Water Pollution and its Control

Introduction

· All natural waters contain a variety of contaminants arising from erosion, leaching and weathering processes

· To this natural contamination is added with those arising from domestic and industrial wastewater which may be disposed of in various ways, e.g., into the sea, onto land, into underground strata, or most commonly into surface water

· Any body of water is capable of assimilating a certain amount of pollution without serious effects because of the dilution and self-purification factors which are present

· If additional pollution occurs the nature of the receiving water will be altered and its suitability for various uses may be impaired

Types of Pollutant

1. Non-conservative materials including most organic, some inorganic and many micro-organisms are degraded by natural self-purification processes so that their concentration reduce with time

2. Many inorganic substances are not affected by natural processes so that these conservative pollutants can only have their concentrations reduced by dilution

3. Conservative pollutants are often unaffected by normal water and wastewater treatment processes so that their presence in a particular water source may limit its use

4. Toxic compounds: Most of these materials originate from industrial discharges and would include heavy metals from metal finishing and plating operations, moth repellents from textile manufacture, herbicides and pesticides, etc.

5. Inert suspended or dissolved solids in high concentration can cause problems preventing the growth of fish food and removing fish from the vicinity as effectively as does a direct poison

6. Material which affect the oxygen balance of the water:

(a) Substance which consume oxygen, these may be organic materials which are bio-chemically oxidized or inorganic reducing agents

(b) Substances, which hinder oxygen, transfer across the air-water interface. Oils and detergents can form protective films at the interface which reduce the rate of oxygen transfer and may thus amplify the effects of oxygen-consuming substances

(c) Thermal pollution can upset the oxygen balance because the saturation DO concentration reduces with increasing temperature.

Self-purification

· In natural water, self-purification exists in the form of        a biological cycle (Figure 12) which is able to adjust itself, within limits, to changes in the environmental conditions

· In a low  organic-content stream, there is little nutrient material to support life so that although many types of organisms will be present there are only relatively low numbers of each type

· In stream with high organic-content, it is likely that the DO level will be depressed producing conditions unsuitable for animals and higher plant life

· In such circumstances bacteria will predominate although given sufficient time later organic matter will be stabilized, the oxygen demand will fall and a full range of life forms will appear again.
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Self-purification involves one or more the following processes

(a) Sedimentation: The deposited solids will form benthal deposits which if organic will decay an-aerobically and which, if suspended by flood flows, can exert sudden high oxygen demands on the system

(b) Chemical oxidation of reducing agent

(c) Bacterial decay due to the inhospitable environment for enteric and pathogenic bacteria in natural waters

(d) Biochemical oxidation which is normally by far the most important process. To prevent serious pollution it is important that aerobic conditions are maintained.

Re-aeration

· In the absence of any external mixing the concentration of a gas dissolved in water will eventually become uniform due to molecular diffusion.

· The rate of diffusion is proportional to the concentration gradient (Fick’s Law)
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where,



M = mass transfer in time t,



kd = diffusion coefficient,



A = cross-sectional area across which transfer occurs,



C = concentration,



l = distance in direction of transfer.

Ct = Cs – 0.811 ( Cs – Co ) ( e-Kd + 
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where,


Co =  concentration at time 0,


Ct = concentration at time t,


Cs = saturation concentration,


Kd = 
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The diffusion coefficient (kd) is usually expressed as mm2/s and for oxygen in water has a value of 1.86 x 10-3 mm2/s at 20 oC.

Dalton’s Law of Partial Pressures

The partial pressure of a gas in a mixture of gases is the product of the proportion of that gas in the mixture and the total pressure.

Henry’s Law

At constant temperature the solubility of a gas in a liquid is proportional to the partial pressure of the gas.

The rate of solution of oxygen is proportional to the saturation deficit, i.e.,
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D = Da e- K2 t
where, 

D = DO deficit at time t,


Da = DO deficit initially,


K2 = reaeration constant.

Expressing the above equation in term of DO concentrations,

Loge = 
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The value of K2 is a function of the velocity of flow, channel configuration and temperature. It is preferable to adopt the exchange coefficient f rather than using reaeration constant K2
f = K2 
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where, V = volume of water below interface, and A = area of air-water interface. K2(V/A) is termed the aeration depth and has units of velocity.

At 20 oC the value of f  can be predicted from the formula below.

f (mm/h) = 7.82 x 104 U0.67 H-0.85
where U = velocity of water (m/s), H = mean depth of flow (mm). A rise in temperature of 1 degree increases the value of  f  by about 2% and similarly a fall in temperature decreases the rate of reaeration.

Table 6: Typical Values of the Exchange Coefficient  f 

	Situation
	f  (mm/h)

	Stagnant water
	4-6

	Water in channel at 0.6 m/min
	10

	Sluggish polluted river
	20

	Thames estuary
	55

	Water in channel at 10 m/jam
	75

	Open sea
	130

	Water in channel at 15 m/min
	300

	Turbulent Lakeland beck
	300 – 2000

	Water flowing down 30o sloop
	700 – 3000


One of the problems in the study of rivers is to determine the reaeration characteristics of a stream. Solution can only occur at the air-water interface where a thin film of water is rapidly saturated and further reaeration is controlled by the diffusion of oxygen throughout the main body of water which is a slow process. In a turbulent stream this saturated surface layer is broken up and reaeration can proceed more rapidly (see Figure 13).
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Field determination of the reaeration characteristics of            a stream involves partial de-oxygenation of the stream with a reducing agent (sodium sulfite plus cobalt catalyst) and measuring DO uptake at stations down stream.
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where, C1 and C2 are DO concentrations at two stations downstream of the reagent addition with a time of flow between them of t ( V/t = Q ).

The Sag Curve
· The situation which occurs in a stream receiving a single pollution load is shown in Figure 14

· If stream is originally saturated with DO, the BOD uptake curve for the mixture of effluent and stream water gives the cumulative de-oxygenation of the stream

· As soon as BOD begins to be exerted the DO falls below saturation and reaeration starts

· With increasing saturation deficit the rate of reaeration increases until a critical point is reached where the rates of de-oxygenation and reaeration are equal

· At the critical point, minimum DO is reached and as further time passes the DO will increase

· Assuming that the only processes involved are BOD removal by biological oxidation and DO replenishment by reaeration from the atmosphere, the Streeter-Phelps equation was derived
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where, D = DO deficit at time t, L = ultimate BOD, 

K1 = BOD reaction rate constant, K2 = reaeration constant.

Dt = 
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where, k = 0.4343 K, Da and La are values at t = 0 

( Lt = La 10-k1 t )
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· The critical point, i.e., the point of maximum deficit, Dc reached at time tc, is given by
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· Other factors may come into play in the oxygen balance, probably the most important being deposition of organic matter from suspension and possible later re-suspension due to scour of bottom mud, etc.

Toxic Materials

· Fish are usually employed as sensitive indicators of toxic pollution but the situation is complicated because various environmental factors can considerably affect the toxicity of particular material

· The two most important environmental factors for fish are DO and temperature. Fish require a certain minimum oxygen  supply  for  normal  activity  ranging  from  about 1.5 mg/L to 5 mg/L

· At this limiting DO levels the activity of fish may be impaired so that the their sensitivity to poisonous materials is often increased

· Certain poisons such as the heavy metals interfere with respiration so that their harmful properties are enhanced at low DO

· The metabolic rate of fish is closely linked with temperature so that a rise of 10 degrees will increase the oxygen requirement by 2 or 3 time

· Unfortunately the saturation concentration of DO falls with increasing temperature so that the effect of raising the temperature is to raise the oxygen requirement whilst simultaneously reducing the availability of oxygen supply

· As a rough guide it can be taken that a 10 degrees rise in temperature will approximately halve the concentration at which material is toxic

· pH is another factor which can have a considerable effect on toxicity, e.g., under alkaline conditions ammonia can be quite harmful to fish, a rise in pH from 7.4 to 8.0 can halve the toxic concentration. Unionized ammonia is the toxic form for fish.

· The presence of dissolved salts in water is further factor which can influence the toxicity of certain substances. High concentration of sodium, calcium and magnesium prevent the toxic effects of heavy metals probably by forming complexes with the heavy metals

· The effect of potentially toxic materials in rivers is normally measured by their action on fish as demonstrated by some from of bioassay

· The prescribed measure of acute toxicity is the median tolerance limit (TLm) sometimes referred to as the 50% lethal dose (LD50). This is the concentration of material under test at which 50% of the test fish are able to survive for a specified period of exposure (usually 48 or 96 hours)

· When considering raw waters for potable supply the presence of toxic substances must always be seen as a potential hazard

· The recommended 7-day bank-side storage for raw water from lowland rivers provides a degree of safeguard, but there is nevertheless a need for some form of monitoring device to warn of the presence of toxic material.

Table 7: Some Compounds Toxic to Fish

	Material
	Occurrence
	Approx. LD50

mg/L

	Acridine
	Coal-tar waste
	0.7 – 1.0

	Aldrin
	Insecticide
	0.02

	Alkyl benzene sulphonate
	Sewage effluent
	3 – 12

	Ammonia
	Sewage effluent

Gas works effluent
	2 – 3



	Chloramine
	Chlorinated effluent
	0.06

	Chlorine
	Chlorinated effluent
	0.05 – 0.2

	Copper sulphate
	Metal processing

Algal control of reservoirs
	0.1 – 2.0

	Cyanide
	Gas Liquor

Plating waste
	0.04 – 0.1

	DDT
	Insecticide
	< 0.1

	Detergent synthetic (package)
	Sewage effluent
	15 - 80

	Fluoride
	Aluminium smelting
	2.5 - 60

	Gammexane
	Insecticide
	0.035

	Hydrogen sulphide
	Bottom muds, sludge
	0.5 – 1.0

	Methyl mercaptan
	Oil refineries

Wood pulp processing
	1.0

	Naphthalene
	Coal-tar wastes

Gas liquor
	10 - 20

	Parathion
	Insecticide
	0.2

	Potassium dichromate
	Flow gauging
	50 - 500

	Silver nitrate
	Photographic wastes
	0.004

	Zinc
	Galvanizing

Rayon manufacture
	1 - 2


Overall Effects of Pollution

· When considering pollution by wastewater there are of course other effects than the creation of DO deficits, e.g., there might be significant increases in dissolved solids, organic content, nutrient such as N and P, color, and turbidity

· Nutrient build-up is a serious problem in lake and very slow-moving waters but is not likely to be troublesome with rivers

· Nutrient-deficient waters are termed Oligotrophic and are characterized by low TDS levels, very low turbidities, and small biological populations

· As nutrient and biological production increase, the water become nutrient-rich or Eutrophic.

· Nutrients are recycled and in extreme cases the water become heavily polluted by vegetation, low DO levels will occur due to rotting plants, and during darkness anaerobic conditions may well exist

· The eventual fate of all lakes is to become eutrophic, but the rate at which this end point is reached can be greatly accelerated by artificial enrichment due to human activities

· N and P are the most important nutrients in the context of eutrophication and since some algae can fix atmospheric nitrogen it is generally accepted that phosphorus is the limiting nutrient in water

· The level of phosphorus above which algal growth becomes excessive depends upon many factors, but phosphate level less than 5 g/L are unlikely to exhibit eutrophic tendencies

· Phosphate occur in sewage effluents due partly to human excretion and partly to their use in synthetic detergents.

River pollution and  its use

River pollution is clearly undesirable for many reasons:

· Contamination of water supplies – additional load on treatment plants

· Restriction of recreational use

· Effect on fish life

· Creation of nuisances – appearance and odor

· Hindrance to navigation by bank of deposited solids

A typical water use classification might be as follows (in decreasing order of quality requirements):

1. Domestic water supply

2. Industrial water supply

3. Power plant for electricity

4. Commercial fishing

5. Irrigation

6. Recreational and amenity

7. Transportation

8. Waste disposal

Groundwater Pollution

· Although groundwater are normally effectively purified by straining action of the rock as water percolate through it, soluble impurities are not so readily removed

· Nitrogen compounds in agricultural drainage and in effluents discharged to soakaways are responsible for high nitrate levels in some groundwater

· Organic mater entering groundwater reservoirs will only be stabilized slowly because the oxygen demand rapidly deoxygenates the water and there is no source replacement oxygen. Anaerobic conditions then ensue and constituent of the aquifer, e.g., iron, may then readily dissolve in the water, causing further quality problem.

Pollution in Tidal Waters

· For communities with access to tidal water the possibility of their utilization as a wastewater disposal facility is clearly attractive, even though conflicting

· The potential for dilution and dispersion of pollutants in open sea is considerable and a number of self-purification reactions operate in the marine environment

· In many parts of the world it has therefore become common to consider tidal waters as an infinite sink for the disposal of unwanted materials

· Unfortunately, tidal water can have widely varying characteristics so that the assessment of the effects of pollution requires great care

· Although environmental groups may object to the discharge of waste to tidal waters, there is little evidence to objections to properly designed outfalls

Control of Pollution

· Water pollution means “the discharge by man of substances into the aquatic environment the result of which are such as to cause hazards to human health, harm to living resources and aquatic ecosystems, damage to amenities or interfere with other legitimate uses of water”

· The  above  definition  might be  interpreted  that  for               a discharge to be termed polluting there must be evidence of actual harm or damage

· When establishing methods for the control of water pollution, standards can be based either on the quality require in the receiving water (the River Quality Objective Approach) or they can be applied directly to the effluent without reference to the receiving water (the Emission Standard Approach)

· The Quality Objective method appears logical but can cause problem when a new discharge is added to the system since either all existing discharge levels must be revised downward or the new discharge may be faced with the attainment of an impossibly high standard

· A downstream effluent could require more treatment because the dilution water would be of a lower quality as a result of the upstream discharge

· The Emission Standard concept is administratively convenient in that the standard is applied to all similar discharge but it has the disadvantage that no allowance is made for the self-purification characteristic of the receiving water nor of its downstream use

· For many industrial wastewater, treatment in admixture with domestic sewage is often an attractive proposition and the cost of the treatment is recovered by means of a charge determined from the following type of expression

Charge per m3 of effluent = R + V + 
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where 


R = reception and conveyance charge / m3


V = volumetric and primary treatment cost / m3


Oi = COD of industrial effluent after settlement (mg/L)



Os = COD of settled sewage (mg/L)



Si = total SS of industrial effluent (mg/L)



Ss = total SS of crude sewage (mg/L)



S = treatment and disposal costs of primary sludge / m3
· This type of charging scheme encourages the industrial dischargers to take steps to reduce the volume and strength of the wastewater by careful process control

· Similar consideration to the surface water pollution control apply to control groundwater pollution although here some larger factors of safety than with surface water discharges are often employed

· In the case tidal waters, discharges may be regulated on the basis of the normal physical and chemical parameters used for inland discharges suitably adjusted to allow for the available dilution

· It is important to appreciate that in addition to discharges from effluent out falls, etc., there is considerable pollution from non-point sources which are often difficult or impossible to control

· Non-point sources of environmental contamination are essentially surface run-off discharges from urban areas, where the pollutants include oil and rubber compounds from road surfaces.
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