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 Industrial Wastewater Treatment Plants Self-Monitoring Manual

2. PRINCIPLES OF INDUSTRIAL WASTEWATER TREATMENT 

    PLANTS

2.1 NATURE & CHARACTERISTICS OF INDUSTRIAL WASTEWATER

It is only natural for industry to presume that its wastewater can best be disposed of in the domestic sewer system. However, city authorities should not accept any wastewater discharges into the domestic sewer system without first learning the facts about the characteristics of the wastewater, the sewage system’s ability to handle them, and the effects of the wastewater upon all components of the city disposal system. Institution of a sewer ordinance, restricting the types or concentrations of wastewater admitted in the sewer leading to a treatment plant, is one means of protecting the system. The following table gives a comparison between the typical range of BOD and S.S. load for industrial and municipal domestic wastewater. While table (2-2) gives a comparison in concentration values.

         Table (2-1): Typical range of BOD and S.S. load

for industrial and municipal wastewater *

Origin of waste
Biochemical oxygen demand

“BOD” (kg/ton product)
Total Suspended solids

“TSS” (kg/ton product)

Domestic sewage
0.025  (kg/day/person)
0.022  (kg/day/person)

Dairy industry
5.3
2.2

Yeast industry
125
18.7

Starch & glucose industry
13.4
9.7

Fruits & vegetable canning industry
12.5
4.3

Textile industry
30 - 314
55 - 196

Pulp & paper industry
4 - 130
11.5 - 26

Beverage industry
2.5 - 220
1.3 - 257

[image: image2.wmf] 

Tannery industry
48 - 86
85 - 155

Table (2-2): Typical range of concentration values

for industrial and municipal wastewater **

Origin of waste
pH
T.S.S, mg/l
BOD, mg/l
COD, mg/l
TDS, mg/l
O&G, mg/l

 Domestic Sewage
7
220
250
500
500
-

 Dairy Industry
4
12150
14000
21100
19000
320

 Yeast Industry
5.3
540
2100
3400
3500
9

 Fruits & Vegetable Canning
5.5
2200
800
1400
1270
94

 Textile Industry
6.5
1800
840
1500
17000
155

 Pulp & Paper Industry
8
1640
360
2300
1980
-

 Beverage Industry
9
760
620
1150
1290
-

 Tannery Industry
10
2600
2370
4950
8500
115

 Fish Canning 
11
565
890
2350
8218
290

The important contaminants of concern in wastewater treatment are listed in the table 2-3. Secondary treatment standards for wastewater are concerned with the removal of biodegradable organics, suspended solids, and pathogens. Many of the more stringent standards that have been developed recently deal with the removal of nutrients and priority pollutants. When wastewater is to be reused, standards normally include requirements for the removal of refractory organics, heavy metals, and in some cases dissolved inorganic salts.

Table (2-3) Important contaminants of concern in industrial wastewater treatment

Contaminants


Reason for importance



Suspended solids
Suspended solids can lead to the development of sludge deposits and anaerobic conditions when untreated wastewater is discharged in the aquatic environment.

Nutrients
Both nitrogen and phosphate, along with carbon, are essential nutrients for growth. When discharged to the aquatic environment, these nutrients can lead to the growth of undesirable aquatic life. When discharged in excessive amounts on land, they can also lead to the pollution of groundwater.

Priority pollutants
Organic and inorganic compounds selected on the basis of their known or suspected carcinogenicity, mutagenicity, teratogenicity, or high acute toxicity. Many of these compounds are found in wastewater.

Refractory organics
These organics tend to resist conventional methods of wastewater treatment. Typical examples include surfactants, phenols, and agricultural pesticides.

Heavy metals
Heavy metals are usually discharged to wastewater from commercial and industrial activities and have to be removed if the wastewater is to be reused.

Dissolved inorganics
Inorganic constituents such as calcium, sodium, and sulfate are added to the original domestic water supply as a result of water use and may have to be removed if the wastewater is to be reused.

2.1.1 Physical Characteristics

The most important physical characteristic of wastewater is its total solids content, which is composed of floating matter, settleable matter, colloidal matter, and matter in solution. Other important physical characteristics include odor, temperature, color, and turbidity.

a) Total Solids

Analytically the total solids content of a wastewater is defined as all the matter that remains as residue upon evaporation at 103 to 105 °C. Matter that has a significant vapor pressure at this temperature is lost during evaporation & is not defined as a solid. Settable solids are those solids that will settle to the bottom of a cone-shaped container (called an Imhoff cone) in a 60-minute period.

Settable solids, expressed as mL/L, are an approximate measure of the quantity of sludge that will be removed by primary sedimentation. Total solids, or residue upon evaporation, can be further classified as non-filterable (suspended) or filterable by passing a known volume of liquid through a filter.

The filterable-solids fraction consists of colloidal and dissolved solids. The colloidal fraction consists of the particulate matter with an approximate size range of from 0.001 to 1 µm. The dissolved solids consist of both organic & inorganic molecules and ions that are present in true solution in water. The colloidal fraction cannot be removed by settling. Generally, biological oxidation or coagulation, followed by sedimentation, is required to remove these particles from suspension.

The suspended solids are found in considerable quantity in many industrial wastewater, such as cannery and paper-mill effluents. They are screened and/or settled out at the treatment plant. Solids removed by settling and separated from wash water are called sludge, which may then be pumped to drying beds or filtered for extraction of additional water (dewatering). 

Each of the categories of solids may be further classified on the basis of their volatility at 550 + 50 oC. The organic fraction will oxidize and will be driven off as gas at this temperature, and the inorganic fraction remains behind as ash. Thus the terms "Volatile suspended solids" and "Fixed suspended solids" refer, respectively, to the organic and inorganic (or mineral) content of the suspended solids. The volatile-solids analysis is applied most commonly to wastewater sludge to measure their biological stability.







b) Odors

Odors are usually caused by gases produced by the decomposition of organic matter or by substances added to the wastewater. Industrial wastewater may contain either odorous compounds or compounds that produce odor during the process of wastewater treatment.

c) Temperature

The temperature of water is a very important parameter because of its effect on chemical reactions and reaction rates, aquatic life, and the suitability of the water for beneficial uses. Increased temperature, for example, can cause a change in the species of fish that can exist in the receiving water body. Industrial establishments that use surface water for cooling-water purposes are particularly concerned with the temperature of the intake water.

In addition, oxygen is less soluble in warm water than in cold water. The increase in the rate of biochemical reactions that accompanies an increase in temperature, combined with the decrease in the quantity of oxygen present in surface waters, can often cause serious depletions in dissolved oxygen concentration in the summer months. When significantly large quantities of heated water are discharged to natural receiving water, these effects are magnified. It should also be realized that a sudden change in temperature can result in a high rate of mortality of aquatic life. Moreover, abnormally high temperatures can foster the growth of undesirable water plants and wastewater fungus.

d) Color

Color of industrial wastewater varies according to the type of industry.  Knowledge of the character and measurement of color is essential. Since most colored matter is in a dissolved state, it is not altered by conventional primary devices, although secondary treatment units, such as activated sludge and trickling filters, remove a certain percentage of some types of colored matter. Sometimes color matters needs chemical oxidation procedures for removal.

e) Turbidity

Turbidity, a measure of the light-transmitting properties of water, is another test used to indicate the quality of wastewater discharges and natural waters with respect to colloidal and residual suspended matter. In general, there is no relationship between turbidity and the concentration of suspended solids in untreated wastewater. There is, however, a reasonable relationship between turbidity and suspended solids for the settled secondary effluent from the activated sludge process.

2.1.2 Chemical Characteristics

a) Organic Matter
Organic compounds are normally composed of a combination of carbon, hydrogen, and oxygen, together with nitrogen in some cases. Other important elements, such as sulfur, phosphorus, and iron, may also be present. Also, industrial wastewater may contain small quantities of a large number of different synthetic organic molecules ranging from simple to extremely complex in structure. Typical examples include surfactants, organic priority pollutants, volatile organic compounds and agricultural pesticides as shown in table (2-3). The presence of these substances has complicated industrial wastewater treatment because many of them either cannot be or are very slowly decomposed biologically.

 Fats, Oils, and Grease. Fats are among the more stable of organic compounds and are not easily decomposed by bacteria. Kerosene, lubricating oils reach the sewer from workshops and garages, for the most part they float on the wastewater, although a portion is carried into the sludge on settling solids. To an even greater extent than fats, oils, and soaps, the mineral oils tend to coat surfaces causing maintenance problems. If grease is not removed before discharge of the wastewater, it can interfere with the biological life in the surface waters and create unsightly floating matter and films. The oil and grease (O & G) is a very important test used to determine the hydrocarbon content of industrial wastewaters. O&G tests include free O&G and emulsified O&G measures. These tests will determine the type of treatment required. Free O&G can be removed by flotation & skimming using gravity oil separator (GOS). However, emulsified oil is removed by Dissolved Air Flotation system after chemical de-emulsification of oil. In any case, O&G have to be removed prior biological treatment as they will clog the flow distributing devices and air nozzles.
 Surfactants. Surfactants are large organic molecules that are slightly soluble in water and cause foaming in wastewater treatment plants and in surface waters into which the wastewater effluent is discharged. Surfactants tend to collect at the air-water interface. During aeration of wastewater, these compounds collect on the surface of the air bubbles and thus create a very stable foam.

 Phenols. Phenols and other organic compounds are also important constituents of water. Phenols cause taste problems in drinking water, particularly when the water is chlorinated. They are produced primarily by industrial operations and find their way to surface waters via industrial wastewater discharges. Phenols can be biologically oxidized at concentrations up to 500 mg/liter.

 Volatile Organic Compounds (VOCs). Organic compounds that have a boiling point  less than < 100 oC and/or a vapor pressure > 1 mm Hg at 25 oC are generally considered to be volatile organic compounds (VOCs). The release of these compounds in sewers and at treatment plants is of particular concern with respect to the health of collection system and treatment plant workers.

 Pesticides & Agricultural Chemicals. Trace organic compounds, such as pesticides, herbicides, and other agricultural chemicals, are toxic to most life forms and therefore can be significant contaminants of surface waters.

Parameters of Organic Content

 Biochemical Oxygen Demand (BOD5)

The most widely used parameter of organic pollution applied to wastewater is the 5-day BOD (BOD5). The BOD5 is usually exerted by dissolved and colloidal organic matter and imposes a load on the biological units of the treatment plant. Oxygen must be provided so that bacteria can grow and oxidize the organic matter. An added BOD5 load, caused by an increase in organic waste, requires more bacterial activity, more oxygen, and greater biological-unit capacity for its treatment.

Figure (2-2) illustrates one possible effect of a given industrial wastewater on a sewage plant. In this instance the industrial wastewater, with its constant rate of degradation, tends to smooth out the rate of decomposition of the sewage so that the result shows less upsurge due to nitrogenation. Also, the rate of decomposition of the industrial wastewater tends to slow down the initial rapid rate of domestic sewage.

The determination of the BOD5 involves the measurement of the dissolved oxygen used by microorganisms in the biochemical oxidation of organic matter. Several dilutions of the wastewater are put into standard BOD5 bottles with water that has been saturated with oxygen, and contains bacteria. A control bottle is also prepared with only water and bacteria. The bottles are put into a standard incubator for five days, hence this is called the “Five-Day BOD Test (BOD5).” The difference in oxygen levels between the control bottle and the bottles with oxygen remaining is used to calculate the BOD5 in mg/L.

The BOD 5 test results are used to:

 Determine the approximate quantity of oxygen that will be required to biologically stabilize the organic matter present.

 Determine the size of wastewater treatment facilities.

 Measure the efficiency of some treatment process.

 Determine compliance with wastewater discharge permits.


Fig. (2-2) Deoxygenation rates of sewage, a certain industrial wastewater

and a combination of the two.

The limitations of the BOD5 test are as follows:

 A high concentration of active, acclimated seed bacteria is required.

 Pretreatment is needed when dealing with toxic wastes, and the effects of nitrifying organisms must be reduced.

 Only the biodegradable organics are measured.

 The test does not have stoichiometric validity after the soluble organic matter present in solution has been used.

 An arbitrary, long period of time is required to obtain results.

 Chemical Oxygen Demand (COD)

The COD test is used to measure the organic matter in industrial wastewater that contains compounds that are toxic to biological life. It oxidizes the reduced compounds in wastewater through a reaction with a mixture of chromic and sulfuric acid at high temperatures. There is another COD test using permanganate as the oxidizing agent but this test will give lower values and is not directly relatable to the standard COD test.

The COD of wastewater is, in general, higher than that of the BOD5 because more compounds can be chemically oxidized than can be biologically oxidized. For many types of wastewater, it is possible to correlate COD with BOD5. This can be very useful because COD can be determined in 3 hours, compared with 5 days for the BOD5. Once the correlation has been established, COD measurements can be used to good advantage for treatment-plant control and operation.

The ratio of COD to BOD5 is usually 1.5: 2 for industrial wastewater containing biodegradable material (e.g. Food Industry). For wastewaters with ratios higher than 3, it is assumed that some oxidizable material in the sample is not biodegradable. Nonbiodegradable material sometimes is called refractory and found mainly in wastewater from chemical and pulp & paper industries.

b) Inorganic Matter

Several inorganic components of wastewater are important in establishing and controlling wastewater quality. Industrial wastewater has to be treated for removal of the inorganic constituents that are added in the use cycle. Concentrations of inorganic constituents also are increased by the natural evaporation process, which removes some of surface water and leaves the inorganic substance in the wastewater.

 pH. The hydrogen-ion concentration is an important quality parameter of wastewater. The concentration range suitable for the existence of most biological life is quite narrow and critical. Wastewater with an adverse concentration of hydrogen ion is difficult to treat by biological means, and if the concentration is not altered before discharge, the wastewater effluent may alter the concentration in the natural waters.

 Alkalinity. Alkalinity in wastewater results from the presence of the hydroxides, carbonates, and bicarbonates of elements such as calcium, magnesium, sodium, potassium, or ammonia. Of these, calcium and magnesium bicarbonates are most common. Borates, silicates, phosphates, and similar compounds can also contribute to the alkalinity. The alkalinity in wastewater helps to resist changes in pH caused by the addition of acids. The concentration of alkalinity in wastewater is important where chemical treatment is to be used, in biological nutrient removal, and where ammonia is to be removed by air stripping.

 Nitrogen. Because nitrogen is an essential building block in the synthesis of protein, nitrogen data will be required to evaluate the treatability of wastewater by biological processes. Insufficient nitrogen can necessitate the addition of nitrogen to make the wastewater treatable. Where control of algal growth in the receiving water is necessary to protect beneficial uses, removal or reduction of nitrogen in wastewaters prior to discharge may be desirable. The total nitrogen, as a commonly used parameter, consists of many numerous compounds such as; NH3, NH4-N, NO3-N, NO2-N, urea, organic-N (amines, amino acids, ...etc).

 Phosphorus. Phosphorus is also essential to the growth of algae and other biological organisms. The organically bound phosphorus is an important constituent of industrial wastewater and sludge.

 Sulfur. Sulfate is reduced biologically under anaerobic conditions to sulfide, which in turn can combine with hydrogen to form hydrogen sulfide (H2S). Hydrogen sulfide released to the atmosphere above the wastewater in sewers that are not flowing full tends to accumulate at the crown of the pipe. The accumulated H2S can then be oxidized biologically to sulfuric acid, which is corrosive to steel pipes and equipment.
 Toxic Inorganic Compounds. Because of their toxicity, certain cations are of great importance in the treatment and disposal of wastewater. Many of these compounds are classified as priority pollutants. Copper, lead, silver, chromium, arsenic, and boron are toxic in varying degrees to microorganisms and therefore must be taken into consideration in the design of a biological treatment plant. Many plants have been upset by the introduction of these ions to the extent that the microorganisms were killed and treatment ceased. Other toxic cations include potassium and ammonium at 4000 mg/L. Some toxic anions, including cyanides and chromates, are also present in industrial wastewater. These are found particularly in metal-plating wastewater and should be removed by pretreatment at the site of the industry rather than be mixed with the municipal wastewater. Fluoride, another toxic anion, is found commonly in wastewater from electronics manufacturing facilities. Organic compounds present in some industrial wastewater are also toxic.
 Heavy Metals. Trace quantities of Many metals, such as nickel (Ni), manganese (Mn), lead (Pb), chromium (Cr), cadmium (Cd), zinc (Zn), copper (Cu), iron (Fe), and mercury (Hg) are important constituents of some industrial wastewaters. The presence of any of these metals in excessive quantities will interfere with many beneficial uses of the water because of their toxicity; therefore, it is frequently desirable to measure and control the concentration of these substances.

2.1.3 Biological Characteristics
Some industries have certain pathogenic organisms like slaughter  houses others have molds and fungi as starch and yeast factories. Biological tests on wastewater determine whether pathogenic organisms are present by testing for certain indicator organisms. Biological information is needed to assess the degree of treatment of the wastewater before its discharge to the environment. The parameters setting the standards for the discharge of different industrial wastewater effluents are outlined in table (2-4). Total nitrogen is a commonly used parameter that includes a number of parameters , NH3, NH4-N, NO3-N, NO2-N, urea, organic N such as amines, amino acids, proteins, etc. ) and process chemicals. The presence of these compounds depends on the production.

2.2 NEED FOR INDUSTRIAL WASTEWATER TREATMENT PLANTS

Industry views wastewater treatment as an imposed necessity which it employs when it is compelled to, especially when wastewater’s effect on the receiving watercourse is readily visible or when public approval and claim will be gained for the expenditure and effort.

Industry should attempt to treat its wastewater at the lowest cost that will yield a satisfactory effluent for the particular receiving stream, which may necessitate considerable study, research, and pilot investigations. Planning ahead will provide time to make appropriate decisions. Conversely, lack of planning on minimizing wastewater treatment costs may mean that a sudden demand for an immediate solution will cause industry to decide to cease production. 

The public attitude toward pollution control, which bordered on apathy during the first half of the twentieth century, has undergone drastic change in the early 1970s as part of the surge in public concern for the quality of the environment. Sincere public concern will be required over a long period of time to make the necessary changes in society to bring about significant improvements in our environment. Major changes in our political, social, legal, and economic approaches to pollution control will be required and therefore much more than clever technological advances will be needed.

To prevent any health hazards caused by discharging wastewater to water streams, the wastewater must be treated before discharge. Such treatment should comply with the terms of the legislation defining the characteristics of the effluent discharging in water streams. The concept of planing and development should be based on the criteria to protect land, water resources, aquatic life in streams and rivers and marine life from pollution and to safeguard public health as a high priority. Egyptian standards for
 quality of wastewater to be discharged in water streams have been updated in 1994 by law 4 and by decree 44/ 2000 of law 93, 1962 for discharging effluent to public sewer and by Law 48, 1982 for discharging to fresh water bodies including River Nile.

The environmental inspection on wastewater treatment plants aims to support and strengthen the Protection of both the environment and the public health, since the pollution generated from the industrial establishments has a negative impact not only on the environment, but also on the health of the individuals. Therefore, it is noted that most of the procedures that could be implemented by industrial establishments to reduce the negative environmental impacts, will also lead to reducing the effects that present a threat to the health of workers within the plants and the public living in regions affected by the various emissions from the plants.

In this respect, the effectiveness of the inspection on industrial wastewater treatment plants will lead to the protection of the environment and the protection of workers and public health.

Table (2-4)

2.3 COMMON TYPES OF WASTEWATER TREATMENT METHODS

After treatment objectives have been established for a specific project and the applicable regulations have been reviewed, the degree of treatment can be determined by comparing the influent wastewater characteristics to the required effluent wastewater characteristics. A number of different treatment and disposal or reuse alternatives are then developed and evaluated, and the best alternative is selected.

The contaminants in wastewater are removed by physical, chemical, and biological means. The individual methods usually are classified as physical unit operations, chemical unit processes, and biological unit processes. 

2.3.1 Physical Unit Operations


Treatment methods in which the application of physical forces predominates are known as physical unit operations. Because most of these methods evolved directly from man’s first observations of nature, they were the first to be used for wastewater treatment. Screening, mixing, flocculation, sedimentation, flotation, filtration, and gas transfer are typical unit operations.

2.3.2 Chemical Unit Processes
Treatment methods in which the removal or conversion of contaminants is brought about by the addition of chemicals or by other chemical reactions are known as chemical unit processes. Precipitation, adsorption, and disinfection are the most common examples used in wastewater treatment. In chemical precipitation, treatment is accomplished by producing a chemical precipitate that will settle. In most cases, the settled precipitate will contain both the constituents that may have reacted with the added chemicals and the constituents that were swept out of the wastewater as the precipitate settled. Adsorption involves the removal of specific compounds from the wastewater on solid surfaces using the forces of attraction between bodies.

2.3.3 Biological Unit Processes

Treatment methods in which the removal of contaminants is brought about by biological activity are known as biological unit processes. Biological treatment is used primarily to remove the biodegradable organic substances (colloidal or dissolved) from wastewater. Basically, these substances are converted into gases that can escape to the atmosphere and into biological cell tissue that can be removed by settling. Biological treatment is also used to remove nutrients (nitrogen & phosphorus) from wastewater. With proper environmental control, wastewater can be treated biologically in most cases.
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Fig. (2-1) Classification of Total Solids
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