Tertiary Treatment

Introduction

· Because of increasing concern at the presence of soluble non-biodegradable organic, inorganic nutrients and salts, and trace contaminants of various type in conventionally treated effluent and probably also in raw water, there is now considerable interest in advance treatment or water reclamation techniques (tertiary treatment).

· Such techniques may have application in eutrophication control, water reuse for potable supply and in the production of freshwater from saline sources.

Water Reclamation

· Increasing demands for water in the future require the development of new sources, some of which will contain significant proportions of sewage effluent and industrial wastewater.

· The direct re-use of sewage effluent to satisfy a number of industrial water requirements is already an acceptable practice.

· The use of sewage as a source of potable water is technically feasible, but would be relatively costly and its use would probably produce psychological objections from the consumers.

· There are a number of example situations where emergency conditions have required the treatment of heavily polluted waters without danger to the consumer just to produce wholesome water instead of palatable water.

· Table 1 and 2 illustrate the limitation of conventional treatment as regard of the removal of dissolved solids, chloride, nitrogen compounds and dissolved organic.

Table 1: Limitation of Conventional Treatment

	Characteristic
	Raw Water
	Treated Water

	Turbidity (unit)
	25
	0.6

	Color (unit)
	21
	4

	TDS, mg/L
	768
	759

	Cl, mg/L
	48
	50

	Amm-N, mg/L
	1.4
	1.3

	NO2-N, mg/L
	0.55
	0.47

	NO3-N, mg/L
	7
	8

	PV, mg/L
	3.7
	1.9

	E.coli/100 ml
	9700
	0

	37 oC colonies/ml
	5100
	4

	22 oC colonies/ml
	87000
	11


Table 2: Reuse of Sewage by Conventional Treatment

	Characteristic
	Original Water
	After 10 Cycles

	TDS, mg/L
	305
	1139

	Cl, mg/L
	63
	520

	Amm-N, mg/L
	-
	10

	NO3-N, mg/L
	1.9
	2.7

	COD, mg/L
	-
	43

	ABS
	-
	4.4

	SO4
	101
	89

	PO4
	-
	3.9


Removal of Impurities by Tertiary Treatment

From  Table  1  and  2  above  it is  clear  that  to  obtain  a wholesome potable water from heavily polluted sources such as sewage effluent, conventional water treatment alone is not sufficient.

Dissolved Organic Removal

· Substantial removal of soluble organic can be achieved by adsorption on activated carbon.

· Both powdered and granular forms of activated carbon can be employed to give relatively high removals of COD and TOC, although a residual of un-adsorb-able material may remain in the water.

· It must be appreciated that activated carbon adsorption does not provide a solution for all situation in which organic contamination creates problems.

Dissolved Solids Removal

In many parts of the world, brackish groundwater are found with TDS levels in excessive values, and in arid areas these groundwater or sea water may be the only available source of water.

Multi-stage Distillation

· The distillation of sea water in evaporators has long been an accepted procedure for obtaining high-purity water although the finished product is not acceptable for drinking water.

· Modern distillation plants operate on the multi-stage flash processor which is based on the preheating of a pressurized salt-water stream, composed of seawater feed and return brine solution, with final heating taking place in a steam-fed heat exchanger.

· The heated salt water is then released to the first chamber where pressure is reduced thus allowing part of the water to flash vaporize to steam which is condensed in a heat exchanger fed with the incoming salt water.

· The remaining steamed-water passes to the next stage which operates at a slightly lower pressure so that further evaporation occurs again (see Figure 1).

· Most plants have thirty to forty stages with a temperature range  of  ambient +5 oC to 110 oC. with basic energy requirement of around  200 MJ/m3 of distillate.

Reverse Osmosis

· Reverse osmosis depends upon the phenomenon of osmosis in which certain types of membrane will permit the passage of fresh water whilst preventing or restricting the movement of soluble materials.

· If a semi-permeable membrane is used as a barrier between a salt solution and fresh water the solvent, i.e., the water will pass through the membrane to equalize the salt concentration on either side.

· This movement occurs because of the osmotic pressure exerted by the dissolved salt.

· The osmotic pressure is directly proportional to the concentration of the solution and to the absolute temperature. For sea water the osmotic pressure is about 2.5 MPa.

· If  a salt solution is subjected to a pressure greater than its osmotic pressure, water will pass through the membrane giving a desalted product and leaving a concentrated brine.

· In practice, the pressure is applied at 4-6 MPa to obtain desalted water in the order of 0.5-2.5 m3/m2.day with energy requirement of around 60-100 MJ/m3 (see Figure 2).

Electrodialysis

· For brackish groundwater the electrodialysis process is fairly widely used although it is not suitable for handling seawater.

· Batteries of ion-selective membranes are placed in a cell so that when an electrical potential is applied migration of ions occurs, giving alternate reduced salinity and concentrated-salinity chambers.

· Pre-treatment of the raw water is not so important as with reverse osmosis process although organic matter and sulphates can cause fouling of the membranes and iron and manganese should be removed to prevent their precipitation on the membrane surfaces (see Figure 3).
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