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1 Water (H2O)
Water: A substance composed of the chemical elements hydrogen and oxygen and existing in gaseous, liquid, and solid states. Water is one of the most plentiful and essential of compounds. It is vital to life, participating in virtually every process that occurs in plants and animals. Although the molecules of water are simple in structure (H2O), the physical and chemical properties of the compound are extraordinarily complicated. 

Water is a colourless, tasteless, and odourless liquid at room temperature. One of its most important properties is its ability to dissolve many other substances. The versatility of water as a solvent is essential to living organisms. Life is believed to have originated in the world's oceans, which are complicated solutions. Living organisms use aqueous solutions—e.g., blood and digestive juices—as mediums for carrying out biological processes.

The water molecule is composed of two hydrogen atoms, each linked by a single chemical bond to an oxygen atom. Most hydrogen atoms have a nucleus consisting solely of a proton. Two isotopic forms, deuterium and tritium, in which the atomic nuclei also contain one and two neutrons, respectively, are found to a small degree in water. Deuterium oxide (D2O), called heavy water, is important in chemical research and is also used as a neutron moderator in some nuclear reactors.

Although its formula (H2O) seems simple, water exhibits very complex chemical and physical properties that are incompletely understood. For example, its melting point, 0 °C (32 °F), and boiling point, 100 °C (212 °F), are much higher than would be expected by comparison with analogous compounds, such as hydrogen sulfide and ammonia. In its solid form, ice, water is less dense than when it is liquid, another unusual property. The root of these anomalies lies in the electronic structure of the water molecule.

An oxygen atom has six electrons in its outer (valence) shell, which can hold a total of eight. When an oxygen atom forms a single chemical bond, it shares one of its own electrons with the nucleus of another atom and receives in return a share of an electron from that atom. When bonded to two hydrogen atoms, the outer electron shell of the oxygen atom is filled.

The water molecule is not linear but bent in a special way. As a result, part of the molecule is negatively charged and part positively charged. It is thus a highly polar molecule. Hydrogen atoms in water molecules are attracted to regions of high electron density and can form weak linkages, called hydrogen bonds, with those regions. This means that the hydrogen atoms in one water molecule are attracted to the non-bonding electron pairs of the oxygen atom on an adjacent water molecule. As a result, water molecules associate strongly. In an ice crystal, the association is a highly ordered but loose structure. When the ice melts, this orderly arrangement breaks down partially and the molecules pack more closely together. This makes the liquid denser than the solid, which is why ice forms on top of liquid water. The associative force, however, is still strong enough to prevent water molecules from separating completely even at room temperature. This continued association in the liquid state accounts for the high boiling point of water.

The structure of liquid water is believed to consist of aggregates of water molecules that form and re-form continually. This short-range order, as it is called, accounts for other unusual properties of water, such as its high viscosity and surface tension.

The polarity of the water molecule plays a major part in the formation of aqueous solutions. If an ionic compound such as sodium chloride is placed in water, the polar water molecules reduce the electrostatic attraction between the positively charged sodium and negatively charged chloride ions. This helps to pull the ions apart. They then become hydrated—i.e., surrounded by water molecules. As a result, their charge is effectively dispersed over a larger structure, and this keeps the sodium and chloride from recombining.

To a limited extent, water dissociates into hydrogen (H+) ions, which make a solution acidic, and hydroxyl (OH−) ions, which make it alkaline (basic). Consequently, water can sometimes act as an acid or a base.
2 Water Treatment: Methods and Phases

2.1 Clarification

2.1.1 Sedimentation

Impurities in water are either dissolved or suspended. The suspended material reduces clarity, and the easiest way to remove it is to rely on gravity. Under quiescent (still) conditions, suspended particles that are denser than water gradually settle to the bottom of a basin or tank. This is called plain sedimentation. Long-term water storage (for more than one month) in reservoirs reduces the amount of suspended sediment and bacteria. Nevertheless, additional clarification is usually needed. In a treatment plant, sedimentation (settling) tanks are built to provide a few hours of storage or detention time as the water slowly flows from tank inlet to outlet. It is impractical to keep water in the tanks for longer periods, because of the large volumes that must be treated.

Sedimentation tanks may be rectangular or circular in shape and are typically about 10feet (3 metres) deep. Several tanks are usually provided and arranged for parallel (side-by-side) operation. Influent (water flowing in) is uniformly distributed as it enters the tank. Clarified effluent (water flowing out) is skimmed from the surface as it flows over special baffles called weirs. The layer of concentrated solids that collects at the bottom of the tank is called sludge. Modern sedimentation tanks are equipped with mechanical scrapers that continuously push the sludge toward a collection hopper, where it is pumped out.

The efficiency of a sedimentation tank for removing suspended solids depends more on its surface area than on its depth or volume. A relatively shallow tank with a large surface area will be more effective than a very deep tank that holds the same volume but has a smaller surface area. Most sedimentation tanks, though, are not less than 10feet deep, in order to provide enough room for a sludge layer and a scraper mechanism.

A technique called shallow-depth sedimentation is often applied in modern treatment plants. In this method, several prefabricated units or modules of “tube settlers” are installed near the tops of tanks in order to increase their effective surface area.

2.1.2 Coagulation and flocculation

Suspended particles cannot be removed completely by plain settling. Large, heavy particles settle out readily, but smaller and lighter particles settle very slowly or in some cases do not settle at all. Because of this, the sedimentation step is usually preceded by a chemical process known as coagulation. Chemicals (coagulants) are added to the water to bring the non settling particles together into larger, heavier masses of solids called flock. Aluminium sulphate (alum) is the most common coagulant used for water purification. Other chemicals, such as ferric sulphate or sodium aluminate, may also be used.

Coagulation is usually accomplished in two stages: rapid mixing and slow mixing. Rapid mixing serves to disperse the coagulants evenly throughout the water and to ensure a complete chemical reaction. Sometimes this is accomplished by adding the chemicals just before the pumps, allowing the pump impellers to do the mixing. Usually, though, a small flash-mix tank provides about one minute of detention time. After the flash mix, a longer period of gentle agitation is needed to promote particle collisions and enhance the growth of flock. This gentle agitation, or slow mixing, is called flocculation; it is accomplished in a tank that provides at least a half hour of detention time. The flocculation tank has wooden paddle-type mixers that slowly rotate on a horizontal motor-driven shaft. After flocculation the water flows into the sedimentation tanks. Some small water treatment plants combine coagulation and sedimentation in a single prefabricated steel unit called a solids-contact tank.

2.1.3 Filtration

Even after coagulation and flocculation, sedimentation does not remove enough suspended impurities from water to make it crystal clear. The remaining non-settling flock causes noticeable turbidity in the water and can shield microbes from disinfection. Filtration is a physical process that removes these impurities from water by percolating it downward through a layer or bed of porous, granular material such as sand. Suspended particles become trapped within the pore spaces of the filter media, which also remove harmful protozoa and natural colour. Most surface water supplies require filtration after the coagulation and sedimentation steps. For surface waters with low turbidity and colour, however, a process of direct filtration, which is not preceded by sedimentation, may be used.

Two types of sand filter are in use: slow and rapid. Slow filters require much more surface area than rapid filters and are difficult to clean. Most modern water treatment plants now use rapid dual-media filters following coagulation and sedimentation. A dual-media filter consists of a layer of anthracite coal above a layer of fine sand. The upper layer of coal traps most of the large floc, and the finer sand grains in the lower layer trap smaller impurities. This process is called in-depth filtration, as the impurities are not simply screened out or removed at the surface of the filter bed, as is the case in slow sand filters. In order to enhance in-depth filtration, so-called mixed-media filters are used in some treatment plants. These have a third layer of a fine-grained, dense mineral called garnet at the bottom of the bed.

Rapid filters (see figure) are housed in boxlike concrete structures, with multiple boxes arranged on both sides of a piping gallery. A large tank called a clear well is usually built under the filters to hold the clarified water temporarily. A layer of coarse gravel usually supports the filter media. When clogged by particles removed from the water, the filter bed must be cleaned by backwashing. In the backwash process, the direction of flow through the filter is reversed. Clean water is forced upward through the media, expanding the filter bed slightly and carrying away the impurities in wash troughs. The backwash water is distributed uniformly across the filter bottom by an under drain system of perforated pipes or porous tile blocks.

Because of its reliability, the rapid filter is the most common type of filter used to treat public water supplies. However, other types of filters may be used, including pressure filters, diatomaceous earth filters, and microstrainers. A pressure filter has a granular media bed, but, instead of being open at the top like a gravity-flow rapid filter, it is enclosed in a cylindrical steel tank. Water is pumped through the filter under pressure. In diatomaceous earth filters a natural powder-like material composed of the shells of microscopic organisms called diatoms is used as a filter media. The powder is supported in a thin layer on a metal screen or fabric, and water is pumped through the layer. Pressure filters and diatomaceous earth filters are used most often for industrial applications or for public swimming pools.

Microstrainers consist of a finely woven stainless steel wire cloth mounted on a revolving drum that is partially submerged in the water. Water enters through an open end of the drum and flows out through the screen, leaving suspended solids behind. Captured solids are washed into a hopper when they are carried up out of the water by the rotating drum. Microstrainers are used mainly to remove algae from surface water supplies before conventional gravity-flow filtration. (They can also be employed in advanced wastewater treatment.)

2.2 Disinfection

2.2.1 Introduction

Disinfection destroys pathogenic bacteria and is essential to prevent the spread of waterborne disease. Typically the final process in drinking-water treatment, it is accomplished by applying either chlorine, ozone, or ultraviolet radiation to clarified water.

2.2.2 Chlorination

The addition of chlorine or chlorine compounds to drinking water is called chlorination. Chlorine compounds may be applied in liquid and solid forms—for instance, liquid sodium hypochlorite or calcium hypochlorite in tablet or granular form. However, the direct application of gaseous chlorine from pressurized steel containers is usually the most economical method for disinfecting large volumes of water.

Taste or odour problems are avoided with proper dosages of chlorine at the treatment plant, and a residual concentration can be maintained throughout the distribution system to ensure a safe level at the points of use. Chlorine can combine with certain naturally occurring organic compounds in water to produce chloroform and other potentially harmful by-products. The risk of this is very small, however, when chlorine is applied after coagulation, sedimentation, and filtration.

2.2.3 Ozone and ultraviolet radiation

Ozone gas may also be used for disinfection of drinking water. However, since ozone is unstable, it cannot be stored and must be produced on-site, making the process more expensive than chlorination. Ozone has the advantage of not causing taste or odour problems; it leaves no residual in the disinfected water. The lack of an ozone residual, however, makes it difficult to monitor its continued effectiveness as water flows through the distribution system.

Ultraviolet radiation destroys pathogens, and its use as a disinfecting agent eliminates the need to handle chemicals. It leaves no residual, and it does not cause taste or odour problems. But the high cost of its application makes it a poor competitor with either chlorine or ozone as a disinfectant.

2.3 Additional treatment

Clarification and disinfection are the conventional processes for purifying surface water supplies. Other techniques may be used in addition, or separately, to remove certain impurities, depending on the quality of the raw water.

2.3.1 Softening

Softening is the process of removing the dissolved calcium and magnesium salts that cause hardness in water. It is achieved either by adding chemicals that form insoluble precipitates or by ion exchange. Chemicals used for softening include calcium hydroxide (slaked lime) and sodium carbonate (soda ash). This lime-soda method of water softening must be followed by sedimentation and filtration in order to remove the precipitates. Ion exchange is accomplished by passing the water through columns of a natural or synthetic resin that trades sodium ions for calcium and magnesium ions. Ion exchange columns must eventually be regenerated by washing with a sodium chloride solution.

2.3.2 Aeration

Aeration is a physical treatment process used for taste and odour control and for removal of dissolved iron and manganese. It consists of spraying water into the air or cascading it downward through stacks of perforated trays. Dissolved gases that cause tastes and odours are transferred from the water to the air. Oxygen from the air, meanwhile, reacts with any iron and manganese in the water, forming a precipitate that is removed by sedimentation and filtration.

2.3.3 Carbon adsorption

An effective method for removing dissolved organic substances that cause tastes, odours, or colours is adsorption by activated carbon. Adsorption is the capacity of a solid particle to attract molecules to its surface. Powdered carbon mixed with water can adsorb and hold many different organic impurities. When the carbon is saturated with impurities, it is cleaned or reactivated by heating to a high temperature in a special furnace.

2.3.4 Fluoridation

Many communities reduce the incidence of tooth decay in young children by adding sodium fluoride or other fluorine compounds to filtered water. The dosage of fluoride must be carefully controlled. Low concentrations are beneficial and cause no harmful side effects, but very high concentrations of fluoride may cause discoloration of tooth enamel.
3 Water Pollution Control

3.1 Introduction

Water is called the “universal solvent” because of its strong tendency to dissolve other substances. Since pure water is not found in nature (i.e., outside chemical laboratories), any distinction between clean water and polluted water depends on the type and concentration of impurities found in the water as well as on its intended use. In broad terms, water is said to be polluted when it contains enough impurities to make it unfit for a particular use, such as drinking, swimming, or fishing. Although water quality is affected by natural conditions, the word pollution usually implies human activity as the source of contamination. Water pollution is caused primarily by the drainage of contaminated waters into surface water or groundwater. Water-pollution control, therefore, primarily involves the removal of impurities before they reach natural bodies of water or aquifers.

3.2 Historical background

3.2.1 Direct discharge of sewage

Many ancient cities had drainage systems, but they were primarily intended to carry rainwater away from roofs and pavements. A notable example is the drainage system of ancient Rome. It included many surface conduits that were connected to a large vaulted channel, called the Cloaca Maxima (“Great Sewer”), which carried drainage water to the Tiber River. Built of stone and on a grand scale, the Cloaca Maxima is one of the oldest existing monuments of Roman engineering.

There was little progress in urban drainage or sewerage during the Middle Ages. Privy vaults and cesspools were used, but most wastes were simply dumped into gutters to be flushed through the drains by floods. Toilets (water closets) were installed in houses in the early 19th century, but they were usually connected to cesspools, not to sewers. In densely populated areas, local conditions soon became intolerable because the cesspools were seldom emptied and frequently overflowed. The threat to public health became apparent. In England in the middle of the 19th century, outbreaks of cholera were traced directly to well-water supplies contaminated with human waste from privy vaults and cesspools. It soon became necessary for all water closets in the larger towns to be connected directly to the storm sewers. This transferred sewage from the ground near houses to nearby bodies of water. Thus, a new problem emerged: surface water pollution.

3.2.2 Developments in sewage treatment

It used to be said that “the solution to pollution is dilution.” When small amounts of sewage are discharged into a flowing body of water, a natural process of stream self-purification occurs. Densely populated communities generate such large quantities of sewage, however, that dilution alone does not prevent pollution. This makes it necessary to treat or purify wastewater to some degree before disposal.

The construction of centralized sewage treatment or water-pollution control plants began in the late 19th and early 20th centuries, principally in the United Kingdom and the United States. Instead of discharging sewage directly into a nearby body of water, it was first passed through a combination of physical, biological, and chemical processes that removed some or most of the pollutants. Also beginning in the 1900s, new sewage-collection systems were designed to separate storm water from domestic wastewater, so that treatment plants did not become overloaded during periods of wet weather.

After the middle of the 20th century, increasing public concern for environmental quality led to broader and more stringent regulation of wastewater disposal practices. Higher levels of treatment were required. For example, pre-treatment of industrial wastewater, with the aim of preventing toxic chemicals from interfering with the biological processes used at sewage treatment plants, often became a necessity. In fact, wastewater treatment technology advanced to the point where it became possible to remove virtually all pollutants from sewage. This was so expensive, however, that such high levels of treatment were not usually justified.

Modern water-pollution control plants became large, complex facilities that required considerable amounts of energy for their operation. After the rise of oil prices in the 1970s, concern for energy conservation became a more important factor in the design of new pollution control systems. Consequently, land disposal and subsurface disposal of sewage began to receive increased attention where feasible. Such low-tech pollution control methods not only would help to conserve energy but also would serve to recycle nutrients and replenish groundwater supplies.

3.3 Sources of pollution

Water pollutants may originate from a point source or from a dispersed source. A point-source pollutant is one that reaches water from a single pipeline or channel, such as a sewage discharge or outfall pipe. Dispersed sources are broad, unconfined areas from which pollutants enter a body of water. Surface runoff from farms, for example, is a dispersed source of pollution, carrying animal wastes, fertilizers, pesticides, and silt into nearby streams. Urban storm water drainage is also considered a dispersed source because of the many locations at which it enters local streams or lakes. Point-source pollutants are easier to control than dispersed-source pollutants, since they flow to a single location where treatment processes can remove them from the water. Such control is not usually possible over pollutants from dispersed sources, which cause a large part of the overall water-pollution problem. Dispersed-source water pollution is best reduced by enforcing proper land-use plans and development standards.

General types of water pollutants include pathogenic organisms, oxygen-demanding wastes, plant nutrients, synthetic organic chemicals, inorganic chemicals, sediments, radioactive substances, oil, and heat. Sewage is the primary source of the first three types. Farms and industrial facilities are also sources of some of them. Sediment from eroded topsoil is considered a pollutant because it can damage aquatic ecosystems, and heat (particularly from power-plant cooling water) is considered a pollutant because of the adverse effect it has on dissolved oxygen levels and aquatic life in rivers and lakes.

3.4 Sewage characteristics

3.4.1 Types of sewage

There are three types of wastewater, or sewage: domestic sewage, industrial sewage, and storm sewage. Domestic sewage carries used water from houses and apartments; it is also called sanitary sewage. Industrial sewage is used water from manufacturing or chemical processes. Storm sewage, or storm water, is runoff from precipitation that is collected in a system of pipes or open channels.

Domestic sewage is slightly more than 99.9 percent pure water by weight. The rest, less than 0.1 percent, contains a wide variety of dissolved and suspended impurities. Although amounting to a very small fraction of the sewage by weight, the nature of these impurities and the large volumes of sewage in which they are carried make disposal of domestic wastewater a significant technical problem. The principal impurities are organic materials and plant nutrients, but domestic sewage is also very likely to contain disease-causing microbes. Industrial wastewater usually contains specific and readily identifiable chemical compounds, depending on the nature of the industrial process. Storm sewage carries organic materials, suspended and dissolved solids, and other substances picked up as it travels over the ground.

3.4.2 Principal pollutants

Organic material

The amount of organic material in sewage is measured by the biochemical oxygen demand, or BOD; the more organic material there is in the sewage, the higher the BOD. BOD is the amount of oxygen required by microorganisms to decompose the organic substances in sewage. It is among the most important parameters for the design and operation of sewage treatment plants. Industrial sewage may have BOD levels many times that of domestic sewage. The BOD of storm sewage is of particular concern when it is mixed with domestic sewage in combined sewer systems.

Dissolved oxygen is an important water quality factor for lakes and rivers. The higher the concentration of dissolved oxygen, the better the water quality. When sewage enters a lake or stream, decomposition of the organic materials begins. Oxygen is consumed as micro organisms use it in their metabolism. This can quickly deplete the available oxygen in the water. When the dissolved oxygen levels drop too low, trout and other aquatic species soon perish. In fact, if the oxygen level drops to zero, the water will become septic. Decomposition of organic compounds without oxygen causes the undesirable odours usually associated with septic or putrid conditions.

Suspended solids

Another important characteristic of sewage is suspended solids. The volume of sludge produced in a treatment plant is directly related to the total suspended solids present in the sewage. Industrial and storm sewage may contain higher concentrations of suspended solids than domestic sewage. The extent, to which a treatment plant removes suspended solids, as well as BOD, determines the efficiency of the treatment process.

Plant nutrients

Domestic sewage contains compounds of nitrogen and phosphorus, two elements that are basic nutrients essential for the growth of plants. In lakes, excessive amounts of nitrates and phosphates can cause the rapid growth of algae. Algal blooms, often caused by sewage discharges, accelerate the natural aging of lakes in a process called eutrophication.

Microbes

Domestic sewage contains many millions of micro organisms per gallon. Most are harmless coliform bacteria from the human intestinal tract, but domestic sewage is also likely to carry pathogenic microbes. Coliforms are used as indicators of sewage pollution; a high coliform count usually indicates recent sewage pollution.

3.5 Wastewater collection systems

A wastewater collection system is a network of pipes, pumping stations, and appurtenances that convey sewage from its points of origin to a point of treatment and disposal.

3.5.1 Combined systems

Systems that carry a mixture of both domestic sewage and storm sewage are called combined sewers. Combined sewers typically consist of large-diameter pipes or tunnels, because of the large volumes of storm water that must be carried during wet-weather periods. They are very common in older cities but are no longer designed and built as part of new sewerage facilities. Because wastewater treatment plants cannot handle large volumes of storm water, sewage must bypass the treatment plants during wet weather and be discharged directly into the receiving water. These combined-sewer overflows, containing untreated domestic sewage, cause recurring water-pollution problems and are very troublesome sources of pollution.

In some large cities, the combined-sewer overflow problem has been reduced by diverting the first flush of combined sewage into a large basin or underground tunnel. After temporary storage, it can be treated by settling and disinfection before being discharged into a receiving body of water, or it can be treated in a nearby wastewater treatment plant at a rate that will not overload the facility. Another method for controlling combined sewage involves the use of swirl concentrators. These direct sewage through cylindrically shaped devices that create a vortex, or whirlpool, effect. The vortex helps concentrate impurities in a much smaller volume of water for treatment.

3.5.2 Separate systems

New wastewater collection facilities are designed as separate systems, carrying either domestic sewage or storm sewage but not both. Storm sewers usually carry surface runoff to a point of disposal in a stream or river. Small detention basins may be built as part of the system, storing storm water temporarily and reducing the magnitude of the peak flow rate. Sanitary sewers, on the other hand, carry domestic wastewater to a sewage treatment plant. Pre-treated industrial wastewater may be allowed into municipal sanitary sewer systems, but storm water is excluded.

Storm sewers are usually built with sections of reinforced concrete pipe. Corrugated metal pipes may be used in some cases. Storm water inlets or catch basins are located at suitable intervals in a street right-of-way or in easements across private property. The pipelines are usually located to allow downhill gravity flow to a nearby stream or to a detention basin. Storm water pumping stations are avoided, if possible, because of the very large pump capacities that would be needed to handle the intermittent flows.

A sanitary sewer system includes laterals, sub-mains, and interceptors. Except for individual house connections, laterals are the smallest sewers in the network. They usually are not less than 8 inches (200 mm) in diameter and carry sewage by gravity into larger sub-mains, or collector sewers. The collector sewers tie in to a main interceptor, or trunk line, which carries the sewage to a treatment plant. Interceptors are usually built with pre-cast sections of reinforced concrete pipe, up to 15 feet (5 metres) in diameter. Other materials used for sanitary sewers include vitrified clay, asbestos cement, plastic, steel, or ductile iron. The use of plastic for laterals is increasing because of its lightness and ease of installation. Iron and steel pipes are used for force mains or in pumping stations. (Force mains are pipelines that carry sewage under pressure when it must be pumped.)

3.5.3 Pumps

Pumping stations are built when sewage must be raised from a low point to a point of higher elevation or where the topography prevents downhill gravity flow. Special non-clogging pumps are available to handle raw sewage. They are installed in structures called lift stations. There are two basic types of lift station: dry well and wet well. A wet-well installation has only one chamber or tank to receive and hold the sewage until it is pumped out. Specially designed submersible pumps and motors can be located at the bottom of the chamber, completely below the water level. Dry-well installations have two separate chambers, one to receive the wastewater and one to enclose and protect the pumps and controls. The protective dry chamber allows easy access for inspection and maintenance. All sewage lift stations, whether of the wet-well or dry-well type, should include at least two pumps. One pump can operate while the other is removed for repair.

3.5.4 Flow rates

There is a wide variation in sewage flow rates over the course of a day. A sewer system must accommodate this variation. In most cities, domestic sewage flow rates are highest in the morning and evening hours. They are lowest during the middle of the night. Flow quantities depend upon population density, water consumption, and the extent of commercial or industrial activity in the community. The average sewage flow rate is usually about the same as the average water use in the community. In a lateral sewer, short-term peak flow rates can be roughly four times the average flow rate. In a trunk sewer, peak flow rates may be two-and-a-half times the average.

3.6 Wastewater treatment and disposal

3.6.1 Introduction

The predominant method of wastewater disposal in large cities and towns is discharge into a body of surface water. Suburban and rural areas rely more on subsurface disposal. In either case, wastewater must be purified or treated to some degree, in order to protect both public health and water quality. Suspended particulates and biodegradable organics must be removed to varying extents. Pathogenic bacteria must be destroyed. It may also be necessary to remove nitrates and phosphates (plant nutrients) and to neutralize or remove industrial wastes and toxic chemicals.

The degree to which wastewater must be treated varies, depending on local environmental conditions and governmental standards. Two pertinent types of standards are stream standards and effluent standards. Stream standards, designed to prevent the deterioration of existing water quality, set limits on the amounts of specific pollutants allowed in streams, rivers, and lakes. The limits depend on a classification of the “maximum beneficial use” of the water. Water quality parameters that are regulated by stream standards include dissolved oxygen, coliforms, turbidity, acidity, and toxic substances. Effluent standards, on the other hand, pertain directly to the quality of the treated wastewater discharged from a sewage treatment plant. The factors controlled under these standards usually include biochemical oxygen demand, suspended solids, acidity, and coliforms.

There are three levels of wastewater treatment: primary, secondary, and tertiary (or advanced). Primary treatment removes about 60 percent of total suspended solids and about 35 percent of BOD; dissolved impurities are not removed. It is usually used as a first step before secondary treatment. Secondary treatment removes more than 85 percent of both suspended solids and BOD. A minimum level of secondary treatment is usually required in the United States and other developed countries. When more than 85 percent of total solids and BOD must be removed, or when dissolved nitrate and phosphate levels must be reduced, tertiary treatment methods are used. Tertiary processes can remove more than 99 percent of all the impurities from sewage, producing an effluent of almost drinking-water quality. Tertiary treatment can be very expensive, often doubling the cost of secondary treatment. It is used only under special circumstances.

For all levels of wastewater treatment, the last step prior to discharge of the sewage effluent into a body of surface water is disinfection. Disinfection is usually accomplished by mixing the effluent with chlorine gas in a contact tank for at least 15 minutes. Because chlorine residuals in the effluent may have adverse effects on aquatic life, an additional chemical may be added to de-chlorinate the effluent. Ultraviolet radiation, which can disinfect without leaving any residual in the effluent, is becoming more competitive with chlorine as a wastewater disinfectant.

3.6.2 Primary treatment

Primary treatment removes material that will either float or readily settle out by gravity. It includes the physical processes of screening, comminution, grit removal, and sedimentation (see figure). Screens are made of long, closely spaced narrow metal bars. They block floating debris such as wood, rags, and other bulky objects that could clog pipes or pumps. In modern plants the screens are cleaned mechanically, and the material is promptly disposed of by burial on the plant grounds. A comminutor may be used to grind and shred debris that passes through the screens. The shredded material is removed later by sedimentation or flotation processes.

Grit chambers are long narrow tanks that are designed to slow down the flow so that solids such as sand, coffee grounds, and eggshells will settle out of the water. Grit causes excessive wear and tear on pumps and other plant equipment. Its removal is particularly important in cities with combined sewer systems, which carry a good deal of silt, sand, and gravel that wash off streets or land during a storm.

Suspended solids that pass through screens and grit chambers are removed from the sewage in sedimentation tanks. These tanks, also called primary clarifiers, provide about two hours of detention time for gravity settling to take place. As the sewage flows through them slowly, the solids gradually sink to the bottom. The settled solids (known as raw or primary sludge) are moved along the tank bottom by mechanical scrapers. Sludge is collected in a hopper, where it is pumped out for removal. Mechanical surface-skimming devices remove grease and other floating materials.

3.6.3 Secondary treatment

Secondary treatment removes the soluble organic matter that escapes primary treatment. It also removes more of the suspended solids. Removal is usually accomplished by biological processes in which microbes consume the organic impurities as food, converting them into carbon dioxide, water, and energy for their own growth and reproduction. The sewage treatment plant provides a suitable environment, albeit of steel and concrete, for this natural biological process. Removal of soluble organic matter at the treatment plant helps to protect the dissolved oxygen balance of a receiving stream, river, or lake.

There are three basic biological treatment methods: the trickling filter, the activated sludge process, and the oxidation pond. A fourth, less common method is the rotating biological contactor.

Trickling filter

A trickling filter is simply a tank filled with a deep bed of stones. Settled sewage is sprayed continuously over the top of the stones and trickles to the bottom, where it is collected for further treatment. As the wastewater trickles down, bacteria gather and multiply on the stones. The steady flow of sewage over these growths allows the microbes to absorb the dissolved organics, thus lowering the BOD of the sewage. Air circulating upward through the spaces among the stones provides sufficient oxygen for the metabolic processes.

Settling tanks, called secondary clarifiers, follow the trickling filters. These clarifiers remove microbes that are washed off the rocks by the flow of wastewater. Two or more trickling filters may be connected in series, and sewage can be re-circulated in order to increase treatment efficiencies.

Activated sludge

The activated sludge treatment system consists of an aeration tank followed by a secondary clarifier. (See figure.) Settled sewage, mixed with fresh sludge that is re-circulated from the secondary clarifier, is introduced into the aeration tank. Compressed air is then injected into the mixture through porous diffusers located at the bottom of the tank. As it bubbles to the surface, the diffused air provides oxygen and a rapid mixing action. Air can also be added by the churning action of mechanical propeller-like mixers located at the tank surface.

Under such oxygenated conditions, microorganisms thrive, forming an active, healthy suspension of biological solids (mostly bacteria) called activated sludge. About six hours of detention is provided in the aeration tank. This gives the microbes enough time to absorb dissolved organics from the sewage, reducing the BOD. The mixture then flows from the aeration tank into the secondary clarifier, where activated sludge settles out by gravity. Clear water is skimmed from the surface of the clarifier, disinfected, and discharged as secondary effluent. The sludge is pumped out from a hopper at the bottom of the tank. About 30 percent of the sludge is re-circulated back into the aeration tank, where it is mixed with the primary effluent. This re-circulation is a key feature of the activated sludge process. The recycled microbes are well acclimated to the sewage environment and readily metabolise the organic materials in the primary effluent. The remaining 70 percent of the secondary sludge must be treated and disposed of in an acceptable manner (see Sludge treatment and disposal).

Variations of the activated sludge process include extended aeration, contact stabilization, and high-purity oxygen aeration. Extended aeration and contact stabilization systems omit the primary settling step. They are efficient for treating small sewage flows from motels, schools, and other relatively isolated wastewater sources. Both of these treatments are usually provided in prefabricated steel tanks called package plants (see figure). Oxygen aeration systems mix pure oxygen with activated sludge. A richer concentration of oxygen allows the aeration time to be shortened from six to two hours, reducing the required tank volume.

Oxidation pond

Oxidation ponds, also called lagoons or stabilization ponds, are large, shallow ponds designed to treat wastewater through the interaction of sunlight, bacteria, and algae. Algae grow using energy from the sun and carbon dioxide and inorganic compounds released by bacteria in water. During the process of photosynthesis, the algae release oxygen needed by aerobic bacteria. Mechanical aerators are sometimes installed to supply yet more oxygen, thereby reducing the required size of the pond. Sludge deposits in the pond must eventually be removed by dredging. Algae remaining in the pond effluent can be removed by filtration or by a combination of chemical treatment and settling.

Rotating biological contactor

In this treatment system a series of large plastic disks mounted on a horizontal shaft are partially submerged in primary effluent. As the shaft rotates, the disks are exposed alternately to air and wastewater, allowing a layer of bacteria to grow on the disks and to metabolise the organics in the wastewater.

3.6.4 Tertiary treatment

When the intended receiving water is very vulnerable to the effects of pollution, secondary effluent may be treated further by several tertiary processes.

Effluent polishing

For the removal of additional suspended solids and BOD from secondary effluent, effluent polishing is an effective treatment. It is most often accomplished using granular media filters, much like the filters used to purify drinking water. Polishing filters are usually built as prefabricated units, with tanks placed directly above the filters for storing backwash water. Effluent polishing of wastewater may also be achieved using microstrainers of the type used in municipal water treatment.

Removal of plant nutrients

When treatment standards require the removal of plant nutrients from the sewage, it is often done as a tertiary step. Phosphorus in wastewater is usually present in the form of organic compounds and phosphates that can easily be removed by chemical precipitation. This process, however, increases the volume and weight of sludge. Nitrogen, another important plant nutrient, is present in sewage in the form of ammonia and nitrates. Ammonia is toxic to fish, and it also exerts an oxygen demand in receiving waters as it is converted to nitrates. Nitrates, like phosphates, promote the growth of algae and the eutrophication of lakes. A method called nitrification-de-nitrification can be used to remove the nitrates. It is a two-step biological process in which ammonia nitrogen is first converted into nitrates by microorganisms. The nitrates are further metabolised by another species of bacteria, forming nitrogen gas that escapes into the air. This process requires the construction of more aeration and settling tanks and significantly increases the cost of treatment.

A physicochemical process called ammonia stripping may be used to remove ammonia from sewage. Chemicals are added to convert ammonium ions into ammonia gas. The sewage is then cascaded down through a tower, allowing the gas to come out of solution and escape into the air. Stripping is less expensive than nitrification-de-nitrification, but it does not work very efficiently in cold weather.

Land treatment

In some locations secondary effluent can be applied directly to the ground and a polished effluent obtained by natural processes as the wastewater flows over vegetation and percolates through the soil. There are three types of land treatment: slow-rate, rapid infiltration, and overland flow.

In the slow-rate, or irrigation, method, effluent is applied onto the land by ridge-and-furrow spreading (in ditches) or by sprinkler systems. Most of the water and nutrients are absorbed by the roots of growing vegetation. In the rapid infiltration method, the wastewater is stored in large ponds called recharge basins. Most of it percolates to the groundwater, and very little is absorbed by vegetation. For this method to work, soils must be highly permeable. In overland flow, wastewater is sprayed onto an inclined vegetated terrace and slowly flows to a collection ditch. Purification is achieved by physical, chemical, and biological processes, and the collected water is usually discharged into a nearby stream.

Land treatment of sewage can provide moisture and nutrients for the growth of vegetation, such as corn or grain for animal feed. It also can recharge, or replenish, groundwater aquifers. Land treatment, in effect, allows sewage to be recycled for beneficial use. Large land areas are required, however, and the feasibility of this kind of treatment may be limited further by soil texture and climate.

Subsurface disposal

In sparsely populated suburban or rural areas, it is usually not economical to build sewage collection systems and a centrally located treatment plant. Instead, a separate subsurface disposal system is provided for each home. For subsurface disposal to succeed, the permeability, or hydraulic conductivity, of the soil must be within an acceptable range. The capacity of the soil to absorb settled wastewater is determined by a “percolation test.”

A subsurface disposal system consists of a buried septic tank and either a leaching field or seepage pits. A septic tank serves as a settling tank and sludge storage chamber. Although the sludge decomposes anaerobically, it eventually accumulates and must be pumped out periodically. Floating solids and grease are trapped by a baffle at the tank outlet, and settled sewage flows out into the leaching field or seepage pits. A leaching field includes several perforated pipelines placed in shallow trenches. The pipes distribute the effluent over a sizable area as it seeps into the soil. If the site is too small for a conventional leaching field, deeper seepage pits may be used instead of shallow trenches. Both leaching fields and seepage pits must be placed above seasonally high groundwater levels.

3.7 Wastewater reuse

Wastewater can be a valuable resource in cities or towns where population is growing and water supplies are limited. In addition to easing the strain on limited freshwater supplies, the reuse of wastewater can improve the quality of streams and lakes by reducing the effluent discharges that they receive. Wastewater may be reclaimed and reused for crop and landscape irrigation, groundwater recharge, or recreational purposes. Reclamation for drinking is technically possible, but this reuse faces significant public resistance.

There are two types of wastewater reuse: direct and indirect. In direct reuse, treated wastewater is piped into some type of water system without first being diluted in a natural stream or lake or in groundwater. One example is the irrigation of a golf course with effluent from a municipal wastewater treatment plant. Indirect reuse involves the mixing of reclaimed wastewater with another body of water before reuse. In effect, any community that uses a surface water supply downstream from the treatment plant discharge pipe of another community is indirectly reusing wastewater. Indirect reuse is also accomplished by discharging reclaimed wastewater into a groundwater aquifer and later withdrawing the water for use. Discharge into an aquifer (called artificial recharge) is done by either deep-well injection or shallow surface spreading.

Quality and treatment requirements for reclaimed wastewater become more stringent as the chances for direct human contact and ingestion increase. The impurities that must be removed depend on the intended use of the water. For example, removal of phosphates or nitrates is not necessary if the intended use is landscape irrigation. If direct reuse as a potable supply is intended, tertiary treatment with multiple barriers against contaminants is required. This may include secondary treatment followed by granular media filtration, ultraviolet radiation, granular activated carbon adsorption, reverse osmosis, air stripping, ozonation, and chlorination.

The use of gray-water recycling systems in new commercial buildings offers a method of saving water and reducing total sewage volumes. These systems filter and chlorinate drainage from tubs and sinks and reuse the water for non-potable purposes (e.g., flushing toilets and urinals). Recycled water can be marked with a blue dye to ensure that it is not used for potable purposes.

3.8 Sludge treatment and disposal

3.8.1 Characteristics

The residue that accumulates in sewage treatment plants is called sludge. Treatment and disposal of sewage sludge are major factors in the design and operation of all water-pollution control plants. Two basic goals of treating sludge before final disposal are to reduce its volume and to stabilize the organic materials. Stabilized sludge does not have an offensive odour and can be handled without causing a nuisance or health hazard. Smaller sludge volume reduces the costs of pumping and storage.

3.8.2 Treatment methods

Treatment of sewage sludge may include a combination of thickening, digestion, dewatering, and disposal processes.

Thickening

Thickening is usually the first step in sludge treatment because it is impractical to handle thin sludge, a slurry of solids suspended in water. Thickening is usually accomplished in a tank called a gravity thickener. A thickener can reduce the total volume of sludge to less than half the original volume. An alternative to gravity thickening is dissolved-air flotation. In this method air bubbles carry the solids to the surface, where a layer of thickened sludge forms.

Digestion

Sludge digestion is a biological process in which organic solids are decomposed into stable substances. Digestion reduces the total mass of solids, destroys pathogens, and makes it easier to dewater or dry the sludge. Digested sludge is inoffensive, having the appearance and characteristics of a rich potting soil.

Most large sewage treatment plants use a two-stage digestion system in which organics are metabolised by bacteria anaerobically (in the absence of oxygen). In the first stage the sludge is heated and mixed in a closed tank for about 15 days, while digestion takes place. The sludge then flows into a second tank, which serves primarily for storage and settling. As the organic solids are broken down by anaerobic bacteria, carbon dioxide gas and methane gas are formed. Methane is combustible and is used as a fuel to heat the first digestion tank as well as to generate electricity for the plant. Anaerobic digestion is very sensitive to temperature, acidity, and other factors. It requires careful monitoring and control.

Sludge digestion may also take place aerobically—that is, in the presence of oxygen. The sludge is vigorously aerated in an open tank for about 20 days. Methane gas is not formed in this process. Although aerobic systems are easier to operate than anaerobic systems, they usually cost more to operate because of the power needed for aeration. Aerobic digestion is often combined with small extended aeration or contact stabilization systems.

Both aerobic and anaerobic digestion convert about half of the organic sludge solids to liquids and gases.

Dewatering

Digested sewage sludge is usually dewatered before disposal. Dewatered sludge still contains a significant amount of water—often as much as 70 percent—but, even with that moisture content, sludge no longer behaves as a liquid and can be handled as a solid material. Sludge-drying beds provide the simplest method of dewatering. A digested sludge slurry is spread on an open bed of sand and allowed to remain until dry. Drying takes place by a combination of evaporation and gravity drainage through the sand. A piping network built under the sand collects the water, which is pumped back to the head of the plant. After about six weeks of drying, the sludge cake, as it is called, may have a solids content of about 40 percent. It can then be removed from the sand with a pitchfork or a front-end loader. In order to reduce drying time in wet or cold weather, a glass enclosure may be built over the sand beds. Since a good deal of land area is needed for drying beds, this method of dewatering is commonly used in rural or suburban towns rather than in densely populated cities.

Alternatives to sludge-drying beds include the rotary drum vacuum filter, the centrifuge, and the belt filter press. These mechanical systems require less space than do sludge-drying beds, and they offer a greater degree of operational control. However, they usually have to be preceded by a step called sludge conditioning, in which chemicals are added to the liquid sludge to coagulate solids and improve drainability.

Disposal

The final destination of treated sewage sludge usually is the land. Dewatered sludge can be buried underground in a sanitary landfill. It also may be spread on agricultural land in order to make use of its value as a soil conditioner and fertilizer. Since sludge may contain toxic industrial chemicals, it is not spread on land where crops are grown for human consumption.

Where a suitable site for land disposal is not available, as in urban areas, sludge may be incinerated. Incineration completely evaporates the moisture and converts the organic solids into inert ash. The ash must be disposed of, but the reduced volume makes disposal more economical. Air-pollution control is a very important consideration when sewage sludge is incinerated. Appropriate air-cleaning devices such as scrubbers and filters must be used.

Dumping of sludge in the ocean, once an economical disposal method for many coastal communities, is no longer considered a viable option. It is now prohibited in the United States.

4 Solid-Waste Management

4.1 Introduction

Material that is discarded because it has served its purpose or is no longer useful is called solid waste. Improper disposal of municipal solid waste can create unsanitary conditions, and these conditions in turn can lead to pollution of the environment and to outbreaks of vector-borne disease (that is, diseases spread by rodents and insects). The tasks of collecting, treating, and disposing of solid waste present complex technical challenges. They also pose a wide variety of administrative, economic, and social problems that must be managed and solved.

4.2 Historical background

4.2.1 Early waste disposal

In ancient cities wastes were thrown into the unpaved streets and roadways, where they were left to accumulate. It was not until 320 BC, in Athens, that the first known law forbidding this practice was established. At that time a system for waste removal began to evolve in Greece and in the Greek-dominated cities of the eastern Mediterranean. In ancient Rome property owners were responsible for cleaning the streets fronting their property. But organized waste collection was associated only with state-sponsored events, such as parades. Disposal methods were very crude, involving open pits located just outside the city walls. As populations increased, efforts were made to transport waste farther out from the cities.

After the fall of Rome, waste collection and municipal sanitation began a decline that lasted throughout the Middle Ages. Near the end of the 14th century, scavengers were given the task of carting waste to dumps outside city walls. But this was not the case in smaller towns, where most people still threw waste into the streets. It was not until 1714 that every city in England was required to have an official scavenger. Toward the end of the 18th century in America, municipal collection of garbage was begun in Boston, New York City, and Philadelphia. Waste disposal methods were still very crude, however. Garbage collected in Philadelphia, for example, was simply dumped into the Delaware River downstream from the city.

4.2.2 Developments in waste management

A technological approach to solid-waste management began to develop in the latter part of the 19th century. Watertight garbage cans were first introduced in the United States, and sturdier vehicles were used to collect and transport wastes. A significant development in solid-waste treatment and disposal practices was marked by the construction of the first refuse incinerator in England in 1874. By the beginning of the 20th century, 15 percent of major American cities were incinerating solid waste. Even then, however, most of the largest cities were still using primitive disposal methods such as open dumping on land or in water.

Technological advances continued during the first half of the 20th century, including the development of garbage grinders, compaction trucks, and pneumatic collection systems. By mid-century, however, it had become evident that open dumping and improper incineration of solid waste were causing problems of pollution and public health. As a result, sanitary landfills were developed to replace the practice of open dumping and to reduce the reliance on waste incineration. In many countries waste was divided into two categories, hazardous and non-hazardous, and separate regulations were developed for their disposal. Landfills were designed and operated in a manner that minimized risks to public health and the environment. New refuse incinerators were designed to recover heat energy from the waste and were provided with extensive air-pollution control devices to satisfy stringent standards of air quality. Modern solid-waste management plants in most developed countries now emphasize the practice of recycling and waste reduction at the source, rather than incineration and land disposal.

4.3 Solid-waste characteristics

4.3.1 Composition and properties

The sources of solid waste include residential, commercial, institutional, and industrial activities. Certain types of wastes that cause immediate danger to exposed individuals or environments are classified as hazardous; these are discussed separately in Hazardous-waste management. All non-hazardous solid waste from a community that requires collection and transport to a processing or disposal site is called refuse or municipal solid waste. Refuse includes garbage and rubbish. Garbage is mostly decomposable food waste; rubbish is mostly dry material such as glass, paper, cloth, or wood. Garbage is highly putrescible or decomposable, whereas rubbish is not. Trash is rubbish that includes bulky items such as old refrigerators, couches, or large tree stumps. Trash requires special collection and handling.

Solid-waste characteristics vary considerably among communities and nations. American refuse is usually lighter, for example, than European or Japanese refuse. In the United States paper and paperboard products make up close to 40 percent of the total weight of municipal solid waste; food waste accounts for less than 10 percent. The rest is a mixture of yard trimmings, wood, glass, metal, plastic, leather, cloth, and other miscellaneous materials. In a loose or un-compacted state, municipal solid waste of this type weighs approximately 200 pounds per cubic yard (120 kg per cubic metre). These figures vary with geographic location, economic conditions, season of the year, and many other factors. Waste characteristics from each community must be studied carefully before any treatment or disposal facility is designed and built.

4.3.2 Generation and storage

Rates of solid-waste generation vary widely. In the United States, for example, municipal refuse is generated at an average rate of approximately 4.4 pounds (2 kg) per person per day. Japan generates roughly half this amount, yet in Canada the rate is almost 7 pounds (3 kg) per person per day. In some developing countries (e.g., India) the average rate can be lower than 1 pound (0.5 kg) per person per day. These data include refuse from commercial, institutional, and industrial sources, as well as from residential sources. The actual rates of refuse generation must be carefully determined when a community plans a solid-waste management project.

Most communities require household refuse to be stored in durable, easily cleaned containers with tight-fitting covers in order to minimize rodent or insect infestation and offensive odours. Galvanized metal or plastic containers of about 30-gallon (115-litre) capacity are commonly used, although some communities employ larger containers that can be lifted mechanically and emptied into collection trucks. Plastic bags are frequently used as liners or as disposable containers for curbside collection. Where large quantities of refuse are generated—such as at shopping centres, hotels, or apartment buildings—dumpsters may be used for temporary storage until the waste is collected. Some office and commercial buildings use on-site compactors to reduce the waste volume.

4.4 Solid-waste collection

4.4.1 Collecting and transporting

Proper solid-waste collection is important for the protection of public health, safety, and environmental quality. It is a labour-intensive activity, accounting for approximately three-quarters of the total cost of solid-waste management. Public employees are often assigned to the task, but sometimes it is more economical for private companies to do the work under contract to the municipality or for private collectors to be paid by individual homeowners. A driver and one or two loaders serve each collection vehicle. These are typically trucks of the enclosed, compacting type, with capacities up to 40 cubic yards (30 cubic metres). Loading can be done from the front, rear, or side. Compaction reduces the volume of refuse in the truck to less than half of its loose volume.

The task of selecting an optimal collection route is a complex problem, especially for large and densely populated cities. An optimal route is one that results in the most efficient use of labour and equipment, and selecting such a route requires the application of computer analyses that account for all the many design variables in a large and complex network. Variables include frequency of collection, haulage distance, type of service, and climate. Collection of refuse in rural areas can present a special problem, since the population densities are low, leading to high unit costs.

Refuse collection usually occurs at least once per week because of the rapid decomposition of food waste. The amount of garbage in the refuse of an individual home can be reduced by garbage grinders, or garbage disposals. Ground garbage puts an extra load on sewerage systems, but this can usually be accommodated. Many communities now conduct source separation and recycling programs, in which homeowners and businesses separate recyclable materials from garbage and place them in separate containers for collection. In addition, some communities have drop-off centres where residents can bring recyclables.

4.4.2 Transfer stations

If the final destination of the refuse is not near the community in which it is generated, one or more transfer stations may be necessary. A transfer station is a central facility where refuse from many collection vehicles is combined into a larger vehicle, such as a tractor-trailer unit. Open-top trailers are designed to carry about 100 cubic yards (76 cubic metres) of un-compacted waste to a regional processing or disposal location. Closed compactor-type trailers are also available, but they must be equipped with ejector mechanisms. In a direct discharge type of station, several collection trucks empty directly into the transport vehicle. In a storage discharge type of station, refuse is first emptied into a storage pit or onto a platform, and then machinery is used to hoist or push the solid waste into the transport vehicle. Large transfer stations can handle more than 500 tons of refuse per day.

4.5 Solid-waste treatment

4.5.1 Introduction

Once collected, municipal solid waste may be treated in order to reduce the total volume and weight of material that requires final disposal. Treatment changes the form of the waste and makes it easier to handle. It can also serve to recover certain materials, as well as heat energy, for recycling or reuse.

4.5.2 Incineration

Furnace operation

Burning is a very effective method of reducing the volume and weight of solid waste. In modern incinerators the waste is burned inside a properly designed furnace under very are fully controlled conditions. The combustible portion of the waste combines with oxygen, releasing mostly carbon dioxide, water vapour, and heat. Incineration can reduce the volume of un-compacted waste by more than 90 percent, leaving an inert residue of ash, glass, metal, and other solid materials called bottom ash. The gaseous by-products of incomplete combustion, along with finely divided particulate material called fly ash, are carried along in the incinerator airstream. Fly ash includes cinders, dust, and soot. In order to remove fly ash and gaseous by-products before they are exhausted into the atmosphere, modern incinerators must be equipped with extensive emission control devices. Such devices include fabric baghouse filters, acid gas scrubbers, and electrostatic precipitators. Bottom ash and fly ash are usually combined and disposed of in a landfill. If the ash is found to contain toxic metals, it must be managed as a hazardous waste.

Municipal solid-waste incinerators are designed to receive and burn a continuous supply of refuse. A deep refuse storage pit, or tipping area, provides enough space for about one day of waste storage. The refuse is lifted from the pit by a crane equipped with a bucket or grapple device. It is then deposited into a hopper and chute above the furnace and released onto a charging grate or stoker. The grate shakes and moves waste through the furnace, allowing air to circulate around the burning material. Modern incinerators are usually built with a rectangular furnace, although rotary kiln furnaces and vertical circular furnaces are available. Furnaces are constructed of refractory bricks that can withstand the high combustion temperatures.

Combustion in a furnace occurs in two stages: primary and secondary. In primary combustion, moisture is driven off, and the waste is ignited and volatilised. In secondary combustion, the remaining unburned gases and particulates are oxidized, eliminating odours and reducing the amount of fly ash in the exhaust. When the refuse is very moist, auxiliary gas or fuel oil is sometimes burned to start the primary combustion.

In order to provide enough oxygen for both primary and secondary combustion, air must be thoroughly mixed with the burning refuse. Air is supplied from openings beneath the grates or is admitted to the area above. The relative amounts of this under fire air and over fire air must be determined by the plant operator to achieve good combustion efficiency. A continuous flow of air can be maintained by a natural draft in a tall chimney or by mechanical forced-draft fans.

Energy recovery

The energy value of refuse can be as much as one-third that of coal, depending on the paper content, and the heat given off during incineration can be recovered by the use of a refractory-lined furnace coupled to a boiler. Boilers convert the heat of combustion into steam or hot water, thus allowing the energy content of the refuse to be recycled. Incinerators that recycle heat energy in this way are called waste-to-energy plants. Instead of a separate furnace and boiler, a water-tube wall furnace may also be used for energy recovery. Such a furnace is lined with vertical steel tubes spaced closely enough to form continuous sections of wall. The walls are insulated on the outside in order to reduce heat loss. Water circulating through the tubes absorbs heat to produce steam, and it also helps to control combustion temperatures without the need for excessive air, thus lowering air-pollution control costs.

Waste-to-energy plants operate as either mass burn or refuse-derived fuel systems. A mass burn system uses all the refuse, without prior treatment or preparation. A refuse-derived fuel system separates combustible wastes from non-combustibles such-as glass and metal before burning. If a turbine is installed at the plant, both steam and electricity can be produced in a process called cogeneration.

Waste-to-energy systems are more expensive to build and operate than plain incinerators because of the need for special equipment and controls, highly skilled technical personnel, and auxiliary fuel systems. On the other hand, the sale of generated steam or electricity offsets much of the extra cost, and recovery of heat energy from refuse is a viable solid-waste management option from both an engineering and an economic point of view. About 80 percent of municipal refuse incinerators in the United States are waste-to-energy facilities.

4.5.3 Composting

Another method of treating municipal solid waste is composting, a biological process in which the organic portion of refuse is allowed to decompose under carefully controlled conditions. Microbes 
on-infect the organic waste material and reduce its volume by as much as 50 percent. The stabilized product is called compost or humus; it resembles potting soil in texture and odour and may be used as a soil conditioner or mulch.

Composting offers a method of processing and recycling both garbage and sewage sludge in one operation. As more stringent environmental rules and siting constraints limit the use of solid-waste incineration and landfill options, the application of composting is likely to increase. The steps involved in the process include sorting and separating, size reduction, and digestion of the refuse.

Sorting and shredding

The decomposable materials in refuse are isolated from glass, metal, and other inorganic items through sorting and separating operations. These are carried out mechanically, using differences in such physical characteristics of the refuse as size, density, and magnetic properties. Shredding or pulverizing reduces the size of the waste articles, resulting in a uniform mass of material. It is accomplished with hammer mills and rotary shredders.

Digesting and processing

Pulverized waste is ready for composting either by the open windrow method or in an enclosed mechanical facility. Windrows are long, low mounds of refuse. They are turned or mixed every few days to provide air for the microbes digesting the organics. Depending on moisture conditions, it may take five to eight weeks for complete digestion of the waste. Because of the metabolic action of aerobic bacteria, temperatures in an active compost pile reach about 150 °F (65 °C), killing pathogenic organisms that may be in the waste material.

Open windrow composting requires relatively large land areas. Enclosed mechanical composting facilities can reduce land requirements by about 85 percent. Mechanical composting systems employ one or more closed tanks or digesters equipped with rotating vanes that mix and aerate the shredded waste. Complete digestion of the waste takes about one week.

Digested compost must be processed before it can be used as a mulch or soil conditioner. Processing includes drying, screening, and granulating or pelletizing. These steps improve the market value of the compost, which is the most serious constraint to the success of composting as a waste management option. Agricultural demand for digested compost is usually low because of the high cost of transporting it and because of competition with inorganic chemical fertilizers.

4.5.4 Sanitary landfill

Land disposal is the most common management strategy for municipal solid waste. Refuse can be safely deposited in a sanitary landfill, a disposal site that is carefully selected, designed, constructed, and operated to protect the environment and public health. One of the most important factors relating to landfilling is that the buried waste never comes in contact with surface water or groundwater. Engineering design requirements include a minimum distance between the bottom of the landfill and the seasonally high groundwater table. Most new landfills are required to have an impermeable liner or barrier at the bottom, as well as a system of groundwater monitoring wells. Completed landfill sections also must be capped with an impermeable cover to keep precipitation or surface runoff away from the buried waste. Bottom and cap liners may be made of flexible plastic membranes, layers of clay soil, or a combination of both.

Constructing the landfill

The basic element of a sanitary landfill is the refuse cell. This is a confined portion of the site in which refuse is spread and compacted in thin layers; several layers may be compacted on top of one another to a maximum depth of about 10 feet (3 metres). The compacted refuse occupies about one-quarter of its original loose volume. At the end of each day’s operation, the refuse is covered with a layer of soil to eliminate windblown litter, odours, and insect or rodent problems. One refuse cell thus contains the daily volume of compacted refuse and soil cover. Several adjacent refuse cells make up a lift, and eventually a landfill may comprise two or more lifts stacked one on top of the other. The final cap for a completed landfill may also be covered with a layer of topsoil that can support vegetative growth.

Daily cover soil may be available on-site, or it may be hauled in and stockpiled from off-site sources. Various types of heavy machinery, such as crawler tractors or rubber-tired dozers, are used to spread and compact the refuse and soil. Heavy steel-wheeled compactors may also be employed to achieve high-density compaction of the refuse.

The area and depth of a new landfill is carefully staked out, and the base is prepared for construction of any required liner and leachate collection system. Where a plastic liner is used, at least 12 inches (30 cm) of sand is carefully spread over it to provide protection from landfill vehicles. At sites where excavations can be made below grade, the trench method of construction may be followed. Where this is not feasible because of topography or groundwater conditions, the area method may be practiced, resulting in a mound or hill rising above the original ground. Since no ground is excavated in the area method, soil usually must be hauled to the site from some other location. Variations of the area method may be employed where a landfill site is located on sloping ground, in a valley, or in a ravine; the completed landfill eventually blends in with the landscape.

Controlling by-products

Organic material buried in a landfill decomposes by anaerobic microbial action. Complete decomposition usually takes more than 20 years. One of the by-products of this decomposition is methane gas. Methane is poisonous and explosive when diluted in the air, and it can flow long distances through porous layers of soil. If it is allowed to collect in basements or other confined areas, dangerous conditions may arise. In modern landfills methane movement is controlled by impermeable barriers and by gas venting systems. In some landfills the methane gas is collected and recovered for use as a fuel.

A highly contaminated liquid called leachate is another by-product of decomposition in sanitary landfills. Most leachate is the result of runoff that infiltrates the refuse cells and comes in contact with decomposing garbage. If leachate reaches the groundwater or seeps out onto the ground surface, serious environmental pollution problems can occur, including the possible contamination of drinking-water supplies. Methods of controlling leachate include the interception of surface water in order to prevent it from entering the landfill and the use of impermeable liners or barriers between the waste and the groundwater. New landfill sites should also be provided with groundwater monitoring wells and leachate collection and treatment systems.

4.5.5 Solid-waste treatment

Importance in waste management

In communities where appropriate sites are available, sanitary landfills usually provide the most economical option for disposal of non-recyclable refuse. However, it is becoming increasingly difficult to find sites that offer adequate capacity, accessibility, and environmental conditions. Nevertheless, landfills will always play a key role in solid-waste management. It is not possible to recycle all components of solid waste, and there will always be residues from incineration and other treatment processes that will eventually require disposal underground. In addition, landfills can actually improve poor-quality land. In some communities properly completed landfills are converted into recreational parks, playgrounds, or golf courses.

4.5.6 Recycling

Separating, recovering, and reusing components of solid waste that may still have economic value is called recycling. One type of recycling is the recovery and reuse of heat energy, a practice discussed separately in Incineration. Composting can also be considered a recycling process, since it reclaims the organic parts of solid waste for reuse as mulch or soil conditioner. Still other waste materials have potential for reuse. These include paper, metal, glass, plastic, and rubber, and their recovery is discussed here.

Separation

Before any material can be recycled, it must be separated from the raw waste and sorted. Separation can be accomplished at the source of the waste or at a central processing facility. Source separation, also called cur bside separation, is done by individual citizens who collect newspapers, bottles, cans, and garbage separately and place them at the curb for collection. Many communities allow “commingling” of non-paper recyclables (glass, metal, and plastic). In either case, municipal collection of source-separated refuse is more expensive than ordinary refuse collection.

In lieu of source separation, recyclable materials can be separated from garbage at centralized mechanical processing plants. Experience has shown that the quality of recyclables recovered from such facilities is lowered by contamination with moist garbage and broken glass. The best practice, as now recognized, is to have citizens separate refuse into a limited number of categories, including newspaper; magazines and other wastepaper; commingled metals, glass, and plastics; and garbage and other non-recyclables. The newspaper, other paper wastes, and commingled recyclables are collected separately from the other refuse and are processed at a centralized material recycling facility, or MRF (pronounced “murf” in waste-management jargon). A modern MRF can process about 300 tons of recyclable wastes per day.

At a typical MRF commingled recyclables are loaded onto a conveyor. Steel cans (“tin” cans are actually steel with only a thin coating of tin) are removed by an electromagnetic separator, and the remaining material passes over a vibrating screen in order to remove broken glass. Next, the conveyor passes through an air classifier, which separates aluminium and plastic containers from heavier glass containers. Glass is manually sorted by colour, and aluminium cans are separated from plastics by an eddy-current separator, which repels the aluminium from the conveyor belt.

Reuse

Recovered broken glass can be crushed and used in asphalt pavement. Colour-sorted glass is crushed and sold to glass manufacturers as cullet, an essential ingredient in glassmaking. Steel cans are baled and shipped to steel mills as scrap, and aluminium is baled or compacted for reuse by smelters. Aluminium is one of the smallest components of municipal solid waste, but it has the highest value as a recyclable material. Recycling of plastic is a challenge, mostly because of the many different polymeric materials used in its production. Mixed thermoplastics can be used only to make lower-quality products, such as “plastic lumber.”

In the paper stream, old newspapers are sorted by hand on a conveyor belt in order to remove corrugated materials and mixed papers. They are then baled or loose-loaded into trailers for shipment to paper mills, where they are reused in the making of more newspaper. Mixed paper is separated from corrugated paper for sale to tissue mills. Although the processes of pulping, de-inking, and screening wastepaper are generally more expensive than making paper from virgin wood fibres, the market for recycled paper should improve as more processing plants are established.

Rubber is sometimes reclaimed from solid waste and shredded, reformed, and re-moulded in a process called re-vulcanization, but it is usually not as strong as the original material. Shredded rubber can be used as an additive in asphalt pavements, and discarded tires may be employed in “tire playgrounds.” In general, the most difficult problem associated with the recycling of any solid-waste material is finding applications and suitable markets. Recycling by itself will not solve the growing problem of solid-waste management and disposal. There will always be some unusable and completely valueless solid residue requiring final disposal.

4.6 Hazardous waste

4.6.1 Introduction

Hazardous waste is any waste material that, when improperly handled, can cause substantial harm to human health and safety or to the environment. Hazardous wastes can take the form of solids, liquids, sludges, or contained gases, and they are generated primarily by chemical production, manufacturing, and other industrial activities. They may cause damage during inadequate storage, transportation, treatment, or disposal operations. Improper waste storage or disposal frequently contaminates surface and groundwater supplies. People living in homes built near old and abandoned waste disposal sites may be in a particularly vulnerable position. In an effort to remedy existing problems and to prevent future harm from hazardous wastes, governments closely regulate the practice of hazardous-waste management.

4.6.2 Hazardous-waste characteristics

Hazardous wastes are classified on the basis of their biological, chemical, and physical properties. These properties generate materials that are either toxic, reactive, ignitable, corrosive, infectious, or radioactive.

Toxic wastes are poisons, even in very small or trace amounts. They may have acute effects, causing death or violent illness, or they may have chronic effects, slowly causing irreparable harm. Some are carcinogenic, causing cancer after many years of exposure. Others are mutagenic, causing major biological changes in the offspring of exposed humans and wildlife.

Reactive wastes are chemically unstable and react violently with air or water. They cause explosions or form toxic vapours. Ignitable wastes burn at relatively low temperatures and may cause an immediate fire hazard. Corrosive wastes include strong acidic or alkaline substances. They destroy solid material and living tissue upon contact, by chemical reaction.

Infectious wastes include used bandages, hypodermic needles, and other materials from hospitals or biological research facilities. Radioactive wastes emit 
on-infe energy that can harm living organisms. Because some radioactive materials can persist in the environment for many thousands of years before fully decaying, there is much concern over the control of these wastes. However, the handling and disposal of radioactive material is not a responsibility of local municipal government. Owing to the scope and complexity of the problem, the management of radioactive waste (particularly nuclear fission waste) is usually considered to be a separate engineering task from other forms of hazardous-waste management and is discussed separately in nuclear reactor.

Hazardous waste generated at a particular site often requires transport to an approved treatment, storage, or disposal facility (TSDF). Because of potential threats to public safety and the environment, transport is given special attention by governmental agencies. In addition to the occasional accidental spill, hazardous waste has, in the past, been intentionally spilled or abandoned at random locations in a practice known as “midnight dumping.” This practice has been greatly curtailed by the enactment of laws that require proper non-infec, transport, and tracking of all hazardous wastes.

4.6.3 Treatment, storage, and disposal

Several options are available for hazardous-waste management. The most desirable is to reduce the quantity of waste at its source or to recycle the materials for some other productive use. Nevertheless, while reduction and recycling are desirable options, they are not regarded as the final remedy to the problem of hazardous-waste disposal. There will always be a need for treatment and for storage or disposal of some amount of hazardous waste.

Treatment

Hazardous waste can be treated by chemical, thermal, biological, and physical methods. Chemical methods include ion exchange, precipitation, oxidation and reduction, and neutralization. Among thermal methods is high-temperature incineration, which can not only detoxify certain organic wastes but also destroy them. Special types of thermal equipment are used for burning waste in either a solid, liquid, or sludge form. These include the 
on-infec-bed incinerator, multiple-hearth furnace, rotary kiln, and liquid-injection incinerator. One problem posed by hazardous-waste incineration is the potential for air pollution.

Biological treatment of certain organic wastes, such as those from the petroleum industry, is also an option. One method used to treat hazardous waste biologically is called land farming. In this technique the waste is carefully mixed with surface soil on a suitable tract of land. Microbes that can 
on-infect the waste may be added, along with nutrients. In some cases, a genetically engineered species of bacteria is used. Food or forage crops are not grown on the same site. Microbes can also be used for stabilizing hazardous wastes on previously contaminated sites; in that case the process is called bioremediation.

The chemical, thermal, and biological treatment methods outlined above change the molecular form of the waste material. Physical treatment, on the other hand, concentrates, solidifies, or reduces the volume of the waste. Physical processes include evaporation, sedimentation, flotation, and filtration. Yet another process is solidification, which is achieved by encapsulating the waste in concrete, asphalt, or plastic. Encapsulation produces a solid mass of material that is resistant to leaching. Waste can also be mixed with lime, fly ash, and water to form a solid, cementlike product.

Surface storage and land disposal

Hazardous wastes that are not destroyed by incineration or other chemical processes need to be disposed of properly. For most of such wastes, land disposal is the ultimate destination, although it is not an attractive practice because of the inherent environmental risks involved. Two basic methods of land disposal include landfilling and underground injection. Prior to land disposal, surface storage or containment systems are often employed as a temporary method.

Temporary on-site waste storage facilities include open waste piles and ponds or lagoons. New waste piles must be carefully constructed over an impervious base and must comply with regulatory requirements similar to those for landfills. The piles must be protected from wind dispersion or erosion. If leachate is generated, monitoring and control systems must be provided. Only non-containerized solid, non-flowing waste material can be stored in a new waste pile, and the material must be landfilled when the size of the pile becomes unmanageable.

A common type of temporary storage impoundment for hazardous liquid waste is an open pit or holding pond, called a lagoon. New lagoons must be lined with impervious clay soils and flexible membrane liners in order to protect groundwater. Leachate collection systems must be installed between the liners, and groundwater monitoring wells are required. Except for some sedimentation, evaporation of volatile organics, and possibly some surface aeration, open lagoons provide no treatment of the waste. Accumulated sludge must be removed periodically and subjected to further handling as a hazardous waste.

Many older, unlined waste piles and lagoons are located above aquifers used for public water supply, thus posing significant risks to public health and environmental quality. A large number of these old sites have been identified and scheduled for cleanup, or remediation.

Secure landfills

Landfilling of hazardous solid or containerised waste is regulated more stringently than landfilling of municipal solid waste. Hazardous wastes must be deposited in so-called secure landfills (see figure), which provide at least 10 feet (3 metres) of separation between the bottom of the landfill and the underlying bedrock or groundwater table. A secure hazardous-waste landfill must have two impermeable liners and leachate collection systems. The double leachate collection system consists of a network of perforated pipes placed above each liner. The upper system prevents the accumulation of leachate trapped in the fill, and the lower serves as a backup. Collected leachate is pumped to a treatment plant. In order to reduce the amount of leachate in the fill and minimize the potential for environmental damage, an impermeable cap or cover is placed over a finished landfill. A groundwater monitoring system that includes a series of deep wells drilled in and around the site is also required. The wells allow a routine program of sampling and testing to detect any leaks or groundwater contamination. If a leak does occur, the wells can be pumped to intercept the polluted water and bring it to the surface for treatment.

One option for the disposal of liquid hazardous waste is deep-well injection, a procedure that involves pumping liquid waste through a steel casing into a porous layer of limestone or sandstone. High pressures are applied to force the liquid into the pores and fissures of the rock, where it is to be permanently stored. The injection zone must lie below a layer of impervious rock or clay, and it may extend more than 0.5 mile (0.8 km) below the surface. Deep-well injection is relatively inexpensive and requires little or no pre-treatment of the waste, but it poses a danger of leaking hazardous waste and eventually polluting subsurface water supplies.

Remedial action

Disposal of hazardous waste in unlined pits, ponds, or lagoons poses a threat to human health and environmental quality. Many such uncontrolled disposal sites were used in the past and have been abandoned; depending on a determination of the level of risk, it may be necessary to remediate these sites. In some cases, the risk may require emergency action. In other instances, engineering studies may be required to assess the situation thoroughly before remedial action is undertaken.

One option for remediation is to remove completely all the waste material from the site and transport it to another location for treatment and proper disposal. This so-called off-site solution is usually the most expensive option. An alternative is on-site remediation, which reduces the production of leachate and lessens the chance of groundwater contamination. On-site remediation may include temporary removal of the hazardous waste, construction of a secure landfill on the same site, and proper replacement of the waste. It may also include treatment of any contaminated soil or groundwater. Treated soil may be replaced on-site and treated groundwater returned in which aquifer by deep-well injection.

A less costly alternative is full containment of the waste. This is done by placing an impermeable cover over the hazardous-waste site and by blocking the lateral flow of groundwater with subsurface cut-off walls. It is possible to use cut-off walls for this purpose when there is a natural layer of impervious soil or rock below the site. The walls are constructed around the perimeter of the site, deep enough to penetrate to the impervious layer. They can be excavated as trenches around the site without moving or disturbing the waste material. The trenches are filled with bentonite clay slurry to prevent their collapse during construction, and they are backfilled with a mixture of soil and cement that solidifies to form an impermeable barrier. Cut-off walls thus serve as vertical barriers to the flow of water, and the impervious layer serves as a barrier at the bottom.

5 Public Health

5.1 Introduction

According to the Encyclopaedia Britannica public health is: 

The art and science of preventing disease, prolonging life, and promoting physical and mental health, sanitation, personal hygiene, control of infection, and organization of health services. From the normal human interactions involved in dealing with the many problems of social life, there has emerged a recognition of the importance of community action in the promotion of health and the prevention and treatment of disease; this is expressed in the concept of public health.

Comparable terms for public health medicine are social medicine and community medicine; the latter has been widely adopted in the United Kingdom, and the practitioners are called community physicians. The practice of public health draws heavily on medical science and philosophy and concentrates especially on manipulating and controlling the environment for the benefit of the public. It is concerned therefore with housing, water supplies, and food. Noxious agents can be introduced into these through farming, fertilizers, inadequate sewage disposal and drainage, construction, defective heating and ventilating systems, machinery, and toxic chemicals. Public health medicine is part of the greater enterprise of preserving and improving the public health. Community physicians cooperate with such diverse groups as architects, builders, sanitary and heating and ventilating engineers, factory and food inspectors, psychologists and sociologists, chemists, physicists, and toxicologists. Occupational medicine is concerned with the health, safety, and welfare of persons in the workplace. It may be viewed as a specialized part of public health medicine since its aim is to reduce the risks in the environment in which persons work.

The venture of preserving, maintaining, and actively promoting public health requires special methods of information-gathering (epidemiology) and corporate arrangements to act upon significant findings and put them into practice. Statistics collected by epidemiologists attempt to describe and explain the occurrence of disease in a population by correlating factors such as diet, environment, radiation, or cigarette smoking with the incidence and prevalence of disease. The government, through laws and regulations, creates agencies to oversee and formally inspect such things as water supplies, food processing, sewage treatment, drains, air contamination, and pollution. Governments also are concerned with the control of epidemic infections by means of enforced quarantine and isolation—for example, the health control that takes place at seaports and airports in an attempt to assure that infectious diseases are not brought into a country.

5.2 History

5.2.1 Introduction

This section traces the historical development of public health, beginning in ancient times and emphasizing how various public health concepts have evolved. It outlines the organizational and administrative methods of handling these problems in the developed and the developing countries of the world. Special attention is given to the developing countries and to how the health problems, limitations of resources, education of health personnel, and other factors must be taken into account in designing health service systems. Finally, there are descriptions of the most recent developments in public health, together with some indications of the problems still to be solved.

5.2.2 Beginnings in antiquity

Most of the world’s primitive people have practiced cleanliness and personal hygiene, often for religious reasons, including, apparently, a wish to be pure in the eyes of their gods. The Old Testament, for example, has many adjurations and prohibitions about clean and unclean living. Religion, law, and custom were inextricably interwoven. For thousands of years primitive societies looked upon epidemics as divine judgments on the wickedness of mankind. The idea that pestilence is due to natural causes, such as climate and physical environment, however, gradually developed. This great advance in thought took place in Greece during the 5th and 4th centuries BC and represented the first attempt at a rational, scientific theory of disease causation. The association between malaria and swamps, for example, was established very early (503–403 BC), even though the reasons for the association were obscure. In the book Airs, Waters, and Places, thought to have been written by Hippocrates in the 5th or 4th century BC, the first systematic attempt was made to set forth a causal relationship between human diseases and the environment. Until the new sciences of bacteriology and immunology emerged well into the 19th century, this book provided a theoretical basis for the comprehension of endemic disease (that persisting in a particular locality) and epidemic disease (that affecting a number of people within a relatively short period).

5.2.3 The Middle Ages

In terms of disease, the Middle Ages can be regarded as beginning with the plague of 542 and ending with the Black Death (bubonic plague) of 1348. Diseases in epidemic proportions included leprosy, bubonic plague, smallpox, tuberculosis, scabies, erysipelas, anthrax, trachoma, sweating sickness, and dancing mania (see infection). The isolation of persons with communicable diseases first arose in response to the spread of leprosy. This disease became a serious problem in the Middle Ages and particularly in the 13th and 14th centuries.

The Black Death reached the shores of southern Europe from the Middle East in 1348 and in three years swept throughout Europe. The chief method of combating plague was to isolate known or suspected cases as well as persons who had been in contact with them. The period of isolation at first was about 14 days and gradually was increased to 40 days. Stirred by the Black Death, public officials created a system of sanitary control to combat contagious diseases, using observation stations, isolation hospitals, and disinfection procedures. Major efforts to improve sanitation included the development of pure water supplies, garbage and sewage disposal, and food inspection. These efforts were especially important in the cities, where people lived in crowded conditions in a rural manner with many animals around their homes.

During the Middle Ages a number of first steps in public health were made: attempts to cope with the unsanitary conditions of the cities and, by means of quarantine, to limit the spread of disease; the establishment of hospitals; and provision of medical care and social assistance.

5.2.4 The Renaissance

Centuries of technological advance culminated in the 16th and 17th centuries in a number of scientific accomplishments. Educated leaders of the time recognized that the political and economic strength of the state required that the population maintain good health. No national health policies were developed in England or on the Continent, however, because the government lacked the knowledge and administrative machinery to carry out such policies. As a result, public health problems continued to be handled on a local community basis, as they had been in medieval times.

Scientific advances of the 16th and 17th centuries laid the foundations of anatomy and physiology. Observation and classification made possible the more precise recognition of diseases. The idea that microscopic organisms might cause communicable diseases had begun to take shape.

Among the early pioneers in public health medicine was John Graunt, who in 1662 published a book of statistics, which had been compiled by parish and municipal councils, that gave numbers for deaths and sometimes suggested their causes. Inevitably the numbers were inaccurate but a start was made in epidemiology.

5.2.5 National developments in the 18th and 19th centuries

Nineteenth-century movements to improve sanitation occurred simultaneously in several European countries and were built upon foundations laid in the period between1750 and 1830. From about 1750 the population of Europe increased rapidly, and with this increase came a heightened awareness of the large numbers of infant deaths and of the unsavoury conditions in prisons and in mental institutions.

This period also witnessed the beginning and the rapid growth of hospitals. Hospitals founded in Britain, as the result of voluntary efforts by private citizens, helped to create a pattern that was to become familiar in public health services. First, a social evil is recognized and studies are undertaken through individual initiative. These efforts mold public opinion and attract governmental attention. Finally, such agitation leads to governmental action.

This era was also characterized by efforts to educate people in health matters. In 1852 Sir John Pringle published a book that discussed ventilation in barracks and the provision of latrines. Two years earlier he had written about jail fever (now thought to be typhus), and again he emphasized the same needs as well as personal hygiene. In 1754 James Lind published a treatise on scurvy, a disease caused by a lack of vitamin C.

As the Industrial Revolution developed, the health and welfare of the workers deteriorated. In England, where the Industrial Revolution and its bad effects on health were first experienced, there arose in the 19th century a movement toward sanitary reform that finally led to the establishment of public health institutions. Between 1801 and 1841 the population of London doubled; that of Leeds nearly tripled. With such growth there also came rising death rates. Between 1831 and 1844 the death rate per thousand increased in Birmingham from 14.6 to 27.2; in Bristol, from 16.9 to 31; and in Liverpool, from 21 to 34.8. These figures were the result of an increase in the urban population that far exceeded available housing and of the subsequent development of conditions that led to widespread disease and poor health.

Around the beginning of the 19th century humanitarians and philanthropists in England worked to educate the population and the government on problems associated with population growth, poverty, and epidemics. Thomas Malthus wrote in 1798 about population growth, its dependence on food supply, and the control of breeding by contraceptive methods. The utilitarian philosopher Jeremy Bentham propounded the idea of the greatest good of the greatest number as a yardstick against which the morality of certain actions might be judged. Thomas Southwood Smith founded the Health of Towns Association in 1839, and by 1848 he served as a member of the new government department, then called the General Board of Health. He published reports on quarantine, cholera, yellow fever, and the benefits of sanitary improvements.

The Poor Law Commission, created in 1834, explored problems of community health and suggested means for solving them. Its report, in 1838, argued that “the expenditures necessary to the adoption and maintenance of measures of prevention would ultimately amount to less than the cost of the disease now constantly engendered.” Sanitary surveys proved that a relationship exists between communicable disease and filth in the environment, and it was said that safeguarding public health is the province of the engineer rather than of the physician.

The Public Health Act of 1848 established a General Board of Health to furnish guidance and aid in sanitary matters to local authorities, whose earlier efforts had been impeded by lack of a central authority. The board had authority to establish local boards of health and to investigate sanitary conditions in particular districts. Since this time several public health acts have been passed to regulate sewage and refuse disposal, the housing of animals, the water supply, prevention and control of disease, registration and inspection of private nursing homes and hospitals, the notification of births, and the provision of maternity and child welfare services.

Advances in public health in England had a strong influence in the United States, where one of the basic problems, as in England, was the need to create effective administrative mechanisms for the supervision and regulation of community health. In America recurrent epidemics of yellow fever, cholera, smallpox, typhoid, and typhus made the need for effective public health administration a matter of urgency. The so-called Shattuck report, published in 1850 by the Massachusetts Sanitary Commission, reviewed the serious health problems and grossly unsatisfactory living conditions in Boston. Its recommendations included an outline for a sound public health organization based on a state health department and local boards of health in each town. In New York City (in 1866) such an organization was created for the first time in the United States.

Nineteenth-century developments in Germany and France pointed the way for future public health action. France was preeminent in the areas of political and social theory. As a result the public health movement in France was deeply influenced by a spirit of public reform. The French contributed significantly to the application of scientific methods for the identification, treatment, and control of communicable disease.

Although many public health trends in Germany resembled those of England and France, the absence of a centralized government until after the Franco-German War did cause significant differences. After the end of that war and the formation of the Second Reich, a centralized public health unit was formed. Another development was the emergence of hygiene as an experimental laboratory science. In 1865 the creation at Munich of the first chair in experimental hygiene signaled the entrance of science into the field of public health.

There were other advances. The use of statistical analysis in handling health problems emerged. The forerunner of the United States Public Health Service came into being, in1798, with the establishment of the Marine Hospital Service. Almost one hundred years later, the service enforced port quarantine for the first time. (Port quarantine was the isolation of a ship at port for a limited period to allow time for the manifestation of disease.)

5.2.6 Developments from 1875

The work of an Italian bacteriologist, Agostino Bassi, with silkworm infections early in the 19th century prepared the way for the later demonstration that specific organisms cause a number of diseases. Some questions, however, were still unanswered. These included problems related to variations in transmissibility of organisms and in susceptibility of individuals to disease. Light was thrown on these questions by discoveries of human and animal carriers of infectious diseases.

In the last decades of the 19th century the French chemist Louis Pasteur, the Germans Ferdinand Julius Cohn and Robert Koch, and others developed methods for isolating and characterizing bacteria; the English surgeon Joseph Lister developed concepts of antiseptic surgery; the English physician Ronald Ross identified the mosquito as the carrier of malaria; a French epidemiologist, Paul-Louis Simond, provided evidence that plague is primarily a disease of rats spread by rat fleas; and two Americans, Walter Reed and James Carroll, demonstrated that yellow fever is caused by a filterable virus carried by mosquitoes. Thus, modern public health and preventive medicine owe much to the early medical entomologists and bacteriologists. A further debt is owed bacteriology because of its offshoot, immunology.

In 1881 Pasteur established the principle of protective vaccines and thus stimulated an interest in the mechanisms of immunity. The development of microbiology and immunology had immense consequences for community health. In the 19th century the efforts of health departments to control contagious disease consisted in attempts to improve environmental conditions. As bacteriologists identified the microorganisms that cause specific diseases, progress was made toward the rational control of specific infectious diseases.

In the United States the diagnostic bacteriologic laboratory was developed—a practical application of the theory of bacteriology, which evolved largely in Europe. These laboratories, established in many cities to protect and improve the health of the community, were a practical outgrowth of the study of microorganisms, just as the establishment of health departments was an outgrowth of an earlier movement toward sanitary reform. And just as the health department was the administrative mechanism for dealing with community health problems, the public health laboratory was the tool for the implementation of the public health program. Evidence of the effectiveness of this new phase of public health may be seen in statistics of immunization against diphtheria—in New York City the mortality rate due to diphtheria fell from 785 per 100,000 in 1894 to 1.1 per 100,000 in 1940.

While improvements in environmental sanitation during the first decade of the 20th century were valuable in dealing with some problems, they were of only limited usefulness in solving the many health problems found among the poor. In the slums of England and the United States malnutrition, venereal disease, alcoholism, and other diseases were widespread. Nineteenth-century economic liberalism held that increased production of goods would eventually bring an end to scarcity, poverty, and suffering. By the turn of the century, it seemed clear that deliberate and positive intervention by reform-minded groups, including the state, also would be necessary. For this reason many physicians, clergymen, social workers, public-spirited citizens, and government officials promoted social action. Organized efforts were undertaken to prevent tuberculosis, lessen occupational hazards, and improve children’s health.

The first half of the 20th century saw further advances in community health care, particularly in the welfare of mothers and children and the health of schoolchildren, the emergence of the public health nurse, and the development of voluntary health agencies, health education programs, and occupational health programs.

In the second half of the 19th century two significant attempts were made to provide medical care for large populations. One was by Russia, and took the form of a system of medical services in rural districts; after the Communist Revolution, this was expanded to include complete government-supported medical and public health services for everyone. Similar programs have since been adopted by a number of European and Asian countries. The other attempt was prepayment for medical care, a form of social insurance first adopted toward the close of the 19th century in Germany, where prepayment for medical care had long been familiar. A number of other European countries adopted similar insurance programs.

In the United Kingdom, a royal-commission examination of the Poor Law in 1909 led to a proposal for a unified state medical service. This service was the forerunner of the 1946 National Health Service Act, which represented an attempt by a modern industrialized country to provide services to all people.

In recent years prenatal care has made a substantial contribution to preventive medicine, for it is hoped that through the education of mothers the physical and psychological health of families may be influenced and passed on to succeeding generations. Prenatal care provides the opportunity to educate the mother in personal hygiene, diet, exercise, the damaging effects of smoking, the careful use of alcohol, and the dangers of drug abuse.

Public health interests also have turned to such disorders as cancer, cardiac disease, thrombosis, lung disease, and arthritis, among others. There is increasing evidence that several of these disorders are caused by factors in the environment; for example, the association of cigarette smoking with certain lung and cardiovascular diseases. Theoretically, they are preventable if the environment can be altered. Health education is of great importance and is a responsibility of national and local government agencies as well as voluntary bodies. Life expectancy has increased in almost every country, except where public health standards are low.

5.3 Modern organizational and administrative patterns

5.3.1 International organizations

Since ancient times, the spread of epidemic disease demonstrated the need for international cooperation for health protection. Early efforts toward international control of disease appeared in national quarantines in Europe and the Middle East. The first formal international health conference, held in Paris in 1851, was followed by a series of similar conferences aimed at drafting international quarantine regulations. A permanent international health organization was established in Paris in 1907 to receive notification of serious communicable diseases from participating nations, to transmit this information to the member nations, and to study and develop sanitary conventions and quarantine regulations on shipping and train travel. This organization was ultimately absorbed by the World Health Organization (WHO) in 1948.

In the Americas, the organization of international health probably began with a regional health conference in Rio de Janeiro in 1887. From 1889 onward there were several conferences of American countries, which led ultimately to the establishment of the Pan-American Sanitary Bureau; this was made a regional office of WHO in 1949, when it became known as the Pan-American Health Organization.

The rise and decline of health organizations has been influenced by wars and their aftermaths. After World War I, a Health Section of the League of Nations was established and functioned until World War II. After the war, the United Nations Relief and Rehabilitation Administration (UNRRA) was set up; it processed displaced persons in such a way as to prevent the spread of disease. It was responsible for the planning steps that led to the establishment in 1948 of the World Health Organization as a special agency of the United Nations. WHO is concerned with physical, mental, and social well-being and not merely with the absence of disease.

The work of WHO is carried out under the direction of the World Health Assembly, which has representatives from the member states. The first assembly gave consideration to diseases and problems that exist in large areas of the world and that lend themselves to international action. Malaria, tuberculosis, venereal disease, the promotion of health, environmental conditions responsible for a significant proportion of deaths, and nutrition were given priority. Other areas of need have been included since.

Among important functions of the organization are the advisory services offered to governments through its regional staff. Regional offices in a number of countries, both industrialized and developing, as well as local representatives in many developing countries, help WHO maintain contact with needs and sources of financial aid. In specialized fields, a number of expert committees consider specific questions.

WHO maintains close relationships with other United Nations agencies, particularly the United Nations Children’s Fund (UNICEF) and the Food and Agriculture Organization (FAO), and with international labour organizations. From its inception in 1946, UNICEF focused its aid on maternal and child health services and the control of infections, especially in children. Priority has been given to the production of vaccines, the institution of environmental sanitation, the provision of clean water, and the training of local personnel in their own countries (especially in rural areas). Aid is 
on-infect through organized health services in developing countries. Recent efforts have concentrated on persuading governments to undertake national surveys to identify the basic needs of their children and to devise appropriate national policies.

The work of WHO includes three main categories of activities. First, it is a clearinghouse for information about disease throughout the world, and it has developed a uniform system for reporting diseases and causes of death. It has established internationally accepted standards for drugs and drawn up a list of “essential” (effective, cheap, and reliable) drugs. It has sponsored and financed many research projects throughout the world. Second, WHO has promoted mass campaigns to control epidemic and endemic diseases, a substantial number of which have been quite successful. Third, WHO attempts to strengthen and expand the public health administration and services of member nations by providing technical advice, teams of experts to carry out surveys and demonstrate projects, and aid in support of regional and national health development projects.

5.3.2 Developed nations

Methods of health administration vary from country to country. Major health functions are frequently grouped in a department that is responsible for health and for related functions. In the United Kingdom they are carried out by the Department of Health and Social Security; in the United States the Department of Health and Human Services controls the programs covered by national legislation.

Few central departments of health are all-embracing; other departments also operate medical programs of some sort. No country places the health services of its military forces under the central health agency. Because unity of control at the centre is impracticable, coordination is important. Central administration is further complicated in federal systems. In the United States there are 50 states, no two of which have the same patterns of health organization.

Patterns shared

The official responsible for the administration of national health affairs is in most cases a member of the Cabinet. Advisory councils are frequently used to bring the ideas of leading scientists, health experts, and community leaders to bear on major national health problems.

An organization that provides basic community health services under the direction of a medical officer is called a local health unit. It is usually governed by a local authority. Its programs may include maternal and child health, communicable-disease control, environmental sanitation, maintenance of records for statistical purposes, health education of the public, public health nursing, medical care, and, often, school health services. The local health unit can provide the administrative framework for a wider range of community health services, including the care of the aged, of the physically handicapped, and of the chronically ill and mental health services. Although social welfare services may be provided by a separate agency, there are advantages in amalgamating health and welfare services, because a family’s health and social problems tend to be interrelated. In England welfare and public health are often integrated at the local level, whereas in the United States they are almost always separate.

The population served by a local health unit may be only a few thousand or several hundred thousand. There are substantially different problems involved in administering health services for a large rural area that is sparsely populated and a municipality with a population of one or two million.

One problem of administering local health services is the question of whether they should be run by independent local authorities or organized regionally to ensure coordination and effective referral and to avoid duplication of services.

Medical care is provided as a public service to some degree in most countries. It may be limited to the hospitalisation of persons afflicted with certain ailments—for example, mental disease, tuberculosis, chronic illness, and acute infections. Comprehensive health services may be provided for some specific population groups, as in Canada and the United States, where the federal government provides care for Indians and Eskimos. Many countries have compulsory medical insurance, and some combine the socialization of hospitals with medical insurance covering general medical care, as in Denmark. Full-scale socialization of health services exists in a few countries, including the United Kingdom and New Zealand.

In countries such as The Netherlands and the United States, where voluntary and non-profit organizations support a considerable share of the health services and operate most of the general hospitals, there is pluralism in health administration. This makes coordination difficult, but voluntary effort has the advantages of involving citizens directly in the development of health services and of promoting experimentation in administration.

There is a trend toward regional planning of comprehensive health services for defined populations. In an idealized plan, the first level of contact between the population and the system, which can be called primary care, is provided by health personnel who work in community health centres and who reach beyond the health centres into the communities and homes with preventive, promotive, and educational services. At the next level of care, specialists in community hospitals provide secondary care for patients referred from the primary-care centres. Finally, tertiary, or super specialty, care is provided by a major medical centre. The various levels of this regional scheme are linked by a two-way flow of medical records, patients, and health personnel. Regionalisation has been most fully achieved in Europe and least so in North America, where voluntary hospitals provide most of the short-term general services and retain autonomy in their administration.

Variations

Among the developed nations, there is substantial variation in the organization and administration of health services. The United Kingdom, for example, has a National Health Service with substantial autonomy given to local government for implementation. The United States has a pluralistic approach to health services, in which local, state, and national governments have varying areas of responsibility, with the private sector playing a prominent role.

During the first half of the 20th century in Britain, the emphasis shifted gradually from environmental toward personal public health. A succession of statutes, of which the Maternity and Child Welfare Act (1918) was probably the most important, placed responsibility for most of the work on county governments. National health insurance (1911) gave benefits to 16,000,000 workers and marked the beginning of a process upon which the National Health Service Act (1946) was built.

The National Health Service Act provided comprehensive coverage for most of the health services, including hospitals, general practice, and public health. The service remained at the periphery, however, in three types of care: (1) Primary medical care is given by family physicians or general practitioners. This service is organized locally by an executive council. Each general practitioner is responsible for providing primary care to a group of people on a particular registry. (2) Specialist consultation and outpatient and inpatient treatment are provided in hospitals under the direction of regional authorities. A later concept makes each district general hospital responsible for providing hospital services for a defined population. (3) Services, such as health visiting, home nursing, home helps, domiciliary midwifery, the prevention of illness, and the provision of health centres are the responsibility of local authorities.

In the former Soviet Union the protection and promotion of public health was the responsibility of the state. There was free public access to all forms of medical care. The principles of the health services were complete integration of curative and preventive services, medicine as a social service, preventive programs, health centres or polyclinics (clinics in which a variety of diseases were handled), and community participation. …..

The health services of the United States can be considered at three levels: local, state, and federal.

Locally in cities or counties, there is substantial autonomy within broad guidelines developed by the state. The size and scope of local programs vary, but some of their functions are control of communicable diseases; clinics for mothers and children, particularly for certain preventive and diagnostic services; public health nursing services; environmental health services; health education; vital statistics; community health centres, hospitals, and other medical care facilities; community health planning and coordination.

At the state level, a department of health is charged with overall responsibility for health, though a number of agencies may actually be involved. The state department of health usually has five functions: public health and preventive programs; medical and custodial care such as the operation of hospitals for mental illness; expansion and improvement of hospitals, medical facilities, and health centres; licensure for health purposes of individuals, agencies, and enterprises serving the public; and financial and technical assistance to local governments for conducting health programs.

At the federal, or national, level, the Public Health Service of the Department of Health and Human Services is the principal health agency, but several other departments have health interests and responsibilities. Federal health agencies accept responsibility for improving state and local services, for controlling interstate health hazards, and for working with other countries on international health matters. The federal government also has the following specific responsibilities: (1) protecting the United States from communicable diseases from abroad; (2) providing for the medical needs of military personnel, veterans, merchant seamen, and American Indians; (3) protecting consumers against impure or misbranded foods, drugs, and cosmetics; and (4) regulating production of biological products, such as vaccines. In addition, the federal government promotes and supports medical research, health services, and educational programs throughout the country.

Voluntary effort is a significant part of health work in the United States. There are more than 100,000 voluntary agencies in the health field functioning mostly at the local level but also at state and national levels. Supported largely through private sources, these agencies contribute to programs related to education, research, and health services.

Medical care is provided and paid for through many channels, including public institutions, such as municipal, county, state, and federal health centres, hospitals, and medical care programs, and through private hospitals and private practitioners working either alone or, increasingly, in groups. Generally, medical care is financed by public funds, voluntary health insurance, or personal payment. There is a trend away from the traditional fee-for-service payment to individual practitioners toward prepaid-care systems including health teams working at community, health centre, and hospital levels.

Thus, in the United States there is great variety in the content, scope, and quality of health services. These services are provided by several independent agencies. In effect, however, they constitute a working partnership for the protection and promotion of human health.

Recently, two factors have contributed to rapid change in the orientation of health services in the United States. One of these is an increasing awareness that, while the existing system of health services provides high quality care for many, there are others for whom the care is either lacking or unsatisfactory. The second factor is that of steeply rising costs of medical care. These two issues have led to reconsideration of the entire system of personal medical care and proposals for new systems of providing and financing health care.

5.3.3 Developing nations

Patterns shared

Developing countries have sometimes been influenced in their approaches to health care problems by the developed countries that have had a role in their history. The countries in Africa and Asia that were once colonies of Britain have educational programs and health-care systems that reflect British patterns, though there have been adaptations to local needs. Similar effects may be observed in countries influenced by France, The Netherlands, and Belgium.

Despite variations from country to country, a common, if somewhat idealized, administrative pattern may be drawn for developing countries. All health services, except for a small amount of private practice, are under a ministry of health, in which there are about five bureaus, or departments—hospital services, health services, education and training, personnel, and research and planning. Hospital and health services are distributed throughout the country. At the periphery of the system are dispensaries, or health outposts, often manned by one or two persons with limited training. The dispensaries are often of limited effectiveness and are upgraded to full health centres when possible. Health centres and their activities are the foundation of the system. Health centres are usually staffed by auxiliaries who have four to 10 years of basic education plus one to four years of technical training. The staff may include a midwife, an auxiliary nurse, a sanitarian, and a medical assistant. The assistants, trained in the diagnosis and treatment of sickness, refer to a physician the problems that are beyond their own competence. Together, these auxiliaries provide comprehensive care for a population of 10,000 to 25,000. Several health centres together with a district hospital serve a district of about 100,000 to 200,000 people. All health services are under the responsibility of the district medical officer, who, assisted by other professional and auxiliary personnel, integrates the health efforts into a comprehensive program.

Of central importance is the distribution of responsibilities between auxiliaries and professionals. The auxiliaries, by handling the large number of relatively simple problems, allow the professionals to look after only the more complex problems, to supervise and teach the auxiliaries, and to plan and manage the programs.

The district hospital is dependent on a regional hospital, to which patients with complex problems can be referred for more specialized services. Administrative direction of both regional health services and regional hospital services can be combined at this level under a regional medical officer. The central administration of the ministry of health provides policies and guidance for an entire health service and, in some instances, also provides a central planning unit.

Problems of transportation and communication over great distances, shortages of staff and other resources, and inadequacies in staff preparation and motivation often lead to malfunctions in the system. Nonetheless, the public health services developed in African and Asian countries have generally provided a sound basis for future development within the framework of national development.

Variations

The organization of public health services in Latin-American countries differs substantially from those of Africa and Asia; these differences are an expression of their different historical backgrounds. The Latin-American countries are generally more affluent than those of Asia and Africa. Private practice is more widespread, and private or voluntary agencies are more prominent. Health services are provided largely by local and national governments. Many Latin-American countries also have systems of clinics and hospitals for workers financed by employers and workers. The distribution of health services, with health centres, hospitals, and preventive services, is roughly similar to Africa and Asia. The Latin-American countries, however, have used auxiliaries less than African and Asian countries. Latin America has pioneered in the development of health-planning methods. Chile has one of the most advanced approaches to health planning in the world.

Thailand was never colonized and therefore has no historical influence favouring any particular pattern of health services. The Thai Ministry of Health has a well-developed system of hospitals and health centres across the country to serve both rural and urban people. It differs from the pattern described in the previous section in that, despite the extreme shortages of physicians and nurses in rural areas, the nation has been reluctant to use auxiliaries for medical care. It does, however, use auxiliary midwives and sanitarians. Hospital services and public health services have separate administration. Within the public health services, there are a number of separate divisions—e.g., for tuberculosis, sexually transmitted diseases, and nutrition—each with its own staff, budget, and facilities. The trend elsewhere has been away from relatively independent, disease-oriented approaches and toward integrated systems in which the same network of health services handles most problems.

Health problems and obstacles

The difficulties of providing health services for the people of the developing nations involve a cluster of interrelated problems. These arise from the nature of the diseases and hazards to health, insufficient and mal-distributed resources, the design of health service systems, and the education of health personnel in those systems. Woven through the health programs of the developing nations and complicating them at both family and national levels are the pressures associated with rapidly growing populations.

There are differences not only in the kinds of diseases of different countries but also in the rates at which they occur and in the age groups involved. Life expectancy in some countries is less than half that in others, principally because of high death rates among small children in the developing countries. In much of Southeast Asia, for example, 40 percent of children die by their fourth year, a death rate not reached until age 60 in North America. The infant (under one year of age) mortality rate in Central and South America is two to four times that in North America, and the death rate in children one to four years of age is as much as 25 times greater. The differences for Central Africa are even more striking: infant mortality in some areas has been 12 times that in the United States, and the mortality in preschool children has been more than 60 times the U.S. figure.

The principal causes of sickness and death among small children in the developing world are diarrhoea, respiratory infections, and malnutrition, all of which are intimately related to culture, custom, and economic status. Malnutrition may result from food customs when taboos and simple oversight lead to deprivation of children. Gastroenteritis (inflammation of the lining of the stomach and intestines, usually with accompanying diarrhoea) and respiratory infections are often due to infectious organisms that are not susceptible to antibiotics. The interrelationships of these diseases increase the complexity of treating them. Malnutrition is often the underlying culprit; not only does it cause damage itself, such as retardation of physical and mental development, but it also seems to set the stage for other illnesses. A malnourished child develops gastroenteritis, inability to eat, further weakness, and then dehydration. The weakened child is susceptible to a lethal infection, such as pneumonia. Or, to complete the vicious circle, infection can affect protein metabolism in ways that contribute to malnutrition.

Another factor that contributes to this is family size. Malnutrition, with associated death and disability, occurs most often in children born into large and poorly spaced families. The resulting high death rate among small children often reinforces the tendency of parents to have more children. People are not inclined to limit the size of their families until it is apparent that their children have a reasonable chance of survival. Thus, there is a fertility–mortality cycle in which high fertility, reflected in large numbers of small children crowded into a poor home, leads to high childhood mortality, which, in turn, encourages high fertility. This is the basis of the belief that population-control programs should include effective means of reducing unnecessary deaths among children.

Among limitations of resources, shortages of trained personnel are among the most important; ratios of population to physicians, nurses, and beds provide an indication of the seriousness of these deficiencies and also of the great differences from country to country. Thus, the proportion of population to physicians in developing countries varies drastically.

Money is a crucial factor in health care—it determines how many health personnel can be trained, how many can be maintained in the field, and the resources that they will have to work with when they are there. Governmental expenditures on health care vary greatly from country to country.

As it attempts to provide health care for its people, a nation, on the one hand, must meet the urgent and complex problems, such as obstetric and surgical emergencies for which hospital care is essential. On the other hand, it must reach into the communities and homes to find those who need care but do not seek it and must discover the causes of such diseases as malnutrition and gastroenteritis.

Education of health personnel

In the education of health personnel, a particular set of problems emerges. Educational programs for auxiliaries are suited to the local situation, perhaps because they were not established in the more developed nations. Medical and nursing education, on the other hand, is similar to that of the more advanced countries, and it prepares students better for working in industrialized nations than in their own. This misfit between education and the jobs to be done has probably contributed substantially both to the ineffectiveness of health service systems and to the migration of professional personnel to the more developed countries.

5.4 Progress in public health

5.4.1 Developed nations

Among the more developed nations the following trends are apparent.

Increasing interest of national governments

Formerly, governments were chiefly concerned with basic health problems, such as environmental sanitation, medical care of the poor, quarantine, and the control of communicable diseases. Gradually, they have extended their activities into the field of medical care services in the home, clinic, and hospital, so as to provide comprehensive health care for entire communities. Three factors have influenced this trend: (1) the nongovernmental voluntary agencies have been unable to meet the rising cost of medical care; (2) there is an increasing appreciation of the economic loss to a country from sickness; and (3) there is an increasing public interest in social services. Health and social welfare are now recognized as complementary, and social legislation tends to cover both areas. There is an administrative trend toward a close cooperation between health and social welfare services.

Changing concepts of preventable disease

Until recently, the term preventable disease referred to a circumscribed group of infectious diseases. The term has acquired a broader meaning, however, as epidemiological methods are applied to other conditions. Preventive health services now deal with a wide range of health hazards, such as malignant tumours, rheumatism, cardiovascular diseases, other chronic and degenerative diseases, and even accidents.

5.4.2 Developed nations

Integration of preventive and medical care services

Medical care had its origin in the humanitarian motive of caring for the sick, while preventive health services sprang from the need to protect a healthy environment from epidemic diseases. They grew apart, but recently the trend has been to integrate them within a comprehensive health service. Such an integration was the fundamental principle of public health in the U.S.S.R., in which all local health services were centred in the district hospital under one administration. In European countries, especially in rural areas, the two branches are brought together by the local medical practitioner. The focal point of many discussions on medical care is the role that the hospital should play in health services. Many feel that its influence at present is too restricted and that it should spread beyond its walls to health centres and homes.

Provisions directed toward better mental health

Mental health now has a place in the preventive services. Improvements in arrangements for mental health include the provision of outpatient clinics and inpatient accommodations at general hospitals for early mental cases, an increase in child-guidance and marriage-guidance clinics, and schemes for the care of alcoholics and drug addicts. There have also been significant developments in the treatment of maladjusted members of society. Gains in understanding of psychoneuroses by general practitioners and the development of research facilities are also noteworthy.

Growing emphasis on health education

Many countries have expanded their commitment to health education, usually in cooperation with voluntary agencies. The most effective work is carried out at the local level, especially in schools. The trend is toward an expansion of health education as an essential preventive health service.

The bio statistical, epidemiological approach

A statistical service is essential in planning, administering, and evaluating health services. The interest of public authorities in medical-care schemes has increased the importance of statistics on the incidence of diseases and other problems, as well as the epidemiology necessary to combat them. Both are vital in the planning, organization, and evaluation of medical-care schemes. Traditionally, the epidemiological method was used for infectious diseases, but it is now being used increasingly for non-infectious diseases and the problems of medical care.

Changes resulting from an aging population

In more affluent nations, an increase in older age groups brings about the need for public health facilities to provide special services for them. Health care of the elderly includes measures to prevent premature aging and the chronic and degenerative diseases and to confront the psychological problems resulting from loneliness and inactivity. Geriatric clinics have been set up to meet these needs and to conduct research into the process of senescence.

Concern regarding the quality of the environment

There is widespread concern about environmental deterioration. Controlled atomic radiation has created new hazards to health, such as the potential pollution of air or water by radioactive discharges, the possible effects from radioactive fallout on the public generally, and the dangers to workers in atomic installations in industry. A growing population requires an increase in industrial and commercial activities, which add to the volume of pollutants that threaten the atmosphere, rivers, lakes, and oceans and have destructive effects on natural ecology. Individual countries have taken steps toward the control of environmental deterioration, and means of international regulation have also been proposed.

5.4.3 Developing nations

In view of the large numbers of serious health problems in the developing nations and their limited resources for dealing with them, it is understandable that along with substantial progress there would be some stagnation, or even regression.

Communicable-disease control

Smallpox and malaria are examples of diseases that have been brought under closer control throughout the world. For other diseases, such as hepatitis (liver inflammation), rabies, leprosy, and sleeping sickness, there have been important growths in understanding that may contribute to their eventual control.

Disease problems that await solution

El Tor cholera, which has appeared in epidemic form in previously uninvolved areas, represents one of the most serious challenges to public health. Venereal disease, an old problem, has increased in incidence. Certain parasitic diseases have spread as humans have brought about changes in their environment—the increase in schistosomiasis (infestation with blood fluke by means of snails as the intermediate hosts) in irrigation and man-made lake areas is an example. Widespread malnutrition, particularly protein–calorie malnutrition in small children, remains a problem. Protein-rich food supplements and more effective educational programs are being developed to combat it.

Family health

The problems of rapidly growing populations have important consequences at both the family and the national level. Problems of maternal and child health, human reproduction, and human genetics, including family planning, are now seen as aspects of the greater problem of the health of the whole family as a single and fundamental social unit. Accordingly, family health is a matter deserving high priority among the public health services.

Health manpower

There is widespread recognition of inadequacies in both number and education of health personnel. The trend is toward coordinating the education of health personnel with the particular health service in which they will function. This trend requires close relationships between educational institutions and the agencies responsible for health services.

Comprehensive community health services

The fragmentation of earlier health service organizations, such as programs concerned with only a single disease and the separation of curative and preventive services, is giving way to more comprehensive organizational patterns. Health promotion, disease prevention, and the curing and rehabilitation of the ill are brought together into one network of integrated services that reaches to the community level.

National health planning

Complex decision-making is involved in allocating limited health service resources to large numbers of people. As a result, there has been an increasing emphasis on the health-planning process and on the design of more effective health-service systems. A number of countries have established health-planning units in the ministry of health or the national planning organization. An important aspect of national health planning is the close coordination between planning, budgeting, implementing, and evaluating programs.

The Chapter on Public Health was written by:

John H. Bryant and Philip Rhodes (Encyclopaedia Britannica 2003 Deluxe Edition, CD-Rom, keyword: Public health)

Additional reading suggested by the Encyclopaedia Britannica:

Fraser Brockington, World Health, 3rd ed. (1975), is a comprehensive discussion of public health concepts and the World Health Organization. John Bryant, Health & the Developing World (1969, reprinted 1972), studies health-care in Africa, Asia, and Latin America. John M. Last (ed.), Public Health and Preventive Medicine, 11th ed. (1980), is a definitive text. Later surveys of the organized effort to protect and improve community health include Derek Fraser, The Evolution of the British Welfare State: A History of Social Policy Since the Industrial Revolution, 2nd ed. (1984); Robert Lanza (ed.), Medical Science and the Advancement of World Health (1985); and Grace Budrys, Planning for the Nation’s Health: A Study of Twentieth-Century Developments in the United States (1987).

6 Malaria

The Encyclopaedia Britannica provides the following description of malaria : 

A serious, acute and chronic relapsing infection in humans, characterized by periodic attacks of chills and fever, anaemia, splenomegaly (enlargement of the spleen), and often fatal complications. Malaria also is found in apes, monkeys, rats, birds, and reptiles. It is caused by various species of protozoa (one-celled organisms) called sporozoans (subphylum Sporozoa) that belong to the genus Plasmodium. These parasites are transmitted to humans by the bite of various species of mosquitoes belonging to the genus Anopheles.

Malaria is one of the most ancient infections known. It was noted in some of the West’s earliest medical records in the 5th century BC, when Hippocrates differentiated malarial fevers into three types according to their time cycles. It is not known when malaria first made its appearance in the Americas, but it is highly probable that it was a post-Columbian importation; some rather severe epidemics were first noted in 1493.

The association between swampy or marshy areas and the disease has long been recognized, but the roles of the mosquito and of the malarial parasite were not known until the beginning of the 20th century. In 1880 the French army surgeon Alphonse Laveran became the first person to describe the malarial parasite and to recognize it as the cause of malaria. In 1897–98 the British physician Sir Ronald Ross proved that bird malaria is transmitted by Culex mosquitoes, and he described the entire life cycle of that parasite in the mosquito. In 1898 the Italian investigators Amico Bignami, Giovanni Battista Grassi, and Giuseppe Bastianelli first infected humans with malaria by mosquitoes, described the full development of the parasite in humans, and noted that human malaria is transmitted only by anopheline mosquitoes. The disease can also be transmitted unnaturally by common use of the hypodermic needle, as among drug addicts, or occasionally by blood transfusion from infected donors.

Malaria occurs throughout the tropical and subtropical regions of the world and is the most prevalent of all serious infectious diseases. In the late 20th century, annual cases worldwide were estimated at 250 million, with 2 million deaths resulting. Incomplete or faulty reports from Africa make even those rough estimates unreliable, however. Though malaria can occur in temperate regions, it is most common in the tropics and subtropics, where climatic conditions are favourable for the mosquitoes that transmit the disease throughout the year. In many parts of sub-Saharan Africa, entire human populations are infected more or less constantly. Malaria is also common in Central America, the northern half of South America, and in South and Southeast Asia. The disease also occurs in countries bordering on the Mediterranean, in the Middle East, and in East Asia.

Anopheline mosquitoes are the only known vectors of malaria in humans, and about 60 different species perform this function throughout the world. These mosquitoes undergo an aquatic larval stage, pupate, and then hatch into flying adults. The females require a meal of blood to produce fertile eggs, and females of some species prefer human to animal blood. The female mosquito ingests the malarial parasite by biting a human already infected with the parasite.

The malarial parasite has a complicated double life cycle, with a sexual reproductive cycle while it lives in the mosquito and an asexual reproductive cycle while in the human host. While in its asexual, free-swimming stage, when it is known as a sporozoite, the malarial parasite is injected into the human bloodstream by a mosquito, passing through the skin along with the latter’s saliva. The sporozoite eventually enters a red blood cell of its human host, where it goes through ring-shaped and amoeba-like forms before fissioning (dividing) into smaller forms called merozoites. The red blood cell containing these merozoites then ruptures, releasing them into the bloodstream (and also causing the chills and fever that are typical symptoms of the disease). The merozoites can then infect other red blood cells, and their cycle of development is repeated.

A small proportion of the merozoites, however, become gametocytes, or germ cells, and can go through a sexual reproductive cycle once back in a mosquito. After they have been ingested by a mosquito from an infected human host, the separate male and female gametocytes pair off while in the mosquito’s stomach and unite to form a single-celled zygote, which grows to become an oocyst. This oocyst eventually divides, releasing a multitude of (asexual, free-swimming) sporozoites that migrate to the mosquito’s head and salivary glands, where they are ready to pass into the human bloodstream during the mosquito’s next bite. The entire (asexual) cycle is then repeated.

A remarkable feature of the asexual cycle is that the parasites grow and divide synchronously, and the resulting mass fissions (into merozoites) produce the regularly recurring attacks, or paroxysms, that are typical of malaria. A malarial attack normally lasts 4 to 10 hours and consists successively of a stage of shaking and chills; a stage of fever, with the temperature reaching 105° F, and severe headache; and then a stage of profuse sweating during which the temperature drops back to normal. Between attacks, the temperature may be normal or below normal. In the early days of the infection, the attacks may occur every day, but they soon begin appearing at regular intervals of either 48 hours (called tertian malaria) or 72 hours (called quartan malaria).The first attack usually occurs from 8 to 25 days after a person has been bitten by an infected mosquito.

Four species of Plasmodium are known to cause malaria in humans: P. falciparum, P.vivax, P. malariae, and P. ovale. The most common of these malarial types, accounting for about 50 percent of all cases, is falciparum (subtertian, or malignant tertian) malaria, which has the most severe symptoms and is the most frequently fatal; it accounts for as many as 95 percent of all deaths from malaria. Falciparum malaria requires higher temperatures for optimal development and is confined more closely to the tropical areas. In western Africa, for example, it exists almost to the exclusion of the other varieties. Once a person has recovered from falciparum malaria, however, relapses rarely if ever occur. Vivax (tertian) malaria accounts for about 40 percent of all cases and is widespread mainly because of its ability to withstand therapy and to recur frequently for a period of several years, though the initial acute phase lasts only two to three weeks. The two less common types of malaria are quartan malaria (caused by P.malariae), which is confined to the Mediterranean area, and ovale tertian malaria (caused by P.ovale), which is basically confined to an isolated area of eastern Africa. Infections with one or more species can occur simultaneously, however. Furthermore, a double brood of tertian parasites can segment on alternate days, giving a daily or quotidian fever.

Besides attacks, persons with malaria commonly suffer from anemia (owing to the destruction of red blood cells by the parasites), enlargement of the spleen (the organ responsible for ridding the body of degenerate red blood cells), and general weakness and debility. In falciparum malaria, the parasitized blood cells tend to stick together, and some of the smaller blood vessels may be blocked as a result. Falciparum malaria may also cause other complications, such as blackwater fever (q.v.).

Malaria can be reliably diagnosed upon finding the parasites in stained blood smears examined under a microscope. An effective treatment for malaria was known long before the cause of the disease was understood: the bark of the cinchona tree, whose most active principle, quinine, was used to alleviate malarial fevers from 1700 until World War II, when more effective, synthetic drugs were developed. Chief among these newer drugs are chloroquine, pamaquine, pyrimethamine, and amodiaquin, all of which can destroy the malarial parasites while they are living inside red blood cells. In their initial decades of use, chloroquine and related drugs could relieve symptoms of an attack that had already started, prevent attacks altogether, and even wipe out the plasmodial infection entirely. By the late 20th century, however, some vivax strains as well as most falciparum strains had become resistant to the drugs, which were thus rendered ineffective. As a result, the incidence of malaria began to increase after having steadily declined for decades. Both one’s natural resistance, as occurs among those who are carriers of one gene for the sickle-cell trait, and one’s acquired immunity through previous exposure will reduce susceptibility to malaria.

The basic method of prevention is to eliminate the breeding places of Anopheles mosquitoes by draining and filling marshes, swamps, stagnant pools, and other large or small bodies of standing fresh water. DDT, dieldrin, and other, less toxic insecticides have proved potent in controlling mosquito populations in affected areas. Window screens and mosquito netting are widely used to secure interior spaces from the mosquitoes, which are mainly active at night.

(Encyclopaedia Britannica 2003 Deluxe Edition, CD-Rom, keyword: Malaria)
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