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	What specific water purification methods are there?

Water that is distributed in cities or communities is treated extensively. Specific water purification steps are taken, in order to make the water meet current water standards.
Purification methods can be divided up into settling of suspended matter, physical/ chemical treatment of colloids and biological treatment. All these treatment methods have several different applications.

How do specific water purification methods work?

1 Physical water purification

Physical water purification is primarily concerned with filtration techniques. Filtration is a purification instrument to remove solids from liquids. There are several different filtration techniques. A typical filter consists of a tank, the filter media and a controller to enable backflow.

Screens
Filtration through screens is usually done at the beginning of the water purification process. The shape of the screens depends on the particles that have to be removed.

Sand filtration
Sand filtration is a frequently used, very robust method to remove suspended solids from water. The filter medium consists of a multiple layer of sand with a variety in size and specific gravity. When water flows through the filter, the suspended solids precipitate in the sand layers as residue and the water, which is reduced in suspended solids, flows out of the filter. When the filters are loaded with particles the flow-direction is reversed, in order to regenerate it. Smaller suspended solids have the ability to pass through a sand filter, so that secondary filtration is often required.

Cross flow filtration
Cross flow membrane filtration removes both salts and dissolved organic matter, using a permeable membrane that only permeates the contaminants. The remaining concentrate flows along across the membrane and out of the system and the permeate is removed as it flows along the other side of the membrane.
There are several different membrane filtration techniques, these are: micro filtration, ultra filtration, nano filtration and Reversed Osmosis (RO). Which one of these techniques is implemented depends upon the kind of compounds that needs to be removed and their particle size. Below, the techniques of membrane filtration are clarified. 

1) Microfiltration
Microfiltration is a membrane separation technique in which very fine particles or other suspended matters, with a particle size in the range of 0.1 to 1.5 microns, are separated from a liquid. It is capable of removing suspended solids, bacteria or other impurities. Microfiltration membranes have a nominal pore size of 0.2 microns.

2) Ultrafiltration
Ultrafiltration is a membrane separation technique in which very fine particles or other suspended matters, with a particle size in the range of 0.005 to 0.1 microns, are separated from a liquid. It is capable of removing salts, proteins and other impurities within its range. Ultrafiltration membranes have a nominal pore size of 0.0025 to 0.1 microns.

3) Nanofiltration
Nanofiltration is a membrane separation technique in which very fine particles or other suspended matters, with a particle size in the range of approximately
0.0001 to 0.005 microns, are separated from a liquid. It is capable of removing viruses, pesticides and herbicides.

4) Reversed Osmosis (RO)
Reversed Osmosis, or RO, is the finest available membrane separation technique. RO separates very fine particles or other suspended matters, with a particle size up to
0.001 microns, from a liquid. It is capable of removing metal ions and fully removing aqueous salts.

More on RO

Cartridge filtration
Cartridge filtration units consist of fibres. They generally operate most effectively and economically on applications having contamination levels of less than 100 ppm. For heavier contamination applications, cartridges are normally used as final polishing filters.

2 Chemical water purification

Chemical water purification is concerned with a lot of different methods. Which methods are applied depends on the kind of contamination in the (waste)water. Below, many of these chemical purification techniques are summed up.

Chemical addition
There are various situations in which chemicals are added, for instance to prevent the formation of certain reaction products. Below, a few of these additions are summed up:
- Chelating agents are often added to water, in order to prevent negative effects of hardness, caused by the deposition of calcium and magnesium.
- Oxidizing agents are added to act as a biocide, or to neutralize reducing agents.
- Reducing agents are added to neutralize oxidizing agents, such as ozone and chlorine. They also help prevent the degradation of purification membranes.

Clarification
Clarification is a multi-step process to remove suspended solids. First, coagulants are added. Coagulants reduce the charges of ions, so that they will accumulate into larger particles called flocs. The flocs then settle by gravity in settling tanks or are removed as the water flows through a gravity filter. Particles larger than 25 microns are effectively removed by clarification. Water that is treated through clarification may still contain some suspended solids and therefore needs further treatment.

Deionisation and softening
Deionisation is commonly processed through ion exchange. Ion exchange systems consist of a tank with small beds of synthetic resin, which is treated to selectively absorb certain cations or anions and replace them by counter-ions. The process of ion exchange lasts, until all available spaces are filled up with ions. The ion-exchanging device than has to be regenerated by suitable chemicals.
One of the most commonly used ion exchangers is a water softener. This device removes calcium and magnesium ions from hard water, by replacing them with other positively charged ions, such as sodium.

For specific information on water softening move to the water softener FAQ

Disinfection
Disinfection is one of the most important steps in the purification of water from cities and communities. It serves the purpose of killing the present undesired microrganisms in the water; therefore disinfectants are often referred to as biocides. There are a variety of techniques available to disinfect fluids and surfaces, such as: ozone disinfection, chlorine disinfection and UV disinfection.

Chlorine has a downside: it can react to chloramines and chlorinated hydrocarbons, which are dangerous carcinogens. To prevent this problem chlorine dioxide can be applied. Chlorine dioxide is an effective biocide at concentrations as low as
0.1 ppm and over a wide pH range. ClO2 penetrates the bacteria cell wall and reacts with vital amino acids in the cytoplasm of the cell to kill the organism. The by-product of this reaction is chlorite. Toxicological studies have shown that the chlorine dioxide disinfection by-product, chlorite, poses no significant adverse risk to human health.

Ozone has been used for disinfection of drinking water in the municipal water industry in Europe for over a hundred years and is used by a large number of water companies, where ozone generator capacities up to the range of a hundred kilograms per hour are common. When ozone faces odours, bacteria or viruses, the extra atom of oxygen destroys them completely by oxidation. During this process the extra atom of oxygen is destroyed and there are no odours, bacteria or extra atoms left. Ozone is not only an effective disinfectant, it is also particularly safe to use.

UV-radiation is also used for disinfection nowadays. When exposed to sunlight, germs are killed and bacteria and fungi are prevented from spreading. This natural disinfection process can be utilised most effectively by applying UV radiation in a controlled way.

Distillation 

Distillation is the collection of water vapour, after boiling the wastewater. With a properly designed system removal of organic and inorganic contaminants and biological impurities can be obtained, because most contaminants do not vaporize. Water will than pass to the condensate and the contaminants will remain in the evaporation unit.

Electro dialysis 

Electro dialysis is a technique that employs an electrical current and special membranes, which are semi permeable to ions, based on their charge. Membranes that permeate cations and membranes that permeate anions are placed alternately, with flow channels between them, and electrodes are placed on each side of the membranes. The electrodes draw their counter ions through the membranes, so that these are removed from the water.

pH-adjustment 

Municipal water is often pH-adjusted, in order to prevent corrosion from pipes and to prevent dissolution of lead into water supplies. The pH is brought up or down through addition of hydrogen chloride, in case of a basic liquid, or natrium hydroxide, in case of an acidic liquid. The pH will be converted to approximately 7 to 7.5, after addition of certain concentrations of these substances.

Scavenging

Most naturally occurring organics have a slightly negative charge. Organic scavenging is done by addition of strong-base anion resin. The organics will fill up the resin and when it is loaded it is regenerated with high concentrations of sodium chloride.

3 Biological water purification

Biological water purification is performed to lower the organic load of dissolved organic compounds. Microrganisms, mainly bacteria, do the decomposition of these compounds. There are two main categories of biological treatment: aerobic treatment and anaerobic treatment.
The Biological Oxygen Demand (BOD) defines the organic load. In aerobic systems the water is aerated with compressed air (in some cases merely oxygen), whereas anaerobic systems run under oxygen free conditions. 

Water softening

Water softening is the act of reducing the dissolved calcium, magnesium, and to some degree manganese and ferrous iron ion concentration in hard water. A common water softener is sodium carbonate (Na2CO3).

These "hardness ions" cause three major kinds of undesired effects. Most visibly, metal ions react with soaps and calcium-sensitive detergents, hindering their ability to lather and forming a precipitate—the familiar "bathtub ring". Presence of "hardness ions" also inhibits the cleaning effect of detergent formulations.

Second, calcium and magnesium carbonates tend to precipitate out as hard deposits to the surfaces of pipes and heat exchanger surfaces. This is principally caused by thermal decomposition of bi-carbonate ions but also happens to some extent even in the absence of such ions. The resulting build-up of scale can restrict water flow in pipes. In boilers, the deposits act as an insulation that impairs the flow of heat into water, reducing the heating efficiency and allowing the metal boiler components to overheat. In a pressurized system, this can lead to failure of the boiler.[1] The damage caused by calcium carbonate deposits varies depending on the crystalline form, for example, calcite or aragonite.[2]
Third, the presence of ions in an electrolyte, in this case, hard water, can also lead to galvanic corrosion, in which one metal will preferentially corrode when in contact with another type of metal, when both are in contact with an electrolyte. However the sodium (or potassium) ions released during conventional water softening are much more electrolytically active than the calcium or magnesium ions that they replace and galvanic corrosion would be expected to be substantially increased by water softening and not decreased[citation needed]. Similarly if any lead plumbing is in use, softened water is likely to be substantially more plumbo-solvent than hard water[citation needed].

 Ion-exchange resin devices
Conventional water-softening appliances intended for household use depend on an ion-exchange resin in which "hardness" ions trade places with sodium ions that are electrostatically bound to the anionic functional groups of the polymeric resin. A class of minerals called zeolites also exhibits ion-exchange properties; these minerals were widely used in earlier water softeners. Water softeners may be desirable when the source of water is a well, whether municipal or private.[3]
How it works
The water to be treated passes through a bed of the resin. Negatively-charged resins absorb and bind metal ions, which are positively charged. The resins initially contain univalent hydrogen, sodium or potassium ions, which exchange with divalent calcium and magnesium ions in the water. As the water passes through the resin column, the hardness ions replace the hydrogen, sodium or potassium ions which are released into the water. The "harder" the water, the more hydrogen, sodium or potassium ions are released from the resin and into the water.

Resins are also available to remove carbonate, bi-carbonate and sulphate ions which are absorbed and hydroxyl ions released from the resin. Both types of resin may be provided in a single water softener.

Regeneration
As these resins become loaded with undesirable cations and anions they gradually lose their effectiveness and must be regenerated. If a cationic resin is used (to remove calcium and magnesium ions) then regeneration is usually effected by passing a concentrated brine, usually of sodium chloride or potassium chloride, or hydrochloric acid solution through them.

For anionic resins a solution of sodium or potassium hydroxide (lye) is used. Most of the salts used for regeneration get flushed out of the system and may be released into the soil or sewer. These processes can be damaging to the environment, especially in arid regions.[citation needed] Some jurisdictions prohibit such release and require users to dispose of the spent brine at an approved site or to use a commercial service company. Most water softener manufacturers provide metered control valves to minimize the frequency of regeneration. It is also possible on most units to adjust the amount of reagent used for each regeneration. Both of these steps are recommended to minimize the impact of water softeners on the environment and conserve on reagent use.[citation needed] Using acid to regenerate lowers the pH of the regeneration waste.

In industrial scale water softening plants, the effluent flow from re-generation process can be very significant. Under certain conditions, such as when the effluent is discharged in admixture with domestic sewage, the calcium and magnesium salts may precipitate out as hardness scale on the inside of the discharge pipe. This can build up to such an extent so as to block the pipe, as happened to a major chlor-alkali plant on the south Wales coast in the 1980s.[citation needed]
If potassium chloride is used, the same exchange process takes place, except that potassium is exchanged for the calcium, magnesium and iron instead of sodium. This is a more expensive option and may be unsuited for people on potassium-restricted diets.

In residential or small commercial softeners. salt bridges and salt cakes can easily occur if no routine maintenance is performed. This could be done by poking a broom handle down the salt tank to break up salt clumps and bridges. Also, every so often, salt should be emptied out of the tank, and the sides of the brine tank should be wiped down with a dilluted vinegar/water solution. 

Physical conditioners
Physical conditioners treat water by subjecting it to a magnetic field or radio waves and claim to provide similar benefits to water softening. These devices are controversial. In the UK, Southern Water's factsheet states "by the modern definition, physical conditioning does not soften water, and any such claim is incorrect. However, physical conditioning can make water seem softer". The factsheet [5] gives detailed information on the pros and cons of physical conditioners

Plumbing system: hot-cold water distribution, pipe ventilation & wastewater evacuation
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In a house, there are four plumbing systems enabling water to circulate: hot and cold water distribution, pipe ventilation and wastewater evacuation.
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plumbing system
In a house, there are four plumbing systems enabling water to circulate: hot and cold water distribution, pipe ventilation and wastewater evacuation.

water service pipe
Pipe connecting a public water supply to the house.

building sewer
Drainpipe carrying wastewater from the waste stack to the sewage system or septic tank.

washer
Household appliance that washes clothes automatically.

cold-water riser
Vertical pipe carrying cold water to a house’s upper floors.

hot-water riser
Vertical pipe carrying hot water to a house’s upper floors.

fixture drain
Pipe carrying waste from a toilet to the branch.

branch
Pipe draining wastewater from the fixtures to the waste stack.

P-trap
U-shaped pipe beneath a fixture containing a quantity of water to prevent sewage gases from escaping.

overflow
Drainpipe for draining off a fixture’s overflow when the water level reaches a certain level.

shower and tub fixture
Device for mixing hot and cold water for the bath or shower.

bathtub
Sanitary fixture for taking baths; it is shaped like a deep, elongated basin.

bathroom sink
Sanitary fixture in the form of a basin; it is used for washing.

toilet
Sanitary fixture for disposing of bodily waste; it comprises a toilet bowl and a tank.

floor drain
Hole at the end of a pipe carrying overflow water to the main drain.

water meter
Device for gauging the amount of water consumed by a household.

shutoff valve
Valve for shutting off the water supply to the entire house.

stem faucet
Device stopping or starting the flow of hot or cold water, as well as regulating its flow rate

supply line
Pipe delivering cold drinking water to a house’s plumbing system; it is an extension of the water service pipe.

main cleanout
Metal part screwed to the drain that can be removed if the drain needs to be unplugged.

hot-water heater
Device producing sanitary hot water for washing and bathing; it consumes gas or electricity.

electric water-heater tank
waste stack
Pipe through which wastewater is discharged and carried to the building sewer.

drain
Pipe that uses gravity to carry wastewater from a fixture to a branch.

double sink
Fixture consisting of two basins having a water supply and equipped with a drain; it is used in a kitchen or a laundry room.

garbage disposal sink
Appliance used in a kitchen, sometimes with two basins, that is fed by water and equipped with a drain and a garbage disposal unit.

circuit vent
Allows air to circulate and maintains constant pressure throughout the entire draining circuit.

main circuit vent
Vertical pipe vented directly outdoors that allows air to circulate throughout the draining circuit; it also vents sewer gas.

roof vent
Point of entry for outside air into the main circuit vent.

hot-water circuit
Set of interconnected pipes distributing hot water from a hot-water heater.

cold-water circuit
Set of interconnected pipes distributing cold drinking water throughout a house.

draining circuit
Set of interconnected pipes allowing wastewater to drain into the building sewer.

ventilating circuit
Set of interconnected pipes allowing air to circulate in the circuit

A flush toilet is a toilet that disposes of human waste by using water to flush it through a drainpipe to another location. Flushing mechanisms are found more often on western toilets (used in the sitting position), but many squat toilets also are made for automated flushing. [1] Modern toilets incorporate an 'S','U', 'J', or 'P' shaped bend that causes the water in the toilet bowl to collect and act as a seal against sewer gases. Since flush toilets are typically not designed to handle waste on site, their drain pipes must be connected to waste conveyance and waste treatment systems.
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Description

This section is from the book "Sanitary Fittings And Plumbing", by G. Lister Sutcliffe. Also available from Amazon: Sanitary fittings and plumbing.

Principal Trap Types
The D trap has been so frequently condemned by sanitarians that it is now never used by any one with the slightest knowledge of modern plumbing. It cannot possibly be kept clean and becomes in time a miniature cesspool. Its only advantage is that it cannot be unsealed by siphonage; but this is far more than counterbalanced by its uncleanliness. The numerous seams are also sources of danger, and the dip-pipe may be corroded through and allow the passage of foul air, the defect perhaps remaining unnoticed for a long time, as the dip-pipe is concealed within the body of the trap. The "mansion" trap, although an improvement on the D trap, soon becomes foul and is now seldom used.

The "bell" trap (fig. 151) has been very largely used for sinks. It consists of a cup (generally of lead) with a stand-pipe in the middle, over which is placed the brass grate, to the underside of which a "bell" is attached. The bell dips into the water contained in the cup below, and thus forms the seal of the trap. The trap is not self-cleansing, the depth of seal is often less than 1/2 in., and the flow through the trap is so sluggish that servants often remove the bell and grate, thus allowing a free passage for the air from the waste-pipe. In some cases the grate is hinged, but this is no improvement from a sanitary point of view. Antil's lead trap (fig. 152) is better but cannot be recommended. The form illustrated is intended for sinks, and is made in sizes from 2 1/2 to 4 in. at the top, but a modification of it (in lead or brass) is still used for high-class lavatories. Such a trap is shown in fig. 153. A trap of the same general design, but with side outlet, is illustrated in fig. 154.
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Fig. 151. Bell Trap.
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Fig. 152. Antil's Sink Trap.
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Fig. 153. Oval Lavatory Trap with Bottom Outlet.
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Fig. 154. Oval Lavatory Trap with Side Outlet.

Deposits are certain to occur, and the cleansing screws at A are therefore absolutely necessary; the concealed mid-feather is, however, the most objectionable feature. These traps are often known as "oval" from the shape of the horizontal section of the bodies. Cast-lead traps for sinks are also made of the same design as fig. 153, but with longer necks to pass well through the sink for the purpose of soldering the lead cone to the inlet of the trap. Lead cones (fig. 155) for 1 1/4-in. traps are made to receive 3 or 3 1/2-in. grates, and those for 1 1/3-in. traps to receive 3 1/2 or 4-in. grates. The large grates, of course, ensure a better flow through the traps, but even with this improvement the traps are not self-cleansing, and foul air may pass into the house through perforations or cracks in the concealed mid-feather.

Round-pipe Traps are made in various forms, known by distinctive names. In fig. 156 A is an "S" trap, B a "three-quarter S " or "open S," Ca"P" trap, D a "bag" trap, and E a "Q" trap. Fig. 150 shows a "running" trap. Drawn-lead traps of these shapes are often known as Dubois' traps, and are made in sizes from 1 1/4 in. to 4 1/2 in., each size being made in two weights as follows:-
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Fig-155. Lead Cone for Inlet to Trap.
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Fig. 156. Round-pipe Traps.
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All the sizes from 1 1/4 to 3 in. inclusive, are made either

N

With or without cleansing screws as required. The larger sizes are intended for water-closets and slop-sinks, and are not fitted with cleansing screws. A good form of cleansing screw is shown in fig. 157; when the plug is screwed home the inner surface is flush with the pipe, and affords therefore no obstruction to the flow or lodging-place for deposits. Special drawn lead traps and bends for water-closets and slop-sinks are also made, as shown in fig. 158, the diameters ranging from 3 1/2 to 4 1/2 in.;each size is made in two weights (6 lb. and 8 lb.) and in two lengths (28 in. and 33 in.) to suit different thicknesses of wall. The advantage of these is that they do away with the objectionable joint in the body of the wall.

Cast-lead P and S traps (with or without cleansing screws) are made in two sizes, 1 1/2 in. and 2 in. for sinks and lavatories, and P traps (without cleansing screw) 4 in. in diameter in two weights, for water-closets, etc. Special

4-in. cast-lead P or S traps of 10 lb. lead (fig. 159) are made for water-closets and slop-sinks with bases for fixing to the floor, and with sockets for receiving the basins. Similar cast-lead bases and sockets are also fitted to 3 1/2-in. and 4-in. drawn-lead P and S traps.

In order to insure a more thorough flush of water through the trap, the inlet ought always to be considerably enlarged. In many lavatory basins the waste-plug is only

1 in. or 1 1/4 in. in diameter, and the effective area of the opening is reduced by the solid part of the grating below.
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Fig 157. Claughton's Brass Cleansing Screw.
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Fig. 158. Drawn-lead P-trap and Bend.
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Fig. 159. Cast-lead Water-closet Trap.

To fix a 1 1/2-in. trap under such a fitting is a mistake, as it cannot be properly flushed by the discharge. The area of the openings in the waste-grating ought always to be greater than the sectional area of the trap.

Drawn-lead traps are of equal bore throughout, and some plumbers prefer cast or hand-made seamed traps with square dips and weir outlets, as shown in fig. 160. The depth of the seal is thus considerably increased, and a better scour is obtained in the bottom of the trap. The size illustrated is suitable for water-closets, and has an enlarged inlet, and less easy curves, so as to reduce the risk of siphonage.

 

Continue to:

· prev: Chapter XVIII. Traps 

· Table of Contents 

· next: Anti-Siphonage Traps 

Flush toilet

From Wikipedia, the free encyclopedia

Jump to: navigation, search 







Close coupled cistern type flushing toilet.

A flush toilet is a toilet that disposes of human waste by using water to flush it through a drainpipe to another location. Flushing mechanisms are found more often on western toilets (used in the sitting position), but many squat toilets also are made for automated flushing. [1] Modern toilets incorporate an 'S','U', 'J', or 'P' shaped bend that causes the water in the toilet bowl to collect and act as a seal against sewer gases. Since flush toilets are typically not designed to handle waste on site, their drain pipes must be connected to waste conveyance and waste treatment systems.
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[edit] History






Toilet with elevated cistern and chain attached to lever of discharge valve.

As with many inventions, the flush toilet was the result of a long development. Therefore, instead of a single name and date, there follows a list of significant contributions to the history of the device.

· circa 31st century BC: Britain's oldest neolithic village, Skara Brae, Orkney used neolithic hydrolic technology.[2] The village's design used a river and connecting drainage system to wash waste away. 

· circa 26th century BC: Flush toilets were first used in the Indus Valley Civilization. The cities of Harappa and Mohenjo-daro had a flush toilet in almost every house, attached to a sophisticated sewage system. [3] 

· circa 18th century BC: Flush toilet constructed at Knossos on Minoan Crete[4] 

· circa 15th century BC: Flush toilets used in the Minoan city of Akrotiri.[citation needed] 

· 9th century BC: Flush toilets on Bahrain Island.[5] 

· 1st to 5th centuries AD: Flush toilets were used throughout the Roman Empire. Some examples include those at Vindolanda on Hadrian's Wall in Britain. With the fall of the Roman Empire, the technology was lost in the West.[citation needed] 

· 1206: The Arab inventor, Al-Jazari, invented a hand washing device incorporating the flush mechanism now used in modern flush toilets. His device features an automaton by a basin filled with water. When the user pulls the lever, the water drains and the automaton refills the basin.[6] 

· 1596: Sir John Harington published A New Discourse of a Stale Subject, Called the Metamorphosis of Ajax, describing a forerunner to the modern flush toilet installed at his house at Kelston[7]. The design had a flush valve to let water out of the tank, and a wash-down design to empty the bowl. He installed one for his godmother Elizabeth I of England at Richmond Palace, although she refused to use it because it made too much noise.[citation needed] The Ajax was not taken up on a wide scale in England, but was adopted in France under the name Angrez. 

· 1738: A valve-type flush toilet was invented by J. F. Brondel. 

· 1775: Alexander Cummings invented the S-trap (British patent no. 814?), still in use today, which uses standing water to seal the outlet of the bowl, preventing the escape of foul air from the sewer. His design had a sliding valve in the bowl outlet above the trap. 

· 1777: Samuel Prosser invented and patented the 'plunger closet'. 

· 1778: Joseph Bramah invented a hinged valve or 'crank valve' that sealed the bottom of the bowl, and a float valve system for the flush tank. His design was used mainly on boats. 

· 1819: Albert Giblin received British patent 4990 for the "Silent Valveless Water Waste Preventer", a siphon discharge system. 

· 1852: J. G. Jennings invented a wash-out design with a shallow pan emptying into an S-trap. 

· 1857: The first American patent for a toilet, the 'plunger closet', was granted. 

· 1858: The first flush toilets on the European continent may have been the three "waterclosets" installed in the new town house of banker Nicolay August Andresen on 6 Kirkegaten in Christiania, insured in January 1859. The toilets were probably imported from England, as they were referred to by the English term "waterclosets" in the insurance ledger. 

· 1860: Another early watercloset on the European continent was also imported from England. It was installed in the rooms of Queen Victoria in castle Ehrenburg (Coburg, Germany); she was the only one who was allowed to use it. 

· The first popularized water closets were exhibited at The Crystal Palace and these became the first public toilets. They had attendants dressed in white and customers were charged a penny for use. This is supposedly the origin of the phrase "To spend a penny" which did not appear in print until the 1940's. 

· 1880s: Thomas Crapper's plumbing company built flush toilets of Giblin's design. After the company received a royal warrant, Crapper's name became synonymous with flush toilets. Although not the original inventor, Crapper popularized the siphon system for emptying the tank, replacing the earlier floating valve system which was prone to leaks. Some of Crapper's designs were made by Thomas Twyford. The similarity between Crapper's name and the much older word crap is a coincidence. 

· 1885: The first modern pedestal 'flush-down' toilet was demonstrated by Frederick Humpherson of the Beaufort Works, Chelsea, England.[8] 

· 1885: Thomas Twyford built the first one-piece ceramic toilet using the flush-out siphon design by J. G. Jennings. 

· 1906: William Elvis Sloan invented the Flushometer, which used pressurized water directly from the supply line for faster recycle time between flushes. The Flushometer is still in use today in public restrooms worldwide. 

· 1907: Thomas MacAvity Stewart of Saint John, New Brunswick patented the vortex-flushing toilet bowl, which creates a self cleansing effect.[9] 

· 1980: Bruce Thompson, working for Caroma in Australia, developed the Duoset cistern with two buttons and two flush volumes as a water-saving measure. Modern versions of the Duoset are now available worldwide, and save the average household 67% of their normal water usage.[10] 

[edit] Flushing mechanism
The flushing mechanism provides a large flow of water into the bowl (which is described later in this article). The mechanism usually incorporates one or more parts of the following designs:

[edit] Tank fill valve






The Ballcock or Float Valve is often used to regulate the filling of a tank or cistern. When the fluid level drops, the float descends, levering the valve opening and allowing more fluid to enter. Once the float reached the 'full' position, the arm presses the valve shut again.

Tank fill valves are found in all tank-style toilets. The valves are of two main designs: the side-float design and the concentric-float design. The side-float design has existed for over a hundred years. The concentric-design has only existed since 1957, but is gradually becoming more popular than the side-float design, and Fluidmaster, founded in the United States by inventor Adolf Schoepe, makes them.

The side-float design incorporates a float, usually ball-shaped, which is located to one side of the main valve tower at the end of a rod or arm. As the side-float rises, so does the side-float-arm. The arm is connected to a linkage which blocks the water flow into the toilet tank, and thus maintains a constant level in the tank.







One type of Concentric Float Valve. The Concentric Float valve opens when the fluid level is low, allowing more fluid to enter (Figure 1). When the fluid level returns to the full level, the valve is shut (Figure 2).

The newer concentric-float fill valve consists of a tower which is encircled by a plastic float assembly. Operation is otherwise the same as a side-float fill valve, even though the float position is somewhat different. By virtue of its more compact layout, interference between the float and other obstacles (tank insulation, flush valve, and so on) is greatly reduced, thus increasing reliability. The concentric-float fill valve is also designed to signal to users automatically when there is a leak in the tank, by making much more noise when a leak is present than the older style side-float fill valve, which tends to be nearly silent when a slow leak is present.

[edit] Tank style with flapper-flush-valve






A traditional gravity toilet tank concluding the flush cycle. As the water level in the tank drops, the flush valve flapper falls back to the bottom, stopping the main flow to the flush tube. Because the tank water level has yet to reach the fill line, water continues to flow from the tank and bowl fill tubes. When the water again reaches the fill line, the float will release the fill valve shaft and water flow will stop.
1. float, 2. fill valve, 3. lift arm, 4. tank fill tube, 5. bowl fill tube, 6. flush valve flapper, 7. overflow tube, 8. flush handle, 9. chain, 10. fill line, 11. fill valve shaft, 12. flush tube
In a tank-based system, the storage tank (or cistern) collects between 6 and 17 liters of water over a period of time. This system is suitable for locations plumbed with 1/2" (15 mm) or 3/8" (10 mm) water pipes. The storage tank is kept full by a tank fill-valve. The storage tank is usually mounted directly upon the bowl, although some tanks are mounted on the wall above the bowl in an attempt to increase the flush water pressure as it enters the bowl. Tanks near the ceiling are flushed by means of a dangling pull chain, often with a large ornate handle, connected to a flush lever on the cistern itself. "Pulling the chain" remains a British euphemism for flushing the toilet, although this type of tank or cistern is becoming rare. A similar German expression exists: "Wasser ziehen" (to pull water).

In tanks using a flapper-flush-valve, the outlet at the bottom of the tank is covered by a buoyant plastic cover or flapper, which is held in place against a fitting (the flush valve seat) by water pressure. To flush the toilet, the user pushes a lever, which lifts the flush valve from the valve seat. The valve then floats clear of the seat, allowing the tank to empty quickly into the bowl. As the water level drops, the floating flush valve descends back to the bottom of the tank and covers the outlet pipe again. This system is common in homes in the USA and in continental Europe. Recently this flush system has also become available in the UK due to a change in regulations.

[edit] Tank style with siphon-flush-valve
This system, invented by Albert Giblin and common in the UK, uses a storage tank similar to that used in the flapper-flush-valve system above. This flush valve system is sometimes referred to as a valveless system, since no traditional type of valve is required. Some would argue, however, that any system of regulating the flow of a fluid is still technically a valve. In the siphon-flush-valve system, the user pushes a lever or button, forcing the water up into the tank siphon passageway which then empties the water in the tank into the bowl. The advantage of a siphon over the flush valve is that is has no sealing washers that can wear out and cause leaks, so it is favoured in places where there is a need to conserve water. Until recently, the use of siphon-type cisterns was mandatory in the UK to avoid the potential waste of water by millions of leaking toilets with flapper valves but due to EU harmonisation the regulations have changed. These valves can sometimes be more difficult to operate than a "flapper"-based flush valve because the lever requires more torque than a flapper-flush-valve system. This additional torque required at the tank lever is due to the fact that a user must forcefully lift a certain amount of water up into the siphon passageway in order to initiate the siphon action in the tank.

Older installations, known as "high suite combinations", used a high-level cistern (tank), fitted above head height, that was operated by pulling a chain hanging down from a lever attached to the cistern. When more modern close-coupled cistern and bowl combinations were first introduced, these were first referred to as "low suite combinations". Modern versions have a neater-looking low-level cistern with a lever that the user can reach directly, or a close-coupled cistern that is even lower down and integrated with the bowl. In recent decades the close coupled tank/bowl combination has become the most popular residential system, as it has been found by ceramic engineers that improved waterway design is a more effective way to enhance the bowl's flushing action than high tank mounting.

[edit] Tank style with high-pressure or pressure-assist valve
This system utilizes mains water pressure to pre-pressurize a plastic tank located inside of what otherwise appears to be the more typical ceramic flush tank. A flush cycle begins each time a user flushes the bowl. After a user flushes and the water in the pre-pressurized tank has finished emptying into the bowl, the outlet valve in the plastic tank shuts. Then the high pressure water from the city main refills the plastic tank. Inside the tank is an air-filled balloon-like rubber diaphragm. As the higher-pressure mains water enters the tank, the rubber diaphragm is also pressurized and shrinks accordingly. During flushing, the compressed air inside of the diaphragm pushes the water into the bowl at a flow rate which is significantly higher than a tank style gravity-flow toilet. This system requires slightly less water than a gravity-flow toilet. Pressure-assist toilets are sometimes found in both private (single, multiple and lodging) bathrooms as well as light commercial installations (such as offices). They seldom clog, but the pressurized tanks require replacement about once every 10 years. They also tend to be noisier - a concern for residential settings. The inner bowl stays cleaner (in appearance) than gravity counterparts because of the larger water surface area and the toilet's forceful flush. Newer toilets from several companies such as Koehler that are pressure-assisted use 1.4-1.1 gallons per flush

[edit] Tankless style with high-pressure (flushometer) valve
In 1906, William Sloan first made his "flushometer" style toilet flush valve, incorporating his patented design[11], available to the public. The design proved to be very popular and efficient, and remains so to this day. Flushometer toilet flush valves are still often installed in commercial restrooms, and are frequently used for both toilets and for urinals. Since they have no tank, they have zero recharge time, and can be used immediately by the next user of the toilet. They can be easily identified by their distinctive chrome pipe-work, and by the absence of a toilet tank or cistern, wherever they are employed.

Some flushometer models require the user to either depress a lever or press a button, which in turn opens a flush valve allowing mains-pressure water to flow directly into the toilet bowl or urinal. Other flushometer models are electronically triggered, using an infrared sensor to initiate the flushing process. Typically, on electronically triggered models, an override button is provided in case the user wishes to manually trigger flushing earlier. Some electronically triggered models also incorporate a true mechanical manual override which can be used in the event of the failure of the electronic system. In retrofit installations, a self-contained battery-powered or hard-wired unit can be added to an existing manual flushometer to flush automatically when a user departs.

Once a flushometer valve has been flushed, and after a preset interval, inside the flushometer valve a pneumatic mechanism closes the valve. The flushometer system requires no storage tank, but requires a high volume of water in a very short time. Thus a 3/4 inch (19 mm) pipe at minimum, or preferably a 1 inch (25 mm) pipe, must be used, but as the high volume is used only for a short duration, very little water is used for the amount of flushing efficacy delivered. Water main pressures must be above 30 psi. While the higher water pressure employed by a flushometer valve does scour the bowl more efficiently than a gravity-driven system, and while fewer blockages typically occur as a result of this higher water pressure, flushometer systems still require approximately the same amount of water as a gravity system to operate (1.6 gpf).

[edit] Bowl design
The bowl, loo or pan, of a toilet is the receptacle that receives bodily waste. A toilet bowl is most often made of porcelain, but can sometimes be made of stainless steel or composite plastics. Toilet bowls are mounted in any one of three basic manners: above-floor mounted (pedestal), wall mounted (cantilever), or in-floor mounted (natural position).

Within the bowl, there are three main water-way design systems: the siphoning trapped system (found primarily in North American residential installations, and in North American light commercial installations), the non-siphoning trapped system (found in most other installations both inside and outside of North America), and the valve-closet system (found in many specialty applications, such as in trains, planes, buses, and other such installations around the world). Older style toilets called "washout" toilets are now only found in a few locations.

[edit] Siphoning-toilet
The siphoning-toilet is perhaps the most popular design in North America for residential and light commercial toilet installations. Some other terms for these types of toilets are "siphon jet", "siphon wash", and in North America, "wash down". All siphoning-toilets incorporate an 'S' shaped water-way. The water-ways in these toilets are designed with slightly smaller diameters than a non-siphoning toilet, so that the water-way will naturally fill up with water, each time it is flushed, thus creating the siphon action. To flush the toilet the user activates a flushing mechanism (see above), which pours a large quantity of water quickly into the bowl. This creates a flow large enough to purge the bowl's water-way of all air, thus causing the bowl to empty rapidly due to the siphonic action that has been created. This flow stops as soon as the water level in the bowl drops below the first bend of the siphon, allowing air to enter the S-pipe to break the column of liquid and to halt the siphonic action.

A "true siphoning-toilet" can be easily identified by the noise it makes. If it can be heard to suck air down the drain at the end of a flush, then it is a true siphoning toilet. If not, then it is a non-siphoning toilet.

[edit] Non-siphoning toilet






Three styles of toilet.
Figure 1. The Washdown style.
Figure 2. The Wash-out style.
Figure 3. The Reverse Bowl or Shelf Style.






The bowl drain water-way is at the rear of the bowl and is connected to the waste pipe. In American designs the water-way discharge is situated between the rear floor-mount bolts of an extended base. From here it is directly bolted to a drain flange beneath the toilet.

[edit] Valve closet
The valve closet has a valve or flap at the exit of the bowl with a water-tight seal to retain a pool of water in the pan. When the toilet is flushed, the valve is opened and the water in the pan flows rapidly out of the bowl into the drains, carrying the waste with it.

The earliest type of toilet, the valve closet is now scarce as a water-flush toilet. More complicated in design than other water closets, reliability is lower and maintenance more difficult. The most common use for valve closets is now in portable closets for caravans, camping, trains, and aircraft where the flushing fluid is recycled. This design is also used in train carriages in areas where the waste is allowed to be simply dumped between the tracks (the flushing of such toilets is generally prohibited when the train is in a station).

[edit] Washout toilet
Washout toilets have a shallow pool of water into which waste is deposited, with a trapped drain just behind this pool. Waste is cleared out from this pool of water by being swept over into the trap (usually either a P-trap or an S-trap) and then beyond into a sewer by water from the flush. Washout pans were amongst the first types of ceramic toilets invented and since the early 1970s are now only found in a few localities such as in some parts of Germany.

[edit] Reverse bowl design






A German style reverse flush toilet which holds the excrement out of the water. This could be to make inspection easier, to reduce splashing, or just tradition. It greatly increases associated odor and may require a brushing after use.

In Germany and the Netherlands the bowl is designed to hold the fecal matter out of the water prior to flushing by means of a receiver shelf, whereas most standard designs (U.S., UK) immediately allow it to plunge into standing water. This reverse design prevents the occurrence of any splash-up which commonly happens when fecal matter plunges into the standing water in the standard designs (although substantial deposits may cause splash-up problems of their own). The disadvantage is that it also increases the associated odor and may require the use of a brush after use to clean the shelf. Similar designs are found in some early toilets in the U.S., one particular brand being labeled the "Grand Niagara", as the flushing of the shelf creates a waterfall effect into the drain chamber.

[edit] Cultural variations
In India, the "Anglo-Indian" design allows the same toilet to be used in the sitting or the squatting position. This type of toilet is also used on most Russian trains.

For a review of Japanese toilet usage and history, see Toilets in Japan.

[edit] US standards for low-flow and high-efficiency toilets
A pre 1994 flush-toilet or gravity-fed toilet uses 13 litres (3.4 US gallons or 2.8 imperial gallons) or more per flush. In 1992, the United States Congress passed the Energy Policy Act of 1992, which mandated that, from 1994, the common flush-toilet use only 1.6 US gallons (6 litres) of water per flush. In response to the Act, manufacturers produced low-flow toilets, which many consumers did not like. Manufacturers responded to consumers' complaints by improving the toilets. The improved products are generally identified as high efficiency toilets or HETs. HETs possess an effective flush volume of 4.8 litres (1.28 US gallons) or less.[12] HETs may be single-flush or dual-flush. A dual-flush toilet permits its user to choose between two amounts of water.[13] Some HETs are pressure-assisted (or power-assisted or pump-assisted or vacuum-assisted). The performance of a flush-toilet may be rated by a Maximum Performance (MaP) score. The low end of MaP scores is 250. The high end of MaP scores is 1000. A toilet with a MaP score of 1000 should provide trouble-free service. It should remove all waste with a single flush; it should not plug; it should not harbor any odor; it should be easy to keep clean. The United States Environmental Protection Agency uses a MaP score of 350 as the minimum performance threshold for HETs.[12] 1.6 gpf toilets are also sometimes referred as ULF toilets (or Ultra Low Flow) toilets.

[edit] Miscellaneous
[edit] Toilet trivia
[edit] Water-closet (WC), the name
The term "water-closet" was an early term for a room with a toilet. Originally, the term "wash-down closet" was used.[1] Originally, the term "bath-room" referred only to the room where the bathtub was located, which was usually a separate room, but this connotation has changed in common North American usage. In the UK, the terms "bathroom" and "toilet" are used to indicate discrete functions, even though bathrooms in modern homes have been designed according to the American norm since around the mid-sixties. The term "water closet" was probably adapted because in the late 1800s, with the advent of indoor plumbing, a toilet displaced an early clothes closet, closets being shaped to easily accommodate the spatial needs of a commode.[citation needed] The term "water closet" is still used today in some places, but it often refers to a room that has both a toilet and other plumbing fixtures such as a sink or a bathtub. Plumbing manufacturers often use the term "water-closet" to differentiate toilets from urinals. American plumbing codes still refer to a toilet as a "Water Closet" or a "WC". Many South American countries refer to a toilet as a "Water" which is now a term commonly found in Spanish dictionaries, and which derives from the British term "water closet". In French the expression "aller aux waters" ("to go to the waters") has now become obsolete, but it also derives from "water closet". "WC" is still used in the French language, although not as common as the term "toilet", and pronounced as "VC", a shortened version of "double V C". In Germany the expression "Klo" (first syllable of "closet") is still used, though the term is colloquial and not welcome in polite conversation.

In Germany and the Netherlands (due to the bowl design (above)) the toilet is still kept in a separate room known as the "WC" even in newly built residences. In the Dutch-speaking part (Flanders) as well as the French-speaking part of Belgium (Wallonia), "WC" is a frequently used synonym for "toilet".

[edit] Swirl direction
It is a commonly held misconception that when flushed, the water in a toilet bowl swirls one way if the toilet is north of the equator and the other way if south of the equator, due to the Coriolis effect – usually, counter clockwise in the northern hemisphere, and clockwise in the southern hemisphere. In reality, the direction that the water takes is much more determined by the direction that the bowl's rim jets are pointed, and it can be made to flush in either direction in either hemisphere by simply redirecting the rim jets during manufacture. On the scale of bathtubs and toilets, the Coriolis effect is too weak to be observed except under laboratory conditions. [14]
[edit] Toilet repair
[edit] Manually filling the bowl
If the flush mechanism should fail in any toilet, the bowl contents can still be flushed out by quickly emptying a large bucket of two or three gallons (ten litres) of water into the bowl all at once. A domestic hose pipe will not work, as it cannot supply water fast enough to fill the siphon tube. (After flushing some water should be added to fill the basin to re-form the gas trap.)

[edit] Flush tank repair
For flapper-flush-valve style toilets found mostly in North America, if the handle should have to be held down to achieve a complete flush, an adjustment might need to be made in the handle-float-stopper mechanism. The handle of a toilet is typically attached to a stopper via a chain. A float is attached to the chain between the handle lever and the stopper. The float acts as a counter-balance to allow a certain amount of water to escape through the flush hole in the tank. The float mechanism on the chain should be some distance under the water level of the tank so it can keep the stopper open during a flush until the tank level reaches a certain level. At a certain level the float will pop to the top of the water and the stopper will close. The float should be at a position on the chain where it is under water and does not have so much buoyancy to allow water to leak through the stopper.

For siphon-flush-valve style toilets found mostly in the UK, the siphon's hidden, oblong, plastic diaphragm will tend to split and crack after approximately 10 years. The effectiveness of the flush can deteriorate suddenly or gradually as the cracking increases. This will often prompt owners to replace much of the system. However, the diaphragms are of a standard design and are inexpensive (50p) and simple to replace. Inside the cistern, unhooking the flush-handle's s-link allows the plunger and diaphragm to be removed, once the lower part of the siphon is unscrewed (it is not necessary to remove the whole assembly with some multiple part siphons—the main outlet pipe can be left in place. Most are one piece and require removing from the cistern completely. There is also a small rubber diaphragm in the ballcock inlet assembly, which can deteriorate over a period of around 10 years—if adjusting the water level becomes problematic, it is worth changing this inexpensive diaphragm.

Plumbing fixture

A plumbing fixture is a device which is part of a system to deliver and drain away water, but which is also configured to enable a particular use.

	 


Common fixtures
The most common plumbing fixtures are:

· water closets (WC) (known as toilets in the USA, loos, flush toilets or lavatories in Britain) 

· urinals 

· lavatories (also called bathroom sinks) 

· kitchen sinks 

· utility sinks 

· bathtubs 

· showers 

· bidets 

· drinking fountains 

· Hose bibbs (connections for water hoses) 

· Terminal valves for dishwashers, ice makers, humidifiers, etc. 

Tapware is an industry term for that sub-category of plumbing fixtures consisting of water taps (British English) or faucets (American English) and their accessories such as water spouts and shower heads.

 Outlets and drains






A bathtub drain.

Each of these plumbing fixtures has one or more water outlets and a drain. In some cases, the drain has a device that can be manipulated to block the drain to fill the basin of the fixture. Each fixture also has a flood rim, or level at which water will begin to overflow. Most fixtures also have an overflow, which is a conduit for water to drain away, when the regular drain is plugged, before the water actually overflows at the flood rim level. However, water closets and showers (that are not in bathtubs) usually lack this feature because their drains normally cannot be stopped.

Each fixture usually has a characteristic means of connection. Normal plumbing practice is to install a valve on each water supply line before the fixture, and this is most commonly termed a stop or "service valve". The water supply to some fixtures is cold water only (such as water closets and urinals). Most fixtures also have a hot water supply. In some occasional cases, a sink may have both a potable (drinkable) and a non-potable water supply.

Lavatories and water closets normally connect to the water supply by means of a supply, which is a tube, usually of nominal 3/8 in (U.S.) or 10 or 12 mm diameter (Europe and Middle East), which connects the water supply to the fixture, sometimes through a flexible (braided) hose. For water closets, this tube usually ends in a flat neoprene washer that tightens against the connection, while for lavatories, the supply usually ends in a conical neoprene washer. Kitchen sinks, tubs and showers usually have supply tubes built onto their valves which then are soldered or 'fast joint'ed directly onto the water supply pipes.

 Traps and vents






This drain cover has a container underneath (which can be taken out for cleaning and revealing another container below) acting as a trap. Water inside the container forms a seal when the cover is in place. Positive air pressure will push the cover up, acting as an early warning device. The underside of the cover (centre image) is kept moist by condensation occurring and insects that go back up the drain pipe get stuck to the walls of the cover.

All plumbing fixtures have traps in their drains; these traps are either internal or external to the fixtures. Traps are pipes which curve down then back up; they 'trap' a small amount of water to create a water seal between the ambient air space and the inside of the drain system. This prevents sewer gas from entering buildings.

Most water closets, bidets, and many urinals have the trap integral with the fixture itself. The visible water surface in a toilet is the top of the trap's water seal.

Each fixture drain, with exceptions, must be vented so that negative air pressure in the drain cannot siphon the trap dry, to prevent positive air pressure in the sewer from forcing gases past the water seal, and to prevent explosive sewer gas buildup.

 Drains
The actual initial drain part in a lavatory or sink is termed a strainer. If there is a removable strainer device that fits into the fixed strainer, it is termed a strainer basket. The initial pipe that leads from the strainer to the trap is termed the tailpiece.

Floor-mounted water closets seal to the toilet flange of the drain pipe by means of a wax ring. These are traditionally made out of beeswax. However, their proper sealing depends on proper seating of the water closet, on a firm and secure base (floor), and on proper installation of the closet bolts which secure the closet to the flange, which is in turn supposed to be securely fastened to the floor.

 Electronic plumbing






Sensor operated plumbing fixtures have fewer moving parts, and therefore outlast traditional manual flush fixtures. Additionally, they reduce water consumption by way of intelligent flushing schedules (fuzzy logic) that determines the quantity of each flush based on how many people are standing in line to use the fixture.







One of several wall-mounted sensors installed in a shower room, to control the shower nozzle above it.

In public facilities, the trend is toward sensor-operated fixtures that improve hygiene and save money. For example, sensor operated automatic-flush urinals have fewer moving parts, reduce wear, and tend to last longer than manual-flush valves. Also they ensure fixtures are flushed only once per use. Some contain intelligence that flushes them at different amounts of water flow depending on traffic patterns: e.g., the fixture can detect a lineup of users and only give a full flush after the last person has used the urinal.

Automatic flush compensates for users who do not bother to flush. Also, since the fixtures are always flushed, there is no need for a urinal cake, or other odor reduction. Sensor-operated toilets also have automatic flush. Sensor-operated faucets and showers save water. For example, while a user is lathering up with soap, the fixture shuts off and then resumes when the user needs it to. Sensor-operated soap and shampoo dispensers reduce waste and spills that might otherwise represent a slippage hazard.

However, many people, especially children, dislike or even fear automatic flush toilets, since they have the tendency to flush without warning, even while the user is still sitting on the toilet. Some parents have started keeping track of public bathrooms that have manual flush toilets, or even carrying post-it notes or other devices with them to temporarily disable the automatic flush sensor.[1]
These fixtures typically cost more to install than conventional plumbing fixtures, because thy require the services (or presence) of both a licensed plumber and a licensed electrician. Construction companies on cost-plus contracts may actually favor these fixtures for this reason, although their clients may not. The additional complexity of these fixtures also complicates repairs, particularly the diagnosis of malfunctions causing unexpected flushing. Few electricians, and fewer plumbers, understand microelectronics well enough for complex diagnosis.
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