Pollutants of Industrial Origin

Put simply, the slow, insidious process of destroying our own home by contaminating and killing the earth's ability to support life is what we call environmental pollution.
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WATER POLLUTANTS
The total renewable freshwater resources available in the world are estimated to be about 49,000 billion m3 in 1999, which is equivalent to 8241 m3 per capita. The fresh water withdrawn in 1996 for human use amounts to 345 m3 per capita in Sri Lanka, 722 m3 per capita in Japan, and 1760 m3 per capita in the US. Human water consumption rose six fold in the past century, double the rate of population growth. Over the last three centuries, the volume of water used by human has increased more than 35 times, whereas human population has only increased seven folds. 

Water used by human is invariably polluted with domestic, municipal, industrial and agricultural wastes. And, the freshwater ecosystems, despite the fact they are the most critical ecosystems since all organisms need water to survive, are the worst affected ecosystems out of the five major types of ecosystems, namely forests, freshwater systems, coastal/marine habitats, grasslands and agricultural lands. 

Water pollution causes not only health problems but also affects adversely the aquatic ecosystem. Water pollutants of industrial origin that are dealt with here are categorised as readily biodegradable and readily non-biodegradable organic wastes, floating material, suspended solids, colloidal solids, colour, oil and thermal discharges. 
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Readily Biodegradable

Organic Wastes
Domestic sewage and effluents from food processing and canning industries, slaughter houses, dairies, tanneries, and glue making, sugar, paper and pulp industries contain mostly of organic compounds, such as carbohydrates, fats and proteins. Most of these organic compounds are readily biodegradable. 

By biodegradation of organics, we mean the decomposition of organics by microorganisms. During biodegradation, the organics are oxidised to provide simple end products and energy. Omitting the complexity of this reaction, let us express the oxidation reaction loosely by the following formula:

    organics + O2 
      

CO2 + H2O + simple end products + energy,

which occurs under aerobic conditions, that is in the presence of molecular oxygen and aerobic microorganisms. 

Aerobic decomposition of organics utilise molecular oxygen, and thus deplete the free oxygen found dissolved in the water. The oxygenation of water to increase the level of free oxygen dissolved in water occurs via diffusion and photosynthesis. Diffusion is a process by which oxygen molecules are transferred from the atmosphere to water. It is a slow process driven by the difference between the dissolved oxygen level of saturation and the actual concentration present in the water. 

Photosynthesis may be represented loosely by the following formula:

CO2  + 2 H2O  + nutrients



   (light + chlorophyll) 








organics + H2O + O2,
     where carbon dioxide and water are combined to produce carbohydrates and oxygen in the presence of sunlight and  chlorophyll present in green plants and/or photosynthetic bacteria. Note that two of the end products of the aerobic decomposition of carbohydrates, carbon dioxide and water, are used by plants in the process of photosynthesis.

If the rate of depletion of oxygen is much greater than the rate of oxygenation of water body, then the amount of molecular oxygen found dissolved in water will decrease rapidly. Reduction in the dissolved oxygen level of the aquatic environment leads to substantial changes in the fauna and flora. When the dissolved oxygen (denoted by DO) level of a water body is brought below a certain threshold value (which is about 5 mg/l), water becomes unsuitable for drinking. When the DO is brought below 4 mg/l, aquatic lives such as fish would die owing to the lack of oxygen for their survival. The aquatic system is then classified as severly polluted.

At this stage, the facultative microbes take over the biodegradation of organic wastes. The facultative microbes obtain the oxygen needed for biodegradation of organics either from the molecular oxygen or from nitrates. In case of nitrates being used, the end products are carbon dioxide, water and nitrogen gas. 

In the total absence of oxygen and nitrates, the anaerobic microbes take over the biodegradation of organics. Oxygen and nitrates are toxic to anaerobic microbes, which use sulphates and carbon dioxide to biodegrade organics. Anaerobic biodegradation results in foul-smelling intermediate- and end- products, such as organic amines and hydrogen sulphide, besides methane, carbon dioxide and humus.
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To quantify the concentration of aerobically biodegradable organic matter, and hence the oxygen consuming tendency of the waste liquor, the quantity of oxygen consumed during the aerobic microbial (mostly bacterial) degradation of the waste under controlled conditions is measured. This measurement is known as the biochemical oxygen demand (BOD) of the waste concerned. 

To be precise, BOD is written as BOD5 at 20oC, which means the biochemical oxygen demand of the wastewater for 5 days of microbial degradation at 20oC. Recommended limit for discharges is 20 mg/litre of BOD5 at 20oC. The water body is considered to be very clean if its BOD5 at 20oC is 1 mg/litre (i.e. ppm) or less. The cleanliness of the waterbody is considered poor if its BOD5 at 20oC is 5 ppm or more. The BOD5 estimate however excludes complex organics such as cellulose, lignin, chitin, and proteins, which cannot be readily biodegraded by bacteria.

Readily Non-biodegradable

Organic Wastes

Cellulose, which provides strength and flexibility to the plants, is the most abundant organic compound of natural origin on the face of the earth. The molecular weight of cellulose ranges from 300,000 to 500,000 (1800 to 3000 glucose units). Since certain bacteria can hydrolyse cellulose, biological treatment of cellulose containing wastes is possible. However, treatment by aerobic process is slow. Since most of the cellulose will settle to produce sludge, preliminary treatment by sedimentation is practised, and the sludge produced is disposed of by anaerobic digestion or by physical methods such as filtration, centrifugation, and incineration.   

Lignin, a macromolecular organic compound, is a major structural component of all plant cell walls along with cellulose. While cellulose provides strength and flexibility, lignin supports and protects the cellulose from biological and chemical attack. Lignin is thus very stable against bacterial degradation even though white-rot fungi can degrade it to some extent in a very slow reaction. Lignin is present in the pulp mill effluent as lignate ion, thus making it a problematic effluent to be dealt with. Aromatic hydrocarbons and aliphatic compounds like ester are type of organic compounds that are resistant to bacterial degradation of any kind. 

Since the BOD measurement includes only the readily biodegradable organics that are decomposed aerobically by simple bacteria, we use the chemical oxygen demand (COD) measurement to indicate the amount of oxidisable material present in the effluent sample that can be oxidised by a strong chemical oxidant. 



              

The oxidant usually used is a boiling mixture of potassium dichromate and concentrated sulphuric acid (150oC) with silver sulphate as catalyst. Mercuric sulphate is used to complex any chlorides present which could interfere with the reaction. Boiling under reflux conditions is carried out for 2 hours. The excess dichromate is titrated with ferrous ammonium sulphate and the COD is calculated from the amount of dichromate consumed. Some organic compounds are not oxidised by this procedure, for example acetic acid. Aromatic hydrocarbons such as benzene and toluene and pyridine are unaffected during the COD test. Also, ammonia is not oxidised.
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If the COD and BOD measurements are nearly the same then the effluent can be biologically degraded under aerobic, facultative and anaerobic conditions. Any difference between the COD and BOD measurements may indicate the presence of cellulosic matter that cannot be readily biodegraded aerobically by bacteria alone. If there is a large difference between the COD and BOD measurements with very high COD values then it can be taken as an indication of the amount of biologically resistant organic matter such as lignin present in the effluent. Such an effluent can be concentrated and burned to obtain energy.   

To estimate the amount of organics present in the effluent, a COD test is preferred at times, since it has the advantage of taking only about 3 hours when compared to a BOD test which requires 5 days. The difference in COD before and after a biological treatment gives an accurate indication of the fraction of the waste amenable to biodegradation by the particular treatment process. 

Ammonia

Fertilizer is a major industry contributing to ammonia in liquid wastes. Ammonium ion (NH4+) gets oxidised to nitrite, and the nitrite is further oxidised to nitrate. Complete oxidation of ammonia in a water body requires 4.5 times its own weight of oxygen. The oxygen demand for the above reactions is known as nitrogenous oxygen demand (NOD), or second-stage BOD.

As the saturated oxygen concentration of water is only 8.2 mg/l at 25oC, and nitrification occurs at very high rates in hot climates, it requires only a small concentration of ammonium ion in a discharge to completely deoxygenate a water body in a country like ours. Besides, ammonia in solution is highly toxic, proving lethal to most species of fish at low concentrations.    

Phosphates

The main sources of phosphates include phosphatic-fertilizer plants, runoff from fertilised agricultural lands, and phosphates containing synthetic detergents. Also, pharmaceutical industry wastes consist of nitrates and phosphates. Phosphates has an immense capacity to stimulate algae and other aquatic plant forms. 

Algae possess chlorophyll and are thus capable of obtaining their carbon and hydrogen via photosynthesis. Algae typically need 106 carbon atoms and 16 nitrogen atoms for each phosphorus atom for their growth and reproduction.  The algae growth is often held back in check by the lack of the nutrient P. But when P is made available, they can quite suddenly become extremely abundant. Such an explosive development of the algal population in a water body leads to a condition called "eutrophication".

Even though the algae produce oxygen during the day aerating the watercourse, they take up oxygen and give off carbon dioxide during the night. If the algal concentration is sufficiently high, the water may become completely anaerobic at night. High concentration of the plant covering the water surface can inhibit the penetration of the sunlight that is required for the photosynthetic reaction and hence the oxygenation of water bodies. Besides, the dead algae, as they biodegrade, use up the dissolved oxygen in the watercourse and this can adversely effect the survival of useful aquatic lives. The dominant species often is blue-green algae, whose degradation products are toxic to fish and cattle, and impart bad odours and tastes to the water. 

Phenolic Compounds

Major sources of phenolic discharges are petroleum refineries, and coke-oven
 industries and fibre-glass units. In a petroleum refinery as much as 2500 tonnes of phenols are discharged with the effluents in one year. Smelting and connected metallurgical operations, plastic industries, pharmaceutical and chemical industries paint and varnish industries and textile units making use of organic dyes are all contributors of phenolic liquid waste. Phenolic wastes discharged into water bodies adversely affect both flora and fauna, imparts bad odour, and can be toxic to fish. Phenol is a strong skin irritant, and consumption of water containing phenols leads to severe pain, and vomiting. Toxic effects are felt in the brain, lungs, kidneys, liver, pancreas and spleen.    

Floating Material

Use of synthetic detergents and effluents from industries such as paper-and-pulp give rise to foams that are quite stable. Foams as well as oils and greases found in most of the industrial effluents float on the surface of the receiving water body, and thus reducing reaeration. They also reduce photosynthesis by inhibiting the transmission of sunlight. Consequently, the dissolved oxygen content of the water body gets greatly reduced leading to anaerobic conditions. In addition, the floating material is unsightly and an aesthetic nuisance.

Suspended and Colloidal Solids

Solids in water are defined as anything that is not H2O. Soluble (or dissolved) solids comprise largely inorganic material, whereas suspended solids is predominantly organic and can contribute up to 60% of the BOD of the wastewater. Consequently, suspended solids in wastewater undergoes biodegradation and exerts an oxygen demand. If excessive amount of suspended solids are allowed to reach a watercourse, they can harm fish and seriously interfere with photosynthesis by preventing sunlight being transmitted through the water. Suspended matter that settles on the riverbed not only interferes with the self-purification of benthos (that is the life forms living in the muddy deposits on the bottom of a rives), but also subjected to anaerobic breakdown resulting in the production of methane and toxic hydrogen sulphide gases. 

 
Colloidal or very finely divided solids have smaller particle size than the suspended solids. Colloidal solids consist of fine clay particles, milk wastes, sewage, free peroxides formed from iron and other metal salts, ceramic industries or paper-and-pulp industries.  Colloidal solids do not settle, and it give rise to turbidity. Turbid water is resistant to sunlight being transmitted through it, and thus photosynthesis as well as DO is greatly reduced in turbid water. The degree of turbidity is often closely allied to the intensity of pollution, and is often used as an approximate measure of pollution. 





 





Colour

Colour pollution is mainly due to organic dyes, some inorganic compounds of chromium and iron, slaughterhouse wastes and pulp wastes. In many cases the coloured material is present in such small quantities, and there is insignificant pollution load. However, colour is unsightly and it does affect sunlight transmission and hence photosynthesis.
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Oil

Oil and oil wastes enter the water bodies from industrial effluents, oil refineries and storage tanks, automobile waste oil, and petrochemical plants. Contamination of hydrosphere occurs during production, loading, unloading or transportation of oils. Spillage from oil tanker accidents has been responsible for many disasters of the recent past in which birds and marine organisms are killed in large numbers.

Crude oil, fuel oil and waste oil effluents from petrochemical industries contain carcinogenic substances. The water-insoluble hydrocarbon fractions of oil destroy the eggs or larvae of aquatic fauna that float on the surface film of water. The water-soluble fractions of oil exert their toxic effects as well. For example, the finished gasoline contains 0.18% of sulphur which is toxic to aquatic organisms. 

Each litre of oil spilled in an aquatic environment can spread to cover an area of four thousand square meters of water. Part of the spilt oil is subject to oxidation. On an average, the oxidation of 1 mg of hydrocarbons in petroleum requires 3-4 mg of oxygen. Thus the complete oxidation of 1 litre of heavy oil, would require about 3.3 kg of oxygen or in other words all oxygen contained in 400,000 litres of seawater. 

Thermal Effluents

Heat contained in hot industrial effluents, mainly in the cooling water discharges, can increase the temperature of the stream or lake. The warmer the water, the lower the dissolved oxygen concentration. For example, the saturation concentration of dissolved oxygen in fresh water, exposed to an atmosphere containing 20.9% oxygen at 1 atm, is 9.0 mg/l at 20oC, 8.2 mg/l at 25oC and 7.4 mg/l at 30oC. 

Higher temperatures make the microorganisms more active, and thereby increase the rate of oxidation of organics, which leads to reduction of dissolved oxygen concentration in water. Reduction of dissolved oxygen in water causes anaerobic conditions in the water body as well as death of aquatic lives such as fish. The finer varieties of fish need a minimum of about 4 mg/l DO, and the coarser varieties may get by with DO concentration as low as 2 mg/l. Fish feeding, growth, and reproduction are also affected by increased temperature. Most fresh water fauna populations decline with rising temperatures and above 40oC only a few species can exist. 

Aquatic organisms are cold-blooded, and their body temperatures are regulated by that of their environment. Fish can normally withstand slow changes of temperature, but are susceptible for rapid changes. There is an upper limit to temperature above which fish will die. This limit depends on the species, and for trout the lethal limit is 25oC. Temperature has a direct influence on toxicity - at a given concentration of pollutant a rise of 10oC doubles the effect of the toxicant. Poisons are therefore more toxic when the water temperature is increased. 

Small waterborne planktonic forms, called “diatoms” and “green algae”, provide food for aquatic life forms higher in the tropic chain - protozoa and lower invertebrates, which in turn are eaten by large insects, and on up through fish and men. Diatoms flourish in the 15 to 25oC range, and green algae at 25 to 35oC. Hence certain fish can be killed off by warming water to a point where diatoms and green algae die, even though the predator’s own thermal tolerances may not be exceeded.   

Blue-green algae or “cyanophyta,” notorious sources of taste and odour degradation in polluted water, survive in the diatoms’ and green algae’s preferred temperature ranges. They also thrive in hotter water. Therefore a heat influx from an industry can kill diatoms and green algae, while encouraging the growth of blue-greens. Since the cyanophyta can continue to grow even in cooler water farther from the heat outfall, they are able to colonise neighbouring ecosystems. 

Chloroform and

Disinfection by-products

The incidence of gastronomical disease rapidly declines as water purification is accomplished through chlorination. However, use of chlorine products for disinfection relies on the release and killing power of free chlorine, which in turn is free to react with various organic compounds present in the water, producing chlorinated hydrocarbons, many of which are possible or probable human carcinogens. 
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TOXIC POLLUTANTS
Many compounds, such as pesticides, insecticides and the heavy metals that are currently used in agriculture and industry, prove toxic directly by interfering with the metabolism of an organism. A measure of their relative toxicity is assessed by means of a test, which measures the concentration of toxicant which is lethal to 50% of the population under test over a exposure period. usually 48-96 hours. It is written as LD50, where LD stands for lethal dose.

Information on LD50 is of limited applicability since it gives no indication of the long-term effects of sub-lethal concentrations of toxicants (known as chronic exposure). This is particularly pertinent for the non-biodegradable compounds which are absorbed by the bacteria, and thus enter the food chain. These compounds will remain in the environment for long periods of time, slowly being concentrated at each stage in the food chain until ultimately they prove fatal, generally to predators at the top of the food chain.  

Heavy Metals

Aluminium is extensively used for canning, food-packaging, and as a foil for covering and preserving foodstuffs. Aluminium is also a key ingredient in baking powder, and is found in cheese. Aluminium sulphate (alum) is added to water supplies as a coagulant. Positive associations between high brain aluminium levels and certain human diseases (especially Alzheimer's disease) have been suspected.

Arsenic pollution is caused during smelting of gold, copper and lead ores containing arsenic. Arsenic is been used in the preparation of  pesticides, weed killers, and wood preservatives, and is incorporated in lead and copper-based alloys to increase their hardness and heat resistance. 

Cadmium is used in the formulation of alloys, electroplating, Ni-Cd batteries and paint pigments, as stabilisers in the production of PVC based plastics, and is present as contaminant in automobile tires, motor oils, fungicides, and coal. The itai-itai disease in Japan, characterised by bone pain related to calcium wasting, is attributed to the cadmium-laden mining wastes discharged into waters used to irrigate rice-fields.  

Sources of water pollution by soluble chromate salts are the liquid effluents from industries producing stainless steel and other alloys, explosives, ceramics and glass, and paint pigments. Textile dyeing, leather tanning, aluminium anodising, photography and wood preservation also give rise to chromium pollution. Chromium in air might be the result of fossil fuel burning which contributes about 1450 metric tonnes of chromium every year. Exposure to hexavalent chromium, which is regarded as the toxic form, causes allergic skin reactions and gastro-intestinal ulcers, and is carcinogenic.

Copper is tough, soft, highly resistant to corrosion and second only to silver in its thermal and electrical conductivities; hence it finds its use as a conductor in many alloys. It is also used in paints and ceramics and is found in some pesticidal preparations. The contamination of air with copper results from its release from the industrial units producing non-ferrous metals, from wood combustion, and from iron/steel production. Water pollution by copper results from the discharge of mine tailings and fly ash. 

Iron is used in the production of machines, tools, paint pigments, buildings and bridge structures. The carbon alloy of iron, which is steel, is produced in amounts exceeding the total production of all other metals combined. Iron is an essential component for good health. However, long-term exposure to iron (particularly Fe2O3) dust might serve as a co-carcinogenic substance. 

Mercury (Hg) is found in the effluents from manufacture of vinyl chloride, chlorine and caustic soda, ‘longlife’ alkaline batteries, fertilisers and pesticides. Mercury has proved to be the most toxic aquatic pollutant because of its rapid methylation in the aquatic environment, and in this form it gets accumulated in the food chains, leading to neurological disorders and death in human. 

The Minamata disease, which affected the people and animals (notably cats) living in the small coastal village of Minamata Bay, Japan, is caused by the mercuric salts discharged by a local chemical plant which used mercury as a catalyst in the manufacture of acetaldehyde. Microorganisms found on the sediment of the bay were capable of converting the mercuric salts (and mercury) into methylmercury ions, which are rapidly absorbed by other microorganisms living in water. Methylmercury rapidly bioaccumulates in the food chain, and on entering the human body caused damage to the central nervous system and brain, resulting in  mental retardation and death. Large number of people in Iraq in 1960 and again in 1971, who consumed bread made from grains intended for use as seed that had been treated with phenylmercury fungicide were hospitalised, and 459 of them died. 

Polychlorinated Biphenyls (PCBs)

This is a class of synthetic substances produced from the chlorination of diphenyl, and these were used extensively on account of their high stability, low volatility, non-flammability, high heat capacity and dielectric properties. Typical applications are as plasticizers, lubricants, adhesives, wax extenders, heat transfer media and electric insulators. They are also incorporated into water-proofing compounds, asphaltic materials and printing inks. The largest single use of PCBs is as dielectric fluids in electrical transformers and capacitors. Recent findings suggest that ethylene dichloride, used in leaded gasolines, can provide chlorine atoms for the production of PCBs in the environment. The structure of biphenyl is given below, a chlorine/bromine atom may be substituted at ‘x’:

                  x      x              x      x
           x                                            x
                  x      x              x      x
PCBs, which are similar in chemical structure to that of DDT, are very resistant to natural decomposition processes, and hence they are now present over a wide area of earth's surface, due to careless industrial use and waste disposal. PCBs are stable at temperatures below 1200oC. Thus whenever incinerators are operated at lower temperatures, some PCBs from the wastes may be released into the atmosphere.

Dioxins

The term `dioxins' refers to a group of synthetic substances known as dibenzo-p-dioxins. The most toxic of all is 2,3,7,8-tetrachloro dibenzo-p-dioxin, the structure of which is  given below:

                                     Cl          Cl

                                      O          O

                                     Cl          Cl

Dioxins are also unwanted by-products during the syntheses of PCBs. High level of dioxins may also be associated with PCP (pentachlorophenol), a pesticide and a wood preservative. Dioxins seem to be the most potent animal carcinogen ever evaluated to date. 

Roughly about 71 million litres of undiluted Agent Orange, a herbicidal preparation, were sprayed across 1.4 million hectares in Vietnam during the wartimes (1962-71) as a two-in-one weapon, as a defoliant and as an anticrop agent. It has been claimed that the dioxins, as a contaminants in the Agent Orange, was responsible for a large number of health problems experienced by those exposed to the Agent Orange and birth defects among their children.
Cyanide

The toxic potential of cyanide is due to its anion component, CN-. Cyanide occurs as free cyanide (CN-), cyanide salts (NaCN), or complex cyanides. Principal sources of cyanides in the environment are the metallurgical industries such as iron and steel manufacturing units, and ore extraction industries, particularly gold and silver. Other sources are petrochemical, metal electroplating and finishing, photographic processing, and combustion from various solid wastes. 

At acutely toxic levels, cyanide is a respiratory poison. The discoverer of hdrocyanic acid, Karl William Scheele, himself died on inhalation of HCN vapours. Cyanide at concentrations of 0.2 mg (as HCN) per litre kills all aerobic organisms. 
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NOISE as a POLLUTANT
Sound radiates from vibrating surface as well as from vibrating gases. Noise is nothing but unwanted sound. Of all pollutants, noise pollution is the most insidious and a menace in thickly populated areas. Excessive noise exposure annoys individuals, produce stress, impairs the ability to communicate, interferes with work and play activities, and in high enough doses leads to a significant hearing loss. 

The major sources of man-made noises are industries and transportations involving aircraft and vehicular noises. Year by year the general noise levels in towns and cities increase mainly due to the increasing traffic. For example, the average noise level in North America doubles every ten years. TV, radios, and social gatherings also generate noise. 

The sources of noise in the environs of industries include metal fabrication processes (pressing, grinding, chipping, etc.), high-pressure burners in furnaces, rotary equipment like turbines, compressors and pumps, pipelines carrying high-velocity fluids and solids, and vibrating and grinding equipment, among many others. 

The ear’s response to sound is proportional to the logarithm of its intensity or pressure. The loudness is expressed in a unit called ‘decibel’, denoted by dB.   

          dB = 10 log10   ( intensity measured ( 
  
                    ( reference intensity  (
Zero dB is the threshold of hearing. Rustling of the leaves is 10 dB. A normal conversation is done at 60 dB levels, which is 100,000 times louder than the rustling of the leaves. Jet plane at take off is 150 dB, which is 109 times louder than the normal conversation. Noise louder than 85 dB is recognised as being injurious to the human organisms. 

The background noise level in quiet surroundings, with no specific source of noise may vary between 30 and 40 dB. Heavy road traffic at a distance of 3 m gives between 85 and 100 dB. A boiler-house compressor room can give between 80-95 dB, while a compressor in an open area can give between 90 to 115 dB. The noise level from the ductings of a compressor was brought down from 114 dB to 93 dB, when it was covered with 10 cm thick glass wool kept in place with wire mesh and aluminium foil.   

NUCLEAR WASTES
Extraction of uranium, the raw material in nuclear power production, directly threatens miners through exposure to radon, having a half-life of about 4 days, which is a radioactive gas produced by natural decay of uranium. Radioactive wastes are dispersed into the environment by the liquid and gaseous effluents of nuclear reactors, malfunction nuclear power plants, radioactive fallout from nuclear tests, and natural volcanic eruptions. Pollution from nuclear fission reactors into local bodies of water can also result in high concentrations of Cs-137 in fish and edible sea weeds, as has been observed in the Irish sea. Nuclear power plants create about 50% more thermal pollution than fossil fuel plants. 
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� Coke-oven industry is where coal is converted into coke. Coke is compact form of impure carbon obtained from coal by heating out of contact with air, and is used for smelting metals, for foundry works, and as a fuel.
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