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1. Introduction

2. Methodologies and Concepts

• Water contaminants and analytics

• Sludge management

• feasibility, mass- and energy balances, cost estimation and budgeting, 

eco-efficiency

3. Technologies

• the technologies for wastewater treatment in the metal-, food, textile 

and tannery industry 

• liquid / solid separation techniques 

• BAT at international level

4. Case studies

Outlines – morning session



To provide information about the significance of methodologies to chose the 

“best adapted technologies”.

To underline the economic and ecologic advantages of minimizing water 

consumption, pollutant concentration in the effluents and reduce the wastes 

production

Create awareness that water treatment and environmental technologies are 

part of a industrial production system – they are causing costs like raw materials, 

staff etc. – but a good management approach can reduce these costs and even 

create benefits by recycling.

Learn from you and develop adapted solutions together

My objectives of the day



Projects on environmental technologies, cleaner production, waste and hazardous

waste management and ressource efficiency
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Nuclear Power Plants: 5 Waste to Energy Plants: 30

1. Introduction





Industrial Park in Basel 



Industrial Park in Basel - close to the river Rhine



Basel, river Rhine in the centre of the city





What do the red spots stand for?



Inventory of contaminated sites: 2011, Federal office for enviroment



 Contaminated sites in Switzerland: 2012

• 3% have to be rehabilitated

• 5 % have to be controlled

• 24% have to be analyzed in 
detail



DDT: a Persistent Organic Pollutant

Abb.:Ch. Simon, DDT, CMV



2. Methodologies and Concepts



system analysis

1. Draw the system boundaries

2. Define Input and output 

streams for materials, energy

3. Allocate specific costs and 

revenues



system analysis - checklist





Internal and external recycling and revalorisation

Adopted from WSSTP, SRA
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What is the latest development in wastewater treatment?

• the technologies for wastewater treatment in the metal-, chemical, plastic, 

medtech, textile and food industries, BAT and costs

• liquid / solid separation techniques and by-products (remaining sludge from 

treatment, as well as grit, grease and screened material)

• market trend at worldwide level

3. Technologies



Production system

Water use minimisation

Internal water recycling

Waste water production
Waste water recycling

Waste water treatment

Waste water reuse

Methodologies and technologies:

1. Preventive measures, tools:

• Cleaner Production

• Eco-Design

2. Water use for:

• cleaning
• cooling

• heating

• additive, solvent

2. Treatment and recycling technologies

• Mechanical / physical treatment
• Physical - Chemical Treatment

• Thermal treatment

• Biological treatment
• Electro-chemical treatment
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Network
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• Water treatment for production

• Water saving technologies

• Waste water recycling technologies

• Waste water treatment

Costs, quality, regulation
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3. Technologies



Industrial waste water treatment technologies and their application

• Water and water contamination

• Elimination technologies of contaminants

• Water recycling

• Sludge handling: revalorisation and safe disposal

Problems caused by contaminated wastewater:

• inhibit biological treatment processes at the municipal WWTPs;

• pose a serious risk to the health of personnel at the WWTP;

• damage the structural integrity of the sewerage collection & treatment 

systems; 

• prevent the potential beneficial reuse of waste sludge & effluent of the 

municipal wastewater treatment system;

• some pass through the WWTP’s untreated resulting in environmental 

contamination

• etc.



Water: can you explain these two phenomena's?



Dipole

Water as media for transportation

• nutrients

• contaminants

Hydrogen-bonds

Water – H2O



Industrial water treatment technologies include all technical measures, to measure 

analyse and reduce/avoid environmental impacts and emissions during production, 

use and disposal of goods to the water.  Included are also the treatment of already 

existing contaminations. 

1. Physical treatment: screens, filtration, sedimentation, flotation

2. Biological treatment: anaerobic, aerobic treatment

3. Chemical coagulation/oxidation/precipitation

4. Adsorption/ion exchange, extraction: activated carbon, resins, activated alumina, 

solvent extraction

5. Membrane separation processes – micro filtration, ultra filtration, reverse 

osmosis

6. Separation with phase change - distillation, crystallization 

7. Advanced oxidation technologies: Wet oxidation, uv/H2O2 oxidation, electro-

oxidation, etc.
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Characterisation of contaminants: inorganic contaminants

Inorganic compounds are considered to be of mineral, not biological, origin. Complementarily, 
most organic compounds are traditionally viewed as being of biological origin.

Cations:

• Heavy metals: (def, > 4,5 kg/l): Zinc (Zn), Cadmium (Cd), Lead (Pb), Nickel (Ni), Chromium 
(Cr), Iron (Fe),  Copper (Cu), Mercury (Hg) etc.

– They are: stable and persistent, solid under room temperature, (except Mercury), partly 
soluble already in weak acid and some in caustic, some essential and some toxic by 
excessive exposure, some are volatile at higher temperatures

– Sources: contaminated sites, dumpsites, industries, traffic, …

– Effects to health: can cause pathological problems for bones, kidney, nerves, blood…

• Calcium, Sodium, Potassium, Magnesium, etc.

Anions:

• Cyanides (CN), Nitrates (NO3) etc. some of them also very toxic



Cations

Aluminum Al3+

Chromium(III) Cr3+

Chromium(VI) Cr6+

Copper(II) Cu2+

Hydrogen H+

Iron(II) Fe2+

Iron(III) Fe3+

Lead(II) Pb2+

Magnesium Mg2+

Manganese(II) Mn2+

Manganese(III) Mn3+

Manganese(IV) Mn4+

Manganese(VII) Mn7+

Mercury(II) Hg2+

Nickel(II) Ni2+

Potassium K+

Silver Ag+

Sodium Na+

Strontium Sr2+

Tin(II) Sn2+

Tin(IV) Sn4+

Zinc Zn2+

Ammonium NH4+

Anions      

Arsenide As3−

Bromide Br−

Chloride Cl−

Fluoride F−

Iodide I−

Arsenate AsO43−

Bromate BrO3−

Carbonate CO32−

Hydroxide OH−

Hypochlorite ClO−

Chromate CrO42−

Nitrate NO3−

Nitrite NO2−

Phosphate PO43−

Permanganate MnO4−

Sulphate SO42−

Hydrogen Sulphate HSO4−

Sulphite SO32−

Hydrogen Sulphite HSO3−

Acetate C2H3O2−

Hydrogen Sulphide HS−

Amide NH2−

Cyanide CN−

Inorganic compounds



Organic compounds

An organic component is any member of a large class of chemical compounds 
whose molecules contain carbon; for historical reasons, a few types of compounds 
such as carbonates, carbon oxides and cyanides, as well as elemental carbon are 
considered inorganic:

– Hydrocarbons, oil, grease, solvents, etc.

– Drugs: antibiotics, estrogenes, betablockers; pesticides, hydrocarbons

– Analytics: chromatography, infrared

– Parameters: COD, TOC, DOC, BOD5, total hydrocarbons, AOX etc.



Characterisation of contaminants II

Dissolved substances: 

• Solution: solubility is a chemical property referring to the ability for a 
given substance, the solute, to dissolve in a solvent: water is a solvent

Undissolved substances: 

• Suspended solids (SS or TSS) refers to small solid particles which remain 
in suspension in water as a colloid or due to the motion of the water 

• Suspension: a suspension is a heterogeneous mixture in which the 
internal phase is dispersed throughout the external phase through 
mechanical agitation or with the use of  suspending agents.

• Emulsion: Water-in-Water Emulsions (W/W Emulsions). An emulsion is 
two immiscible liquids mixed together (by shaking for example) with 
small droplets of one liquid dispersed (separated and distributed 
throughout the space) in the other liquid. This dispersion is usually not 
stable and all the droplets will “clump” together over time and forms 
two layers.



Waste water discharge regulations



TSS of a water or wastewater sample is determined by filtering a 

carefully measured volume of water through a pre-weighed filter of a 

specified pore size, then weighing the filter again after the drying process 

that removes all water on the filter. Filters for TSS measurements are 

typically composed of glass fibre. The gain in weight is a dry weight 

measure at 105°C of the particulates present in the filter. 

The physical separation between dissolved and undissolved substances is 

done by a filtration on a filter with  0.45 µm pore size.

Summenparameter TSS und GUS
Total Suspended Solids (TSS)



Dissolved and suspended solids

Filtration membrane
0.45 μm pores

Vacuum

Filtrate with
dissolved
substances

Waste water sample



COD test is commonly used to indirectly measure the amount of organic 

compounds in water. The basis for the COD test is that nearly all organic 

compounds can be fully oxidized to carbon dioxide and water with a strong 

oxidizing like Potassium dichromate agent under acidic conditions.

Exercise:

OC H O6 12 6 6 6+ +26 O CO H2 2

200g of Glucose: what is the COD?  

Atomic weights: H = 1, C = 12, O = 16

COD: chemical oxygen demand



COD: chemical oxygen demand

Water sample adding acid, 

silver ions (catalyst) and 

potassiumdichromate as 

oxidising agent

Oxydising process: 

2 h at 148°C

After cooling the remaining 

oxidizing agent is measured –

the difference to the input is 

the consumed amount of the 

agent => out of the COD can be 

calculated  



BOD measures the rate of oxygen uptake by micro-organisms in a 

sample of water at a fixed temperature (20°C) and over a given period 

of time in the dark. To ensure that all other conditions are equal, a very 

small amount of micro-organism seed is added to each sample being 

tested. The test generally takes place over an elapsed period of five 

days. 

BOD5: biochemical oxygen demand



BOD5: biochemical oxygen demand

Water sample adding 

bacteria and statured 

with oxygen

Bacteria

measuring the  oxygen 

concentration

The sample is closed and 

conserved over 5 day at 

20°C

After 5 day the oxygen 

concentration is measured. The 

difference is the average BOD5 

consumption



Some guiding principles: 

3. Technologies



3. Technologies

Precautionary P..

Co-operation

Polluter pays P.

General Guiding Principles

Take early actions

Public and private
sector shall co-operate

Polluter pays the
necessary measures



3. Technologies



3. Technologies



3. Technologies



Organic waste

Inorganic / 

mineral waste

Incineration

Fermentation Biogas waste to

energy

Co-processing in 

cement kilns

Landfill for inert 

materials

Landfill for stabilized
materials

Landfill for bioactive
materials

2 types of waste - 3 types of landfills  - and reuse

Composting

Raw 

material 

substitution

reuse for

agriculture

Cement & construction

industry



Landfill for inert 
materials

Landfill for stabilized

materials

Landfill for bioactive
materials

Landfill – 3 types 

Swiss Agency for the Environment, Forests and Landscape

(SAEFL), TECHNICAL ORDINANCE ON WASTE (TOW)

1. Only for inert materials and construction 

waste, over 95 percent by weight of the 

waste  consists of stone similar material.

Limits for heavy metal and other toxic 

substances content and lixiviation.

2. For stabilized residues (cement or other 

binders), max. 5% of organic material. 

Limits for heavy metal and other toxic 

substances content and lixiviation.

3. slag from incineration plants for municipal 

waste and other slag with similar 

properies, not combustible construction 

waste



Landfill for stabilized residues (ISDS Oulens, VD)
mainly for electrofilter ashes from MSWI



http://www.epa.ie/pubs/reports/waste/stats/wasteclassification/#d.en.57326

EU - Waste Classification

List of Waste & 
Determining if Waste 
is Hazardous or Non-
hazardous


