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Abstract

In the industrial district of Como a large number of textile factories, uniformly distributed in that area, consume large quantities of fresh water. Since 1989 the water has been supplied mainly from an industrial aqueduct fed with water from the Como lake and distributing 35.000 cm/day of water. Part of the industrial water supply still comes from local wells. 

The industrial processing wastewater is generally discharged into the public sewer systems. The processing wastewater, mixed with domestic sewage, is collected and treated by centralised treatment plants having a total capacity of 100.000 cm/day. The treated wastewater is generally discharged into small streams without dilution capacity. As a consequence, residual refractory compounds, particularly dyestuff and surfactants, give pollution and aesthetic problems (colour and foam). For these reasons in the next future very strict standards for treated wastewater discharges will be required by local authorities to rise surface waters quality and preserve their uses.

Lariana Depur S.p.A. is a company operating three wastewater treatment plants of that area having a capacity of 22.000, 25.000 and 3.000 m3/day. The company is no-profit and is owned by 160 enterprises of the industrial district of Como. Since 1990 Lariana Depur SpA, supported by CIDA Srl a consulting company owned by Lariana Depur S.p.A., has been carrying out an intensive programme to upgrade the wastewater systems. The programme included:


upgrading of sewer systems and treatment plants;


treated water recycling in the industrial aqueduct;


minimisation, control and characterisation of industrial wastewater.

New treatment facilities and finishing plants for the reuse of treated water have been designed and are partly under construction. Design parameters were determined after preliminary bench scale and pilot scale investigations. Additional actions for preventing the industrial wastewater pollution charge and for improving the managing organisation were undertaken.
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INTRODUCTION

The textile district of Como

The industrial district of Como has several small or medium size textile factories (20÷100 employees), uniformly distributed in that area. Generally each of them processes different types of fibre. The processed fibres are on an average shown in Table 1.

The textile factories process unbleached fabric and produce finished fabric. The typical processings present in the Como area are shown in Table 2.

The Como textile production, as well as the mix of chemical products used for processing, is very variable according to the market. Every textile factory has a warehouse with hundreds of commercial products. The principal ones are: dyes (reactive, acid, metal complex, disperse), detergents (non-ionic, anionic), sizing agents (polyvinyl alcohol, polyester, starch, carboxyl cellulose), bleaching agents, oxidizing and reducing agents, thickening agent, auxiliaries (complexing agents, dispersing agents, levelling agents, emulsifiers, wetting agents).

For this reason, the characteristics of the textile factory processing wastewaters are very different from one to another. The analytical composition of textile factory discharges is reported in Table 3.
Textile dyeing produces highly coloured wastewater.

Most dyes are poorly removed in conventional sewage treatment. Bio-degradation of dyes under aerobic conditions in the activated sludge process is slow whilst adsorption is slight for acid and reactive dyes (J. Churchley, 1994).

Table 1 - Processed fibres in the industrial district of Como
Type of fibre 
% on weight

Cellulose fibres
25

Wool
5

Silk
10

Synthetic fibres
60

Table 2 - Typical textile processings present in the Como area
Processings
Fibres

Desizing
synthetic and cellulose fibre

Degumming
silk

Boiling-off
synthetic and cellulose fibre

Mercerizing
cellulose fibre

Barking
polyester

Padder Mercerizing
synthetic and cellulose fibre

Bleaching
synthetic and cellulose fibre

Dyeing (by different dyes)
-

Printing (by different dyes)
-

Softener process finishing
-

Crease resistant finishing
-

Anti-static finishing
-

Non-slip finishing
-

Table 3 - Analytical composition of textile factories processing wastewater

pH
TSS

mg/l
COD

mg/l
BOD

mg/l
NH4

mg/l
TKN

mg/l

Consortial discharge limits
5,5÷9,5
400
2500
1500
30


Composition Average
8
200
1250
440
48
70

Composition Ranges
7÷10
50÷600
500÷3000
150÷1200
5÷200
10÷250

The wastewater systems

The industrial processing wasterwater is generally discharged into the public sewer system. The processing wastewater, mixed with 20% of domestic sewage, is collected and treated by centralised treatment plants. The incoming wastewater composition of the three plants operated by Lariana Depur SpA is reported in Table 4. Textile is the prevalent manufacturing typology; the composition of the total industrial wastewater treated by Lariana Depur is shown in Table 5.

As it is well known, textile finishing industry uses large amounts of water, mainly because of washing operations. Therefore, processing wastewaters have high flow rates. The treated wastewater from the three plants is discharged into small streams without dilution capacity. The ratio between the stream flows and treated waters is often close to one. As a consequence, residual refractory compounds, particularly dyestuff and surfactants, give pollution and aesthetic problems (colour and foam). For these reasons in the next future very strict standards (see Table 6) for treated wastewater discharges will be required by local authorities to rise surface waters quality and preserve their uses.

Table 4 - Wastewater composition
ALTO LURA PLANT
N° days
Flow  m3


Type of water
discharge
year 1995
%

domestic wastewater
365
1.341.567
17

equalized industrial wastewater *
322
3.543.467
46

not equalized industrial wastewater **
230
383.819
5

infiltration water + rain water
365
2.491.377
32

treated wastewater
365
7.760.230
100

LIVESCIA PLANT
N° days
Flow  m3


Type of water
discharge
year
%

domestic wastewater
365
269.120
18

equalized industrial wastewater
322
481.490
32

not equalized industrial wastewater
230
155.494
10

inflitration water + rain water
365
601.095
40

treated wastewater
365
1.507.199
100

ALTO SEVESO PLANT
N° days
Flow  m3


Type of water
discharge
year
%

domestic wastewater
365
1.759.464
23

equalized industrial wastewater
322
1.163.584
15

not equalized industrial wastewater
230
3.071.988
40

infiltration water + rain water
365
1.672.414
22

treated wastewater
365
7.667.450
100

*equalized industrial wastewater
24 hours/day - 7 days/week equalized discharges according to the consortial rules 

**not equalized industrial wastewater 
factory working time discharges

Table 5 - Composition of industrial wastewater 
Type


Alto Lura 

%
Livescia 

%
Alto Seveso 

%

From printing manufactures
32
4
38

From dyeing manufactures
50
0
28

From dyeing and printing manufactures
10
79
31

Total textile wastewater
92
83
97

Others (food, chemical, galvanic, ...)
8
17
3

Table 6 - Discharge limits (mg/l)

TSS
COD
BOD
NH4
NO3
Tot. N
Surfactants
Colour

Actual
80
160
40
15
20
-
2
1:20 dil.

New
20
80
10
-
-
10
1
1:2 dil.

UPGRADING ACTIVITIES

The new treatment facilities

The existing treatment facilities were built at the end of the seventies and the adopted treatment sequence was the conventional one including mechanical pretreatment, biological oxidation and sedimentation.

The high increase of textile production during the eighties drastically modified the ratio between industrial and domestic wastewater and increased the hydraulic charge on the treatment plants.

Therefore the treatment efficiency dropped down and it was decided to start with the programme to upgrade the wastewater systems.

Researches were carried out to design the new treatment facilities.

To evaluate the feasibility of the biological removal of nitrogen were used modified "Ludrack Ettinger" bench and pilot scale plants.

The experiments permitted to evaluate wastewater characterization, process kinetic constants and to demonstrate that long sludge age is necessary in order to overcome the nitrification inhibitory effect of some compounds that are present in the wastewater (G. Bortone ct al 1993; G. Bortone ct al 1994).

Experimental data were used for the design of the new treatment plants implementing a simplified computational procedures based on spreadsheet software (D. Manicardi ct al, 1993).

Tertiary processes to treat the effluent of the biological treatment were evaluated (L. Bonomo ct al, 1995).

The experiments on pilot plants included physical chemical treatment, membrane, activated carbon adsorption and ozonation.

Biological treatment, including nitrification and denitrification, followed by tertiary treatments, including coagulation-precipitation and ozonation, is the treatment sequence finally adopted to meet the stringent discharge standards.

The chemical coagulation plus ozonation is applied to remove refractory substances related to aerobic biodegradation conditions.

The chemical phase will work in order to make the ozone treatment as effective as possible, by removing most of the remaining suspended solids and organics dissolved compounds.

In addition to colour removal ozone reduces levels of organic compounds, improve biodegradability and ensure disinfection.

The new plants are partly constructed and partly under construction as shown on Table 7.

One of the three plants, the smallest, will be dismissed and the two new plants will have a total capacity of 25.000 m3/day, in dry weather.

The total investment costs will be 80 M. of USD.

Table 7 - Treatment plants upgrading
Plant Sites
Main Units
Existing
Emergency
Completion

Bulgarograsso

(Alto Lura plant)
Mechanical treatment

Equalization

Biological treatment

Sand Filtration

Physical/Chemical treat.

Ozonation

Sludge treatment
Yes

Yes

Yes (conventional)

Yes

No

No

Yes
Rehabilitated

Dismissed

Rehabilitated (den/nitr)

Rehabilitated

New

Rehabilitated
New

New

Dismissed

New

New

Year of start up

1979
1993
2000

Fino Mornasco

(Livescia plant)

Mechanical treatment

Equalization

Biological treatment

Sludge treatment
Yes

Yes (conventional)

Yes

Yes
New

Rehabilitated
Dismissed (1)
Dismissed (1)

Year of start up

1979
1993
2002

Fino Mornasco

(Alto Seveso plant)
Mechanical treatment

Primary Sed.

Biological treatment

Physical/Chemical treat.

Ozonation

Sludge treatment
Yes

Yes

Yes (conventional)

No

No

Yes
Rehabilitated

Dismissed

Rehabilitated (den/nitr)

New

New

Rehabilitated
New

New

New

Year of start up

1979
1997
2000

(1) Wastewater will be pumped to Bulgarograsso site.
The reuse of the treated water

The effluent from the new treatment facilities can be polished and then reused for industry, feeding the industrial aqueduct.

The effluent of one existing conventional activated sludge treatment at Fino Mornasco had been used to carry out preliminary investigations on processes which could improve the quality of secondary treated effluents to meet the required industrial water supply standards (L. Bonomo ct al, 1995).

On the base of these investigations on 1996 was undertaken a new research programme with the objective to develop an integrated process for the provision of recycled water of assured quality with minimum emission.

The programme financed by the European Community within the Framework Programme IV, Environment and Climate RTD Programme, includes the following modules:

•
SPAS module:


Reliable on-line monitoring by using novel sensors.


New protection by remedial action (chemical and biological additives) of aerobic stage for organics and nitrogen oxidation.

•
ANASORB module:


Removal of refractory compounds (adsorption of dyestuffs) and toxicants (precipitation of heavy metals) by the flocculated solids and sulphides produced by anaerobic digestion.


Investigation of recovery of heavy metals from the sludges

•
HOLIPOL module:


Selection of the best combination of polishing treatments for textile wastewaters.


Minimisation of pollution due to concentrates from membrane filtration (partial oxidation to break recalcitrant molecules and recirculation in the main activated sludge plant)

•
Development of new Sensors:


Development and application of the NITROX sensor at industrial stage.


Development and application of the ANITA sensor at industrial stage.


Development and application of the COD sensor.

•
Control:


Neural network control of the ANASORB and SPAS modules.

The research will be concluded at the end of 1998 and is carried out by a consortium with the following members:


Centro Imprese Depurazione Acque SrL (C.I.D.A.) - Italy


Politecnico di Milano - Italy


National Research Council IRSA - Italy


Biotim N.V. - Belgium


University of Gent - Belgium


Aqua Ambiente - Portugal


Instituto Superior Tecnico - Portugal


INSA - France


University of Glamorgan - GB


Universität Wien - Austria

Lariana Depur is planning to install a 10.000 m3/day recyling capacity plant during 1999 at Alto Seveso plant site.

Preventing the industrial wastewater pollution charge

The upgrading programme includes actions finalized to the minimization, control and characterisation of the industrial wastewater.

Rather high discharge limits into the public sewer was maintained for processing wastewater (COD: 2.500 mg/l; BOD: 1.500 mg/l; TSS: 400 mg/l), to avoid as much as possible internal biological pre-treatment.

On the other hand new rules were adopted to reduce wastewater impact on centralised plants.

The major factories, discharging over 100 m3/day, had to build equalization tanks to reduce quality and quantity fluctuations, improving in this way the treatment capacity of the plants. To control the discharge of the single factory, were installed control systems consisting in a flowmeter and an automatic water sampler. Using the "Waterwater minimization manual and procedures", written by CIDA, several audits were performed on textile factories in order to characterize the wastewater streams produced by every single phase of the manufacturing processes. It was possible to identify minimization and internal treatment facilities options and feasibilities studies were carried out.

Some factories have already adopted new operational procedures and minimization in-plant technologies such as:


internal wastewater pretreatment (biological + physico-chemical treatments) on selected streams to reduce the pollutant charge and to recycle water;


treatment of lightly polluted wastewaters (activated carbon adsorption, nanofiltration, reverse osmosis) to recycle water;


treatment of highly polluted wastewaters (evaporation, microfiltration, ultrafiltration, anaerobic digestion) to reduce the pollutant charge;

1.
storage of lightly polluted wastewaters for secondary uses;

2.
separation of particular wastes before washing operations (printing paste) and their disposal as solid waste.

CIDA Srl verified that it is possible to reduce water consumption (5%25%) separating low polluted and high polluted streams and introducing single stage treatments (sand filtration, activated carbon absorption, membrane filtration).
10%) simply with new operational procedures and to recycle part of the wastewater (20%
While upgrading the wastewater managing system it has become evident that the treatment fee, the actual treatment costs and the single industrial wastewater treatability are closely interrelated.

In Italy the treatment fee is determined by regional regulations; commonly, the single wastewater stream connected to the sewer is billed by the sewer manager to the source industry on the basis of the flow rate and of a complex formula that takes into account a series of parameters. This method is unable to properly evaluate the relationship between treatment fee and actual treatment costs, since conventional physical-chemical and biochemical parameters are not necessarily linked to wastewater treatability.

That is why these new advanced respirometric methodologies were investigated to be used as wastewater characterization techniques, since they are particularly suited to represent the effect of a given wastewater on the final wastewater treatment plant (G. Bortone ct. al. 1996). Hence, they could be better correlated to treatment costs.

A new algorithm of fee calculation, based on these methodologies, will be implemented in future. It will be applied, at first as a simulation to be compared to the traditional method. Results will be used to support actions towards the most polluting industries, stimulating the introduction of less polluting manufacturing processes (clean technologies, source reduction of pollutants, etc.), less expensive for depollution. The fee lever will be therefore used as a “peaceful” suggestion instrument for the introduction of eco-compatible (ecological and economical) processes.

The new methodology could represent a reliable basis for the introduction of a “Code of Best industrial practices” and make the “Polluter Pays Principle” more effective. Moreover, the awareness of the environmental impact of the produced waste will be more immediate; this will contribute to resource minimization in terms of water consumption and necessary waste treatment and to better protection of receiving water bodies.

Quality and Environmental management system

The strategy followed in order to upgrade the wastewater systems became a systematic managing tool by the adoption of a company voluntary code to improve quality and environmental management.

Lariana Depur went through the design and implementation of the quality and environmental management system on the base of ISO standards 9.002 (quality system model for quality assurance in production, installation and servicing) and 14.001 (environmental management system model) and taking into consideration the company organization, its particular objectives, the service supplied and the processes employed.

At the beginning of 1996 was organized an internal team, including all company's responsables, who started with the preparation of the quality and environmental manual.

The manual, including all documented procedures consistent with the requirements of the International Standards, was prepared and implemented at the beginning of 1997.

It includes the following main documents and procedures:


Company environmental policy and top management responsabilities


Quality and Environmental manual description and contents


Company organization assessment


Quality and Environmental plans preparation procedure


Contract review procedure


Documents issue and control procedure


Plant operative manuals, including maintenance procedures


Risks and Safety manual


Annual reports on environmental results issuing procedure


Checking and corrective action procedure


Purchasing procedure


Industrial discharges monitoring and controlling manual


Personnel training plans preparation procedure


External communications procedure


Quality and Environmental audits procedure

The general scopes of implementing the new management system is to:


improve capability of managing the wastewater systems and to use the quality and environmental system where this capability needs to be demonstrated and for external assurance purposes;


provide a public service based on a wider range of environmental instruments, complementary to normative legislation;


maintain with time the functional reliability, the maintenability, the availability and safety of the operation of the treatment plants;


achieve and demonstrate sound environmental performance by controlling and improving the impact of wastewater treatment activities on the environment.

Within the end of June 1997 the top management will approve the first Quality and Environmental Plan for the year 1997, 1998, 1999 and 2000.

Figure 1 - Quality and Environment Management System procedure
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The plan, based on the actual company organization and on the plant sites' initial assessment, will include the completion of the wastewater systems' upgrading programme and new activities such as:


management of the wastewater treatment facilities with on-line sensor protecting system;


reduction of excess sludge production and sludge advanced treatment for safer final disposal;


industrial wastewater composition design in relation with available treatment facilities and sustainable management costs.

The plan will be carried out following the general procedure for Quality and Environment Management System (Figure 1). The system will be submitted for quality certification before the end of 1997.
CONCLUSIONS

The upgrading and the maintenance of wastewater systems usually face many difficulties due to the complexities of environmental problems and of wastewater systems.

In the case of Como district additional difficulties are due to the actual complex managing organization: Municipalities Consortiums own the collectors, Municipalities own the municipal sewer and finally Lariana Depur owns the treatment plants.

The upgrading programme of Lariana Depur included integrated activities on wastewater facilities, wastewaters production, local regulations and managing reorganization.

The programme has now become a permanent plan of actions based on ISO Quality and Environmental Protection Standards. It will be internally audited and soon certified by independent inspectors.

These results were possible also because of the direct participation of the industrial customers of the service.

The long term objective is to keep under control wastewater quality and quantity in order to not modify the treatment capacity of the new plants, to reuse the treated wastewater for industrial purposes and to obtain high environmental managing performances.
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