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Preface 

A comprehensive book on industrial waste and its management is in your hand. It is comprehensive because it includes all essentials of industrial waste and its management. I also include other parameters like volume reduction, general and specific tests to be performed, removal of dissolved inorganic and organic salts.

It also gives effects of industrial effluents on sewers, treatment plants and receiving streams. It also caters for disposal with domestic sewage and methods of separate treatment and disposal for oil types of industries.

It also highlights on pre and primary treatment of industrial wastes. After this it describes methods of industrial treatment comprehensively for various types of industries. A very significant part is a detailed discussion on miscellaneous treatment processes like land treatment, deep well processes.

Industrial disposal is another dimension which requires a very deep thought. This has been dealt vigorously on various types of industries like canning, to pharmaceutical to coal processing industry etc. etc.

Pollution hazards is another important dimension...this also has been taken care in chapter seven. Sludge disposal is another important entity which also finds a place in chapter eight. At the end it was important to consider volume reduction of industrial wastes without which all other become non­ salient. This also has been thoroughly discussed in chapter nine.

An important consideration to typical stream discharge regulations and lastly a simple guideline for code of practice for better housekeeping and pollution control in electroplating industry forms a very important part of discussion.
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1.1 Introduction
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The origin, character, and methods of treatment of the major types of industrial waste are described. It is not the purpose of this section, however, to provide the reader with details of each and every waste or method of treating it, but rather to give a condensation of existing information and guide to the literature. The author believes that solving waste­treatment problems should demand not an ability to memorize details but rather the application of scientific principles and judgment to the solution of practical problems. Although the reader may have to search the literature for the detailed information he needs, he should be capable of applying this information once he has absorbed the contents of this text.

The following table provides the reader with a brief summary of the major liquid wastes, their origin, characteristics, and current methods of treatment, which are described in the last six chapters of this test. It should be useful as a quick reference, but in no way can it be considered complete for any specific industry.

The author has divided industrial wastes roughly into six major classifications—apparel, food and drugs, materials, chemicals, energy and non­point sources—and has devoted a chapter to each category, with the exception of the energy industry, which merits two chapters because the wastes from energy industries such as steam power plants and coal processing are one thing and those from atomic­energy plants are quite another. Nuclear wastes present such unique problems that the author felt they merited a chapter to themselves.
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1.2 Treatment of Individual Plant Wastes Principles of Treatment
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(i)  Process Modification in manufacturing

(ii)  Salvage of material
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Apparel




Textiles
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Leather goods
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Laundry trades
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Canned goods
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Dairy products
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Brewed and distilled bever­ ages
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Meat and poul­ try products






Animal feedlots
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Beet sugar






Pharmaceutical products



Origin of major wastes
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Cooking of fibers; de­ sizing of fabric
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Unhairing, soaking, deliming, and bating of hides
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Washing of fabrics






Trimming, culling, juic­ ing, and blanching of fruits and vegetables




Dilutions of whole milk, separated milk, buttermilk, and whey




Steeping and pressing of grain: residue from distillation of alcohol; condensate from still­ age evaporation




Stockyards; slaughter­ ing of animals; render­ ing of bones and fats; residues in conden­ sates; grease and wash water; picking of chickens




Excreta from animals
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Transfer, screening, and juicing waters; drainings from lime sludge; condensates after evaporator; juice and extracted sugar




Mycelium, spent f il­ trate, and wash waters



Major characteristics
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Highly alkaline, col­ ored, high BOD and temperature, high sus­ pended solids




High total solids, hard­ ness, salt, sulf ides, chromium, pH, precip­ itated lime, and BOD




High turbidity, alkalin­ ity, and organic solids
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High in suspended sol­ ids, colloidal and dis­ solved organic matter




High in dissolved or­ ganic matter, mainly protein, fat, and lactose




High in dissolved or­ ganic solids, containing nitrogen and fermented starches or their prod­ ucts




High in dissolved and suspended organic mat­ ter, blood other pro­ teins, and fats
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High in or ganic sus­ pended solids and BOD




High in dissolved and suspended organic mat­ ter, containing sugar and protein
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High in suspended and dissolved organic mat­ ter, including vitamins



Major treatment and disposal methods
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Neutralization, chemical precipitation, biological treatment, aeration and/ or trickling filtration




Equalization, sedimenta­ tion, and biological treat­ ment
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Screening, chemical pre­ cipitation, flotation, and adsorption
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Screening, lagooning, soil absorption or spray irrigation




Biological treatment, aer­ ation, trickling filtration, activated sludge




Recovery, concentration by centrifugation and evaporation, trickling fil­ tration; use in feeds; di­ gestion of slops




Screening, settling and/ or flotation, trickling fil­ tration






Land disposal and anaer­ obic lagoons




Reuse of wastes, coagu­ lation and lagooning






Evaporation and drying; feeds
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Yeast
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Pickles
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Coffee
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Fish
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Rice
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Soft drinks
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Bakeries
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Water produc­ tion
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Cane sugar






Agriculture



Residue from yeast fil­ tration



Lime water; brine, alum and turmer ic, syrup, seeds and pieces of cu­ cumber




Pulping and ferment­ ing of coffee bean




Rejects from centrifuge; pressed fish; evapora­ tor and other wash wa­ ter wastes




Soaking, cooking, and washing of rice
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Bottle washing; f loor and equipment clean­ ing; syrup­storage­tank drains




Washing and greasing of pans; floor washings
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Filter backwash; lime­ soda sludge; brine; alum sludge




Spillage from extrac­ tion, clarification, etc. Evaporator entrainment in cooling and con­ denser waters




Variable origin depend­ ing upon exact source; agriculture chemicals, irrigation return flows, crop residues, and liq­ uid and solid animal


High in solids (mainly organic) and BOD



Variable pH, high sus­ pended solids, color, and organic matter



––––––––
[image: ]



High BOD and sus­ pended solids




Very high BOD, total organic solids, and odor
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High BOD, total and suspended solids (mainly starch)




High pH, suspended solids, and BOD
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High BOD, grease, floor washings, sugars, flour, detergents




Minerals and suspend­ ed solids
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Variable pH, soluble or­ ganic matter with rela­ tively high BOD of car­ bonaceous nature.
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Highly organic and BOD detergent cleaning solu­ tions



Anaerobic digestion, trickling filtration



Good housekeeping, screening, equalization
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Screening, settling, and trick­ling filtration




Evaporation of total waste; barge remainder to sea
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Lime coagulation, diges­ tion
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Screening, plus dis­ charge to municipal sew­ er
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Amenable to biological oxidation
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Direct dischar ge to streams or indir ectly through  holding  lagoons




Neutralization, recircula­ tion, chemical treatment, some selected aerobic ox­ idation
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Biological oxidation ba­ sins; some composting and anaerobic digestion; land application
wastes 

Minerals
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Pulp and paper
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P h o t o g r a p h i c products
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Cooking, refining, washing of f ibers, screening of paper pulp
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Spent solutions of de­ veloper and fixer


––––––––
[image: ]


High or low pH, color, high suspended, colloi­ dal, and dissolved sol­ ids, inorganic fillers




Alkaline, containing various organic and in­ organic reducing agents


––––––––
[image: ]


Settling, lagooning, bio­ logical treatment, aera­ tion, recovery of by­prod­ ucts




Recovery of silver; dis­ charge of wastes into municipal sewer
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Steel






M e t a l ­ p l a t e d products
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I r o n ­ f o u n d r y products



––––––––
[image: ]



Oil f ields and refineries
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Fuel oil use
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Rubber
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Glass
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Naval stores
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Glue manufac­ turing
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Wood pr eserv­ ing
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Candle manu­ facturing




Plywood manu­ facturing


Coking of coal, wash­ ing of blast­furnace flue gases, and pickling of steel
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Stripping of oxides, cleaning and plating of metals
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Wasting of used sand by hydraulic discharge
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Drilling muds, salt, oil, and some natural gas; acid sludges and mis­ cellaneous oils from re­ f ining




Spills from fuel­tank f illing waste; auto crankcase oils




Washing of latex, coag­ ulated rubber, exuded impurities from crude rubber




Polishing and cleaning of glass
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Washing of stumps, drop solution, solvent recovery, and oil­recov­ ery water




Lime wash, acid wash­ es, extraction of non­ specific proteins
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Steam condensates
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Wax spills, stearic acid condensates




Glue washings


Low pH, acids, cyano­ gen, phenol, ore, coke, limestone, alkali, oils, mill scale, and fine sus­ pended solids



Acid, metals, toxic, low volume, mainly miner­ al matter
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High suspended solids, mainly sand; some clay and coal




High dissolved salts from field; high BOD, odor, phenol, and sul­ fur compounds from re­ f inery




High in emulsified and dissolved oils
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High BOD and odor, high suspended solids, variable pH, high chlo­ rides




Red color, alkaline non­ settleable suspended solids




Acid, high BOD
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High COD, BOD, pH,

chromium, per iodic strong mineral acids



––––––––
[image: ]



High in COD, BOD, sol­ ids, phenols
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Organic (fatty) acids
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High BOD, pH, phe­ nols, potential toxicity



Neutralization, recovery and reuse, chemical co­ agulation
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Alkaline chlorination of cyanide; reduction and precipitation of chromi­ um; lime precipitation of other metals




Selective screening, dry­ ing of reclaimed sand
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Diversion, recovery, in­ jection of salts; acidifica­ tion and burning of alka­ line sludges
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Leak and spill preven­ tion, flotation
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Aeration, chlorination, sulfonation, biological treatment
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Calcium­chloride precip­ itation
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By­product recovery, equalization, recircula­ tion and reuse, trickling filtration




Amenable to aerobic bio­ logical treatment, flota­ tion, chemical precipita­ tion.




Chemical coagulation; oxidation pond and oth­ er aerobic biological treat­ ment




Anaerobic  digestion.
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Settling ponds, inciner­ ation
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Petrochemicals






Cement
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Wood furniture
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Asbestos
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Paint and inks
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Acids
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Detergents
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Cornstarch






Explosives



Cutting and lubricating metals, cleaning can surface
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Contaminated water from chemical produc­ tion and transportation of second generation oil compounds




Fine and finish grind­ ing of cement, dust leaching collection, dust control




Wet spray booths and laundries
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Cleaning and crushing ore
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Solvent­based rejected materials scrubbers for paint vapors; refining and/or removing inks



––––––––
[image: ]



Dilute wash waters; many varied dilute acids
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Washing and purifying soaps and detergents




Evaporator condensate or bottoms when not re­ used or recovered, syr­ up from final washes, wastes from “bottling­ up” process




Washing TNT and gun­ cotton for purification, washing and pickling of cartridges


Metal f ines, lub, oils, variable p H, surfac­ tants, dissolved metals
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High COD, T.D.S., met­ als, COD/BOD r atio, and cpds inhibitory to biol action
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Heated cooling water, suspended solids, some in­organic salts
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Organics from staining and sealing wood prod­ ucts




Suspended asbestos and mineral solids
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Contain organic solids from dyes, resins, oils, solvents, etc.
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Low p H, low or ganic content
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High in BOD and sa­ ponified soaps




High BOD and dis­ solved organic matter; mainly starch and relat­ ed material
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TNT, colored, acid, odorous, and contains organic acids and alco­ hol f rom powder and cot­ton, metals, acid, oils, and soaps


Oil separation, chemical precipitation, collection and reuse, lagoon stor­ age. Final carbon absorp­ tion

Recov ery and r euse, equalization and neutral­ isation, chemical coagu­ lation, settling or flota­ tion, biological  oxidation

Segregation of dust­con­ tact streams, neutraliza­ tion and sedimentation
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Evaporation or burning
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Detention in ponds, neu­ tralization and land fill­ ing

Settling ponds for deten­ tion of paints, lime coag­ ulation of printing inks
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Upflow or straight neu­ tralization, burning when some organic mat­ ter is present

Rotation and skimming, pre­cipitation with  CaCl2

Equalization, biological filtration, anaerobic di­ gestion
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Flotation, chemical pre­ cipitation, biological treatment, aeration, chlo­ rination of TNT neutral­ ization, adsorption
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Pesticides
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Phosphate and phosphorus
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Formaldehyde



––––––––
[image: ]



Plastics and res­ ins
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Fertilizer






Toxic chemicals
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Mortuary
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Ho sp i t a l ­ R e s. Labs.
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Steam power
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Scrubber power plant wastes
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Coal processing



Washing and purifica­ tion products such as 2,4­D and DDT
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Washing, screening, floating rock, condenser bleedoff from phosphate reduction plant
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Residues from manufac­ turing synthetic resins and from dyeing synthet­ ic fibers




Unit operations from polymer preparation and use; spills and equip­ ment washdowns




Chemical reactions of basic elements. Spills, cooling waters, washing of products, boiler blow­ dow ns




Leaks, accidental spills, and refining of chemi­ cals
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Body fluids, washwaters, spills
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Washing, sterilizing of facilities, used solutions, spills



––––––––
[image: ]



Cooling water, boiler blow­down, coal drain­ age
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Scrubbing of gaseous combustion products by liquid water




Cleaning and classifica­ tion of coal, leaching of sulfur strata with water


High organic matter, benzene­ring structure, toxic to bacteria and fish, acid



Clays, slimes and tall oils, low pH, high sus­ pended solids, phos­ phorus, silica and flu­ oride




Normally high BOD and HCHO, toxic to bac­ teria in high concen­ trations




Acids, caustic, dis­ solved organic matter such as phenols, form­ aldehyde, etc.




Sulfuric, phosphorous, and nitric acids; min­ eral elements, P, S, N, K, Al, NH3, NO3, etc.

Fl, some susp. solids




Various toxic dissolved elements and com­ pounds such as Hg and PCBs




Blood salt, formalde­ hydes, high BOD, in­ fectious diseases




Bacteria, various chem­ icals radioactive mate­ rials
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Hot, high volume, high inorganic and dis­ solved solids
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Particulates, SO2, im­ pure absorbents or NH3, NaOH, etc.




High suspended sol­ ids, mainly coal; low pH, high H2SO4 and FeSO4


Dilution, storage, activat­ ed­carbon adsorption, al­ kaline chlorination
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Lagooning, mechanical clarification, coagulation and settling of refined waste
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Trickling filtration, ad­ sorption on activated charcoal
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Discharge to municipal sewer, reuse, controlled­ discharge
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Neutralization, detain for reuse, sedimentation, air stripping of NH3, l ime precipitation
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Retention and reuse, change in production
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Disch. to municipal sew­ er holding and chlorina­ tion

Disch. to mun. sewers; holding and biol, aera­ tion in large facilities
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Cooling by aeration, stor­ age of ashes, neutraliza­ tion of excess acid wastes

Solids removal usually by settling, pH adjustment and reuse

Settling, froth flotation, drainage control, and sealing of mines
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Nuclear power and radioactive materials
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N o n ­ p o i n t sources


Processing ores; laun­ dering of contaminated clothes; research­lab wastes; processing of fuel; power­plant cool­ ing waters



Dirt, dust, combustion prod, runoff, salt runoff, organic matter runoff


Radioactive elements, can be very acid and “hot”
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Various but largely miner al and or ganic matter

Concentration and con­ taining, or dilution and dispersion
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Sealing sources, holding and treating by various means
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(iii)  Utilisation of by products

(iv)  Unit Processes

(v)  Conventional Process
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1.3  Unit Processes
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Physical ­ Sedimentation

Flocculation or controlled stirring Filtration­ Micros training,

Vacuum Filtration Absorption and adsorption Evaporation and distillation Centrifuging

Electrolysis Osmosis Floatation Volatilization Freezing Aeration etc.

Chemical­ Neutralization

Precipitation Oxidation­reduction Double decomposition Ion exchange


Simple displacement

Biological  ­ Aerobic and anaerobic decomposition
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1.4  Typical Stream Discharge Regulation
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	(a) Solids in the effluent > 0.794 mm (1/32’’) size

	(b) Total suspended solids > 400 ppm 	Dissolved solids > 1500 ppm

	Total solids: > 1900 ppm



	Turbidity by Jackson turbidimeter > 300 ppm

	Oxygen consumption > 50% of normal saturation of D.O in the receiving streams.

	Toxic substances be eliminated to safe levels for man, animals and aquatic life.

	Colour in the efficient > 400 ppm on chloroplatinate scale.

	PH values of the effluent < 6.5 or > 8.5

	Temperatures of the stream should remains below 37.5oC(100oF) within 15 m from the waste

	Oils and grease > 30 ppm in the effluent

	Threshold odour of the effluent > 1000.



11 . Threshold odour after dilution in stream water > 80
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1.5 Typical Effect of Waste on Streams and Wastewater Treatment Plant
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The following materials can cause stream pollution:


	Inorganic salts

	Acids/alkalies

	Organic matter

	Suspended solids

	Floating solids and liquids

	Heated water

	Colour

	Toxic chemicals

	Micro­organisms

	Radio­active materials

	Foam producing matter.
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Inorganic salts cause water to be “hard” and make a stream undesirable for industrial, municipal and agricultural usage.

Hard water interfere with dyeing in the textile industry, brewing in the beer industry, and quality of the product in the canning industry. Magnesium sulfate a constituent in hard waters has a cathartic effect on people.

The chloride ion increases the conductance of electrical insulating power; carbonates produce a hard scale on peas in canaries. Most types of hard water encrust boiler tubes, so that transfer of heat to the water from the fire, chamber is impaired.

Another disadvantage is that under proper environmental conditions nitrogen & phosphorous induce the growth of microscopic plant life (algae) in surface waters.

There is another facet of the problem worth noting, a total absence of salts is apt to result in corrosive and tasteless water whereas a certain degree hardness enhance the development of a protective film on surface and renders water more palatable.

Acids and/or alkalies make a stream unsuitable not only for recreational uses such as swimming and boating but also for propagation of fish and other aquatic life.

Sodium hydroxide—to site an example of an alkali—is highly soluble in water and affects the alkalinity and pH. Alkali in boiler feed water can, by its caustic action, cause caustic embrittlement of pipes.

Some miscellaneous processes affected by using waters of certain PH values are the rate of industrial fermentation, quality of dough in baking, flavor in soft drinks, yeast activity in brewing of beer, taste of canned fruits, cleaning of industrial metals and gelatin and glue manufacture.

Organic matter exhausts the oxygen resources of rivers and creates unpleasant tastes, odors and general septic conditions. Fish and most a aquatic life are stifled by lack of oxygen and the oxygen level combined with other stream conditions determine the life or death of fish.

Certain organic chemicals such as phenols affect the taste of domestic water supplies. If river containing phenols permeate in nearby wells, they cause objectionable medicinal tastes, and in addition there is the less obvious organic matter which may cause discomfort or diseases.

Suspended solids settle to the bottom or wash up on the banks and decompose, causing odors and depleting oxygen in the river water. Fish often die because of a sudden lowering of the oxygen content of a stream. Visible sludge creates unsightly conditions and destroy the use of river for recreational purposes.
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1.6  Floating Solids and Liquids
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These include oils, greases and other materials which float on the surface. They not only make the river unsightly but also obstruct passage of light through the water retarding the growth of vital plant food.

Same Specific objections to oil in streams are that it:


	Interferes with natural re­aeration.

	Is toxic to certain species of fish or aquatic life.

	Creates a fire hazard when present on water surface in sufficient amounts.

	Destroys vegetation along the shoreline.

	Renders boiler­feed and cooling water unusable.

	Causes trouble in conventional water treatment processes by imparting tastes and odors to water.

	Creates an unsightly film an the surface of the water.

	Lowers recreational e.g. boating potential.



Heated water: Stream waters which vary in temperature from one hour to the next are difficult to process effectively in municipal and industrial water­treatment plants, and heated stream waters are of decreased value for industrial cooling. There is less dissolved oxygen in worm water than in cold, aquatic life suffers and less oxygen is available for natural biological degradation of any organic pollution discharged into these worm surface waters.

Color contributed by textile and paper mills, tanneries, slaughter houses and other industries is an indicator of pollution. Color interferes with the transmission of sunlight into the stream and hence lessens photosynthetic action. Industrial and municipal water plants have great difficulty and scant success in removing color from raw water.

Toxic chemicals: Both inorganic and organic chemicals even in extremely law concentrations may be poisonous to fresh water fish and other smaller, aquatic micro organisms. Insecticides as toxaphene, dieldrin and dichloro benzene have allegedly killed fish in farm pands and streams.

Almost all salts, some even in low concentrations, are toxic to certain forms of aquatic life.

Phenols reacts with chlorine and even in extremely small quantities gives the residual drinking water a noticeable medicinal taste.
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Micro­organisms: Vegetable and fruit canneries may also add bacterial contamination to streams. These bacteria are of two significant types:


	Bacteria which assist in the degradation of the organic matter as the waste moves down stream.

	Bacteria which are pathogenic not only to other bacteria but also to humans.



Radioactive materials: The manufacture of fissionable materials the increasing peacetime use of atomic energy and the projected development of atomic power facilities have introduced new complications in the field of

sanitary engineering. Certain highly radioisotopes such as S 90 and C 137


A S


continue to release energy over large periods of time (several generations of the human face).

Foam producing matter. Such as discharged by textile mills, pulp and paper mills and chemical plants give an undesirable appearance to the receiving stream.
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1.7  Effects on Sewage Plants
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To remove pollution from industrial wastes a sewage treatment plant must have sufficient capacity and of proper type. Theoretically a sewage treatment plant could be designed to handle any type of industrial waste. Joint treatment of municipal and industrial waste waters which are amenable to treatment may offer greater removal efficiencies but economics will usually be the deciding factor.

The pollution characteristics of wastes having readily definable effects on sewers and treatment plants can be roughly classed as follows:


	Biochemical oxygen demand (BOD)

	Suspended solids

	Floating and coloured materials

	Volume

	Other harmful constituents.



Table presents a comparison of domestic sewage potential characteristic and those of some industrial wastes on next page.

Biochemical oxygen demand (BOD) is usually exerted by dissolved and colloidal organic matter and imposes a load on the biological units of the treatment plant.

An added BOD load caused by an increase in organic waste, requires more bacterial activity more oxygen and greater biological unit capacity for
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Table

General Comparison of Pollutions Loads in Industrial Wastes Versus Domestic Sewage

[image: ]

Population equivalent



	
Origin of waste


	Biochemical oxygen demand

	Suspended Solids


	
Domestic  sewage


	1

	1


	
Paper mill waste


	16­1330

	6100


	
Tannery waste


	24­48

	40­80


	
Textile mill waste


	0.4­360

	130­580


	
Cannery waste


	8­800

	3­440




its treatment. This calls for an increase in both capital outlay and daily operating expense.

The rate of docomposition for industrial organic matter may therefore be faster or slower than that for sewage organic matter and this difference must be considered in the design and operation of biological units.

Suspended Solids. They are screened and/or settled out of the sewage at the disposal point. Solids removed by setting and separated from the flowing sewage are called sludge, which may then undergo an anaerobic decomposition known as digestion and be pumped to drying beds or vacuum filters for extraction of additional water.

Suspended solids in industrial waste may settle more rapidly or slowly than swerge suspended matter. If industrial, solids settle faster then those of municipal sewage, sludge should be removed at shorter intervals to prevent excessive buildup. Quantities of stale sludge may be “scoured” off the bottom of the basin with resultant increase of sludge in the effluent. A faster setting industrial waste may accelerate the setting of sewage solids, a slower setting one will require a larger detention period and larger basins and increase the likelihood of sludge decomposition with accompanying nuisances during slack sewage­flow periods. However regardless of the settling rate, the quantity of sludge to be pumped to the sludge disposal facilities of the treatment plant will be increased by the addition of such industrial wastes.

Deoxygenation rates of sewage of certain industrial wastes and a combination of the two.

Floating materials and coloured matter such as oil grease and dyes from textile­finishing mills are disagreeable and of visible nuisances. Visible pollution retards the development of a community or area, since it discourages comping, boating, swimming and fishing—recreation indispensable to the
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vitality of a physically and mentally healthy community and industry is reluctant to locate on a stream which is visibly polluted.

A modern treatment plant will remove normal grease loads in primary settling
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