production, wastewater treatment and
recommendations are given in ANNEX 5.

A. Barbacena, Minas Gerais

Fi Tecel Sao Jose’ S.A
Av. Flonano Peixoto, 359
Barbacena, M.G., Brazil

Contact: Vandir Meller

B. Joinville. § Catari

I .C hia Fabril L
Rua Otto E. Lepper. #1

CEP 89200, Joinville, S.C., Brazil
Contact: Nilo Knop

Dohler S.A.
Rua Arno W. Hohler, 145

89200 Joinville, S.C., Brazil
Contact: Jose Mario G. Ribeiro.

Campea, SA.
Rua Sao Paulo, 305

89200 Joinville, S.C., Brazil
Contact: Elias Auras
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C. Jaragua do Sul, Santa Catarina

Rua Beranardo Dornbusch, C.P. D-7
89250, Jaragua do Sul, S.C., Brazil.
Contact: Gunther Boss.

D. Sao Paulo. Sao Paulo

Lavanderia Ideal. LTDA

Rua Pedroso 202/238

Liberdade, Sao Paulo, S P., Brazil.
Contact: Antonio S.G. Burattini.

Malharia Nossa Senhora da Conceiao S.A.
Rua Variante Getulio Dornelles Vargas, 2156
Jacarei, S.P., Brazil

Contact: Adalberto Lovato.

Sao Paulo Alpargatas S.A.
Rodovia SP-127, km 118

Tatui, S.P., Brazil.
Contact; Altino Fortuna.

Industria de Meias Scalina Ltd
Av. Papa Joao Paulo I, 5235
Guarulhos, S.P., Brazil.
Contact: Ronaldo D. Heilberg.




ANNEX 3

A. Governmental Agencies Visited

1. Fundacao Est. de Engenharia Meio Ambiente - FEEMA.
Departamento de Controle Ambiental :
Rua Fonseca Teles #121/1421, CEP 20940 R.J., R.J., Brazil
Contact: Isaura Maria de Rezende Frondiei
Tele: 254-1766

Discussed activities of the department with respect to industrial wastewater
treatment.

2. Companhia de Tecnologia de Saneamento Ambiental - CETESB.
345, CEP 05459, Sao Paulo,S.P., Brazil.
Contact: Sonia M. M. Vieira.

Discussed industrial and municipal waste treatment in Brazil and the
development work on anaerobic treatment at CETESB.

B. Engineering Laboratories Visited

Engineering laboratories involved with industrial wastewater treatment
plant design and operation.

1. Hidroquimica Engenharia e Laboratorios Ltda
Rua Santa Alexandrina, 535 - Rio Comprido 20261
Rio de Janeiro, R.J., Brazil.

Visited laboratory and discussed treatment system currently being
designed to treat textile wastewater. The firm had offices in other cities in
Brazil.

2. Miningtech, Inc.
Rua Andronico dos Prazeres Goncalves
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114, CEP 06800, Embu, Sao Paulo, S.P. Brazil.
Contact: Paul A. Woodhead.

Had three meetings with Paul Woodhead to discuss wastewater treatment
in Brazil.
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ANNEX 4

Seminars

Specific seminars or formal presentations made during the consulting
period.

1.

o

Title:

Location:

Date:

Title:

Location:

Date:

Title::

Location:

Date:

Title:

Location:

Date:

Title:

Location:

Date:

"Elimination of Wastewater by Automation, Recycle and
Reuse.”

SENAI - Centro de Tecnologia da Industria Quimica
Textile, CEP 20961, Rio de Janeiro, R.J., Brazil.

August 8, 1990 - 2 PM

"Membranes Used By The Textile Industry To Recover
Chemicals From Wastestreams”

Universidade Federal do Rio de Janeiro - U.F.R.J.
Cidade Universitaria, Centro de Technologia, BloooG
21945 Ilha do Fundao, R.J.

August 10, 1990 - 9:30 AM

"Treatment of Textile Effluents”

SENAI - Escola Francisco Matarazzo
Rua Muniz de Souza, 3, Cambuci, CEP 01534, Sao Paulo,
S.P., Brazil.

August 24, 1990 - 8:00 AM.

"Treatment of Textile Effluents”

CETEJE - Centro de Treinamernto Textil de Joinville,Rua
Arno W. Dohler, 921, CEP 89200, Joinville, Santa
Catarina, Brazil

August 30, 1990 - 5:00 AM.

"Elimination of Wastewater by Automation, Recycle and
Reuse”

XIU-CNTT, Congresso Nacional DeTechicos Textels,
Blumcnan, S.C.

September 7, 1990 - 9:00 AM




ANNEX 5

Details of Specific Plant Visits Made During the Consultation Period

A Mi Jerai

Fi Tecel Sao Jose S.A
Av. Floriano Peixoto, 359
Barbacena, M.G., Brazl

Contact: Vandir Meller

The plant employees 1200 people and produces 120,000 meters of fabric per
day. Many different constructions of fabric are woven, dyed and finished in
the plant. The weaving equipment is more or less 30 years old and, the
plant is planning to instali modern air-jet looms in the next two years to
maintain a strong competitive position in the Brazilian and world market.

The dyeing and finishing plant uses equipment and techniques ranging
from those developed recently to those developed in the past 20 years. The
overall picture of the plant appears strong today and plans are being made
to improve the production efficiency and modernize process equipment.

Caustic recovery from mercerization is a very important need for the plant.
Presently, all caustic used is discharged to waste treatment which must be
immediately neutralized with sulfuric acid before coagulation or biological
treatment can be performed. It has been estimated a caustic evaporator
should pay for itself within six months to one year of operation. When the
savings from the elimination of sulfuric acid are also added to the value of
the caustic recovered from the evaporator the pay-backs time is cut almost
in half. This would make the evaporator a very valuable piece of equipment
and impo. ‘ant to the profit of operation.




w -Trea e ndatjons

1. The most expensive cost of waste treatment is the purchase of sulfuric
acid for neutralization of mercerization caustic wastewater. This could be
almost eliminated if an evaporator is installed.

2. The waste treatment plant uses coagulatior: followed by air floatation to
remove suspended solids and some dyes from the effluent. The plant has
been in operation for 3 years (1987) and the operators have become familiar
with the quantities of alum and polymer needed for the optimum
coagulation conditions. Presently, 700 ppm of alum and 90 ppm of polymer
are used to provide the best de-watering sludge. These are high chemical
concentrations but not surprising for the trea ment of a textile waste
continutin many dispersants. The chemical requirements are not expected
to change and the quantity of sludge generated is large and will present a
disposal problem in the future.

3. I recommend that Sao Jose conduct a biological treatability study in
cooperation with SENAI, Rio to evaluate the removal of BOD, COD and color
form the wastestream before any coagulation is conducted on the
wastestream. This would determine if better treatment could be obtained
with the use of much less alum after biological treatment. It is expected
that much less alum would be required after biological treatment and
therefore much less sludge would have to be shipped to land fill.

The study would initially be conducted with a 5 day retention time in the
aeration tank until stable treatment was obtained (@ app. 25 days). The
retention time could them be slowly reduced to 2 days to determine the
limiting treatment efficiency similar to the conditions available at the plant
presently.

When the study is stabilized a sample of the effluent could be evaluated for
coagulation in direct comparison to a raw waste sample to determine if
efficiency or alum requirement is significantly improved. The results
would be used to consider installing biological treatment before the present
treatment plant.




4. Sao Jose is planning to construct a new building for the new looms it is

going to purchase. It is also planning to expand its operation significantly
over the next 5 vears. As the waste water treatment cost are very expensive
because of the small space available. I recommend that Sao Jose consider
relocating its plant near the river outside the city where it could expand
with more space and build a less expensive wastewater treatment plant.
Construction cost may be less and future expansion much less limited.

B. Joinville, Santa Catarina

1. Companhia Fabril Lepper
Rua Otto E. Lepper, #1
CEP 89200. Joinville, S.C., Brazil
Contact: Nilo Knop

The plant visited employes 750 people and produces 7,700 kilograms of
knitted fabric per day. and uses different machines to form a variety of table
cloths, towels and bed spreads. The fabrics are made from yarns
containing 100% to 67% cotton fiber with polyester fiber used for the blended
yarns.

Over 95% of the production is white fabric which is screen or roller printed
so that less than 5% of the wastewater contains any dye from the process.
Since no woven fabric is process the wastewater also contains no sizing
waste and therefore has a lower BOD (100 - 300 ppm) than most finishing
plants in Brazil.

One of the best opportunities that Lepper has to reduce water, steam and
waste treatment cost is to reuse the water from the scouring and bleaching
operation. The plant uses large beam dyeing machines to scour, bleach
and neutralize the fabric after the bleaching operation. It should be
possible to reuse the water from the last neutralization step in any of the
other process steps. The water is clean and has a pH of 7. All that would be
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necessary would be to install a tank to hold the water and pump it to the
next machine which is ready for the bleaching operation. The water form
the bleaching operation could also be used for scouring or the initial
washing operation in the same manner. This recycle procedure was
recommended to the plant and they plan to evaluate this procedure in their
laboratory.

W, -Treatmen m

The waste treatment system operated by the plant uses air-floation to
remove mostly insoluble impurities form the wastewater. The wastewater
which has a pH of 9-14, first passes into an 8 hours equilization tank which
is well-mixed by air introduced at the bottom of the tank. The pH is
adjusted to 6-7 by introducing sulfuric acid into tne equilization tank. After
this aluminium sulfate is added to the waste and it enters an air pressure
tank to dissovle air for the floatation process. The floated sludge is then
mechanically decanted on to a metal drain where it is fed into sludge
drying beds. After drying the sludge is then shoveled into drums for
shipping to a landfill.

The system works well for air floatation but this type of system is generally
only able to remove 40-60% of the BOD. The plant did have limited data that
indicated a removal of over 80%. If necessary the plant plans to build an
additional aeration tank followed by another tank using Agua-Pe plants to
remove BOD. The system was installed because of the limited space
available for construction of a wastewater treatment facility.

) Treatmen 1

The plant should investigate the use of biological treatment for treating its
wastewater as this should be less costly than the physical chemical system
currently in use.




2. Dohler S.A.

Rua Arno W. Hohler; 145
89200 Joinwville, S.C., Brazil
Contact: Jose Mario G. Ribeiro.

The finishing plant in Joinville employes 2000 people and produces 7,800
mZ/hr of fabric and discharges 150 m3/hr of wastewater. The principal
products are towels, sport fabrics, and curtains, however, many different
items are finished in the plant. The fabrics are constructed of mostly cotton
fiber (85%) but some viscose (12%) and polyester (3%) fibers are used.

The plants desizes, scours, bleaches, and caustic treats approximately 85%
of the fabrics processed. The size removed is starch and the bleach used is
hydrogen peroxide. Most of the dyeing is done with pigment dye (90%) with
the remaining 10% dyed with sulfur and reactive dyes.

At present the plant does not recover the caustic used to improve dyeing and
moisture adsorption but is considering recovering the caustic to decrease
operating cost and reduce wastewater neutralization cost.

The waste treatment system used by the plant utilizes alum coagulation
followed by dissolved air-floatation to treat its wastewater. The system was
installed in 1988 and became fully operational in 1989. It is hard to
determine the efficiency of the treatment system as is the case with all
industrial waste treatment in Brazil as almost no data is collected.

P m

The plant needs to seriously consider caustic recovery. The caustic is
expensive and one millions kilograms per month are consumed. This
represents a cost of 0.5 to 1.0 million dollars per month and requires a
significant quantity of sulfuric acid for neutralization for waste treatment.
The acid cost is reduced by neutralizing the waste caustic solution with the
boiler stack gases. This could still be done if a caustic recovery system was
installed as a fraction of the caustic is too dilute (2%) for evaporation
recovery.




The plant could recyvcle some of the bleaching wastewater used for scouring
and reduce operating cost but to be practical a careful laboratory ev~luation
should first be conducted. The processes should be isolated so that the ng
machines used for bleaching are separate from those used for sulfur
dveing. There appears to be no problem with this and a careful selection of
equipment would avoid recvcle contamination.

Waste Treatmen mmendation

The system 1s similar to others used by textile finishing plants. The
wastewater is equalized in a tank with a surface aerator used for mixing.
The retention time i1s 8 hours and the neutralizing acid added by hand. An
automatic feed syvstem would control the process much better and prevent

wide swings in wastewater acid and base concentrations.

The plant indicated that the raw waste had a BOD of 1,800 ppm before
treatment and this was reduce to 700 ppm by the treatment system. This is
very high for the raw waste so more analytical data is needed to confirm
these figures. It is believed that approximately 40 to 60% of the BOD could
be removed by the treatment system.

If possible it would be better to treat the waste by biological treatment before
coagulation. The biological process should reduce surfactants and
produced a more stable suspended solids, more treatable by a lower
concentration of coagulant than presently used.

3. Campea S.A,

Rua Sao Paulo, 305
89200 Joinwville, SC
Conatac: Elias Auras

The Campea plant we visited in Joinville employes 105 people in the
finishing and sewing operation. The yarns and fabrics processed are
composed of some fiber for 95% of the items produced with the remaining
5% composed of a mixed or blended yarn. The plant dyes fabrics and yarns
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with several classes of dyes with reactive dyes representing a major
fraction of the production. The plant operates 24 hours a day for 6 days a
week and has been in operation for 50 years currently processing over 2,000
kg of goods per days. The water used for dyeing and finishing amounts to
20,000 liters per hour with planned expansion to increase te 30,000 liters per
hour within the next two years.

The wastewater is treated by equalizing the flow in a 700 cubic meter
equalization pond followed by aeration in a 90 cubic meter tank, pH
adjustment in a mixed tank vith sulfuric acid, then addition of alum in a
separate small mixed tank and final clarification in a 90 cubic meter tank
where sludge is removed and the clarified liquor flows to small stream
(approx. 120 cubic meters per hour). The stream is impounded to provide a
pond for final polishing of the wastewater before it flows to the discharge
point. The treatment system appeared to be working very well on the day
the plant was visited, however, the very limited analytical data available
prevented evaluation of the treatment efficiency.

In-plan mmendation

The mix of processes and colors used did not favor extensive recycling. It
was discussed and a recommendation was made to consider reusing the
final cold wash water from yarn preparation for the first step in the
preparation process. This, however, represented a small fraction of the
process water.

The plant was planning to install a recovery tank for steam condensate
from process heat exchangers at the next shut down period.

Treatmen mmendations

The waste treatment system appeared to be working very well the day the
plant was visited. It was not possible to determine treatment efficiency
because analytical data was not available but the effluent quality looked very
good. The plant had an equalization pond that gave approximately 1.5 days
retention followed by aeration and pH adjustment from 9 to 6.5 followed by




alum addition. The sludge was separated by a clarifier and discharge to a
polishing pond formed by impounding the receiving stream. Very little
foam was formed in the stream and there was no color in the clear water.
A recommendation was made to increase the size of the initial equahzation
pond to 4 times it present volume to 3,000 cubic meters and install 3 or 4
aerators in the pond. Erosion protection could be provided to the sides of the
pond with stones and erosion under the aerators prevented by installing
concrete pads under the aerators. The biosludge could be separate by the
existing clairifier and the sludge returned to the lagoon inlet for further
degradation. This would eliminate or drastically reduce the need for aium

and sulfuric acid as the biological process would reduce the pH and i :-move
much of the BOD.

It was also recommended that SENAI provide technical assistance with the
operation of the new system. SENAI could contact the consultant for
additional recommendations. This system could serve as model for textile

wastewater treatment when its operation is optimized after several months
of careful study.

C. Jaragua do Sul, Santa Catarina

1. Marisol, S.A,

Rua Beranardo Dornbusch, C.P. D-7
89250, Jaragua do Sul, S.C., Brazil.
Contact: Gunther Boss.

The specific plant visited employees 1,400 people and produces 360,000
kg/month of products which include t-shirts and sports ware from cotton
fiber. At present only a small portion of polyester fiber is processed in the
plant (approx. 3%), however, this is increasing. The exported products
amounts to 8% of the present sales and there is a desire to increase this
income. The plant works 3 shifts, 5.5 days per week and consumes 120
cubic meters per hour of process water for the dyeing printing and
finishing operation.
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The present waste treatment system has been in operation for four years
and uses ferric chloride, calcium hydroxide and polymers to coagulate the
wastewater and removes the sludge by clarification. The sludge is then
pumped to a filter press and the sludge lake is transported to a landfill.

The principal dyestuffs used by the plant are reactive and pigment dyes.
Neither of these could be recovered for recycle so there was at present no
obvious opportunity for recovery of dyes and water. There is the possibility
of recovering energy from the wastewater with the use of a heat exchanger
and this should be investigated.

W reatmen mmendation

The waste treatment system was operating very well the day the plant was
visited with the treated wastewater being very clear but still containing
some color which had not been removed. Approximately 300 ppm of ferric
chloride, and 500 ppm of calcium hydroxide and 4ppm of a nonionic
polymer were used to coagulate the waste .

No data was available to determine the efficiency of the treatment operation,
however, it is estimated that this type of treatment normally removes 50% of
the organic pollutants. It was recommended that the plant obtain
information to determine the efficiency of the chemical treatment system in
use and also investigate a biological treatment system (3-5 day retention)
which could be used before the chemical treatment process. The biological
process could be evaluated in the plant laboratory with the assistance of
SENALI and the information provided to the plant.




D. Sao Paulo, Sao Paulo

1. Lavanderia Ideal. LTDA

Rua Pedroso 202/238

Liberdade, Sao Paulo, S.P., Brazil.
Contact: Antonio S.G. Burattini.

The plant wa: located near the center of the city of Sao Paulo and employed
approximately 800 people and maintained production for six days a week.
Because of the limited space no room was available for a wastewater
treatment system of significant size. Most of the production involved the
preparation of stone washed jeans for sale in Brazil. Several modifications
in the processing equipment were underway the day the plant was visited
and these were discussed with the plant engineer to determine what effect
they might have on a waste treatment system. The following
recommendations were made to the plant.

In-Plant Recommendations

Because of the nature of the heavy fabric used to produce jeans (or denim
fabric) and the dark dyes used most of the waste water is fairly strong and
not suitable to direct recycle without treatment. However, indigo dye is
being recovered from wastewater and recycled in the U.S.A. and the
process is profitable. The added benefit is that color is removed from the
wastewater. This should be investigated by the plant to determine if enough
dye is present in the wastewater to make the process economical. Other
specific wastestreams that contain no dye or dyed fiber that could be
removed by simple filtration should be analyzed and evaluated in the
laboratory for recycle. This work could be evaluated by SENAI.

Waste Treatment Recommendations

The limited space available at the present plant location makes it unlikely
that a waste treatment system could operate successfully. Most plants of
this type in the U.S.A. discharge to a municipal treatment system and pay
a surcharge based on the strength of the wastewater and volume
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discharged per day. This procedure would provide income to the city at a
reasonable rate for the service provided and avoid the waste of capital by the
plant for a process that may have to be abandoned at a later date because of
poor operation. This type of waste can be easily treated biologically if the pH
is controlled. Any pH adjustment could be made by the plant before the
waste is discharged to protect the municipal waste treatment system.

2. Malharia Nossa Senhora da Conceiag S.A.
Rua Variante Getulio Dornelles Vargas, 2156
Jacarei, S.P., Brazil

Contact: Adalberto Lovato.

This plant is located north of Sao Paulo in the town of Jacarei and knits and
dyes synthetic fabrics composed of nylon fiber. Most of the production is
devoted to hosiery and socks and is performed by 1000 employees working 3
shifts, six days a week. The plant had a biological activated sludge waste
treatment system which had been in operation for over 2 years and
appeared to be working well even though very little data was available to
determine the efficiency of the treatment system.

This plant is a very good example of the type of operation that could
successfully apply the concept of direct dyebath reuse. That is the storage of
the dyebath in a separate tank immediately after the dyeing operation is
complete. This would be followed by removal of the dyed yarn and reloading
of the dyeing machine with undyed yarn. The stored dyebath would then be
return to the dyeing machine, fresh dye and additives would be added and
the dyeing procedure completed. This would save hot water, dyeing
chemicals and small fraction of the dye normally used. The volume of
waste water discharged would be reduced significantly. By using this
procedure some textile companies in the U.S.A. have reused dyebaths over
50 times. The process does require careful attention and supervision in the
startup phase but offers considerable savings in production cost.
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Waste Treatment Recommendations

The waste treatment system appeared to be working well so the only
recommendations that were made was that the plant collect weekly data on
inflow and discharge streams to establish treatment efficiency. Analyses
that should be run on both streams are BOD, COD, pH, total solids,
dissolved solids, and suspended solids. This would document treatment
efficiency and identifv operational difficulties.

3. Sao Paulo Alpargatas S.A.
Rodovia SP-127, km 118

Tatui, S.P., Brazil.
Contact: Altino Fortuna.

The Sao Paulo plant is located in Tatui and employs 1,000 people and
process approximately 100,000 kilograms of fabric per day. The fabric is
mostly composed of cotton fiber with some cotton/polyester blends. The
preparation and dyeing process is continuous and the caustic used for
mercerization recovered by a conventional evaporator. The plant used

reactive, vat, and sulfur dyes for cotton fiber and disperse dyes for polyester
fiber.

The waste treatment system has been in operation for 14 years and uses a
return sludge extended aeration process with a retention time of 1.5 days.
The unrecovered caustic in the wastestream is sufficiently neutralized with
carbon dioxide so that it did not damage the biological process. The system
appeared to be working well the day the plant was visited.

In-Plant Recommendations

This was one of the most modern plant visited with extensive new
equipment in operation. Because of the new equipment it should be possible
to use automation control of the preparation and dyeing process and
decrease water and fuel consumption. While computers are not fully
available in Brazil they are gaining acceptance and the plant should make
an effort to utilize this technology as soon as possible.




The plant could also decrease caustic consumption with the use of a
membrane filtration system for purification of their caustic wastestream
before it reaches the evaporator system. This would reduce the need for
wastewater neutralization and should improve the operation of the waste
treatment system.

Waste Treatment Recommendations

The waste treatment system appeared to be operating well the day the plant
was visited. Because the biological system operates with only 1.5 days
retention significant quantities of sludge are produced and must be
disposed of to landfill. If the equalization system was incorporated into the
aeration process so that the retention time could be extended to 3-4 days the
sludge volume would decrease and the ireatment efficiency improve.

4. Industria de Meias Scalina Ltd
Av. Papa Joao Paulo I, 5235
Guarulhos, S.P., Brazil.

Contact: Ronaldo D. Heilberg.

The plants total operation was devoted to the production of knitted hosiery
and socks composed of cotton and nylon. Approximately 1,000 employees
worked 3 shifts for 24 hours a day, six days a week. The plant facility
occupied practically all of the available property and no waste treatment
system was in operation at the present time.

In-Plant Recommendations

Approximately 70% of the plants production is devoted to women's hosiery
with much of this having a similar tan shade. This production could
utilize a dyebath reuse concept where the dyebath is stored in a separate
tank immediately after the dyeing step (before rinsing), and reused for the
next dyeing operation. This procedure has been used in the U.S.A. with
success and could significantly reduce the waste stream volume. The
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concept could also be applied to rinse bath reuse but would have to be
installed with careful laboratory supervision. By using this procedure
water, energy, chemicals, and waste treatment requirements should be
reduced significantly and the rate of production should be increased.
Future contact with the plant is planned to provide information for the
development of this concept.

Waste Treatment Recommendations

The plant has a waste volume of 300,000 liters/day and no waste treatment
system and very little space available in which to construct a system. A
recommendation was made to investigate the acquisition of nearby property
and volunteer to treat the waste from the adjacent apartment complex for
2500 people with cooperation of the local government. The plant waste and
the domestic waste could be treated together in a biological system where
neither are presently treated. The added cost would not be greater if the city
would provide the land and a 3-5 day activated sludge lagoon system was
constructed. This would benefit the plant and the aty.

Another suggestion was made to investigate an upflow anaerobic sludge
blanket system which would require little energy and little space. The city
of Sao Paulo has been involved wiih several projects involving this system
over the past seven years and has had success with the process. The plant
could contact Sonia M. M. Vieira of CETESB, Sao Paulo for further
information.
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ELIMINATION OF WASTEWATER
BY AUTOMATION, RECYCLE AND REUSE

Abstract

The continued increase in the cost of chemicals energy and water
makes their recovery more important today than in the past when
automation control was not used and waste water recycle was first
introduced to the textile industry. While the recycling techniques using
filtration have only been used at a few installations, these plants have been
able to save enough to pay for the recovery process in one to two years. One
key to having a successful recovery operation is to have good automatic
control of the process. This can drastically improve the economics of the
textile proc.ss as well as minimizing the cost of the recovery system. The
application of automatic control to the preparation process will be
presented.

Introduction

If you evaluate the potential for wastewater, energy and chemical
recycle in the textile industry it is important to look at the size of the
industry and to determine what effect recycling will have on the available
resources. Information for this is presented in Figure 1 showing the
quantity of fibers, water and energy consumed on a daily basis. The cost of
water is estimate to be $0.5 million dollars/day, waste treatment $ 1 million
dollars/day and energy $ 5 million dollars/day. When you add to this $ 30 to
$ 40 million dollars for the fibers used you arrive at a total figure near $ 50
million/day when all of the dyes, finishes, and other chemicals are
included.

While automation control is relatively new, the concept of recycle of
wastewater has been actively discussed and investigated for the past 20
years in the textile industry. The early application of ultrafiltration to PVA
(Poly Vinyl Alcohol) size recovery was accepted and used in a full plant
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scale installation (1)almost 20 yvears ago. The process was successful then
and continues to perform well. One limitation on the use of ultrafiltration
was the diversity of sizing chemicals that are in use and the difficulty in
controlling the size used on grey fabric which may be necessary if a plant is
to recover PVA size from its preparation range. If complete automation
control were used it may be possible to allow other sizing agents to enter the
desize operation and automatically divert them to avoid PVA
contamination. In spite of this problem there has been an increase in the
number of plants that are recovering PVA size. While the recovery of size
is only done in a small fraction of the finishing plants, the interest in the
recovery process 1s strong and the need appears to be increasing (2).

As hazardous waste regulations increase and restrictions on the
discharge of trace metals increase, the textile industry will be faced with
the continual upgrading of its treatment facilities (3). These regulations
are indirectly connected to the recycle process and illustrate the continual
increase in the cost of all aspects of waste treatment.

The cost of energy is much higher today than it was almost 20 years
ago when the recovery of PVA was first introduced. Since all of these
factors continue to place pressure on the industry to elimate waste
discharges, we will briefly describe three recovery processes and then look
at the preparation process in detail where automation and recycle may be
applied with considerable savings.

PVA Recovery

For reference and the appreciation of the value of recovery, the
factors that determine the cost of PVA recovery are shown in Figure 2. As
can be seen the recovery from one range can amount to over $5600/day. The
equipment can be paid for in approximately one to two years which
accounts for the fact that there is a strong interest in the recovery of PVA
today (4). One very important factor is that when you recover size you
eliminate from discharge to the environment 60,000 gallons per day for
each range on which the sizing waste is recycled. You no longer have to be
concerned about discharge problems with this portion of the wastestream.
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While some blow down or clean up waste is still discharged, the volume is
very sma!l and only a small fraction of the unrecycled wastestream. The
cost of PVA has increased as well as fresh water cost and waste treatment
cost. All of these factors make the recycle of PVA more attractive today
than in the past.

Caustic Recovery

The recovery of caustic from the mercerization process is a common
practice in the textile industry and has been for many years. The
mercerizer rinse water is normally recovered for evaporation when its
concentration is above 2-3% and discharge to waste treatment when its
concentration is below this level. The impurities which are extracted from
the fabric build up in the used caustic solution as the caustic is recycled and
eventually require that the wastestream be discharged and fresh caustic be
used for mercerization. One alternative to this procedure is to use an
ultrafiltration membrane to filter the caustic rinse water before the solution
goes to the evaporator. The clarified and concentrated caustic solution is
then ready for reuse many times and the consumption of caustic is
significantly decreased. One system has been described previously (5) and
has been increased in size since it was first installed (6).

Indigo Recovery

The recovery of indigo dye has been described (4) and is an example of
a system suited for the ultrafiltration process. The dye has a significant
value at $ 9/1b. and because of its deep blue color would be readily visible in
a receiving stream. If you are able to recover the dye you can prevent
pollution and save valuable resources at the same time.

The recovery system for indigo uses a multistage vinyl-sulfone
membrane. The dyeing process has been modified so that when sulfur dyes
are used they are applied after the indigo dye is applied and will not
contaminate the indigo wastestream.
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The system is preceded by a vibrating screen used for lint removal
from the wastestream before it enters the multistage membrane system.
After the indigo is concentrated it is filtered through a basket strainer and
stored in a holding tank capable of holding a four days supply of
concentrate. The clear filtrate is discharged to waste treatment containing
the used chemicals from the dyeing process minus the indigo dye.

Preparation

Fabric preparation is the most important step in the finishing plant
and must be completed before the dyeing and finishing operation can be
performed. If the fabric is not consistently and uniformly prepared it will
be difficult for the dyeing operation to make adjustments to correct for
differences in fabric water pick up. If the process is a continuous operation
the problem will be severe because the fabric will wet out differently or
unevenly. If the process is a piece dyeing operation the conditions of dyeing
will have to be changed. All of these factors are well known and the textile
industry is well aware of the needs for good fabric preparation.

The normal procedure used to attain good preparation is to set the
range conditions to those needed for difficult to prepare fabrics. These
conditions for temperature, water flow, and chemical feeds are used for all
fabrics and may remain at these settings even though they may not be
required but a fraction of the time. This is illustrated in Figure 3. The
process illustrated has no automatic process control and steam or water
flow will vary as plant water and steam pressure vary. In this regard
fabric requirements may not be met when plant water and steam pressure
are low. As you can see in Figure 4 changing to automatic control adjusts
supply to need rather than a setting that may have nothing to do with the
fabric being prepared at a specific time.

To recover chemicals and hot water from a process it is most
important to control the process and know the exact needs for the process.
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The recovery process can then be designed to an optimum size and the
holding capacity necessary for reuse can be designed properly.

In Figure 5 we have illustrated a preparation range showing three
stages: Desizing, Scouring, and Bleaching. When the fabric is to be
mercerized it must be transferred to a separate range for mercerization.
The wash water from mercerization is generally collected for evaporative
recovery when the concentration of NaOH is near 3% or higher. When it is
below 2% it is discharged to waste treatment. The dJdescription of the
application of a membrane recovery system to mercerization was presented
earlier (4).

The peroxide washer wastewater may be used directly as feed to the
caustic washer. When this is done it is possible to save $150,000 to
$300,000/yr., however, it will be necessary to install a pump and the small
retrofit cost has not encouraged many textile plants to make the change.
The total solids present in the peroxide washwater is generally less than
0.5% and should cause few problems for the caustic washer. One point of
caution is the use of silicate stabilizers for the peroxide bleach. They could
interact with calcium or magnesium salts present in the natural cotton
fiber and give a precipitate. In many cases organic stabilizers are used
which should not give a problem. Most people feel this should not limit the
reuse of peroxide wash water.

A small but important point is the energy loss when the fabric is
skyed ($ 16,000/yr). If this could be avoided the saving would amount to
$ 32,000/yr for the two skying operations shown in Figure 5.

The caustic washer contains less than 1% total solid and may
possibly be used for the desize washer when the size is not recovered. This
is a more difficult option, but the potential to save and additional $150,000 to
$300,000/yr. makes the process very attractive. The decrease in total
wastewater flow not only saves on the cost of water, waste treatment and
energy, but can improve the biological treatment process used by most
textile plants. When the plant recycles water, the water flow going to the
waste treatment plant is reduced and the retention time available for
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biological treatment increased. This should improve the biological waste
treatment and reduce aeration requirements if no change is made in the
volumetric capacity of the waste treatment system.

The overall potential for savings in caustic, water, steam and waste
treatment could be over $ 500,000/yr. and once demonstrated as practical
would only require a few pumps and 1 or 2 screen filters to be installed to
become a reality. When sensitive fabrics are processed the range could
automatically adjust flows to meet fabric requirements.

Appiication of A ion Control

The biggest problem with making changes between runs of different fabrics
on the preparation range, shown in Figure 5, is the time that it will take
the operator to ajust flows and settings along the range. This may be such
a problem that it can not be accomplished in the short time available. If we
examine the range in Figure 5 we can imagine that 30-40 settings may be
changed when a different fabric is introduced on to the range. This would
require that several operators be ready to change settings for each fabric. A
more realistic procedure would be to set the range for the most critical
fabric and leave it at this setting for all fabrics. In most cases this is
probably what is done.

A better approach would be to operate the range using an automatic
control system where each flow and temperature is automatically
controlled. Then when the fabric is changed the range conditions can
change automatically and remain at the new set-points until the fabric
changes again. By doing this automatically human error is minimized
and operating conditioning can be changed quickly. When drastic changes
are made for different fabrics this can be designed into the control program
so that the speed of the range is slowed to allow time for conditions to
adjust.

To help the reader visualize the concept an automatic control system
is shown in Figure 6. Here specific recipes are shown on the cards to the
left of the figure. This information is stored in the computer which is
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connected to the controller which receives information from the sensors for
measuring flows and then transmits a signal to the valves that control the
flow. The control “loop” concept can also be used for steam or chemical
feeds.

When a specific fabric is introduced onto the range a specific code for
that fabric is typed into the computer with the yardage to be processed. All
the temperature flows and chemical feeds are ajusted to process the fabric
for desizing, scouring and bleaching. The speed of the range can also be
controlled to provide more or less time for the fabric being processed. Labor
requirements are minimized and the process conditions can be monitored
and stored for record keeping. This way the operator can compare the
designed operating conditions to those actually run and insure that a
preventive maintenance schedule is being followed.

The range shown in Figure 5 is broken down into segments in
Figure 7 to 14 which is representative for cotton and polyester/cotton fabrics
processed in the textile industry. Each figure identifies points in the
process where automatic control can be applied. No controls are shown for
nip-roll pressure but may be added to the control system if needed. The cost
of fresh water, wastewater treatment and steam are shown in Table 1.

Table 1. The Cost of Water, Waste Treatment and Steam

Item Cost
Process Water $ /1000 Gallons
Wastewater Treatment $ 2/1000 Gallons
Steam $ 5/106 BTUs




FIGURE 7 - CONTINUOUS PREPARATION RANGE
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FIGURE 8 - CONTINUOUS PREPARATION RANGE
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- FIGURE 9 - CONTINUOUS PREPARATION RANGE
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FIGURE 10 - CONTINUOUS PREPARATION RANGE
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FIGURE 11 - CONTINUOUS PREPATATION RANGE
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FIGURE 12 - CONTINUOUS PREPARATION RANGE
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FIGURE 13 - CONTINUOUS PREPARATION RANGE
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FIGURE 14 - CONTINUOUS PREPARATION RANGE
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The greatest savings may be realized in increased production which
should lower labor cost per yard. The additional cost for automation control
would be the need for a good maintenznce program which would be
required to insure that sensors and control valves operate properly. This
should normally be provided anyway as down time during working hours is
very costly to the textile industry. The automatic control system provides a
method for management to check to see that all systems are operating
properly and that maintenance schedules have been observed.

Recovery of Energy and Water

The recovery of chemicals and water has been identified earlier (4)
and the savings can be significant. Several mills have attempted to reuse
the bleaching wastewater shown in Figure 14 to supply wash water for the
caustic washers shown in Figure 12. This will work fine for several fabrics
but may not in specific cases. When automatic control is used the
wastewater can be reused or automatically diverted to the drain when it can
not be reused. This eliminates the guess work from the process and
provides the operator with the controls to minimize water and steam
consumption. The recorded data also builds a bank of data which is more

valid than memory and allows careful changes to be made to optimize
savings.

When wastewater from bleaching is reused, it may be necessary to
remove lint from the wastewater using a lint screen. This can also be
automatically controlled so that the screen is back washed when the flow
resistance reaches a certain point. The reuse of any wastestream lowers
the hydraulic load on the wastewater treatment system and should
decrease the cost of waste treatment.

The potential savings will come from recycling the wastestreams
shown in Figures 10, 12, and 14. This could amount to a savings of $250,060
to $500,000 dollars annually and would provide a rapid payout for the
automatic control system. When other factors such as increases in




production or decreases in wastewater treatment cost are considered the
savings would be greater than those just mentioned and well worth
investigating the use of automatic control.

Summary

The use of automation control is necessary today to compete in a world
economy where labor cost are low in some countries and production
schedules require just in time deliveries. Fuel, water, and wastetreatment

cost are much higher today and the regulations governing wastewater
discharge are much more demanding. All the these factors make
automation control more aitractive today and almost necessary and even
more attractive in the future when fuel cost and wastewater discharge
regulations increase.
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No passaco, Guando uma estagao de tratamento era projetada e construi -
da, achava-se que ela tratar:a adequadamente o efluente t3o somente por
me10 de algumas peguenas revisdes projetadas para o futuro préximc.

Hoje em cdia, esse pensamento pode nao Sser inteiramente vdiido no Jue
tange as plantas convencionais de tratamento de despejos.

O publico estd ficando cada vez maisa par dos problemas ague @ poluigdo
poge causar e cada vez mals apreensivo Com 0s problemas desconnecides,
ainda ndo ident:ficados. tsses dois fatores provocam a criagao g¢e novas
lers e requlamentagdes mais rigorosas Qquanto 2c langamento age ef!.ontes
em cursos d'dgua naturais.

Cada novo produto € acompanhado por um novo ocu diferente efluente. Um
efluente homogéneo e biodegraadvel pode vir a fica- heterogéneo e iner-
te. Isto significa que as estagdes de tratamento de efluentes devem

ser construidas com flexihilidade suficiente para se adaptarem as mudan
$as ocorridas noc processo produtivo. [sso € dificil de se conseguir
quandc o efluente ncustrial é tratado em uma estagac de tratamento mu-
nicipal. £m alquns casos, a mistura dos efluentes 1ndustrial e munici -
pai produz um outro menos adequado para o tratamentc bioldgico ou qui-
mico. Dai surge a questdo: o efluente industrial deve ser
tratado pela municipalidade ou pelas proprias inddistrias? Nio existe ne
nhuma resposta 6bvia, mas gqualquer produto ou servige que cause pclui -
G30 deve pagar sua parte na restauragao da dqua a condigdes desejdvers.

um melhor "insight” concernente a algumas das questdes que tém sido le
vantages, pode ser obticdo pela observagao des mudangas cue tém ocorridod
na 1ndustria téxtil no curso dos uitimos 20 anos € como essas ~mudanczs
zfetardo os métogos de tratamento.

-ommoa
- -

<
=2

(41)

Im 1950 & ‘ipra mats consumida no mercado amertc: e
cuantidade de “-9ras artificials Orogu?  32S NeSS: £roca era T,
nor CC Gue & Guanti'gade Ce 3igogdac.

° "lintt oriyndo €2S Drocesses de demefrctaments tientl firma Lma
parte consigerdvel cos sG1idos suspensos cont1dos no efiuente téx -
t1l. No caso'aas fidbras naturals, a degracagic biocidgica ocorrerd
quendo g fibra for retiraga com o 1odo D1016gico na estagao ge trata

tamentc. £sse nao € o caso Para a maloria gas fibras artificials

’
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Que s3J, comparadas ao algodido, praticamente inertes. As fibras arty
ficiais em estagdes de tratamento que trabalham com aeragdo mecdnica
podem causar danos a bombas e aeradores, a menos Que as fibras sejam
removidas do efluente antes que o mesmo entre na estacdo de tratamen
to. Isso geralmente € consequido através do peneiramento do ef lyente
3@ entrada da estacdo de tratamento. Em alguns casos essa € uma opera
. ¢30 de dificil execugdo que emprega peneiras finas para remover fi -
bras de i5 microns de didmetrs. A dificuldade da operagdo reside no
fato de que a peneira pode ser obstruida muito facilmente e também

porque ela costuma reter sglidos suspensos, adequados para o trata -
mento bioldgico.

ENGOMAGEM

0 orincipal polimero usado antes de 1960 para a engomagem era 0
amido. Esse polimero naturai de glucose € facilmente degragaao bioic
gicamente e ndo apresenta nenhum problema para a estacdo de trata -
mento, a nao ser a alta carga de 030.

0 desenvolvimento de muyitas fibras artificiais e sey uso em teciags

mistos, Criou a@ necessidade de novos tipos de goma, mais compativels
com essas fibras.

~lgumas dessas gomas ainda usadas atualmente s3o o dlcool polivinili
co (PVA), a carboximetilcelulose (CMC) e o dcido poliacrilico. Das

trés, o dlcool polivinilico e a carboximetilcelulose sdo as mais usa
das.

0 total de produtos que entra no ef luente atualmente pode ser estima
mado a partir do consumo de fibras. Se considerarmos uma concentra -
¢30 média de 10% de goma sobre os tecidos, que constituem 70 a 80%da
producdo total, aproximadamente 180 mil toneiadas por ano fazem par-
te do efluente téxtil. Isso contribui com a maior carga de DBO em
uma estagdo de tratamento, no casc de goma de amido (1).

Uma vez que o PVA e a CMC degradam vagarosamente (2), n3o podemos es
perar um alto rendimento dos processos convencionais de tratamento .
Embora o polimero possa ser parcialmente removido do efluente atra -
vés de sua adsorgao pelo lodo, € questiondvel a efetividade desse mé
todo de tratamento. Essa fato leva a uma discussao sobre a validade
da andlise age DBO para o efluente industrial e sugere a andlise ge
carbono tctel como 1ndicative dos contaminantec organicas (3},

TOYTINHAMENTO

~ alteracgdo ccorrida no cozinnamento que cossivelmente tem recesica
¢ Maror atengio gesde 1950, fo1 a utilizacao ce getergentes c1cgegra
ddvers (4 .63,

“vy

Atuaimente, a maioria dos detergentes é, no minimo, parcialmente bio

degradével, ge forma que a tendéncia 3 formacdc de espuma pode ser
elimnaga pela acdo micropiana.
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um fator importante a considerar é o impacto ambiental causado por
solvente usados nas operagdes de cozinhamento (6). Diversos solven -
tes - tais como dlcoois mnerais, clorobenzeno e percloroetileno -
tdm sido usados como auxiliares para a remogdo de manchas de dleo
das fibras articificiais (7).Alquns dos solventes sdo inertes 40
tratamento biolgico (2) e normaimente nao sao remov1dos do efluente
em estacdes de tratamento convencionais.

Alguns dos maiores fornecedores de produtos guimicos tém suger1do
processos de cozinhamentQo com solvente, cnde se utiliza pequena auan
tidade de aqua (8). Nesses casos S20 empregacos solventes clorados
ndo inflamiveis e a recuperagdo de solvente € calculada em tornc Ge
90 a 97%. Se considerarmos uma recuperacdo de 92% de solvente, em
uma linha de beneficiamentos continua, produzindo 64m/min, verifica-
mos uma perda de, aproximadamente, uma tonelada de solvente pcr diad
por linha de produgdc. Métodos quimicos de tratamento podem ser ne -
cessirios e poder3o pagar parte de sua operagdo oela recuperagio g€
solvente para reutilizagdo. Quando os métodos de tratamento S30 €3 -
pazes de recuperar do efluente produtos quimicos de alto custe, no -
vos processos de produgdo, anteriormente considerados muyito €aros
podem ser desenvoivigdos.

v

MERCERIZACAQ

0 obejtivo original da mercerizagao era aumentar o brilho oas fibras
de algoddo. Atualmente, 0O principal objetivo da mercerizagdo € aumen
tar a afinidade a corantes e a capacidade de absorgdo da fibra. Como
as fibras artificiais n3o sdo mercerizadas, O uSC GO Processo depen-
derd da quantidade de fibra de algoddo processada na inddstria.

Uma redug3o significativa no consumo de NaOH é consequida quando un}
dades de recuperagdo de soda cdustica sao instaladas em plantas de
beneficiamento téxtil. Diversos estudos (1,9) tém sido realizagos e
comprovam o aumento da eficiéncia de estagdes de tratamento quando a
carga de NaQH é diminuida. As vantagens indiscutiveis advindas desse

processo justificam seu uso pela maioria das plantas de beneficiamen
to téxtil. -

ALVESAMENTQ

0 alvejamento é uma operagdo de beneficiamento téxtil que tem apre
sentado um bom avanco nos ultimos 30 2nos, periodo em gque 2 polul
;30 das dguas tem s1d0 muito disc.iidz e estudade. Im 1982, C
jante mals usago era o hipoclorito de sdaro (101 atuaimente,
ma1s usado € ¢ perdxido de hidrogénio. O perdx1d0 de n2rogénio
decompde em dgua € Oxigénio e n3o formz nennym sdlice CTEs0ivI00
gualquer outro residuo. Na realidade, ele poge elevar 3 1tnCeniri(:
de oxigénio dissolvido no efluente, ¢ que € dese)dvel em mu'tos Ca
$3S.

"t
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TINGIMENTO

Depois das operacdes de acabamento, 0$ processos de tingimento for -
mam 0 grupo que apresenta a maior quantidade c& noves C-ocutos au -

. xiliares desenvolvidos a cada ano. Além de aproximadamente 40 novas
fibras surgiaas nos ultimos 30 anos, novos corantes para essas fi -
bras sdo desenvolvidos todos oS anos.

0 mercado demanda melhor performance a cada ano. Os corantes tém gque
ser mais resistentes a0 ozonio, a Oxidos nitricos. a8 luz. a hidrgli-
se e a outros agentes de degradagao ambientais para conquistar o mer
cado.

Nao causam surpresa os resultados negativos dos estudos realizados
sopre a degrada¢ao bioldgica dos corantes gue possuem especificagao
de resisténcia a esse tipo de tratamento. O alto pcder t-ntoriai ne-
cessdrio aos corantes comerciais ndo € uma vantagem quandoc esses CO-
rantes acabam indo fazer parte do efluente. Enguanto alauns corantes
sao biologicamente degraddveis, a maioria dos corantes € -ngesejdvel
no eflyente, devido 3 sua coloragdo. Para a remogdo efetiva do coran
te ado efluente, processos ndo bioldgicos tem gue ser empregados em
muitos casos. £ muito dificil, se ndo impossivel, consequir a degra-
dacdc de corantes no mesmo periodo de tempo normalmente eripregado '
no tratamento convencional de efliuentes.

Os produtos auxiliares utilizados em um tingimento também podem apre
sentar problemas para os processos bioldgicos. "Carriers” como meti
naftaleno, cloro benzeno, difenil, ortofenil, fenol e dlcool benzili
co sdo utilizados para acelerar o processo de tingimento. Ao final °
do processo de tingimento, esses produtos sdo lagados pelo esgoto.Al
guns sd0 biodegraddveis e outros ndo. Embora os produtos nao biode-
graddveis possam ser adsorvidos pelo lodo em um processo de lodo at1
vado, o problema ndo é minorado se o lodo ndo for manipulado adequa
damente, para evitar contaminagao.

ACABAMENTO

Jm processc de beneficiamento gue modifigue as propriecades fisicas
ou quimicas ge um tecido pode ser class:ficago como use operagaoc de
acabamento. Alguns acabamentos comuns hoje em dia n3o existiam  ou
ndo eram significativos hd 30 anos atrds. Podemos citar como exemplo
0s acabamentos "permanent-press”, repelente ao dleo, "soil release”,
resistentes @ abrasdo e ignifugos. Alguns poucos produtos Lti':iz2 -

1Vt Z2

gos para esses acbamentos sdo blodegraddvels, mas a maigoria nac €.

raimante farne-

Os polimeros utilizados para acapamento téxtil s3o ger
1550 2 2710 cevido

cidos a wnoustria téxti] sob a forma de emuisao.

a facilidade ge manipulagdo e custc de fabricagado. ~ maioria dessas

emylsdes < sensivel 30 DH, 23 sais ou agitagdo e pogem c-:quiar 30
se juntarem ags gemais efluentes. As linhas ge esgoto podem entdo f1
car obstruidas com materiais inertes, Gue [&m que <=~ ~£7OV1I00S M3 -
nualmente. Embora a maior parte da emulsdo possa ser coagulada e

removida em uma estagdo de tratamento, parte dela permanece emulsio-
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nada e nao é removida pelo tratamentc biologico. -2-2 completa remo-
¢30 da emulsdo, torna-se necessdri0o um tratamento quimico, nao haven
do necessidade, nesse Caso, de um tratamento biologico pors, como )3
foi mencionado, nao apresenta bons resultados.

As formulacdes para aplicagdo de acabamentos "lave-e-use” {wash-
and-wear! € "permanent-press" normaiments contém uréia, formaideido,
melamina e compostos glioxdlicos. Alguns desses produtos $&3 pronta-
mente degraddveis pela agado microbiana e outros ndo {Z:. Os deriva -
dos de formaldeidc podem reagir entre Si Qu COM Oulros produtgs con
tidos no efluente e formar produtos insoluveis, que podem ser remg -
vidos por sedimentagao.

0 mais recente acabamento a surgir no mercado foiy o “so1l reiease "
(12). Esse acabamento pode ser obtido através da aplicagao ae copoli
meros de acrilato e metacrilato contendo grupos livres carpoxii. =
maioria € resistente ao tratamento bioidgico. Métodos fisicos ou gul

micos podem ser necessdrios para a remogao efetiva GesSES pProgutos -
do efluente. ’

ANALISE Of CARBONO TOTAL

Para se obter uma medigao acurada dos Compsotos organicos presentes’
em um efluente, € necessédrio realizar uma andlise ae carbono total.d
teste de DBO mede apenas a oxidagdo bioldgica e n3o dé ingicagao da
presenga de materiais nao degraddveis.

Um comité de pesquisa da Associacdo Americada de Quimicos e Coloris-
tas Téxteis publicou uma lista com os valores de DBOg de proautos au
xiliares téxteis (2). De um total de 300 produtos.aproximadamente =
4J0% aeles apresentam um valor de DBO corresponagente a 10% do vaior cz
0Q0 e sao, portanto, relativamente resistentesa biodegracagao. £mpo
ra o teste de DBO seja uma megida de consumec bioldgico de oxigénio ,

em muitos casos ele ndo descreve a qualidade do tratamento do efluen
te.

-~

PROCESSNS D2 TRATAMENTQ DE EFLUENTES

0s processos de tratamento de ef luentes podem ser c¢lassivficados  =m
grupos gue gife-em, principaimente, pelo numero de cperacdes reaiiza
gas: tratamento preliminar, para remogdo de arera e sG1idos grossz:-
r0S: tratamento primdrio, que remove sGlidos sedaimentdve's & “lotan-

tes; t-3tamento se5unaéfio, gue remove matéria orcir-IC Ci0dEQraczi -
vei, & tratamento terc1dric, usado para remgver materials resisten -
tes ad tratamente SECUNCdrio. ~1ém gesses Drocessss de T-ilamento Zon
veNCIon21$, &x1stem métodos ce tratamentic duimices = <70 I8 ¢
volvigos matls recentemente, Gue podem susstitulr c.alguer Qu to
€S Processos citados.




TRATAMENTO PRZLIMINAR

0 tratamerto preliminar 'nclui egualizacdo, neutra'izagdo e possivel
mente desinfecjao do efluente, embora este ultimo possa ser realiza-
do ao final do processo de tratamento. ~ separagado de diferentes '°-
nhas de efluentes € re211z3ga por giversas razfes. ntre 2las & ore
senca de compostos toxicos que poderiaminterferir no balango a0
' crescimento bacteriang no tratamento biolégico ou a possitilidade ae
efluentes tais como dguas pluviais, esgoto sanitdrio e doméstico
que ndo exigem tratamento prelimianr, estarem sendo mistyrados 20
efluente industrial que precisa receber tratamento preliminar; e ¢1-
ferengas de temperatura, que também devem ser equalizadas.
A equalizagdo ou mistura de diferentes efluentes é realizeda para 25
segurar gue variagbes e cargas de choque ndo sejam introduzigas 0
tratamento secunddrio. Variagdes de cargas sao eliminagas pela mistu
ra ge efluente muito concentrado com efluente bem diluico. Z:feren -
gas na orodugdo, tais como processamentc por batelada € 2 poss.Iili-
dade de variacdo na semana de trabalho, exigem a equalizagao 2
efluente para assegurar gue 0 sistema de tratamentc secunddrio nao
seja prejudicado. Se os vérios fluxos de efluentes ndo forem c.idadg
samente controlados, o tanque de equalizagdo pode DroduZir mau Cnet-
ro e 1ncdmodo 2 vizinhanga. Por essa razao, as instalagdes mars mC -
dernas realizam a aeragao do efluente misturado, para reduzir 2 pCs-
sibiligage de formagao ge maus odores e, ao mesmg tempo, Jdiminy? 3
0BOg (12°.

A neutraiizagao torna-se necessdria quando o0 processo bioldgico i -
canga um pH maior gue 10 {14). ~ descarga direta do efluente dcido cu
alcalino pode causar corrosdo de tubulagdes e outros equipamentos.re
gulamentagoes estaduais limitam a feixa de pH permissiveis pare des-
carga de efluentes em corpos receptores.

C graceamento e/ou peneiramento (15, 16 e 17) s3o emoreqasos oara
remover as particulas flotantes ou suspenas relativamente granges
tais como fibras, produtos quimicos ndo dissolvidos, etc do efluen -
te, antes da aplicagdo de outros processos de tratamento. 0s sélicos
retirados nas grades e/ou peneiras podem ser removidos manualmente ,
mecanicamente ou por mei1o de jatos de dgua, vapor Qu ar.

~ sedimentacdo (15,19) emprega a forga de gravidade para remover §¢-
lidos sedimentdveis do efluente. 0 efluente € enviado ao tanque  3Je
seaimentz2gdc e ret1do pelo tempo necessdrio a sedimentagic dos s3ii-
305. UM tempo gde retengado muito prolongado provocad o aparecimentg e

eccuma e crescimento do lodo, associado : produgac de maus Cneircs.

Jiferentes t:pos de tanaues, inclusive o tanque [mhoff, poadem szr .-
tilizages para z cegimentagdo. ~s fatores gue determinam o t1ps 2
tanque c£ szdimentagado a ser utilizado sédo a area disponivel e 3
necesstdages ge 415pcs1630 0o ‘odo. tm geral, cs sélides seciments
vers <2 gecositam no fundo do tangue, onge fermam um icdo ¢om
grange <for Ze ymigace, QUe € MEC2NI1CAMENte remeviao e ZUeTCiiif

d15p0S1540 40 logo serd aborgada separagdamente!. I 20ssivel

g8 LTl

zar "3naues ge $eqImMeNtacdo CODertos Gue nermitem realizar 2 sed'men
13g80 € 2 cigestdc anaerdprz 4o 10do no mesmo “container”. Isse S1s

tema apresenta uma vantagem decrsiva sobre 0S tanques 2Dpertos, cuan-

co sé Cispde de pequena drea para 3 instalagdo da estagac ge trata -
mento.
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A flotagdo € outro método de separagdc de s¢lidos-:iguido. S'2 € re:
lizada com o0 auxilio de flocuiagao e ar dissolvido.

~ floculacido (20.21) emprega & nrecipitagdo quimica pare conseguir 2
separagao dos sdlidos. fla pooe ser utilizada para conseguir aumen -
tar a taxa ge seawmentacao ou flotagao, ou, como uma técnica a paer -
te, de redugdo ae s6lidos sedimentdveis. 2 principio do processc €
a adigdo de produtos quimicos organicos e/ou inorgdnicos (depenaendo
das caracteristicas do efluente) ao efluente. Os sélidos presentes
no efluente colidem com os coagulantes e 0s dois se mantém juntos ocr
for¢as moleculares, aumentando assim o tamanho da particula. ~s par-
ticulas gelatinosas resultantes, conhecidas por fiocos, sdo removi -
das por sedimentagado ou flotagédo e, possivelmente, por uma f:iltragin
final.

TRATAMENTO SZCUNDARIO

Dois métodos de tratamento usados para reduzir 3 carga orgadnica e
efluentes téxteis sdo & separagadoc quimica e a oxidagao bioldgica.

separagac quimica utiliza a agdo da absorgdo quimica para separar oS
contaminantes dissolvidos no efluente. Uma vantagem desse tipo ge
tratamento € a flexibilidade. Quando os produtos quimicos utiliza -
dos no processamento téxtil sao trocados, 0S coagulantes guimicos

também podem ser alterados para se adaptarem 3 alteracdo da compos 1
c3o do efluente. Os ccagulantes comumente empregados para o efluente

téxtil sdo, cal, dcido sulfurico, cloreto férrico, cloreto de célcio
e sulfato de alumfnio.

Por esse método de tratamento, o efluente € retido em uma lagoa @
tangue de sedimenatacado para a remogdo dos s6lidos. O efluente 3
entdo. COMDeaso para tanques ce mistura rdpida, onade 0s coagulantes
s30 adicionadrs através de dispositivos de controle automdtico. £ssa
mistura rdpida promove 3 floculagdo. Ap6s o floco ser removido por
flotagdo ou por sedimentagdo, o liquido é descartado.

U

"sse método de tratamento para efluente muricipal reduz a D8O em
aproximadamente 45-50% e a cor em 80-90%. Os padrdes mais altos ne -
cessdrios ao tratamento de efluente tornam o tratamento GQuimico mais
atraente, por remover poluentes ndo biodegraddve’ com a mesma faci-
lidade com aque remove 0s biodegraddvers.

- oxidagdo bioldgica {23,24) utiliza microorganismos cara degracar -
materia’l orgdnico contido no ef luente.

ut1lizagic ge 0X1g€ﬂ\0 - 3eropio € anaerdbio. O primeiro - zerépic -
€MOrega T1croorganismo que utilizam o 0x10énic c1sscivigdo no efluen-
18 rara2 ccnverter oS residuos € para Se reproduzire~, Cg mMCroidras -
nismos uiilizam os residuos contidos no ef luente como &' :mento Gara

se desenvolverem e se multipiicarem, da mesma forma ccmo ccorre n3ty
raimente ngs rigs. U microorganismos utilizam ¢ Oxagen1o e conver -

“em os residuos em d16xido de carpono e dgua; uma tipica reagdo com
carpohidrato seria:

nd d01s mMEL0COS ce tratamento cloldgico, ciassificagos em fungic e

CH O +60., 6 CO.+ HdO

€126 Z 2
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Um outro tipo de organismo € utilizado no processo de gigestdo ana -
erébia . Esse processo ocorre na auséncia de oxigénio livre. ~S
bactérias convertem a maior parte dos residuos em metanc e didoxido
de carbono; uma tipica reagdo é:

o 0

6M12% 3CH4 + 3 CO2
Geralmente, a digestao aergbia é a preferida por duas razdes crinci-
pais. Os produtos da digestdo aerdbia se encontram em um estado de
oxidagdo mais alto e a digestdo anaergbia poae produzir suifeto de
hidrogénio quando sulfatos ou sulfetos se encontram presentes no
efluente, produzindo assim maus cheiros.

Nos processos bioléaicos, hd quatro varidveis: carga de DBO, necess1
dade de oxigéniGc e temperatura e ¢ grau de mistura. Além gessas, e -
xistem as varidveis ambientais: pH, nutrientes, sais, carga toxica €
variagdes no meio ampiente.

A DBO é a medida da quantidade de matéria organica contida no efluen
te, expressa em termos de mg de oxigénio necessdrio a decomposigao '
aerdbia do efluente. As necessidades de oxigénio sao gadas em Kg de
oxigénio por Kg de material biodegraddvel (geralmente ingicada como
BDO). O oxigénio fornecido deve manter ¢ nivel de oxigénio dissolvi
do em 0,5 a 1,0 mg/1 para assequrar condigOes aerdbias adequadas. Um

nivel de oxigénio dissolvido muito elevado pode provocar o crescimen
to de espécies indesejdveis (25).

Dependendo do tipo de processo biolégico usado, as necessidades de
temperatura variam. Para filtros bioldgicos é necessdrio uma tempera
tura de 29°C para se obter os melhores resultados; se a temperatura
for diminuida ou elevada, a eficiéncia do processo € prejudicada. s
se fato dificulta a operacdo dos filtros bioldgicos nos periodos de
Verdo e de Inverno rigorosos. Alguns processos de lodo ativego tém °
siJ0 capazes de operar eficientemente a 46°C (25). Nos processos de
lodo ativado, o aumento da temperatura numa faixa de 10 a 46°C apre-
senta uma série de vantagsns: a temperaturasmais elevadas, uma quan-
tidade fixa de microorgar ismos pode reduzir mais DBO ao mesmo tempo;
a floculagdo e a sedimen.acdo sdo melhoradas; menos lodo € produzido
para uma determinada carga de DBO; o lodo é menos sensive! a caraas
de DBO adversas (25). O grau de mistura de microorganismos e efluer-
tes pode ter um efeito substancial sobre a2 performance 0o processo .
Zgsas maiores eficiéncias sdo conseguidas através do uso m21s ereti-
vo do volume existente ou criagdo de maior édrea.

Como foi comentado anteriormente, o processn bioldgico ndo pode ope-
rar efetivamente a um pH acmma cde 10. A faixa ge pH aceitdvel rars
0s métodos bioldgicos € ge 6,5 @ 9,0; os microorganismos godem  ser
aclimatados para atuar bem em qualguer valor gdentro desses limites ,
de forma & se ajustagem a ligeiras muganczs de pH Quranté a oDer2
¢d0; entretanto, Mudangas repentinas no JH podem retirdir S.4a atiyl
dade (25). Filtros bioldgicos de alta taxa s3o capazes de operar

um pH igual a 10,5 e 0 processo de lodo ativado, & um pH igual

10 no mdximo (24); entretanto, se as bactérias jd estiverem aaapta -

das, qualguer variagdo fora desses limites, diminuiré a eficiénciado
processo.

W Y

0 crescimento bioldgico requer vdrios elementos quimicos para suad
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sustentagao. Os principais elementcs quimicos necessdrios sdo: carbo
no, hidrogénio, oxigénio, nitrogénio, fdsforo, enxoire ¢ tracos de
ferro, cdlcio, magnésio, manganés, zinco, boro, potdssio e cobalto
As dguas naturais contém esses elementos em quantidade suficiente |,
mas, algumas vezes, apresentam caréncia de nitrogénio e fgsforo. Is-
ses dois nutrientes podem ser adiocionados de duds Tormas. "em-se 00
tido bons resultados em estagdes municipais de tratamento, onde o es
qQoto aoméstico, rico em fosforo e nitrogénio € misturado ao €riuen -
te téxtil, carente desses dois elementos ({26). Pode-se também usar um
tanyue de mistyra para adicao de fosfato de amdnia para garantir 2
presen¢a de quantidade suficiente de nutrientes na proporgado ge ni -
trogénig: carbono - 1:20 ou 1:10 e fdsforo-carbono - 1:100 (72}, Se
a dgua industrial recebeu tratamento quimico para redugao de dureza
e outros compostos inorganicos (27,28) pode se tornar recessdrie  :
adicdo de outros elementos quimicos ao efluente antes de envid-lo &d
tratamento secunddrio.

~ presenga de sal no efluente afeta a atividade biciégic2. rorten -
to, € desejavel limitar as concentragdes de sal para menos de 19.000
mg/1 (27). Isso pode ser um problema em alqumas operagdes de Orodu -
30 de ceorantes, mas ndo na maioria cos efluentes Téxters.

fons metdlicos, fendis, sulfetos, cianetos e formaldeido pogdem  <ser
tratados com éxito por culturas aclimatadas, desde que controladas

cuidadosamente suas concentragbes. Tal controle exige segregagdc ¢
equalizagdo do efluente antes do tratamento bicldgico. Fendis e for-
maldeido sdo passiveis de tratamento em concentracdes de até 1.000
mg/1; sulfetos e <ianetcs, em concentragdes menores de 100 mg/] e
fons metdlicos n3o apresentam probiemas em concentragbes de  até 10
mg/1 (27). Embora essas concentragdes representem concentragdes  ae
seguranga, em muitos casos, efluentes complexos podem apresentar pro

priedades tdéxicas atribuidas e efeitos sinergéticos de misturas espe
cificas.

o

Embora os microorganismos se aclimatem raprdamente a diferentes am -
bientes, alteracdes repentinas de pH ou temperatura (mais que 3°C/h)
sd0 muito prejudiciais. Alteragdes anormais na carga de DBO podem
causar efeitos adversos, se nd3o houver oxigénio dissoivido suficien-
te para os momentos de cargas de pico.

200CZ<S0S DE TRATAMENTO BIOLOGICO

“3 Qualro processcs de tratamento bioldgico comumente emcregados -3
ingustria téxtil: lagoas de estabilizagdo, lagnas aeradas, lodo ati-
vado € ‘iltros tinldgicos.

~ 1agoa de estapilizagdo € uma lagoa com 90cm a 150cm ae crzfungrga-
ge. C ox1gén1o necessdrio para o processs tloldaice € farnectcs 23or
algas € zeragdc ce superficie. Fara se cCter 3120§ vz lre: ge req,
530 age 08D, 25 carqas de DBO devem ser mantidas Daixas, rormaimente
€00 a 1.000 mg/mé 2or i0cm ge orofungidade gor ¢r2. & =F1c"éncr2 €O
processo varia ccm a estagdo 60 ano, pOIS & iuZ SOiar € a tempera -
tJra afetam o crescimento das aigas. 0 efluente 2oresente um alto
teor de sgi1dos suspensos e requer segimentagdo antes 4o oescarte fi
nal, caso esse seja o tratamento final, O tempo de detengao do

efluente em lagoas de estabilizagdo varia de 4-20 dias, cependendo °
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das cargas de DBO (25). O primerro fator a ser consideraco Quando se

pretende adotar esse processc, € a disponibilidade ae dre2 suficien-

temente grande e em regides pouco habitadas para construgdo das la -

goas. Uma grande drea € necessaria para um grande volume de efluente

e um local afastado de dreas muito habitadas pode ser necessdrio, ae
. vido a producdo de maus cheiros durante o Verdo.

As lagoas aeradas sdo similares as lagoas ade estabilizagao, estando

suad diferenca nos dispositivos de aeragao, Qque aumentam drasticamen-
te a eficiéncia da lagoa . As lagoas aeradas apresentam uma profun -
didade de 4,5m a 5,0m e a drea necessédria é de aproximagamente 1/15

da drea necessdria as lagoas de estabilizagdo. A quantidade de OxV -
génio necessdria para um tratamento eficiente € de aproximagamente -
1Kg por Kg de DBO. A lagoa aerada emprega miCcroorganismos 3ergbios €
algas para realizar a oxidagdo bioldgica. 0 tempo ae detengac para °
esse processo € de 3 a 10 dias, dependencoc da quantidace 2 0x1génig
transferido (14). Devido ao grande volume de efluente tratado, car -

gas de chogue normaimente exercem muito menos efeito sccre o siste -
ma.

000 ATIVADO

0 processo de lodo ativado envolve a mistura do efluente com ‘odo
biologicamente ativo ou suspensdo de microorganismos. E£ssa mistura €
aerada com ar comprimido ou aeradores mecanicos, pelo perivdo de tem
po necessdrio e, entdo, transferido para outro tanque, onde o 'odc
ativado € separado por sedimentagdo. O lodo separado € disposto Ou
retornado ao processo, se necessdario. 0 efluente tratado, relativa -
mente claro e livre de odor, com baixza DBO, baixo conteido de bacté-
rias e s6lidos suspensos, € entdo descartado. A figura 1 € um aregra
ma esquemdticc de uma estagdo de t-atamento ae lodo at'vado.
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FIG. 1 - PLANTA DFf. LODO ATIVADO

A = TRATAMENTD PREL [MINAR
8 = TRATAMENTO PRIMARIO

C = TANQUE DE AERAGAC
D = SEDIMENTACRO SECUNCARIA
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A aeracdo estendida da operagdo de lodo ativado. :ndicaca para eflu-
entes com baixas cargas de DBO, precisa ge maiores quantiiades de
oxigénio, apresenta um tempo de detencao de 1 2 S gi1as e produz me -
nor quantidade de lodo. Os pardmetros de carga de DBO sido de 0,03 3
1,8Kg de DBO por Kg de s6lidos suspensos no liquido do tanaue de
aeracac por dia. As necessidades de oxigénio s3o ¢e .,3 z !,8Kg por
Kg de 0BO. A producdo de lodo, que consiste de algumas oarticulas ae
residuos e bactérias mortas, serd de C,! a 0,2Kq por xa ce D30 remo-

vida ou mais, dependendo da guantidade ge resiguo ndo biodearadaivel
contido no lodo.

A concentracdo de sdlidos suspensos no 1iguido do tangue ce aeragao’
normalmente mantido varia de 5.000 a 7.000 mg/1. Devido aos  ‘ongos
tempos de cetencdo e capacidade dos limites de sOlidos suspensos ng
1iquido do tanque de aeragdo, o processo é limitado peic espago dis-
ponivel para os tanques. A redugdc final de DBO cem ecce métoco po-
de alcangar valores acima de 95%, sob condigdes ideais de operagao.

Outro processo de lodo ativado, a técnica de lodo ativaao convencio-
nal é a mais empregada para esgoto doméstico. devido & sua simplici-
cade. t£le promove uma boa taxa de remocdc de DBO (90%). 2§ cargas
de DBO necessdrias séo de 0,3 a 1,2Kg de DB por Kg de séligo susper
s0 no liquigo do tanque de aeragao por dia, as necessidades de cx13€
nio sdo de 0,7 a 1,2 Kg por Kg de DBO. O lodo produzido fica em tor-
no de 0,35 a 0,55 Kg por Kg de DBO removida. ~ concentragdo de s¢li-
dos suspensos no liquido do tanque de aeragdo deve ser mantida na
faixa ge 2.000 a 4.000 mg/1 e os tempos de detengdo variam de 6 a
12 horas, dependendo da carga organica (25).

0 terceiro processo de lodo ativado, chamado de aita taxa, usa o mi-
nimo de espago, requer o minimo de oxigénio e apresenta o menor tem-
po de retengdo. Em contra partida, produz a maior quantidade de lodo
ativado e apresenta & menor taxa de redugdo da 0BO {S0-75%).As car -
gas de DBO variam de 1,5 a 4,0 Kg de DBO por Kg de sG1ico suspenso °
no 1iquidc do tanque de aeragdo por dia; as necessidades de Ox1gén10
variam de 0,45 a 0,65 Kg por Kg de DBO. O lodo produzido nesse pro -
cesso € de aproximadamente 0,65 a 0,85Kg de sélidos por Kg de DBO re
movida. O tempo de detenc3o nesse processo € de aproximadamente 2 h.
As concentragdes de sélidos suspensos no liquido do tanque de aera -
30 devem ser mantidas em aproximadamente 1.000 mg/1.

ZTUTROS 2:10L0G1COS

Os filtros bioldgicos (SC) promovem o contato do ef luente com micro-
organ1smos € ar pela percolagdc do liquidc através de um leito de pe-
dras cu material sintético. A Figura 2 descreve esquemat:icamente ura
instalagdc age filtro bioldgico. O filtrc normalmente € —m tanque ¢'-
inaricc que conteém o meio filtrante (r22-3 | z3rvac -~y —3terizl

sintét'co 12l como plistico). O efluente € distribuido oniformemente
sobre o ie1tc filtrante através de um bracgo rotativo = perccla ¢ €17
tro, mantendc contatc cireto ¢om uma pelicuie @8 Sactiras Cue 2 2-
dere ao meio filtrante. Quando as bactérias morrem, perdem a aderén-
c13, sotando-se do meio filtrante e sequem entdo com o 7luxo ge

efluente, sendo separadas do liquido no estdgio de sedimentacdo se -
cungdria,
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FIG. 2 - SISTEMA DE FILTRO BIOLOGICD
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Os filtros bioldgicos podem ser classificados pela composigao Go
meio filtrante ou pelo método de aplicagao do efluente no filtro.

0 meio filtrante pode ser composto de pedras ou material sintético

Pedra,cinza de carvao e carvdo s3o usados como meios filtrantes. A
carga nidrdulica normaimente aplicada é de 9 a 37 m*/m? por dia; as
2rgas de DBO sdo de 9 a 1.800 g/m®* de meio filtrante por dia. 0

melo filtrante forma uma camaaa de 3 a 15m de altura, exi1gindo gran-

des dreas para sedimentaqdo e recirculagdo, numa proporgdo de 1:1 ou
10:1 de efluente bruto: efluente tratado (27).

Os meios filtrantes sintéticos apresentam diversas vantagens em rela
¢d0 as pedras. Elas sdo mais leves que as pedras e podem ser empxlha
das 3 uma altura de 9m (29). A 4drea por unidade de volume é controla
a3 guanoo o meio filtrante é fabricedo, de forma que poge-se obter
malor espago para a formagdo de Dellcula de bactérias. -~ carga h: -
nigréulica poage chegar 2 180 a3 370 m*/m? gor gia € 2s csrgas dge 020,
I e 6 Kg/m por dira.

~ taxa ge aiimentagdo qc efluente ao meic filtrante pode ser padrao
Ju 0€ 3113 taxa. ~ diferenca € que 3 taxa ce a'imentac3o padrdc £ °n
termitente, ,t11izando periodgs de 5 minytos Ou menos: enguanto Que
3 2iimentagldo de alta tasa € continua, através de um sistema de re -
sirculegdce varrdvel. O filtro ce taxa padrds irapa'ha com uma czrg2

nigrduiica ce .7 ™ gor dra por m¥, c2rgas orginicas 3z '.7g o
08B0 por m* por 20cm de altura e liberag2c 1ntermitente ge bactérizs

mortas. T lodo ¢z processo € negro, :ltamerte 2x1dado, contendo 02 -
quenas oart1Culas e o efluente € altamente nitrificado com menos age
20mg de DBO por litro. O efluente normaimente € descirt2do apds .ma
passagem pelo filtro. » carga hidrdulica, carga orgdnica e taxa de

descarte do lodo do filtro de alta taxa, sdo, respectivamente, 9 -
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28m* por dia por m?, 3g de 0BO por m? por 30cm ade altura e é conti-
nuo. 0 lodo produzido no tanque de sedimentagdo secungdria € marrom’
e n3o totalmente oxidado; o efluente ndo é totaimente nitrificado e
apresenta uma DBO de 30mg/1 ou mais (30). A recirculacdo do efluente
torna o efluente final tao bom quanto o indice padrdo; entretantgo 3
eficiéncia é bastante diminyida.

0 termo filtro bioldgico de passagem unica refere-se 2 passagem do
efluente através de um filtro bioldgico, seguindo entdo para um tan-
que de sedimentagdo secundaria. 0 tratamento em gois estdgios refere-
se a passagem do efluente da sedimentagao primdria através de dois *
filtros bioidgicos em série, antes do estdgio de sedimentagdo secun-
daria. Com o tratamento de estdgio unico, a remog3o de DBO € ae aoro
ximadamente 50-75%. 0 método de dois estdgios apresenta uma taxa de

remocao de DBO mais alta (25) e é mais caro que o método de lodo at}
vado (14).

TRATAMENTO ANAERGBIO

0 tratamento 2naerdbio tem recebido maior atengdo nos cltimos anes
e tem sido estudada a viabilidade de aplicagdo para efluentes téx -
teis (49). Os resultados indicam a possibilidade de remogdo de 50 &
90% de DQO com um filtro anaerdbio de fluxo ascenaente (49). Como
esse sistema utiliza pouca energia e gera gds metano, ele merece
consideragdo , entretanto ndo se tem conhecimento de nennum °

sistema desse tipo em operagdo nos Estados Unidos até o presente mo
mento.

DISPOSICAO DO LODO

As técnicas de tratamento bioldgico produzem lodo que deve ser des -
cartado. O tratamento mais simples para desidratagdo do lodo emprega
leitos de secagem ou filtros de areia sobre vs quais o lodo é dispos
to; as particulas de areia retém o material sélido, enquanto permi -
tem a drenagem do liquido. Os residuos sélidos podem ser incinera -
dos, utilizados como fertilizantes, como aterro sanitirio ou enterrz
dos (20, 31). Deve-se tomar cuidado para evitar problemas de maus
cheiros em épocas quentes. Um segundo método de di1sposicao do lodo’
€ a cigestdo por bactérias anaerdbias {32, 13, 34). Tg <ubprodJtcs
desse método incluem o seguinte: humus, .53do como fertilizante ;
dqua removigda do lodo, que € recirculada para o sistema secunddrio
para assegurar sua purificagdo antes do descarte e gases. Uma pes -
gquis2 sugere 0 uSO desses gases como compustivel.

Um tercerro método € 2 filtragdo a3 vdcuo /25,36). lesse crocessc. o
1000 € Dass3do por uma bompa 0€ vaCuo Gue ~emgve © Cantesdo sclizo e

gren2 ¢ égua. finaimente, o 1000 DOde ¢er env1aco Der: .m InClnera -
dor, cnde o conteudo de s61idos ¢o iodo € queimaco (37, 33. 19).

Quanao o efluente contém quantidades significantes ae produtos Qui -
m1co0s$ nao olocegraOavems e polimeros (40;. 200e ser mai1s indi1caco 3
aplicagdo de métodos quimicos para o tratamento do ef luente.




14 .
TRATAMENTO TERciARIO

Atualmente, a maioria dos métodos de tratamento tercidrio de efluen-
. tes encontra-se em fase experimental em estagdes de tratamento Je
ef luentes 1ndustriais e domésticos. Entretanto, esses métodos Drec:-
sam ser discutidos para que nro futuro, cs padrdes legais rererenrtes
. a qualidade de descargas de efluentes sejam superiores 2o0s alcanga -
dos pelos métodos ae tratamento convencionais.

Os processos de tratamentg tercidrio podem ser classificados em agis
grandes Qrup0s: 0S Que removem materiais organicos e 0S que removem
materiais inorgdnicos do efluente. Sd3o exemplos ae processcs ae re -

mogao de materizi organico : absorg2o, separagao de espuma € cxig2 -
¢do quimica.

0s processos de remogdc de material inorg3nico incluem: cemitr:fica-
¢30 anaerdbia, coleta de algas, troca idnica, eletrodidlise, extra -
¢30 por solvente, osmose reversa, congelamento, !iberagdo dge amonia’
e destilagdo. Alguns desses processos, suas eficiéncias de remogdo €
custos estimados sao mgstrados na tabela 1.

TABELA 1

Processos de tratamento tercidrio: eficiéncia de re-
mogadc € Custos estimados

Processo Substancia tEficiencia Custo
resovida (X) (US$/1.000 gal )
Denitrificagao nitrato-nitro-
anaergbia génio 30-95 0.15
Coleta de algas nitrato-nitro-
génio 50-90 0,20
Liberagdo de amfnia-nitro-
amdnia génio 20-95 0,1¢
Troce *8nica nitrogénio -
fosforo 30-92 1,80
tietrociditse s01i1dos adissol
v1dos 10-40 2,58
~dsorgic oor material or -
carbono gdnicc 80-92 4.0C
Qsmose reversz sgl.d1ssolvicos 65-92 2,03
) Dest1'agas sdi.dissolviges 30-92 5,00
Separagao de agentes surfac-
espuma tantes 10-20 2.50

onte de referéncia: 40
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0 carvao adsorve muito COmMpostos orgdnicos 43 dgua. Us reauisitos ne

cessdrivs para adsorgado sac uma solubilidade moderaga em dgua e peso

molecular moderado. Muitas moléculas pecuenas e poliimeros de aito pe

so molecular n3o podem, atualmente, serem removidos do efluente eco- ’
nomicamente com carvao. Entretanto, a versatilidade desse substratc

para tratamento de muitos tipos diferentes ge residuos i1ndustriais

prevé uma grande aplicagao do carvao no futuro. A regeneragdc do car .
v3o pode ser realizada com vapor ou por incineragdo (41).

A separacao de espuma (22, 42, 43) pode ser usada quando agentes Sur
factantes encontram-se presentes no efluente. Nesse processo, ¢ ir
comprimido € introduzido no efluente, produzindo uma espuma rica em

agentes surfactantes. ~ remogdo de espuma, normalimente DOr MELOCCs =&

canicos., proporciona uma remo¢ao de 85% de detergentes sintériccs
(42).

A oxidagdo quimica (44£,45) diminur a DBO do efluente. ~ssim & 0BO re
cidual do efluente ndo consome todo O conteudo de Ox31génio G1SSOiv:-
do do curso de dgua. Os produtos quimicos usados sdo ozdnic, perg -
xido de hidrogénio, perciorato de manganés, clorc, nipoclorite de
sddic, persuifato ge £otdssio € perdx100 ge sodio.

Resinas de troca i10nica podem ser adicionadas ao efiuente para remo-
ver ions :ngrgdniccs tais como sais, nitratos e fosfatos. s
cdtions s3o trocados por ions hidrogénio € 0S d110ns S30 trocagos
por ions hidroxila.

CONCLUSAD

0 uso de fibras artificiais, polimeros e acahbamentos 2e'2 indistrya
téxt1! estd crescendo rapidamente. 'ma vez Qque muitos cesses produ -
tos sdo resistentes degradagado bioldgica, um estuud Cu10d300SO P2ra
a sua remogao do efluente deve ser realizado, de forma a se escolher
métodos de tratamento efetivos. Regulamentagbes estaduais e federais
sobre lancamento de efluentes ficardo mais rigorosas na proporgdc 4o
crescimento da comunidade industrial e as fontes de dgua forem reuti
lizagas mais frequentemente. Enquanto & mistura de ef luente domeés<t:-
co com efiuente 'ndustrigl era um sucecso no passado (47,48), o au -

ments g0 efluente industrial maic inerte pode impedir ecse SuCeSSs
no futuro.

Fara gvailar & efic1éncia de qualquer estag3o de tratamentg ge &7

ente. uma andlise ge carbono totzl deve ser realizada sobre o %7 .en
te e o eflyente. Se ecsa andlise for 2s5s0Craga a8 cutras.tass ¢omo <7
iidos c1ssoivigos. B0, oM, etc.. uma cescrigdc mais camplete za
cua..dade cc efluente cerd optida.

Jdevrdc a8 vart2¢des rc efiyente tExi !, Z2e processs Sarld  oroCLEsel,lE

nhora para nora, torna-se necessdrio algum t:pg Je tratamentc preirTe
nar ra malorr2 23s ectagdes ce tratamentd de efiuentes. 1350 € ssne-
cralmente vergage onde o efluente é descarregaoo para um €s9o0to mun1
C1pai para evitar cargas de chogue na estagdo de tratamento. ~ neu -

tralizacdo e & equalizagdo tém provado ser benéficas se a empresa tem
'Sud proprig estagdo de tratamento binidgico.




16.

A sedimentagdo primaria também ¢ vantajosa para o tratamente biolg-
gico, n3o apenas por remover sGlidos Qque demandariam muito tempo pa-
ra serem digeridos pelas bactérias, mas também porque evita a obstru
¢30 das linhas de drenagem e transbordamentos dos tanques. A
sedimentacdo e o gradeamento também podem apresentar vantagens econd
micas no caso de fibras que podem ser recuperadqas.

No tratamento secunddrio de esgoto municip2l, 0S processos bioldgi -
cos s3o mais eficientes e de menor custo que QS métodos de Drecipita
c30 quimica. Para o uso de filtros bioldgicos ou lodo ativado, é
dificil determinar qual o critério que deve ser usado para 3 escolha
de um dos dois. Os filtros bioidgicos exigem mais drea go que 0S tan
ques de lodo ativado e apresentam maior custo de construgdo, mas ge-
ralmente apresentam maior facilidade de operagao, apresentam menor
custo de operagdo (o fluxo € por gravidade e ndo por bombeamento) e
sdo mais resistentes a cargas de choque. 0 processo ce l0do ativado
geralmente é mais econdmico para remocOes de DBO acima de 90%. O tra
tamento quimico pode ser mais econdmico para remogao de Cargas 9rga-
nicas quando o efluente é apenas parcialmente biodegraddvel.

No futuro, efluentes de diferentes operacdes de beneficiamento téx -
til terdo que ser separados para recuperar produtos Quimicos Oou  no
caso de compostos toxicos, para tratamento especifico quando esses

compostos ndc sao biodegraddveis. Dessa forma, as industrias terdo
maior liberdade na escolha de produtos quimicos, em funcdo dos resul

tados da producdo e nao, do impacto ambiental causado por esses pro-
dutos.
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