Control of Industrial Pollution

I would feel more optimistic about a bright future for man if he spent less time proving that he can outwit Nature and more time tasting her sweetness and respecting her seniority.















    - E.B. White

REDUCTION OF

WASTEWATER VOLUME

Volume reduction of wastewater can be achieved by the following means:

a) Conservation of water used in the process.

b) Segregation of different streams in the process.

c) Recycling and re-using water used in the process. 

REDUCTION OF

WASTEWATER STRENGTH

Strength of wastewater can be achieved by the following means:

a) Equipment modifications and process changes. 

b) Segregation, equalization and proportioning.

c) Recovery of important by-products from waste streams.

PHYSICAL WASTEWATER TREATMENT

Pollutants, which are suspended or floating solids or liquids, can be removed from the wastewater by clarification, provided there exists a density difference between the pollutants.  Evaporation of wastewater followed by incineration, crystallization or spray drying helps to recover heat or materials dissolved in the original wastes. Phenol in effluents from coke-oven plants and pharmaceutical industries can be extracted by using benzene, di-isopropyl ether, and other solvents. Treatment methods, such as reverse osmosis, electrodialysis, filtration, and adsorption, help remove fine particles and organic and inorganic dissolved materials, resulting in better water quality for re-use or disposal. Besides some useful materials can also be recovered.   

BIOLOGICAL WASTEWATER

TREATMENT

In biological treatment methods biodegradable organic wastes are converted to simple end products by microorganisms, under favourable environmental conditions. Some of the popular biological treatment methods are outlined below. 

Aerobic stabilization pond 

contains bacteria to biodegrade waste, and algae to produce oxygen. Oxygen also enters the liquid through atmospheric diffusion. Since aerobic conditions must prevail throughout the depth of a stabilization pond, it shall never be deeper than 1.5 m. Since treatment is by the natural bacterial activity obtained in open ambient conditions, biological activity is rather limited and the retention time required is large (20 days). Where land cost is low and temperature conditions are favourable, stabilization ponds are very cost effective in terms of energy conservation and maintenance.  

Aerated lagoons 

are extensions of stabilization ponds with provision of surface aerators, with depth ranging from 2.5 to 4 m, and a width-to-length ratio of 0.5. The retention time is 2-4 days with aerated lagoons.

Oxidation ditch 

is an oval-shaped closed channel, 1-1.5 m deep, with mammoth powerful rotors which intensely aerate and impart sufficient velocity to the mixed liquor. The retention time is between 0.5 and 1.5 days. 
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Facultative ponds 

 
comprise of three zones. The surface zone is where aerobic bacteria and algae exist in a symbiotic relationship as in the stabilization pond. An anaerobic bottom zone in which accumulated solids are decomposed by anaerobic bacteria. An intermediate zone that is partly aerobic and partly anaerobic, in which decomposition of organic wastes is carried out by facultative bacteria. Soluble and colloidal organic materials are oxidized by aerobic and facultative bacteria using oxygen produced by algae present in the surface zone. Anaerobic breakdown of the solids in the sludge layer, formed by large solids in the wastewater settling down, results in the production of dissolved organics and gasses such as CO2, H2S, and CH4, which are either oxidised by aerobic bacteria or vented to the atmosphere. 

Activated-sludge process 

consists of a primary sedimentation  treatment to remove organics that can be settled out. The remaining liquid waste is then subjected to biological oxidation in an aerobic environment, in which the sludge is maintained in an activated state by aeration using compressed air, or even oxygen. The digested effluent is sent to another unit, in which the  sludge is settled, and a part of it is returned to be mixed with the raw waste. The remaining sludge is disposed of by suitable means such as drying or composting. The treated liquid effluent from the activated sludge process is disinfected for safe disposal into river bodies. Retention time in the order of 10-14 hours is adequate for a well-operated unit. 

Tricking filter 

is a circular bed, 2-5 m high, filled with porous lumpy materials such as hard coke, or even stone-metal. The wastewater is evenly distributed on the surface of the bed with a rotary sprinkler. The slimy bacterial films formed on the surface of the packing take up organic materials from the wastewater as it trickles down the bed. The water is collected below, and is sent to a settling basin to remove sludge. Tricking filters are known for their consistent performance and capacity to take shock loads. Trickling filters are easier to maintain as compared to activated-sludge processes, and their energy consumptions are much lower. On the other hand, capital cost is more for tricking filters, and treatment capacity is lower. It is therefore best to combine trickling filters with the activated-sludge process to obtain better results.  

Anaerobic treatment 

is used for the treatment of high-strength (that is, high BOD) organic wastewater. The main difficulty of anaerobic treatment of liquids lies in providing very-large digestion vessels, properly sealed to avid contact with air or oxygen. The wastes that are added to the pond settle to the bottom. The partially clarified effluent is usually discharged to another treatment process for further treatment. Anaerobic conversion of organics produces CO2, CH4, other gaseous end products, and organic acids. 

CHEMICAL WASTEWATER

TREATMENT

Industrial effluents usually contain acids, alkalis, undesirable chlorides, phenols, sulphates, chromates, phosphates, and salts of mercury, lead, calcium, zinc, etc. The best way to remove these is to incorporate in-plant changes in process design and operation. In fact, recovery and disposal of these pollutants should be incorporated in the process-design stage itself. 


Industrial waters usually contain acids and bases and need to be neutralised before they are discharged into water bodies or municipal sewers. Acids, when neutralised with caustic soda, give soluble salts. Caustic soda is more expensive than lime, which is therefore used for neutralization of acidic wastes. Calcium compounds are in general insoluble, which indeed add to the total sludge quantity. Neutralisation of alkalis is done with a calculated quantity of sulphuric or hydrochloric acid. 


Flocculation and precipitation can help reduce the organic and inorganic load by settling the sludges or precipitates formed. More than 90% of the dissolved phosphates, and 55-70% of the BOD load of domestic sewage   
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