PHYSICO-CHEMICAL PARAMETRES


COLOUR

Colour in surface and ground waters results primarily from the presence of natural organic matter, particularly aquatic humic matter. Humic matter consists of humic and fulvic acids; both cause a yellow-brown colour. Humic acids give a more intense colour, and the presence of iron intensifies the colour through the formation of soluble ferric humates.  Suspended particles, especially colloidal-size particles such as clays, algae, iron and manganese oxides, give waters an appearance of colour; they should be removed before measurement. Industrial wastewaters can contain lignins, tannins, dyes and other organic and inorganic chemicals that cause colour. Humic materials and the colour caused by these materials are removed from potable water supplies for aesthetic reasons and for health reasons because they are precursors in the formation of disinfection by-products. 

TURBIDITY

Turbidity in water is caused by suspended and colloidal matter such as clay, silt, finely divided organic and inorganic matter, and plankton and other microscopic organisms. When present in significant concentrations, particles consisting of light-absorbing materials such as activated carbon cause a negative interference. In low concentrations these particles tend to have a positive influence because they contribute to turbidity. The presence of dissolved, colour-causing substances that absorb light may cause a negative interference.

ACIDITY

Acidity of water is its quantitative capacity to react with a strong base to a designated pH.  Acids contribute to corrosiveness and influence chemical reaction rates, chemical speciation, and biological processes. The measurement also reflects a change in the quality of the source water.

ALKALINITY

Alkalinity of a water is its acid-neutralizing capacity. It is the sum of all the titratable bases.  Alkalinity is significant in many uses and treatments of natural waters and wastewaters. Because of the alkalinity of many surface waters is primarily a function of the carbonate, bicarbonate, and hydroxide content, it is taken as an indication of the concentration of these constituents. The measured values also may include contributions from borates, phosphates, silicates, or other bases if these are present. 

Alkalinity in excess of alkaline earth metal concentrations is significant in determining the suitability of a water for irrigation. Alkalinity measurements are used in the interpretation and control of water and wastewater treatment processes. Raw domestic wastewater has an alkalinity less than, or only slightly greater then, that of the water supply..

HARDNESS

Originally, water hardness was understood to be a measure of the capacity of water to precipitate soap. Soap is precipitated chiefly by the calcium and magnesium ions present. Total hardness is defined as the sum of the calcium and magnesium concentrations, both expressed as calcium carbonate, in milligrams per litre.

The hardness may range from zero to hundreds of milligrams per litre, depending on the source and treatment to which the water has been subjected.

CONDUCTIVITY

Conductivity, k, is a measure of the ability of an aqueous solution to carry an electric current. This ability depends on the presence of ions; on their total concentration, mobility, and valence; and on the temperature of measurement. Solutions of most inorganic compounds are relatively good conductors. Conversely, molecules of organic compounds that do not dissociate in aqueous solution conduct a current very poorly, if at all.

SALINITY

It is conceived as a measure of the mass of dissolved salts in a given mass of solution.

SOLIDS

Solids refer to matter suspended or dissolved in water or wastewater. Solids may affect water or effluent quality adversely in a number of ways. Waters with high dissolved solids generally are of inferior palatability and may induce an unfavourable physiological reaction in the transient consumer. For these reasons, a limit of 500mg dissolved solids/L is desirable for drinking waters. Highly mineralized waters also are unsuitable for many industrial applications. Waters high in suspended solids may be esthetically unsatisfactory for such purposes as bathing. Solids analyses are important in the control of biological and physical wastewater treatment processes and for assessing compliance with regulatory agency wastewater effluent limitations.

Definitions:

“Total solids” is the term applied to the material residue left in the vessel after evaporation of  a sample and its subsequent drying in an oven at a defined temperature. Total solids include “total suspended solids,” the portion of total solids retained by a filter, and “total dissolved solids,” the portion that passes through the filter.

The type of filter holder, the pore size, porosity, area, and thickness of the filter and the physical nature, particle size, and amount of material deposited on the filter are the principal factors affecting separation of suspended from dissolved solids. “Dissolved solids” is the portion of solids that passes through a filter of 2.0µm (or smaller) nominal pore size under specified conditions. “Suspended solids” is the portion retained on the filter.

“Fixed solids” is the term applied to the residue of total, suspended, or dissolved solids after heating to dryness for a specified time at a specified temperature. The weight loss on ignition is called “volatile solids”.

OXIDATION-REDUCTION POTENTIAL (ORP)

Oxidation and reduction (redox) reactions mediate the behaviour of many chemical constituents in drinking, process, and wastewaters as well as most aquatic compartments of the environment. The re-activities and mobilities of important elements in biological systems (e.g., Fe, S, N, and C), as well as those of a number of other metallic elements, depend strongly on redox conditions. Reactions involving both electrons and protons are pH-and Eh-dependent; therefore, chemical reactions in aqueous media often can be characterized by pH and Eh together with the activity of dissolved chemical species. Like pH, Eh represents an intensity factor. It does not characterize the capacity (i.e., poise) of the system for oxidation or reduction.

Anions, Cations, Inorganics, Nutrients and Trace elements



ANIONS

Determination of the common anions such as bromide, chloride, fluoride, nitrate, nitrite, phosphate, and sulfate often is desirable to characterize a water and/or to assess the need for specific treatment. More recently,  the need to measure the concentration of the disinfection by-products chlorite, chlorate and bromate has arisen.

BORON

Boron (B) is the first element in Group IIIA of the periodic table; it has an atomic number of 5, an atomic weight of 10.81, and a valence of 3. The average abundance of B in the earth’s crust is 9ppm; in soils it is 18 to 63ppm; in streams it is 10µg/L; and in groundwaters it is 0.01 to 10mg/L. The most important mineral is borax, which is used in the preparation of heat-resistant glasses, detergents, porcelain enamels, fertilizers, and fibreglass.

The most common form of boron in natural waters is H3BO3. Although boron is an element essential for plant growth, in excess of 2.0mg/L in irrigation water, it is deleterious to certain plants and some plants may be affected adversely by concentrations as low as 1.0mg/L (or even less in commercial greenhouses). Drinking waters rarely contain more than 1mg B/L and generally less than 0.1mg/L, concentrations considered innocuous for human consumption. Seawater contains approximately 5mg B/L and this element is found in saline estuaries in association with other seawater salts.

The ingestion of large amounts of boron can affect the central nervous system. Protracted ingestion may result in a clinical syndrome known as borism.

BROMIDE

Bromide occurs in varying amounts in ground and surface waters in coastal areas as a result of seawater intrusion and sea-spray affected precipitation. Industrial and oil-field brine discharges can contribute to the bromide in water sources. Under normal circumstances, the bromide content of most drinking waters is small, seldom exceeding 1mg/L. Even levels of <100 µg/L can lead to formation of bromate or brominated by-products in disinfected waters.

CARBON DIOXIDE CO2

Surface waters normally contain less than 10mg free carbon dioxide (CO2) per litre while some groundwaters may easily exceed that concentration. The CO2 content of a water may contribute significantly to corrosion. Re-carbonation of a supply during the last stages of water softening is a recognized treatment process. 

CYANIDE

In aqueous medial cyanide can exist as the un-dissociated hydrogen cyanide (HCN), the free cyanide ion (CN-), and anionic complexes of cyanide with a variety of metal cations. More to add here

CHLORINE

The chlorination of water supplies and polluted waters serves primarily to destroy or deactivate disease-producing micro-organisms. A secondary benefit, particularly in treating drinking water, is the overall improvement in water quality resulting from the reaction of chlorine with ammonia, iron, manganese, sulphide and some organic substances.

Chlorination may produce adverse effects. Taste and odour characteristics of phenols and other organic compounds present in a water supply may be intensified. Potentially carcinogenic chloro-organic compounds such as chloroform may be formed. Combined chlorine formed on chlorination of ammonia- or amine-bearing waters adversely affects some aquatic life. 

CHLORIDE

Chloride, in the form of chloride (CI-) ion, is one of the major inorganic anions in water and wastewater. The salty taste produced by the chloride concentrations is variable and dependent on the chemical composition of water. Some waters containing 250mg CI-/L may have a detectable salty taste if the cation is sodium. On the other hand, the typical salty taste may be absent in waters containing as much as 1000mg/L when the predominant cations are calcium and magnesium.

The chloride concentration is higher in wastewater than in raw water because sodium chloride (NaCI) is a common article of diet and passes unchanged through the digestive system. Along the sea coast, chloride may be present in high concentrations because of leakage of salt water into the sewerage system. It also may be increased by industrial processes.

A high chloride content may harm metallic pipes and structures, as well as growing plants.

FLUORIDE

A fluoride concentration of approximately 1.0mg/L in drinking water effectively reduces dental caries without harmful effects on health. Fluoride may occur naturally in water or it may be added in controlled amounts. Some fluorosis may occur when the fluoride level exceeds the recommended limits. In rare instances the naturally occurring fluoride concentration may approach 10mg/L; such waters should be de-fluoridated.

pH 

Measurement of pH is one of the most important and frequently used tests in water chemistry. Practically every phase of water supply and wastewater treatment, e.g., acid-base neutralisation, water softening, precipitation, coagulation, disinfection, and corrosion control, is pH-dependent. pH is used in alkalinity and carbon dioxide measurements and many other acid-base equilibria. At a given temperature the intensity of the acidic or basic character of a solution is indicated by pH or hydrogen ion activity. Alkalinity and acidity are the acid- and base-neutralisating capacities of a water and usually are expressed as milligrams CaCO3 per litre. Buffer capacity is the amount of strong acid or base, usually expressed in moles per litre, needed to change the pH value of a 1-L sample by 1 unit.

IODIDE

Iodide is found in natural waters at concentrations ranging from 40 µg I-/L in coastal surface seawater to <1 µI-/L in deep ocean water and fresh water. Higher concentrations may be found in brines, certain industrial wastes, and waters treated with iodine. Iodide is thermodynamically unstable relative to iodate in oxygenated waters.

NITROGEN

In waters and wastewaters the forms of nitrogen of greatest interest are, in order of decreasing oxidation state, nitrate, nitrite, ammonia and organic nitrogen. All these forms of nitrogen, as well as nitrogen gas (N2), are biochemically interconvertible and are components of the nitrogen cycle. They are of interest for many reasons.

Organic nitrogen is defined functionally as organically bound nitrogen in the trinegative oxidation state. It does not include all organic nitrogen compounds. Analytically, organic nitrogen and ammonia can be determined together and have been referred to as “Kjeldahl nitrogen”, a term that reflects the technique used in their determination. Organic nitrogen includes natural materials as proteins and peptides, nucleic acids and urea, and numerous synthetic organic materials. Typical organic nitrogen concentrations vary from a few hundred micrograms per litre in some lakes to more than 20mg/L in raw sewage.  The Kjeldahl methods fails to account for nitrogen in the form of azide, azine, azo, hydrazone, nitrate, nitrite, nitrile, nitro, nitroso, oxime, and semi-carbazone. 

Total oxidized nitrogen is the sum of nitrate and nitrite nitrogen. Nitrate generally occurs in trace quantities in surface water but may attain high levels in some groundwater. In excessive amounts, it contributes to the illness know as methemoglobinemia in infants. A limit of 10mg nitrate as nitrogen/L has been imposed on drinking water to prevent this disorder. Nitrate is found only in small amounts in fresh domestic wastewater but in the effluent of nitrifying biological treatment plants nitrate may be found in concentrations of up to 30mg nitrate as nitrogen/L. It is an essential nutrient for many photosynthetic autotrophs and in some cases has been identified as the growth-limiting nutrient. 

Nitrite is an intermediate oxidation state of nitrogen, both in the oxidation of ammonia to nitrate and in the reduction of nitrate. Such oxidation and reduction may occur in wastewater treatment plants, water distribution systems, and natural waters. Nitrite can enter a water supply system through its use as a corrosion inhibitor in industrial process water. Nitrite is the actual etiologic agent of methemoglobinemia. Nitrous acid, which is formed from nitrite in acidic solution, can react with secondary amines (RR’NH) to form nitrosamines (RR’N-NO), many of which are known to be carcinogens. The toxicologic significance of nitrosation reactions in vivo and in the natural environment is the subject of much current concern and research.

Ammonia is present naturally in surface and wastewaters. Its concentration generally is low in groundwaters because it adsorbs to soil particles and clays and is not leached readily from soils. It is produced largely by deamination of organic nitrogen-containing compounds and by hydrolysis of urea. At some water treatment plants ammonia is added to react with chlorine to form a combined chlorine residual. Ammonia concentrations encountered in water very from less than 10 µg ammonia nitrogen/L in some natural surface and groundwaters to more than 30mg/L in some wastewaters.

Organic nitrogen is referred to and reported as organic N, nitrate nitrogen as NO3-N, nitrite nitrogen as NO2--N, and ammonia nitrogen as NH3-N.

“Kjeldahl nitrogen” is the sum of organic nitrogen and ammonia nitrogen.

Total nitrogen can be determined through oxidative digestion of all digestible nitrogen forms to nitrate, followed by quantitation of the nitrate. Two procedures give good results for total nitrogen, composed of organic nitrogen (including some aromatic nitrogen-containing compounds), ammonia, nitrite, and nitrate. Molecular nitrogen is not determined and recovery of some industrial nitrogen-containing compounds is low.

PHOSPHORUS

Phosphorus occurs in natural waters and in wastewaters almost solely as phosphates. These are classified as orthophosphates, condensed phosphates (pyro-, meta-, and other polyphosphates), and organically bound phosphates. They occur in solution, in particles or detritus, or in the bodies of aquatic organisms.

These forms of phosphate arise from a variety of sources. Small amounts of orthophosphate or certain condensed phosphates are added to some water supplies during treatment. Larger quantities of the same compounds may be added during laundering or other cleaning, because these materials are major constituents of many commercial cleaning preparations. Phosphates are used extensively in the treatment of boiler waters. Orthophosphates applied to agricultural or residential cultivated land as fertilizers are carried into surface waters with storm runoff.  Organic phosphates are formed primarily by biological processes. They are contributed to sewage by body wastes and food residues, and also may be formed from orthophosphates in biological treatment processes or by receiving-water biota.

Phosphorus is essential to the growth or organisms and can be the nutrient that limits the primary productivity of a body of water. In instances where phosphate is a growth-limiting nutrient, the discharge of raw or treated wastewater, agricultural drainage, or certain industrial wastes to that water may stimulate the growth of photosynthetic aquatic micro- and macro-organisms in nuisance quantities.

Phosphates also occur in bottom sediments and in biological sludges, both as precipitated inorganic forms and incorporated into organic compounds.

Definition of Terms
Phosphorus analyses embody two general procedural steps; 

a) conversion of the phosphorus form of interest to dissolved orthophosphate, and,

b) colorimetric determination of dissolved orthophosphate. The separation of phosphorus into its various forms is defined analytically but the analytical differentiations have been selected so that they may be used for interpretive purposes.

Filtration through a 0.45-µm-pore-diam membrane filter separates dissolved from suspended forms of phosphorus. No claim is made that filtration through 0.45-µm filters is a true separation of suspended and dissolved forms of phosphorus; it is merely a convenient and replicable analytical technique designed to make a gross separation. 

Phosphates that respond to colorimetric tests without preliminary hydrolysis or oxidative digestion of the sample are termed “reactive phosphorus.” While reactive phosphorus is largely a measure of orthophosphate, a small fraction of any condensed phosphate present usually is hydrolysed unavoidable in the procedure. Reactive phosphorus occurs in both dissolved and suspended forms.

SULFIDE

Sulfide is often present in groundwater and sediment. It is produced by decomposition or organic matter and bacterial reduction of sulfate. It is sometimes found in industrial or municipal wastewater. Hydrogen sulphide escaping into the air from sulphide-containing wastewater causes odour nuisances. The threshold odour concentration of H2S in clean water is between 0.025 and 0.25 µg/L Gaseous H2S is very toxic and has claimed the lives of numerous workers. At levels toxic to humans it interferes with the olfactory system, giving a false sense of the safe absence of H2S. It attacks metals directly, and indirectly has caused serious corrosion of concrete sewers because it is oxidised biologically in the presence of oxygen to H2SO4 on the pipe wall. Dissolved H2S is toxic to fish and other aquatic organisms.

Hydrogen sulphide combines with iron and other metals in natural sediments and sludges for form slightly-soluble precipitates. Acid-volatile sulphide (AVS) is an important class of metal sulphides in these anoxic environments. The determination of AVS concentrations has become more prevalent because AVS is considered to be a key binding phase for controlling bioavailability of toxic metals in anoxic sediments.

Four categories of sulphide in water, wastewater, and sediment can be operationally defined:

Total sulphide includes dissolved H2S and HS-  and acid-volatile metallic sulphides present in particulate matter. The pKa2 of H2S is so high that the concentration of S2- is negligible at all pH values. Copper and silver sulphides are so insoluble that they do not respond in ordinary sulphide determinations; they can be ignored for practical purposes.  More to come

SULFITE

Sulfite irons (SO32-) may occur in boilers and boiler feedwaters treated with sulfite for dissolved oxygen control, in natural waters or wastewaters as a result of industrial pollution, and in treatment plant effluents de-chlorinated with sulphur dioxide (SO2). Excess sulfite ion in boiler waters is deleterious because it lowers the pH and promotes corrosion. Control of sulfite ion in wastewater treatment and discharge may be important environmentally, principally because of its toxicity to fish and other aquatic life and its rapid oxygen demand.

SULFATE

Sulfate (SO42-) is widely distributed in nature and may be present in natural waters in concentrations ranging from a few to several thousand milligrams per litre. Mine drainage wastes may contribute large amounts of SO42- through pyrite oxidation or dissolved organic halide.

Trace organics and Aggregate organics


BIOCHEMICAL OXYGEN DEMAND (BOD)

BOD is an index of the biodegradable organics present.

The biochemical oxygen demand (BOD) determinations an empirical test in which standardised laboratory procedures are used to determine the relative oxygen requirements of wastewaters, effluents, and polluted waters. The test has its widest application in measuring waste loadings to treatment plants and in evaluation the BOD-removal efficiency of such treatment systems. The test measures the molecular oxygen used to oxidise inorganic material such as sulphides and ferrous iron. It also may measure the amount of oxygen used to oxidise reduced forms of nitrogen (nitrogenous demand) unless their oxidation is prevented by an inhibitor. The seeding and dilution procedures provide an estimate of the BOD at pH 6.5 to 7.5.

CHEMICAL OXYGEN DEMAND (COD)
Under the rigorous digestion procedures for COD analyses, chloride, bromide, or iodide can react with dichromate to produce the elemental form of the halogen and the chromic ion. Results then are in error on the high side.

Total Organic Carbon (TOC)

The organic carbon in water and wastewater is composed of a variety of organic compounds in various oxidation states. Some of these carbon compounds can be oxidized further by biological or chemical processes, and the biochemical oxygen demand (BOD), assimilable organic carbon (AOC), and chemical oxygen demand (COD) methods may be used to characterize these fractions. Total organic carbon (TOC) is a more convenient and direct expression of total organic content than either BOD, AOC or COD, but does not provide the same kind of information. If a repeatable empirical relationship is established relationship is established between TOC and BOD, AOC or COD for a specific source of water then TOC can be used to estimate the accompanying BOD, AOC or COD. This relationship must be established independently for each set of matrix conditions, such as various points in a treatment process. Unlike BOD or COD, TOC is independent of the oxidation state of the organic matter and does not measure other organically bound elements, such as nitrogen and hydrogen, and inorganics that can contribute to the oxygen demand measured by BOD and COD. TOC measurement does not replace BOD, AOC and COD testing. 

Measurement to TOC is of vital importance to the operation of water treatment and waste treatment plants. Drinking water TOC’s range from less than 100µg/L to more than 25,000 µg/L. Wastewater may contain very high levels of organic compounds (TOC >100mg/L). Some of these applications may include waters with substantial ionic impurities as well as organic matter. 

In many applications, the presence of organic contaminants may degrade ion-exchange capacity, serve as a nutrient source for undesired biological growth, or be otherwise detrimental to the process for which the water is to be utilized. For drinking waters in particular, organic compounds may react with disinfectants to produce potentially toxic and carcinogenic compounds. 

To determine the quantity of organically bound carbon, the organic molecules must be broken down and converted to a single molecular form that can be measured quantitatively. TOC methods utilize high temperature, catalysts, and oxygen, or lower temperatures (<100oC) with ultraviolet irradiation, chemicals oxidants, or combinations of these oxidants to convert organic carbon to carbon dioxide (CO2). The CO2 may be purged from the sample, dried, and transferred with a carrier gas to a nondispersive infrared analyzer or colourmetric titrator. Alternatively, it may be separated from the sample liquid phase by a membrane selective to CO2 into a high-purity water in which corresponding increase in conductivity is related to the CO2 passing the membrane. 

Fractions of Total Carbon

The methods and instruments used in measuring TOC analyse fractions of total carbon (TC) and measure TOC by two or more determinations. The fractions of total carbon are defined as: inorganic carbon - the carbonate, bicarbonate, and dissolved CO2; total organic carbon (TOC) – all carbon atoms covalently bonded in organic molecules; dissolved organic carbon (DOC) – the fraction of TOC that passes through a 0.45-µm-pore-diam filter; suspended organic carbon – also referred to as particulate organic carbon, the fraction of TOC retained by a 0.45-µm filter; purgeable organic carbon – also referred to as volatile organic carbon, the fraction of TOC removed from an aqueous solution by gas stripping under specified conditions; and non-purgable organic carbon – the fraction of TOC not removed by gas stripping. 

In most water samples, the inorganic carbon fraction is many times greater than the TOC fraction. Eliminating or compensating for inorganic carbon interferences required determinations of both TC and inorganic carbon to measure TOC. Inorganic carbon interference can be eliminated by acidifying sample to pH 2 or less to convert inorganic carbon species to CO2. 

Dissolved Organic Halogen

Dissolved organic halogen (DOX) is a measurement used to estimate the total quantity of dissolved halogenated organic material in a water sample. This is similar to literature references of “total organic halogen” (TOX), “adsorbable organic halogen” (AOX), and carbon adsorbable organic halogen (CAOX). The presence of halogenated organic molecules is indicative of disinfection by-products and other synthetic chemical contamination. Halogenated compounds that contribute to a DOX result include, but are not limited to: the trihalomethanes (THM’s); organic solvents such as trichloroethene, tetrachloroethene, and other halogenated alkanes and alkenes; chlorinated and brominated pesticides and herbicides; polychlorinated biphenyls (PBC’s); chlorinated aromatics such as hexachlorobenzene and 2,4-dichlorophenol; and high-molecular-weight, partially chlorinated aquatic humic substances. Compound specific methods such as gas chromatography typically are more sensitive than DOX measurements. 

The adsorption-pyrolysis-titrimetric method for DOX measures only the total molar amount of dissolved organically bound halogen retained on the activated carbon adsorbent; it yields no information about the structure or nature of the organic compounds to which the halogens are bound or about the individual halogens present. It is sensitive to organic chloride, bromide, and iodide, but does not detect fluorinated organics. 

DOX measurement is an inexpensive and useful method for screening  large numbers of samples before specific (and often more complex) analyses; for extensive field surveying for pollution by certain classes of synthetic organic compounds in natural waters; for mapping the extent of organohalide contamination in ground water; for monitoring the breakthrough of some synthetic compounds in water treatment processes; and for estimating the level of formation of chlorinated organic by products after disinfection. When used as a screening tool, a large positive (i.e., above background measurements) DOX test result indicated the need for identifying and quantifying specific substances. In saline or brackish waters the high inorganic halogen concentrations interfere. The possibility of overestimating DOX concentration because of inorganic halide inference always should be considered when interpreting results. 

Oil and Grease

Introduction

In the determination of oil and grease, and absolute quantity of a specific substance is not measured. Rather, groups of substances with similar physical characteristics are determined quantitatively on the basis of their common solubility in an organic extracting solvent. “Oil and grease” is defined as any material recovered as a substance soluble in the solvent. It includes other material extracted by the solvent from an acidified sample (such as sulfur compounds, certain organic dyes, and chlorophyll) and not volatilized during the test. 

It is important to understand that, unlike some constituents that represent distinct chemical elements, ions, compounds, or groups of compounds, oils and greases are defined by the methods used for their determination. 

Phenols

Phenols, defined as hydroxyl derivatives of benzene and its condensed nuclei, may occur in domestic and industrial wastewaters, natural waters, and potable water supplied. Chlorination of such waters may produce odorous and objectionable tasting chlorophenols. Phenol removal processes in water treatment include super chlorination, chlorine dioxide or chloramine treatment, ozonation and activated carbon adsorption.

Phenols are found in many wastewaters and some raw source waters. They generally are traceable to industrial effluents or landfills. These compounds have a low taste threshold in potable waters and also may have a detrimental effect on human health at higher levels. 

Surfactants

Surfactants enter waters and wastewaters mainly by discharge of aqueous wastes from household and industrial laundering and other cleansing operations. A surfactant combines in a single molecule a strongly hydrophobic group with a strongly hydrophilic one. Such molecules tend to congregate at the interfaces between aqueous medium and the other phases of the system such as air, oily liquids, and particles, thus imparting properties such as foaming, emulsification and particle suspension. 

Tannin and Lignin

Lignin is a plant constituent that often is discharges as a waste during the manufacture of paper pulp. Another plant constituent, tannin, may enter the water supply through the process of vegetable matter degradation or through the wastes of the tanning industry. Tannin also is applied in the so-called internal treatment of boiler waters, where it reduces scale formation by causing the production of a more easily handled sludge. 

Formation of Trihalomethanes and other disinfection by-products
Thrihalomethanes (THM’s) are produced during chlorination of water. Only four THM compounds normally are found: chloroform (CHCl3), bromodichloromethane (CHBrCl2), dibromochloromethane (CHBr2Cl), and bromoform (CHBr3). 

Volatile Organic Compounds

Many organic compounds have been detected in ground and surface waters. While most groundwater contamination episodes are traceable to leaking underground fuel or solvent storage vessels, landfills, agriculture practices, and wastewater disposal, the most probable causes for contamination of some aquifers and surface waters has never been firmly established. Contamination may be due to past practices of on-site (leach field) disposal of domestic and industrial wastes or to illegal discharges. Organohalides, particularly the trihalomethanes, are present in most chlorinated water systems, especially those using surface waters as a source of supple. Toxicological studies on animal models have shown that some of these organics have the potential for tetraogenesis of carcinogenesis in human beings. To minimize these health risks, sensitive detection and accurate and reproducible quantitation of organics is of paramount importance.

Methane

Methane (CH4) is a colourless, odourless, tasteless combustible gas occasionally found in ground waters. Escape of this gas from water may cause an explosive atmosphere not only in a utility’s tanks, pump houses, and other facilities, but also on the consumers property, particularly where water is sprayed through poorly ventilated spaces such as public showers. 

The explosive limits of CH4 in air are 5 to 15% by volume. At sea level, a 3.95% CH4 concentration in air theoretically could be reached in a poorly ventilated space sprayed with hot (68 degrees C) water having a CH4 concentration of only 0.7mg/L.

At higher water temperatures, the vapour pressure of water is so great that no explosive mixture can form. At lower barometric pressures, the theoretical hazardous concentration of methane in water will be reduced proportionally. In and atmosphere of Nitrogen or other inert gas, at least 12.8% Oxygen must be present for there to be an explosion hazard.

Methane is also produced from wastewater and may be present in sewers and wastewater treatment plants.

Extractable base/neutrals and acids
The semivolatile compounds covered by this section included many classes of compounds, each characterized by different sources. The compounds include polynuclear aromatic hydrocarbons, often as by products of petroleum processing or combustion; phthalates, used as plasticizers; phenolics, found most often in wood preservatives; organochlorine pesticides, found most often in agricultural runoff or in wastewaters draining such areas; and PCB’s. Many of the listed compounds are toxic or carcinogenic. However they generally are relatively insoluble in water so they do not occur frequently in potable waters or most wastewaters. 

Polychlorinated Biphenyls (PCB’s)

PCB’s are found principally in water supplied contaminated by transformer oils in which PCB’s were originally used as a heat exchange medium. Although the use of these compounds has been banned, there are still numerous transformers in existence that contain PCB’s, which results in their occasional discharge into potable water or wastewater. These compounds are toxic, bioaccumulative, and extremely stable, and thus there is a need to monitor them in waste waters. 

Polynuclear Aromatic Hydrocarbons (PAH’s)

The polynuclear aromatic hydrocarbons (PAH’s) often are by-products of petroleum processing or combustion. Many of these compounds are highly carcinogenic at relatively low levels. Although they are relatively insoluble in water, their highly hazardous nature merits their monitoring in potable waters and wastewaters.

Organochlorine Pesticides

The organochlorine pesticides commonly occur in waters that have been affected by agricultural discharges. Some of the listed compounds are degradation products of other pesticides detected by this method. Several of the pesticides are bioaccumulative and relatively stable, as well as toxic or carcinogenic; thus they require close monitoring.

Microbiogical indicators



Recreation waters 

Recreation waters include freshwater swimming pools, spas, and naturally occurring fresh and marine waters. Many local and state health departments require Microbiological monitoring of recreational waters. Historically, the most common Microbiological tests assess sanitary quality have been heterotrophic counts and total and faecal coliform tests. Total coliform tests and hetertrophic counts usually are performed on untreated waters. Although detection of coliform bacteria in water indicates that it may be unsafe to drink, other bacteria have been isolated from recreational waters that may suggest health risks through body contact, ingestion or inhalation. Other bacteria suggested as indicators of recreational water quality include Pseudomonas aeruginosa, faecal strpicxocci, enterococci and staphylococci. 

Ideally, recreational water quality indicators are microorganisms for which densities in the water can be related quantitatively to potential health hazards resulting form recreational use, particularly where upper body orifices are exposed to water. The ideal indicator is the one with the best correlation between density and the health hazards associated with the given type of pollution. The most common potential sources of infectious agents in recreational waters include untreated or poorly treated municipal and industrial effluents or sludge, sanitary wastes from seaside residences, faecal wastes from pleasure craft, drainage from sanitary landfills, stormwater runoff, and excretions from animals. In addition the source of the infectious agents may be the aquatic environment itself. The potential health hazards from each of these sources are not equal. Exposure to untreated or inadequately treated human faecal wastes is considered the greatest health hazard.  The presence of microbiological indicators in treated swimming pools or whirlpools indicate possible insufficient water exchange, disinfection, and maintenance. Bather Density is a major factor in determining the probability of swimmer-associated illnesses with swimming pools, particularly when there is insufficient disinfection and water circulation. The bathers themselves may be the source of pollution by shedding organisms associated with the mouth nose and skin. 

Hetertrophic Plate Count

The hetertrophic plate count (HPC), formerly known as the standard plate count, is a standard procedure for estimating the number of live heterotrophic bacteria in water and measuring changes during water treatment and distribution or in swimming pools. Colonies may arise from pairs, chains, clusters, or single cells, all of which are included in the term “colony-forming units” (CFU). The final count also depends on the interaction among the developing colonies; choose that combination of procedure and medium that produces the greatest number of colonies within the designated incubation time. To compare data, use the same procedure and medium. Three different methods and four different media are described.

Iron and Sulfur Bacteria

The group of nuisance organisms collectively designated “iron and sulfur bacteria” is morphologically and physiologically heterogeneous, having in common the ability to transform or deposit significant amounts of iron or sulfur, usually in the form of objectionable slimes. However, iron and sulfur bacteria are not the sole producers of bacterial slimes and in some cases may be associated with slimes of other bacteria. 

The iron and sulfur bacteria may be filamentous or single celled, autotrophic, or heterotrophic, aerobic or anaerobic. The taxonomic position of these bacteria is very diverse. They are studied as iron and sulfur bacteria, because these elements and their transformation may be important in water treatment and distribution systems and may be especially bothersome in waters for industrial use, such as cooling and boiler waters. Iron Bacteria may cause, or be associated with, fouling or plugging of wells.

Radioactivity

Occurrence and monitoring

The radioactivity in water and wastewater originates from both natural sources and human activities. The latter include operations concerned with the nuclear fuel cycle, from mining to repossessing; medical uses of radioisotopes; industrial uses of radioisotopes; worldwide fallout from atmospheric testing of nuclear devices; and enhancement of the concentration of naturally occurring radionuclides. Monitoring programs for water and wastewater should be designed to asses realistically the degree of environmental radioactive combination. In some cases for example, compliance monitoring for drinking water, the conditions are spelled out. In others it may be necessary to examine the individual situation for consideration of the critical radionuclide(s), the critical pathway by which the critical radionuclide moves through the environment and critical population group that is exposed to the particular radionuclide moving along this particular pathway. Use of the critical nuclide-pathway-population approach will help narrow the list of possible radionuclides to monitor. 

Reference: “Standard Methods for the examination of water and wastewater”,  APHA 21st Edition

