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EXPLANATORY NOTES 

Currency Exchan~e 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 period. 

Definition of Acronyms and Terms 

CETIQT - Centro de Technologia da Industrice Quimica e Textil 

SENAI - Servico Nacional de Apprendizagem Industrial 
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ABSTRACT 

The consultant. John J. Porter, served as an Expert in Textile Effiuent 

Treatment <DP/BRA/87/033/11-10/J 13103) to the Centre of Technology of the 

Chemical and Textile Industry ( CETIQT) during the period i 190 to 9/90. 

The wastewater laboratory, at CETIQT was evaluated and 

recommendations made for improving its operation and service to the 

textile industry. Several \;sits 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 v:ill 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 

systems. The limited dVailability 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 

years and is presenlly 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 ancl 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. f'orter, see 

ANNEX 1) was selected and agreed to visit small, medium and large 

dyehouses in the country 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 

...:ffii..;.uH tr...:J.::m·nt a:iJ :·l..:_,;r:.:-::...::1JLd action the trxtik indt:stry should t:i.k" 

to decrease industrial wat'.r 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. 

Objectives 

1. Assist and instruct CETIQT on textile wastewater treatment methods, 

recycling techniques and reuse possibilities. 
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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 ol>tain 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 distributioi1 at the planned 

meetings and seminars. The new laboratory for wastewater analysis 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 \\;th 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 

t.,atanna and preparauon ot 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. 
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RECOMMENDATIONS 

To SENA! - CETIQT 

1. An excellent wastewater laboratory is almost completed at CETIQT. 

(;ETIQT 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 Rrnzil or thM£' that \\;n hN·om<' a\•ailahle for r<'ryrlin!! dye~ 

(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 Deys1: 

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 helpfu] 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 an:alyses 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 analyses. 

6. - CETIQT should develop information for process automation usmg 

microcomputers. This cGuld 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. 

Tu the Textile T ndustrv 

The textile industry must obtain valid. current treatment information on its 

wastestream before designing a treatment system for tre&ting 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 operative. 

Specific information on existing systems is given in Annex 5. 

To Governmental Agencies Re(Wlatin~ Wastewater Treatment 

The r0gubtory agency must require that ind·:;-;try ;-;ubmit monthly reports 

which monitor the characteristics of wastewater being discharged to the 

environment. These reports would identify the treatment quality heing 

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. SincP Brazil has a small number of wastewater treatment 
' 

systems in place this woµld provide the capital needed to construct many 
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waste treatment facilitie;; 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 is very 

limited. treatment cost escalates rapidly. 
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ANNEX 1 

JOB DESCRIPTION 

DP/BRA/87 /033/11-10/C/J. l.1.01 

Post title: Expert in textile effluent treatment 

Duration: 1.5 man-months 

Date required: August/September 1990 

Duty station: Rio de Janeiro with travel within the country 

Purpose of project: The strengthening of the Centre of Technology of the 

Chemical and Textile Industry (CETIQT) 

Duties: 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 effiuent 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; 
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Information: 
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-make technical recommendations for actions to be taken by 
industry, and - if and where necessary - for !egal 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 furthE:r 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 (SENA!) 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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ANNEX2 

Textile Companies Visited Durin~ The Consultation Period 

Specific details of \;sitation. plant production, wastewater treatment and 

recommendations are given in ANNEX 5. 

A. Barbacena. Minas Gerajs 

Fiacao e Tecelagem Sao Jose' S.A. 

Av. Floriano Peixoto. 359 

Barbacena. M.G .• Brazil 

Contact: Vandir Meller 

B. Jojnyille. Santa Catarina 

Lepner - Companhia Fabril Lepper 

Rua Otto E. Lepper. # 1 

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

Dobler S.A. 

Rua Amo W. Hohler, 145 

89200 Joinville, S.C., Brazil 

Contact: Jose Mario G. Ribeiro. 

Campea. S.A. 

Rua Sao Paulo, 305 

89200 Joinville, S.C., Brazil 

Contact: Elias Auras 
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C. Jara~a do Sul. Santa Catarina 

Marisol, S.A. 
Rua Beranardo Dornbusch. C. P. D-7 

89250, Jaragua do Sul, S.C., Brazil. 

Contact: Guntber Boss. 

Lavanderia Ideal. LIDA 

Rua Pedroso 202'238 

D. Sao Paulo. Sao Paulo 

Liberdade. Sao Paulo, S.P., B~zil. 

'.jontact: Antonio S.G. Burattini. 

Malharia Nossa Senbora da Conceiao S,A. 

Rua Variante Getulio Domelles Vargas, 2156 

Jacarei, S.P., Brazil 

Contact: Adalberto Lovaw. 

Sao Paulo Alpar~tas S.A. 

Rodovia SP-127. km 118 

Tatui, S.P., Brazil. 

Contact: Altino Fortuna. 

lndustria de Mejas Scalina Ltda. 

Av. Papa Joao Paulo I, 5235 

Guarulbos, S.P ., Brazil. 

Contact: Ronaldo D. Heilberg. 
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ANNEX3 

A. Governmental Agencies Visited 

L Fundacao Est. de Encnharia 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. Engineerin~ Laboratories Visited 

Engineering laboratories involved with industrial wastewater treatment 

plant design and operation. 

1. Hidroquimica Engenharia e Laboratorios Lt<la 

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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ANNEX4 

Seminars 

Specific seminars or formal presentations made during the consulting 
period. 

1. Title: "Eiimination of Wastewater by Automation. Recycle and 
Reuse:· 

L-0cation: SENAI - Centro de Tecnologia da lndustria Quimica 
Textile. CEP 20961. Rio de Janeiro. R.J., Brazil. 

Date: August 8. 1990 - 2 PM 

2. Title: .. Membranes Used By The Textile Industry To Recover 
Chemicals From Wastestreams·· 

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

Date: August 10. 1990 - 9:30 AM 

3. Title:: .. Treatment of Textile Effiuents .. 

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

Date: August 24, 1990 - 8:00 AM. 

4. Title: .. Treatment of Textile Effiuents" 

Location: CETEJE - Centro de Treinamento Textil de Joinville,Rua 
Amo W. Dobler, 921, CEP 89200, Joinville, Santa 
Catarina, Brazil 

Date: August 30. 1990 - o:OO AM. 

5. Title: .. Elimination of Wastewater by Automation, Recycle and 
Reuse" 

Location: XIU-CNIT, Congresso Nacional DeTechicos Textels, 
Blumcnan, S.C. 

Date: September 7, 1990 - 9:00 AM 



ANNEX5 

Details of Specific Plant Visits .Made During the Consultation Period 

A. Barbacena. Minas Gerais 

Fjacao e Tecelae-em Sao Jose· S.A. 

Av. Floriano Peixoto. 359 

Barbacena, M.G .• Brazil 

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 modem 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. 

In-Plant Recommendat!on 

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 biol'lgical 

treatment can be performed. It has beP.n 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. '~mt to the profit of operation. 
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Waste-Treatment Recommtndations 

1. The most expensive cost of waste treatment is the purchase of sulfuric 

acid for neutralization <'f mercerization caustic wastewater. This could be 

almost eliminated if an evaporator is installed. 

2. The waste treatment plant uses coagulation followed by air floatation to 

remove suspended solids and some dyes from the effiuent. 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 th~ 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 reduce".l 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 effiuent 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 years. 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 expanri 

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 67lit cotton fiber with polyester fiber used for the blended 

yarns. 

Over 95lit of thf> production is white fabric which is screen or roller printed 

so that less than Slit 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. 

In-Plant Recommendations 

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 mmtralize the fabric after the bleaching operatio:i. It should be 

possible to reuse the waler 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 



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. 

Waste-Treatment System 

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 toe 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. 

Waste Treatment Recommendations 

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. Pohler S.A. 

Rua Arno W. Hohler; 145 

89200 Joinville, S.C., Brazil 

Contact: Jose Mario G. Ribeiro. 
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The finishing plant in Joinville employes 2000 people and produces 7 ,800 

m2/hr of fabric and discharges 150 m3/hr of wastewater. The principal 

proclucts 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 (3llc) fibers are used. 

The plants desizes, scours, bleaches, and caustic treats approximately 85% 

of the fabrics processed. The size removed is btarch 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. 

In-Plant Recommendations 

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 recycle 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 th0 jig 

machines used for bleachir.g are separate from those used for sulfur 

dyeing. There appears to be no problem with thi!; and a careful selection of 

equipment would avoid recycle contamination. 

Waste Treatment Recommendatwns 

The system is 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 is 8 hours and the neutralizing acid added by hand. An 

automatic feed system 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 60o/c 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 Joinville, 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 yams 



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 t(I 30,000 liters per 

hour within the next two years. 

The waste·;vater 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-plant Recommendations 

The mix of processes and cC1lors 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. 

Waste Treatment Recommendations 

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 effiuent 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 i"1crease the size of the initial equalization 

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 alum 

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. 



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 clarificatic,n. The sludge is then 

pumped to a filter press and the sludge lake is transported to a landfill. 

In-Plant Recommendations 

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 shoU:d be investigated. 

Waste Treatment Recommendations 

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 

SENA! and the information provided to the plant. 



D. Sao Paulo. Sao Paulo 

L Layanderia Ideal. LIDA 

Rua Pedroso 202.1238 
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 th~ 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 



discharged per day. This procedure would provide income to the city at a 

reasonable rate for the sen.;ce 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 Conceiao 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 yP,ars and 

appeared to be working well even though very little data was available to 

determine the efficiency of the treatment system. 

In-Plant Recommendations 

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 

tht:: 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. '!'his 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 dot::s 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 identi(v operational difficulties. 

3. Sao Paulo Alpawtas 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 

wastev!ater 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 treatment efficiency improve. 

4. lndustria de Mejas Scaljna Ltda. 

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 ho11rs 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 



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/da.y 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 t :te land and a 3-5 day activated sludge lagoon system was 

constructed. This would benefit the plant and the city. 

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 wi~h 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 chemi~als 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 ar.d 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 enerP,y $ 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 l l)almost 20 years ago. The process was successful then 

and continues to perform wen. 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 PV A size. \Vhile the recovery of size 

is only done in a small fraction of the finishing plants, the interest in the 

recovery process is strong and the neec 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 PV A 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. 

PYA Recovery 

For reference and the appreciation of the value of recovery, the 

factors that determine the cost of PV A 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 PV A 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 
mercerize1 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 Recoyerv 

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/lb. 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 syste.m 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 
differenct:s 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 ne~essary for reuse can be designed properly. 

In Figure 5 we have illustrated a preparation range showing three 

stages: Desizing. Scouring, and Bleaching. \Vhen 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 '-1escription 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 



• ; 
! 
ii 
I 

Z,!O o .. . . .. 
Z•z 

---....... ..... 
.; .. -.... 
, - , 

I .. 

... 
0 

• c: 

" 
Q) 
Q 
c 
al 
a: 
.c 
u 
as 
Q) -m 

"CS a. 
as a: 
Q) 

"' as -en • Q) 

! 
.c 
t-
in 

! 
~ 
Q 
ii: 



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 S 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 fabrir.s are processed the range could 
automatically adjust flows to meet fabric requirements. 

Anpiication of Automation 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 

Wastewater Treatment 

Steam 

$ 1/1000 Gallons 

$ 2'1000 Gallons 

$ 51106 BTUs 
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FIGURE 11 • CONTINUOUS PREPATATION RANGE 
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FIGURE 12 - 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 maintenance 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 Enerey 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 $250,000 

to $500,000 dollars annually and would provide a rapid payout for the 

automatic control system. When other factors such as increases in 
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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 attractive today and almost nec8ssary and even 

more attractive in the future when fuel cost and wastewater discharge 

regulations increase. 
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PROCESSOS DE TiiGIREITO E ACAIAllEITO E RETOOOS DE 

TIATAllEITO DE EFLUEITES 

- John J. Porter. Escola Textil, Universidade de 
Cle11Son, Carolina do Sul. USA 

- Deyse Lucidi do CanlO, CETIQT-SENAl,RJ 

~o passaao. cuanao uma esta~ao de trata~ento era projetaaa e constr~; -
aa, acnava-se Que ela tratar1a aaeQuadamente o efluente tao somente oor 
~e10 de algumas peouenas revisoes proJetadas para o future or6x1mc. 

~oje em c1a, esse oensamento poae nao ser inte1ramente vaiido no ~ue 

tange as plantas convencionais de tratamento de despejos. 

0 oublico esta ficanao cada vez ma1sa par dos problemas cue a oolu1~ao 
oooe causar e cada v~z ma1s apreensivo com os problemas aesconnec1dos, 
ainda nae ident1ficaaos. Esses do1s fatores provocam a cria~ao ae novas 
le1s e regula~~nta~oes mais rigorosas Quante ao lan~arnento oe ef: .~ntes 
em curses d'agua natura1s. 

:ada nova produto e acompanhado par um nova cu diferente efluente. Um 
e6 l11ente homogeneo e biodegraaavel pode vir a fica~ heterogeneo e iner­
te. :sto s1gn1f jca oue as esta~oes de tratamento ae efluentes devem · 
ser construfdas com f1exibilidaae suficiente para se adaotarem as mudan 
~as ocorr1das no processo produtivo. Issa e dificil de se consegu1r 
Quanoo o efluente 1rcustrial e tratado em uma esta~ao de tratamento mu­
n1cipal. ~~ alauns casos. a mistura dos efluentes industrial e munici -
pai oroduz um outro menos adeouado para o tratamento 01ol6gi~o ou ouf­
m1co. Dai surae a Questao: a efluente industrial deve ser 
tratado pela mun1c1palidade OU pelas propr1as 1ndustrias? Nao ex1ste ne 
nhuma resposta obvia, mas QualQuer produto ou servi~o oue cause oolui :­
~ao deve pagar sua parte na restaura~ao da agua a condi~oes deseJave1s. 

~m melhor "insight" concernente a algumas aas ouest6es oue te~ sido le 
vantaaas. ~oae ser oot1ao pela ooserva~ao ads muaan~as CJe te~ ocorr~ao 
na 1ndustr1a text1l no curse dos ultimas 20 anos e coma essas ~Jaan~as 
afetarao OS metoOOS de tratamento. 

-... ,... .. ,,. 
- • :-:-::,;i 

~"11 1950 a 1 1ora ~a1s consum1da no mercaao amer•caco !,...! ~ a;coc!o. -
cuant1aa1e ce '·eras art1f1c1a1s orca~z·aas nessa ~:oca !ra -~ 
nor cc oue a auant1caae ce aigoaac. 

: "'in~" :r~unao c:s orocess:s ae ~enei•:·ar:ient: :~<:·· •:..-"11a _.rr.a 
~arte cons1aeravel cos solidos susoensos cont1dos no eiiuente tex 
til. No caso'aas f~bras natura1s, a aegraoa~ac b1oido1ca ocorrera 
Quando a fiora !or .ret1raaa com 0 lodo 01oldg1co na esta~ao ae trat~ 
tamentc. ~sse nao e o caso para a ma1or1a das f~oras art1fic1a1s 
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Que sao. comparadas ao alaodao. praticamente inertes. As fibras art1 
ficiais em esta~oes de tratamento Que trabalham com aera~ao meclnica 
podem causar danos a bomoas e aeradores. a menos Que as fibras sejam 
removidas do efluente antes Que o mesmo entre na esta~ao de tratamen 
to. Issa geralmente e conse9uido atraves do pene1ramento do efluente 
a entrada da esta~ao de tratamento. Em alguns casos essa e uma opera 
~ao de diffcil execu~ao Que emprega pene1ras finas para remover fi :­
bras de 15 microns de diametro. ~ dificuldade da opera~ao res1de no 
fato de Que a peneira pode ser obstruida muito facilmente e tambem 
poraue ela costuma reter s61idos suspenses. adeQuados para o trata -
mento biol691co. 

ENGOMAGEM 

0 or1ncipal polimero usado antes de 1960 para a engoma9em era o 
amide. Esse polimero natural de glucose e fac1lmente aegraaaao bioic 
gicamente e nao apresenta nenhum problema para a esta~ao ae trata :­
mento, a nao ser a alta carga de 050. 

O desenvolvimento de mu1tas fibras artificia1s e seu uso em tec1cos 
mistos. criou a necessidaae de nova~ tipos de goma. mais compative1s 
com essas fibras. 

~lgumas aessas gomas ainaa usadas atualmente sao o alcool ooliv1nili 
co (P~A). a carooximetilcelulose (CMC) e o acido poliacrilico. Das 
tres. o alcool oolivinilico ea carboximetilcelulose sao as mais usa 
das. 

0 total de orodutos Que entra no efluente atualmente pode ser estirna 
maao a part1r do consume de fibras. Se considerarmos uma concentra :­
~ao media ae 10% de goma sabre os tecidos. Que const1tuem 70 a 80%da 
proau~ao total, aproximaaamente 180 mil toneladas par ano fazem par­
te do efluente textil. Isso contribui com a ma1or carga de 080 em 
uma esto~ao de tratamento, no case de goma de amide (1). 

Uma vez Que o PVA e a CMC degradam vagarosamente (2), nao podemos es 
oerar um alto rendimento dos processes convenc1ona1s de tratamento-:­
Embora o oolimero oossa ser parc1almente removido do efluente atra -
ves ae s~a aasor~ao pelo lodo, e ouest1onavel a efet1vidade desse me 
toao de tratamento. Essa fate leva a uma discussao sabre a validade­
aa anal1se oe DBO para o efluente industrial e sugere a ana1ise ae 
carbono tcta1 coma 1na1cat1vo oos contarn1nantes or9an1cos 13). 

~ alteracao c~orr1da no ccz1nnamento oue ~oss1velmente tem rece:1~: 
a maier aten~!o oesoe 1950, fo1 a ut1 l1za~Ao ce oetergentes :1coegr! 
dave1s (~.5;. 

Atualmente, a maioria Oas detergentes e, no min1mo, parc1almente blO 
degraaavel, ae forma aue a tenaenc1a a forma~ao de espuma poae ser 
elim1naaa pela a~ao m1crooiana. 

~----------------------------~~~~~~~-
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um fator importante a cons1derar e o imoacto ambiental causaoo oor 
solvente usados nas opera~oes oe cozinhamento (6). Oiversos solven -
tes - tais como alcoois m1nerais. clorobenzeno e percloroetileno 
t!m sido usados como auxiliares para a remo~ao de manchas de dleo 
das fibras articificiais (7).AlQuns dos solventes sao inertes ao 
tratamento biol6gico (2) e normalmente nao sao removtdOS do efluente 
em esta~oes de tratamento convenciona1s. 

Alguns dos maiores fornecedores de orodutos Quimicos tem su9er1do 
orocessos de cozinhamento com solvente, cnoe se util1za oeQuena auan 
tidaoe de agua (8). Nesses casos sao empregados solvente~ cloraoos 

7 

nao inflamaveis e a recuoera~ao de solvente e calculada em torno ce 
90 a 97i. Se considerarmos uma recuoera~ao de 9~: de so1vente. e~ 
uma linha de beneficiamentos continua, produzindo 64m/m1n. ver~fica­
mos uma peroa de, aprox1maoarnente. uma tonelada de solvente per aia 
par linha de orodu~ao. Metodos Quimicos de tratamento oodem ser ne -
cessarios e poaerao oagar parte de sua ooera~ao pela recuoera~ao ae 
solvente para reutiliza~ao. Quando os metodos de tratamento sao ca -
pazes de recuperar do efluente produtos Quimicos de alto custo, no -
vos orocessos de produ~ao, anteriormente consideraaos mu1to caros 
pooem ser desenvolvidos. 

MERCE~lZ~CAO 

0 obejtivo original da merceriza~ao era aumentar o brilho aas fibras 
de algodao. Atualmente, o principal objetivo da merceriza~ao e aumen 
tar a afinidade a corantes e a capacidade de absor~ao da fibra. Como 
as fibras artific1ais nao sao mercerizadas. o use do processo deoen­
dera da quantidade de fibra de algodao processada na industr1a. 

~ma redu~ao significativa no consume de NaOH e conseguida Quando uni 
dades de recupera~ao de soda caustica sao instaladas em plantas ae 
beneficiamento textil. Oiversos estudos (1,9) tem sido realizaaos e 
comorovam o aumento da eficiencia de esta~oes de tratarnento Quando a 
carga de NaOH e diminuida. As vantagens 1ndiscutiveis aavindas desse 
processo justificam seu uso pela maioria das plantas de beneficiamen 
to textil. 

~LVEJAMENTO 

0 alveJamento e uma opera~ao de benef1ciamento textil Que tern acre -
sentado um bo~ avan~o nos ultimas 30 anos. periodo em aue a celui 
;ao aas 6g;as te~ side muito aisc~t1d! e estuaaaa. ~~ 195~. : ~· ·= -
Jante ma1s usaoo era o hipoclorite ae soa10 110); atuaimente. c 
ma1s usaae ~ c peroxide ae h1arogenie. O ~ero~1ae ae "'~roger.10 se 
decomoae em 6oua e oxioenio e nae ferma ne"num s6l1cc c·~~c:viae ~; 
aualquer eutr; resfaue: ~a realiaaae. ele cooe elevar ~ ::nc~"t~a~!: 
ae ox1gen10 aissolvido no efluente. c Que e aeseJ6vel em mu•tos ca -
sos. 
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TING I MENTO 

Oepois das opera~Oes de acabamento. os processes de t~ngimento for -
mam o grupo Que apresenta a ma1or Quantidade ~c novc~ =~~autos au -
xiliares desenvolvidos a cada ano. Alem de aproximadamente 40 novas 
fibras surg1aas nos ultimas 30 anos. novas cor~ntes para e~sas fi 
bras sao desenvolvidos todos os anos. 

0 mercado demanda melhor performance a cada ano. Os corantes tem Que 
ser mais resistentes ao ozonio, a 6xidos nitricos. a luz. a hidr6li­
se e a outros agentes de degrada~ao amb1entais para conQuistar o me.!:. 
cado. 

Nao ca1Jsam surpresa os resultados negativos dos estudos realizados · 
soDre a degrada~ao bio16gica dos corantes Que possuem espec1f ica~ao 
de resistencia a esse tipo de tratamento. 0 alto pcder t·~tor1ai ne­
cessario aos corantes comerciais nao e uma vantagem Quanoo esses co­
rantes acabam indo fazer parte do efluente. Enquanto alguns corantes 
sao biologicamente degradaveis, a maior1a dos corantes e ·naesejave1 
no efluente. devido a sua colora~ao. Para a remo~ao efetiva ao coran 
te 00 efluente, processos nao biol6gicos tem Que ser empregados em 
muitos casos. E muito dificil, se nao impossivel, consegu1r a degra­
da~ao de corantes no mesmo periodo de tempo normalmente empregaao · 
no tratamento convencional de efluentes. 

Os produtos auxiliares utilizados em um tingimento tambem podem apre 
sentar problemas para os processes bio16gicos. "Carriers" como met1T 
naftaleno, cloro benzeno, difenil, ortofenil, fenol e alcool benzili 
co sao utilizados para acelerar o processo de tingimento. Ao final' 
do processo de tingimento, esses produtos sao la~ados pelo esgoto.~1 
guns sa6 biodegradaveis e outros nao. Embora OS produtos nao biode"".:" 
gradaveis possam ser adsorvidos pelo lodo em um processo ae lodo at1 
vado, o problema nao e minorado se o lodo nao for manipulado adeQua 
damente, para evitar contamina~ao. -

ACABAMENTO 

~m processo de beneficiamento Que modifi~ue as propr1eoades fisicas 
au ouim1cas oe um tecido pode ser class:ficaoo come J:~a ooera~ao ae 
acabamento. ~lguns acabamentos comuns hoje em dia nao e~1stiam ~u 
nao eram s1gn1ficativos ha 30 anos atras. Podemos ci:ar c2mo exe~olo 
OS acat:>amentos "permanent-press", repelente ao oleo. "5011 release". 
res1stentes a acrasao e ignifugos. Al guns ooucos prccutos J:~ 1 :z~ -
aos para esses acbamentos sao biodegraaa~e1s, mas a ma1or1a na0 ~-

Os polimeros ut1lizados para acaoamento textil sac oera~~ente fJrne­
c1dos a 1no~str1a t~xt1l sob a forma ae emulsao. :sio ~ ~:·to ce~1ao 
a fac1l1dade de man1pula~ao e custc de fabr1ca~ao. ~ ma1or1a dessas 
emulsoes ~ sensivel ao oH, a sa1s ou ag1ta~ao e ooaem ~:?gular ;o 
se juntarem aos aema1s efluentes. As linhas ae esgoto ooaem entao f1 
car ot:>struidas com materiais inertes, oue tem aue ~=~ ~~~ovioos ma 7 
nualmente. Embora a maior parte da emulsao possa ser coagulada e 
remov1da em uma esta~ao de tratamento, parte dela permanece emulsio-
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naaa e nao e remov1aa pelo tratamentc bio1ogico. :!~! co~oleta remo­
~ao aa emulsao, torna-se necessar10 um tratamento auimico, nao haven 
do necess1dade, nesse caso, ae um tratamento blolog1co po1s, coma Jd 
foi menc1onado, nao apresenta bans resultados. 

As formu la~oes para ap l i ca~ao de acaDamentos "I ave-c--use" \ wasn­
and-wear l e "permanent-press" normaiment;: contem ureia. 'fJr:naideido. 
melamina e compostos glioxalicos. Alguns desses oroautos sao pronta­
mente dearadaveis pela a~ao microb1ana e outros r.ao (2~. Os deriva -
dos de formaldeido podem reag1r entre si ou com outros crodutos con 
tidos no efluente e formar proautos insoluveis. Que coaem ser rem.a : 
v1dos cor seaimenta~ao. 

O ma1s recente acabamento a surgir no mercado foi o "soil reiease 
(12). Esse acabamento poae ser obtido atraves da aplica~ao oe cocoli 
meros de acr1lato e metacrilato contendo grupos livres c~roox1~. -:-

~a1or1a e res1stente ao tratamento b1oio91co. MetOdOS ff~iCOS Ou CJ~ 
micas codem ser necessaries para a remo~ao efet1va oesses croautos · 
do efluente. 

ANALISE JE CARBONO TOTAL 

Para se obter uma mea1~ao acurada dos compsotos organicos presentes· 
em um efluente. e nec~ssario realizar uma analise oe carbono total.J 
teste ae 080 mede apenas a oxida~ao biologica e nae da inaica~ao aa 
presen~a de materials nae degradaveis. 

Um comite de pesQuisa da Associa~ao Americada de Quimicos e Color1s­
tas Texte1s publicou uma lista com os valores de 0805 de proautos a~ 
xiliares texteis (2). De um total de 300 produtos.aproximadamente 
40% aeles apresentam um valor de DBO corresconoente a 10% do valor ca 
000 e sao, portanto. relativamente res1stentesa biooegraca~ao. Emoo 
ra o teste de DBO seja uma meaida de consume biolog1co de oxigenio : 
em muitos casos ele nao descreve a aualidade do tratamento do efluen 
te. 

PQOCE~SOS ~E TRATAMENTO OE EFLUENTES 

Os crocessos de tratamento de efluentes podem ser c1ass1f:cados ~.., 
grupos aue oife:e~. pr1ncipalmente, pelo n~mero ae ooerac5es real~z3 
aas: tratamento preliminar. pora remo~ao oe are1a e sdlioos grosse1: 
res; :ratamento primario. Que re~ove sol ides seoim~ntave·~ e ~1ot3n­
tes; :~~tamento secunoario, Que re~ove mat~ria orc~r·:: c:oaegra:f -
vei; e tratamento terc1ario, usado para remover mater1a1s r!s1ste~ -
tes ao :··Ha..,ento secunaario . .:.1em oesses crocess'Js de :··:r.amen~o :::.., 
~enc:Jna1s. ex1stem m~toaos oe tratamen:c :~f~:ccs ~ ~·: ::s cese~ -
volv1aos ma1s recentemente, que poaem s~~st1t~1r c~alauer cu t:ccs · 
cs orocessos c1tados. 
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TRATAMENTO PRcLIMINAR 

O tratame~to preliminar inclui eaualiza~ao. neutrai;za~ao e poss1vel 
mente desinfec;ao do efluente. emoora este ultimo possa ser real1za~ 
do ao final do processo ae tratamento. ~ seoara~ao ae aiferentes '­
nhas de efluentes ~ re!l1zaaa par aiversas razoes. ~ntre !las t :re 
sen~a de co~postos t6xicos aue ooaer1aminterfer1r no balan~o JO 
crescimento bacter1ano no tratamento biol69ico ou a ooss1tilidade ae 
efluentes tais coma aguas pluviais, esgoto sanitario e aomest1co 
Que nao exi9em tratamento prelimianr, estarem sendo m1sturados =o 
eflu~nte industrial Que precisa receber tratamento prelim1nar; e 01-
feren~as ae temoeratura, Que tambem devem ser eQual1zaaas. 

~ eQualiza~ao OU m1stura de d1ferentes efluenteS e real1zada P!ra =s 
segurar aue var1a~oes e cargas de choQue nao sejam introauz1cas ro 
tratamento secundario. Varia~oes de cargas sao eliminaaas oela ~istu 
ra ae ef1uente mu1to concentraao com efluente bem diluiao. ::feren ~ 
~as na crodu~ao. tais como processamentc oar batelada ea ooss.::~ 1 -

dade de varia~ao na semana de trabalho, ex19em a eQualiza~ao Jc 
efluente para assegurar Que 0 Sistema de tratamentc secunaar10 nao 
seja preJud1cado. Se OS varios fluxes de e•luentes nae fore~ c~:da~c 
samente controlados, o tanaue de eaualiza~ao poae oroauzir ~au cne 1 ~ 
ro e 1nc6mo~o d v1z1nhan~a. Par essa razao, as instala~6es ma1s ~c -
dernas realizam a aera~ao do efluente misturado. para reduzir a pos­
sibiliaaae de forma~ao ae maus adores e. ao mesmo temco. j1m1nu1 ; 
DB05 ( 1;' . 

A neutra1iza~ao torna-se necessar1a auando o processo biologico al -
ca~~a um pH maier aue 10 (14). ~ descarga direta ao efluente aciao ou 
alcalino poae causar corrosao de tubula~6es e outros equipamentos.~e 
gulamenta~6es estaduais limitam a faixa de pH permissfve1s para des~ 
carga ae efluentes em corpos receptores. 

0 graaeamento e/ou pene1ramento (15. 16 e 17) sao em~regaaos ~ara 
remover as carticulas flotantes ou susoenas relativamente granaes 
tais coma fibras, produtos Q~fmicos nao dissolvidos. etc do ef luen -
te. antes da aplica~ao de outros processes de tratamento. Os s61idos 
retirados nas grades e/ou pene1ras podem ser removidos manualmente • 
mecanicamente OU por me10 de jatos de agua, vapor OU ar. 

~ seaimenta~ao (12.19) emorega a for~a de gravidaae para re~over sd­
lidos sedimentaveis do efluente. 0 efluente e enviado ao tanque Je 
sedimenta~ao e ret1do pelo tempo necessar10 a sea1menta~jo dos sji 1-
jos. ~M te~oo ae reten~ao mu1to orolongaao provoca o aparec1mento :e 
e~c~~a e cresci~ento an lodo, assoc1ado ~ produ~ao de ~aus cne1rc!. 
Jiferentes t'.~os ae tanaues, inclusive o tanaue Imhoff, poaem s=r ~­
:ilizaccs oara a ~ea1menta~ao. :s fatores aue aeterm1nam o :ice __ 
tanaue :e ~=oi~enta~ao a ser utilizaao sao a area disoonive1 ~ :s 
necess1aaaes ae 01socs1~ao do ~odo. EM aeral. cs s6~1ccs secimenti -
ve1s se aecosita:ii. no fundo do tanaue. oriae fcrmar" :1m icdo c:;~ .. ~ 
granoe :r~r ~e ~~1aaoe. aue ~ ~ecan1camente r~~ov1ao e :·<=~~::' 
a1spos1~ao ao loao sera aooraaaa seoaraaamente 1 • ~ :ossi~el se u:: ! : 
zar ·anaues je sea1menta~ao cooertos aue oerm1te"' r~:il1zar a si::a 1 -·en 
ta~ao e a c1gestao anaer601a ao loao no mesmo "~cntainer". ~sse sis 
tema aoresenta uma vantagem dec1s1va soore os tanaues aoertos, cuan: 
co se c1spoe de peQuena area para a instala~ao ad esta~ao ae trata -
mento. 
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A flota~ao e outro metodo de separa~ac de s6lidos-;iau1do. : 1 a ere~ 
lizada com o auxilio de flocuia~ao e ar dissolvido. 

~ flocula~ao (20.21) emprega a ~recipita~ao Quimica oara conse9u1r ~ 
separa~ao dos solidos. Ela poae ser ut1lizada para :onse9u1r 3umen -
tar a taxa oe sea1menta~ao ou f lota~ao. ou. como uma tecnica a oar -
te. de redu~ao ae solidos sedimentaveis. 0 principio do processo e 
a adi~ao de produtos Quimicos organicos e/ou inorganicos (depenoenoo 
das caracteristica~ do efluente) ao efluente. Os solidos presentes · 
no efluente colidem com os coaaulantes e os dais se mantem iuntosoor 
for~as moleculares. aumentando-ass1m o tamanho da particula: ;5 ~3r­
ticulas aelatinosas resultantes. conhec1das por fiocos. sao remov1 -
daS por SEdimenta~ao OU flota~ao e. possivelmente. por u~a f:1trd~~O 
fi na 1. 

~RATAMENTQ SECUNOARIO 

Oois metodos de tratamento usados para reduzir a carga oraanica :e 
efluentes texteis sao a separa~ao Qu1m1ca e a oxioa~ao bio16gica. -
separa~ao Quim1ca utiliza a a~ao da absor~ao Quimica para seoararos 
contam1nantes dissolvidos no efluente. Uma vantagem aesse tipo ae 
tratamento e a flexibilidade. Quando OS produtOS QuimiCOS utiliza -
dos no orocessamento textil sao trocados. osco30•Jlantes c:uimicos 
tambem oooem ser alteraoos para se aoaptarem a aitera~ao da compos1 
~ao do efluente. Os ccagulantes comumente empregados para o efluente 
textil sao. cal. acido sulfurico. cloreto ferrico. cloreto oe calcio 
e sulfate oe alumfnio. 

Por esse metodo de tratamento, o efluente e retido em uma lagoa ~u 
tanoue oe sedimenata~ao para a remo~ao dos s6lidos. 0 efluente e. 
entao. comoeaoo para tanaues ce m1stura rapida. onae os coaoJlantes 
sao adicionaars atraves de dispositivos ae controle automatico. Essa 
mistura rapioa promove a flocula~ao. Apes o floco ser removioo por 
flota~aO OU por Sedimenta~ao. 0 liQuidO e descartado. 

~sse metodo de tratamento para efluente municipal reduz a DBO em 
aproximaoamente 45-50% e a cor em 80-90%. Os paoroes mais altos ne -
cessarios ao tratamento oe efluente tornam 0 tratamento c:uimico ma1s 
atraente, par remover poluentes nao biooegradave1 com a mesma faci-
1 idaoe com cue remove os bioaegraoave1s. 

~ ox1da~ao b1ol6gica (23.24) vtlliza microoroanismos oara aegraaar ~ 
materia~ organico cont1do no efluente. 

~a 001s ~etocos ce tratamento c1ol6gico. c;ass1ficaao~ e~ fun~!c :! 
ut1]izo~~o oe oxig~nio - aerdoio e anaerobic. 0 pr1me1ro - 5er601c -
e~oreca ~·1~rooroan1smo cue uti1 izam o ox1oenio c1ssoiv1jo nc efluen­
te ca~a c~nvertir os residues e oara se r~oroauz1re~. Cs ~1cr~oroa -
n1smos ~~l 11zam OS residues COntlOOS no efluente como a:~mento oara 
se dese~volverem e se mult1ol1carem, da mesma forma cc~o ccorre n3tu 
~aimente ~cs r~os. Gs m1crooroan1smos ut11 izam c 0~1oen10 e conver ~ 
~em os residuos e~ 016xido ae-caroono e agua; ~~a tioic3 rea~ao com 
:arooh1drato ser1a: 
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Um outro tipo de or9an1smo e utilizado no processo de oi9estao ana -
erobia. Esse processo ocorre na ausenc1a de ox19enio l;vre. ~s 
bacterias convertem a maior parte dos residues em metano e dioxide · 
de carbono; uma tipica rea~ao e: 

+ 

Gera1mente. a digestao aer6bia e a preferida por duas razoes crinci­
pais. Os produtos da digestao aer6bia se encontram em um estaao de 
oxida~ao mais alto e a digestao anaer6bia pooe produztr suifeto de 
hidrogenio quando sulfates ou sulfetos se encontram presentes no 
efluente. proauzindo assim maus cheiros. 

Nos processes bio16~icos. h~ Quatro variaveis: carga de DBO. necess_:_ 
dade de oxigenio e temperatura e o grau de mistura. Alem aessas. e -
xistem as variaveis amoientais: pH. nutrientes. sais. carga t6x1ca E 
varia~oes no meio amoiente. 

A OBO e a medida da Quantidade de materia organica contida no efluen 
te. expressa em termos de mg de oxigenio necessario a decomoosi~ao ' 
aer6bia do efluente. As necessidades de oxigenio sac aadas em Kg OE 
oxigenio por Kg de material biodegradavel {geralmente 1naicada coma 
BOO). 0 oxi9enio fornecido deve manter c nivel de oxigenio dissolvi 
do em 0,5 a 1,0 mg/1 para assegurar condi~oes aer6bias aaequadas. ~rn 
nivel de oxigenio dissolvido muito elevado pode provocar o crescimen 
to de especies indesejaveis (25). 

Oependendo do tipo de processo bio16gico usado, as necessidades 1e 
temperatura var1am. Para filtros biol6gicos e necessario uma tempera 
tura de 29°( para Se Obter OS melhores resultados; Se a temperatura­
for diminuida OU elevada. a eficiencia do processo e prejudicada. Es 
se fato dificulta a opera~ao dos filtros bio16gicos nos periodos de 
Verao e de lnverno rigorosos. Alguns processes de loao ativaao tern · 
si~o capazes de operar eficientemente a 46°C (25). Nos processes de 
lodo ativado, o aumento da temperatura numa faixa de 10 a 46°C apre­
senta uma serie de vantagr:ns: a temperaturasmaiselevadas, uma Quan­
tidade fixa de microorgarismos pode reduzir mais DBO ao mesmo tempo; 
a flocula~ao e a sedimen-.'.a~ao sao melhora1as; menos lodo e produzido 
para uma determinada carga de DBO; o lodo e menos sensivel a cargas 
de DBO aaversas (25). 0 grau de mistura ae microorganismos e efluer­
tes pode ter um efeito substancial sabre a performance ao processo . 
Essas ma1ores eficiencias sac consegutaas atraves da uso ma1s efeti­
vo do vol~me existente Ou cria~ao de maier area. 

Como foi comentado anteriormente, o processo biol6g1co nao pode ooe­
rar efet1vamente a um OH ac1ma ae 10. A faixa ae oH aceitavel ~ara · 
OS metOOOS biologiCOS e oe 6,5 a 9,0; OS m1crooroan1smos poaem se~ 
aclimataaos para atuar bem em Qualouer valor aentro desses 1im1tes . 
de forma a se ajusta9em a lige1ras muoan~as de prl durante a ooera 
~ao; entretanto. muoan~as repent1nas no oH poaem retaroar SJa at:~1-
dade (25). Filtros oio16gicos de alta taxa sac caoazes ae operar a 
um OH igual a 10.5 e o orocesso de lode ativado, a um pH igual a 
10 no max1mo 124); entretanto, se as bacterias ja est1~erem aoaota -
das, oualouer varia~ao fora desses lim1tes, aim1nu1ra a eficienciado 
prJcesso. 

0 cresc1mento biol6gico reQuer varios elementos Qufmicos para sua 
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sustenta~ao. Os princ1pa1s elementos quimicos necessar1os sac: carb~ 
no. hidrogenio. ox19enio. n1tro9enio. f6sforo. cnxoire e t~a~os de 
ferro. calcio. magnesia. manganes. zinco. boro. potass10 e cooalto 
As aguas naturais contem esses elementos em quant1dade suficiente • 
mas. algumas vezes. apresentam carencia de nitrogenio e fosforo. Es­
ses oois nutr1entes pooem ser ad1oc1onados de ouas fcrmas. ~~~-se oo 
tido bons resultaoos em esta~oes municipals de tratamento. onde 0 es 
aoto oomestico. rtco em f6sforo e nitrogenio e misturaao ao efluen ~ 
ie textil. carente desses dois elementos (26). ?~de-se tamoem usar um 
tan~ue de mistura para adi~ao de fosfato de amonia para 9arant1r a 
presen~a de quantidade suficiente de nutrientes na propor~ao ae ni -
tro9en10: carbono - 1:20 ou 1:10 e fosforo-ca~bono - 1:100 (~!l. s~ 
a agua 1ndustrial recebeu tratamento quimico para reou~ao de aureza 
e outros compostos inorganicos (27.28) pode se tornar recessar10 ; 
adi~ao de outros el~ntos quimicos ao efluente antes de env1a-lo ao 
tratamento secundario. 

~ presen~a de sal no efluente afeta a atividade b1olcg1c;. ;~~tan -
to. e desejavel limitar as concentra~oes de sal para menos de lQ.000 
mg/1 (27). Issa pode ser um problema em algumas opera~oes de oroou -
~30 de ccrantes. mas nao na maior1a cos efluentes texte 1 s. 

fons metalicos. fenois. sulfetos. cianetos e formaldeioo poaem ser 
tratados com exito par culturas aclimataoas. desde Que controladas . 
cuidadosamente suas concentra~oes. Tal controle exige segrega~ao _ 
eQualiia~ao do efluente antes do tratamento biol6gico. Feneis e for­
maldeido sao passiveis de tratamento em concentra~oes de ate 1.000 
mg/l; sulfetos e ~ianetos. em concentra~oes ~enores de 100 mg/l e 
ions metalicos nao apresentam problemas em concentra~oes de ate 10 
mg/l (27). Embora essas concentra~oes representem concentra~oes ae 
seguran~a. em muitos casos. efluentes complexos podem apresentar pr~ 
priedades t6xicas atribuidas e efeitos sinergeticos de m1sturas espe 
cfficas. -

Embora as microoraanismos se aclimatem raoidamente a diferentes am -
bientes. altera~oes repentinas de pH ou temperatura (mais aue 3°C/h) 
sao muito prejudiciais. Altera~oes anormais na carga oe 080 poaem · 
causar efeitos adverses, se nao houver oxigenio dissoiviao suf ic1en­
te para os mementos de cargas de pico. 

~QOCE~SOS DE ~RATAMENTO BIOL6GICO 

~a a~atro processos ae tratamento biologico c~mumente e~cre9aaos r~ 
industria tex-:.11: \agoas oe estabiliza~ao. 1agoas aeraoas. loao at1-
;aao e ;'.~tros c:~l691cos. 

; 1agoa ae es~ao1l tza~ao ~ urna lagoa com 90crn a 150c~ oe cr~•~nc~~a­
oe. 0 ox1gen10 necessario para 0 process~ C!Ol691cc ~ f~rnec1cc :or 
algas e !era~!c ce s~perffc1e. ~ara se c::er a::cs ~a·:re~ oe re~~ -
~ao ae OSO, as caroas oe DBO oevem ser ~ant1das oa1xas, ~ormalmente 
'00 a 1 .000 ~gt~• ;or 3Gc~ oe orofuna1oaoe ~or d1!. ~ ~i1c·enc1~ co 
processo var1a c:m a esta~ao ao ano, 001s a iuz soiar e a tempera -
:Jra afetam o cresc1mento oas algas. O efluente aoresenta um alto 
teor oe s6i1aos suspenses e reQuer seo1menta~ao antes oo aescarte f~ 
nal, case esse seJa o tratamento final. 0 tempo de oet~n~ao do 
efluente em lagoas oe estabiliza~ao varia oe 4-20 dias, aependendo · 
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das cargas de 080 (25). 0 pr11ne1ro fator a ser consideraco auanoo se 
pretende adotar esse processo. e a disponibi11dade oe area sur1c1en­
temente grande e em regioes pouco habitadas para constru~lo das la -
goas. lba grande area e necessaria para um 9rande volume de efluente 
e um local afastado de areas muito habitadas pode ser necessar10. ae 
vi do a produ~ao de maus che1ros durante o Verlo. 

As lagoas aeradas slo similares as lagoas oe estabil\za~ao. estando 
sua diferen~a nos dispositivos de aera~ao. Que aumentam arast;camen­
te a efic1encia da lagoa . As lagoas aeraoas apresentam uma profun -
didade de 4,Sm a S.Om ea area necessaria e de aprox1maaamente 1/15 
da area necessaria as lagoas de estabi11:a~ao. A auantiaaoe dE ox1 -
genie necessaria para um tratamento ef1c1ente e de aorox1maaamente 
1Kg por Kg de OBO. A lagoa aeraoa emprega microorgan1smos aeroo1os E 
algas para realizar a oxida~lo biologica. 0 tempo ae deten~ao para 
esse processo e de 3 a 10 dias, dependenoo da auant1daae :e ox1aenio 
transferido (14). Oevido ao grande volume de efluente t~ataao. car -
gas de cheque nonn~imente exercem mu1to menos efe1to score o s1ste -
ma. 

1...000 ATIVAOO 

0 processo de lodo ativado envolve a mistura do efluente com 1odo 
biologicamente ativo ou suspensao de microorganismos. Essa mtstura e 
aerada com ar comprimido ou aeradores mecanicos, pelo per;odo de tem 
po necessario e. entlo. transferido para outro tanaue. onde o 1odo 
ativado e separado por sedimenta~ao. 0 lodo seoarado e disoosto au 
retornado ao processo, se necessario. 0 efluente tratado. relat1va -
mente claro e livre de odor. com ~a1Aa OBO. baixo conteudo de bacte­
rias e solidos suspenses. e entao aescartado. A figura 1 e um a1agra 
rna esauematicc de uma esta~ao de t""atamento ae lodo at~·:aao. -

RECIRCULAC~O 00 ~ooo 

~~"~'!!~­
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FlC. 1 • PLANU Df. LODO ATIYADD 
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A • 7~AT~NTO ~LIMINAR 
I • TRAT~NTO PRIMMIO 

C • ~ AtQ.( ~ AERAl;Ac 
0 • SEOil€NT~IO SEC~IA 
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A aera~ao estendida da opera~ao de lodo ativado. :ndicaaa oara eflu­
entes r.om baixas cargas de 080. precisa ae ma1ores auant1jades de 
oxi~nio, apresenta um tempo de deten~ao de 1 a 5 01as e proauz me -
nor auantidade de lodo. Os parametros de carga de 080 sao de 0,03 a 
1,8Kg de 080 por Kg de solidos suspenses no liau1do do tanaue de 
aera~ao por dia. As necessidades de oxigenio sao ae .• 3 a 1,SKg por 
Kg de 080. A produ~ao de lodo, que cons1ste de al9umas ~articulas ae 
residues e bacterias mortas. sera de 0,1 a 0,2Ka por ~ace 030 retno­
vida ou mais. dependendo da auantidade oe resiouo nao b1oae9raaavei 
contido no lodo. 

A concentra~ao de solidos suspenses no liauido do t~noue oe aera~ao· 
normalmente mantido varia de 5.000 a 7.000 mg/1. Devido aos ~ongos 
tempos de ceten~ao e capacidade dos limites de sdlictos suspenses no 
liqu1do do tanaue de aera~ao, o processo e limitado peio esoa~o ais­
ponivel para os tanaues. A redu~ao final de 080 ccm ~ssE ~etoao oo­
ae alcan~ar valores ac1ma de 951. sob condi~oes 1deais ae opera~ao. 

Outro processo de lode ativado. a tecnica de lodo ativaao convenc1c­
nal ea mais empregada para esgoto dornestico. device a sua s1mplic1-
aade. £!a promove uma boa taxa ae remo~ao ae 080 (90i). ~s cargas 
de 080 necessarias sao de 0,3 a 1,2Kg de OBO oor Kg de sol1ao susoer 
so no liquiao do tanaue de aera~ao oor aia. as necessidaces de cx1~e 
nio sac de 0,7 a 1.2 Kg per Kg de OBO. 0 lodo proauzido fica em to;~ 
no de 0,35 a 0,55 Kg por Kg de DBO remov1da. ~ concentra~ao de sol1-
dos susoensos no liqu1do do tanaue de aera~ao deve ser mantida na 
faixa oe 2.000 a 4.000 mg/1 e os tempos de deten~ao ~ariam de 6 a 
12 horas. dependendo da carga organica (25). 

0 terceiro processo de lodo ativado, chamado de alta taxa. usa o mi­
nima de espa~o. requer o minima de oxigenio e apresenta o menor tem­
po de reten~ao. Em contra partida. produz a maior quantidade de looo 
ativado e apr~senta a mer.or taxa de redu~ao da DBO (50-7~~~. As car -
gas de OBO variam de 1,5 a 4,0 Kg de 080 por Kg de s6l~oo suspenso · 
no liquiGc do tanaue de aera~ao por dia; as necessidades de ox19en10 
variam ae 0,45 a 0,65 Kg por Kg de 080. 0 lodo produzido nesse pro -
cesso e de aproximadamente 0,65 a 0,85Kg de sdlidos par Kg de OBO re 
movida. O tempo de deten~ao nesse processo e de aprox1madamente 2 h~ 
As concentra~oes de s61idos suspenses no liquido do tanaue de aera -
~ao devem ser mantidas em aprcximadamente 1.000 mg/1. 

::~TROS ~:o~dGICOS 

Os filtros bio16gicos (50) promovem o contato do efluente cc~ m1crc­
or9an1s":'os e- ar pela percola~ao ao liau1ac atraves de :;r!' le1to ae r:e­
dras o~ material sintet1co. A Figura 2 descreve esouemat1c3mente u~3 
instala~ac ae filtro biol691co. 0 filtrc normalmente ~ ~~ tanoue c·-
1inar1co oue ccnt~m o meic filtrante !:!:~a . carvAc ~~ -~ter1al 
s1nte:•co :al coma plastico). 0 eflJen~e ~ a1str1b~!do ~~1formemente 
sobre o le1to filtrante atraves ae um bra~o ro:at1vo ~ cerccla c f11 

:ro. c.antenac contatc c1reto com uma oe-licuia ae ~ac:~~·a~ cje- s: ~~ 
aere ao me10 filtrante. Quando as bacterias morrem, peraem a aaeren­
c1a, sotando-se do me10 filtrante e seguem entao com o fluxo ae 
efluente, senao separadas do liquido no estagio de sedimenta~ao se -
cundaria. 
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FIG. 2 - SISTEMA DE FILTRO BIOLOGICO 

A : TRAT"'E:NTO pqe:L!M!NAR 
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Os fi1tros blo16gicos podem ser classificados pela composi;ao ao 
rneio f~1trante ou pelo metodo de aplica~ao do efluente no filtro. 

0 me10 filtrante poae ser composto de pedras ou mater1al sintetico 
Pedra,c1nza de carvao e carvao sao usados como meios fi ltrantes. A 
carga hldraulica normalmente aplicada e de 9 a 37 m>/~2 por dia; as 
cargas de DBO sao de 9 a 1.800 g/ml de meio filtrante por dia. 0 
me10 filtrante forma uma camaaa de 3 a 15m de altura, ex1ainoo aran­
des areas para sedimenta~ao e recircula~ao. numa propor~ao de 1:1 au 
10:1 de efluente brute: efluente tratado (27). 

Os meios filtrantes sinteticos apresentam diversas vantagens em rela 
~ao as pedras. Elas sac mais leves que as pedras e podem ser empilha 
das a uma altura de 9m (29). A area por unioade de volume e controla 
aa auanao o meio fi1trante e fabricado, de forma aue pooe-se obter 7 

ma1or espa~o para a forma~ao de pelicula de bacterias. ~ carga h1 -
n1oraulica ooae chegar a 180 a 370 m>/m' oar oia e as c~rgas oe CSO. 
3 a 6 Kg/ml oar d1a. 

taxa oe ai1menta~ao ~c efluente ao meio f'.1trante poae ser paorao 
~u ae alt! taxa. ; diferen~a e Que a taxa :e a'.1menta~!o oadrac ~ ·n 
ter~1tente, ;t1lizanao periodos de 5 minutes ou menos; enauanto oue 
a aiimenta;~o de alta taia e continua. atraves de um s1ste~a de re -
::rcula~ao var1avel. 0 filtro ce taxa oaar!o traoa'na ::~ uma carga 
n1araul1ca ae 3.7 ~ 3 ~or d1a ~or~·. C!ra!s cra!n1cas ~e '.7a :e 
~BO oor ~· ~or 30cm ae altura e libera~ao 1nter~1tente ae oacter1~s 
~ortas. : lade c: ~rocesso e negro, altame~te ~~1daao. :~ntenoo p~ -
ouenas oarticulas e o efluente e altamente n1tr1ficaao com menos ae 
20mg de DBO por litre. 0 efluente normalmente E aesc!rt~oo aoos ;ma 
passagem pelo filtro. ~ carga hidraul1ca, carga organica e taxa de 
descarte do lode do filtro de alta taxa, sao, resoect1vamente, 9 
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2am~ por dia por ml, 3g de 080 por ml por 30cm ae altura e e conti­
nuo. O lodo produzido no tanaue de sedimenta~ao secunoaria e marrom· 
e nio totalmente oxidado; o efluente nao e totalmente nitrificado e 
apresenta uma 080 de 30mg/1 ou ma1s (30). A recircula~ao do efluente 
torna o efluente final tao bom auanto o indice padrao; entretanto a 
eficienc1a e bastante diminuida. 

0 termo filtro biologico de passagem un1ca refere-se a passagem do 
efluente atraves de um filtro bio16gico, seguindo entao oara um tan­
aue de sedimenta~ao secundaria. 0 tratamento em oois estagios refere­
se a oassagem do efluente da sedimenta~ao orimaria atraves de do1s · 
filtros bioiogicos em serie, antes do estagio de sedimentac;ao secun­
daria. Com o tratamento de estagio unico. a remo~ao de DBO e ae aoro 
ximadamente 50-75%. 0 metodo de dois estagios apresenta uma taxa ae 
remo~ao de 080 ma1s alta (25) e e mais caro aue o metoao de lodo at1 
vado (14). 

TRATAMENTO ANAERQBIO 

0 tratamento anaerobic tem recebido maier aten~ao nos ~1t1mos anos 
e tern s1do estuaada a v1ab1lidaae de aplica~ao para efluentes tex 
teis (49). Os resultados indicam a possibilidade de remo~ao de 50 a 
901 de 000 com um filtro anaer6010 de fluxo ascenaente (49). Como 
esse sistema utiliza pouca energia e gera gas metano. e1e merece 
considerac;ao ; entretanto nao se tem conhecimento de nennum · 
sistema desse tipo em opera~ao nos Estados Unidos ate o presente mo 
mento. 

DISPOSI~AO DO LOCO 

As tecnicas de tra~amento biol6gico produzem lodo oue deve ser des -
cartado. O t~atamento mais simples para desidrata~ao do lodo emprega 
leitos de secagem ou filtros de areia sobre os aua1s o lodo e dispos 
to; as partfculas de areia retem o material s6lido. enauanto permi ~ 
tem a drenagem do liauido. Os residuos s6lidos podem ser incinera 
dos. utilizados coma fertilizantes, coma aterro sanitario ou enterr~ 
dos (30, 31). Deve-se tomar cuidado para ev1tar procle~as de maus 7 

cheiros em epocas auentes. Um segundo metodo de a1soos1~ao do lodo' 
~a cigestao por bacterias anaer601as :~~. ;~. 241. :s subprooJtcs 
desse metodo 1ncluem 0 seguint~: humus. ~saao coma fert1lizante ; 
agua remov1aa dO lodO, Que ~ recircuiada para O SlStema secunaar10 
oa,.a assegurar sua purifica~ao antes ao aescarte e oases. uma oes -
ou1sa s~gere o uso desses gases como ccmoJst!wel. -

:,!m ter~e1ro metodo ea filtrac;ao a vacuo '35,36). :iesse c,.ocessc. -
lodo e oassado por uma bomoa de v~cuo aue ,.e~ove o c:nte~oo s~li:c e 
arena a ~gua. Finalmente. o loao ooae !!,. e~v1aco oar! ~~ 1nc•ne,.! -
aor, cnae o conteudo de s61idos do loao e oueimaoo r37. 33. 39). 

Quanoo o efluente contem auant1dades s1on1ficantes ae oroautos Qui 
micas nae 01oaegradaveis e polimeros (40), ~oae ser ~a1s ina1caoo ~ 
apl1ca~ao de metodos Quim1cos para 0 tratamento 00 efluente. 
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TRATAMENTO TERCIARIO 

Atualmente, a maioria dos metodos de tratamento terciario de efluen­
tes encontra-se em fase experimental em esta~oes de tratamento je 
efluentes 1ndustriais e domesticos. Entretanto, esses metodos orec'­
sam ser discutidos oara aue no futuro. cs padroes le9a1s reierentes 
a qualidade de descar9as ae efluentes sejam SJDer1ores aos alcan~a -
dos pelos metodos ae tratamento convencionais. 

Os processes de tratamento terciario podem ser classificados e~ aois 
grandes 9ruoos: os Que removem materiais organicos e os aue removem 
materia1s inorganicos do efluente. Sao exemplos ae processos ae re -
mo~aa de mate,..i:i organica : absor~aa. separa~ao de esouma e cx1a: -
~ao Quimica. 

Os processes de remoi;ao de material inorganico 1nclyem: :~ri1:r:f ica­
i;ao anaerobia, coleta de algas, troca ionica. eletrodialise. extra -
i;ao oor solvente. osmose reversa. congelamento. !iterai;ao ae am6n1a· 
e destilai;ao. Alguns desses ~rocessos. suas eficienc1as de remo~ao e 
custos estimados sao mostrados na tabela 1. 

TABELA 1 

Processes de tratamento terciario: eficienc~a de re­
mo~ao e custos estimados 

Processo ~ubstincia Eficlinc1a Custo 
removida (I) (USS/1.000 aal l 

Oenitrif ica~ao riitrato-nitro-
anaer6bia genio 30-95 0. 15 

Coleta de al gas nitrato-nitro-
genio 50-90 0.20 

Libera~ao de am6nia-~itro-
amonia genio eo-95 0. 15 

Troe a i6n1ca nitrogenio -
"6sforo 30-92 1,50 

Eiet,..oc:1a1 ·se I s61idos a1ssol 
I ., idos - ;Q-40 ' :: " .,, • - 'J 

:.dsor~~:. o~r '1iaterial or - I orbono ganic: 90-92 ... cc: 

Osmose >dl .::11ssoiv1cos 65-95 
! 

0~·1ers a :.v~ 

'.)est1'.ai;ao sdl.d~ssolv1acs ?0-92 6,00 

Seoarai;ao de agentes surfac-
esouma tantes 10-20 0.50 

conte de refer!ncia: 40 
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0 carvao adsorve mu1to comoostos oralnicos oa aoua. us reau1sitos ne 
cessari~s para adsor~ao sao uma sol~bilidade moaeraoa em agua e peso 
molecular moderaoo. Muitas moleculas pecuenas e pol;meros oe aito oe 
so molecular nao podem. atualmente. sere~ removidos do efluente eco~ 
nomicamente com carvao. Entretanto. a versatilidaoe desse suostratc 
para tratamento oe mu1tos tipos oiferentes oe res;duos inoustr1a1s · 
preve uma grande aolica~ao do carvao no future. A regenera~ao do car 
vao pode ser realizaoa com vapor ou por inc1nera~ao (41). 

A separa~ao de espuma (22. 42. 43) pode ser usada Quando agentes SJr 
factantes encontram-se presentes no efluente. Nesse processo. c :r 
comorimido e introduzioo no efluente. produzindo uma esouma r1ca e~ 
agentes surfactantes. ; remo~ao de espuma. normalmente oar netoccs ~e 
canicos. proporc1ona uma remo~ao de aside oetergentes s1ntet1ccs ~ 
( 42). 

A oxida~ao auimica (4~.45) dim1nu1 a DBO do efluente. ~ssin a QBO r~ 
s 1dua1 do efl uente nao con some todo o conteudo Cle ox 1 genl o a 1 s so: v: ~ 
do Clo curse Cle agua. Os produtos Qu;micos usados sao ozonio. oer6 -
x~do Cle h1C1rooenio, oerclorato Cle manaanes. clor0. hipoclorito 1e 
s6dio. persuifato oe ~otass10 e peroxioo oe sooio. 

Resinas Cle troca ionica podem ser adicionadas ao efiuente para r~mo­
ver ions '.norganic::s tais como sais, nitrates e fosfatos. C•s 
cations Sao !rocaOOS per ions hidrogenio e OS a~1ons sac trocaCOS ' 
par ions hicroxila. 

CONCL~SAo 

0 uso de fibras artificiais. polirneros e acaDamentcs ce 1 a 1r.d~st~1~ 
text1i esta crescendo rao1C1amente. ~ma vez aue muiros aesses orodu -
tos sao res1stentes c:1egrada~ao biol6gica. um est~~o CJ1aaaoso pard 
a sua remo~ao do efluente deve ser realizado. de forma a se escolher 
metodos de tratamento efetivos. Regulamenta~oes estadua1s e federais 
sabre lan~amento de efluentes ficarao mais rigorosas na oropor~ao oo 
crescimento da comunidade industrial e as fontes ae aoua forem reuti 
lizaoas ~~1s freauentemente. Enauanto a mistJra ae efiuente oomes~:~ 
co com efiuente ·noustr1al era um s~ce!so no passaoo ra7,48). 2 au -
~ento ao efluente industrial ma1s ine~te pode impeoir e~se sucess~ · 
no f..t:;ro. 

;ara a~ai1ar a e1 1c1@nc1a de oualauer esta~!o ae tratamento ce e•:~­
ente. uma anal1se ae carbono t::~al Cleve SE!"' rea1izada sobre 0 ~·· .e~· 
:~ ~ 0 ef1Jente. S~ e~sa analise for assoc1aaa a Cutras.:aiS c:~o ~: 
~iaos c1ssoi~1aos. :so. cH. etc .. ~ma cescr1~!c ma1s cJ~oleta :! 
Cua'. :dade CC efluente Sera OOtlda. 

Jev 1 ao a ~!!"'1!~6es r: efluente ~@x:· 1 , :e o~ccessc ~3r3 ~~~cess:.:e 
hOra para hOra. :orna-se necessar10 clgum tioc Ce t!"'atamentc pre 1 •~1 
~ar na ~a1or1a ~as esta~6es ce tratament~ ae efluentes. :sso 4 es~e: 
c1almente veroaae onae o efluente e descarreoaoo para ~m esooto mun1 
c1pal oara ev1tar cargas oe choaue na esta~a6 oe tratamento: ~ neu : 
tral1za~ao e a eoual1za~ao t~m orovaoo ser oeneficas se a empresa tem 

· sua oropr1a esta~ao de tratamento bioi69ico. 
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A sedimenta~ao pr1mar1a tamt>em e vantajosa para o tratamento biolo­
gico, nao apenas por remover solidos Que demanaar1am mu1to tempo pa­
ra serem digeridos pelas bacterias, mas tamben porQue evita a obstru 
~ao das linhas de drenagem e transbordamentos dos tanques. 1: 
sedimenta~ao e o gradeamento tambem poaem aoresentar vanta9ens econo 
micas no caso de fibras Que podem ser recuperaaas. 

No tratamento secundario de esgoto municip~l. os processos btologi -
cos sao mais eficientes e de menor custo Que os metodos ae orecipita 
~ao Quimica. Para 0 USO de filtros biol6giCOS OU lodo ativaao. e 
dificil determinar Qual o criterio Que deve ser usado para a escolha 
de um dos dois. Os filtros biol6gicos ex19em ma1s area oo Que os tan 
Ques de lodo ativado e apresentam maior custo de constru~ao, mas ge-: 
ralmente apresentam maior facilidade de opera~ao, apresentam menor · 
custo de opera~ao (o fluxo e por gravidade e nao por bombeamento) e 
sao mais resistentes a cargas de choQue. 0 processo ae looo a~1vado 
geralmente e mais econ6mico para remo~oes de DBO acima de 90i. O tra 
tamento quimico pode ser mais economico para remo~ao oe cargas orga-: 
nicas Quando 0 efluente e apenas parcialmente biodegraaavel. 

No future. efluentes de diferentes opera~oes de beneficiamento tex -
til terao que ser separados para recuperar produtos quimicos ou no 
caso de compostos toxicos, para tratamento especifico Quando esses · 
compostos nao sao biodegradaveis. Dessa forma, as industrias terao 
maier liberdade na escolha de produtos Quimicos, em fun~ao dos resul 
tados da proau~ao e nao, do impacto ambiental causado por esses pro-: 
dutos. 
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