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Abstract— Through this paper ,we would be covering the possible ways of treating the ballast water available on board , there ways of working and how effective they are and also there relative disadvantages. 
Keywords- BALLAST WATER, IMO REGULATION FOR   BALLAST WATER

Introduction
The requirement for ballast water treatment arises from the requirements of regulation D-2 of the International Convention for the Control of Ships Ballast Water and Sediments (BWM Convention). In response to this, a number of technologies have been developed and commercialised by different vendors. Many have their basis in land-based applications for municipal and industrial water and effluent treatment, and have been adapted to meet the requirements of the BWM Convention and shipboard operation. This publication comprises an outline description of water treatment processes and an appraisal of commercially available and developing technologies for ballast water treatment. The publication contains a summary both of the governing regulation that ultimately makes ballast water treatment mandatory, and of water treatment technology as it relates to ballast water management. These sections then provide the background knowledge and context for an assessment of the commercial technologies either currently commercially available or projected to be technical and economic viability and testing and approval status.







A number of factors are taken into account for choosing a ballast water treatment system for a ship. Some of the main factors taken into consideration   are  –

· Effectiveness on ballast water organisms
· Environment-friendliness
· Safety of the crew
· Cost effectiveness
· Ease of installation and operation
· Space availability on board
                                






                             

                                        Regulation
Ballast water quality and standards Ballast water when taken onboard will contain a variety of organisms including bacteria and viruses and the adult and larval stages of the many marine and coastal plants and animals. While the vast majority of such organisms will not survive to the point when the ballast is discharged, some may survive and thrive in their new environment. These ‘non-native species’, if they become established, can have a serious ecological, economic and public health impact on the
	Organism category
	Regulation

	Plankton, >50 µm in minimum dimension
	< 10 cells / m3

	Plankton, 10-50 µm
	< 10 cells / ml

	Toxicogenic Vibrio cholera (O1 and O139)
	< 1 cfu* / 100 m

	Escherichia coli
	< 250 cfu* / 100 m

	Intestinal Enterococc
	< 100 cfu* / 100 ml


Receiving environment. The International Maritime Organization (IMO) has developed international legislation (The International Convention for the Control and Management of Ships’ Ballast Water and Sediments) to regulate discharges of ballast water and reduce the risk of introducing non-native species from ships’ ballast water. Regulation D-2 of the Convention sets the standard that the ballast water treatment systems must meet (Table 1). Ballast water treatment systems must be tested and approved in accordance with the relevant IMO Guidelines.

       Table 1 IMO ‘D2’ standards for discharged ballast water

Ships will be required to treat ballast water in accordance with the timetable shown in Table 2. According to this table, a key milestone arises in 2009, when ships under construction in or after that date having less than 5000 m3 ballast water capacity must have ballast water treatment installed to meet the D2 Standard in the Convention. This is likely to apply to around 540 ships estimated to be commencing construction in 2009.




	Ballast capacity
	Year of ship construction

	
	Before 2009
	2009+
	2009-2011
	2012+

	< 1500 m3
	Ballast water exchange or treatment until 2016 Ballast water treatment only from 2016
	Ballast water treatment only
	
	

	1500 – 5000 m3
	Ballast water exchange or treatment until 2014 Ballast water treatment only from 2014
	Ballast water treatment only
	
	

	> 5000 m3
	Ballast water exchange or treatment until 2016 Ballast water treatment only from 2016
	
	Ballast water exchange or treatment until 2016 Ballast water treatment only from 2016
	Ballast water treatment only



        

METHODS FOR TREATMENT

The main types of ballast water treatment technologies available in the market are:
· Filtration Systems (physical)
· Chemical Disinfection ( oxidizing and non-oxidizing biocides)
· Ultra-violet treatment
· Deoxygenation treatment
· Heat (thermal treatment)
· Acoustic (cavitation treatment)
· Electric pulse/pulse plasma systems
· Magnetic Field Treatment.

But since it becomes impossible to cover all the methods so we would be covering first three methods .
A typical ballast water treatment system on board ships use two or more technologies together to ensure that the treated ballast water is of IMO standards.

Physical Separation/ Filtration Systems Ballast Water Treatments
Physical separation or filtrations systems are used to separate marine organisms and suspended solid materials from the ballast water using sedimentation or surface filtration systems. The suspended/filtered solids and waste (backwashing) water from the filtration process is either discharged in the area from where the ballast is taken or further treated on board ships before discharging.
The following equipment are mainly used for ballast water filtration:
Screens/Discs : 
Screens (fixed or movable) or discs are used to effectively remove suspended solid particles from the ballast water with automatic backwashing. These are extremely environmentally friendly as they do not require usage of toxic chemicals in the ballast water. Screen filtration is effective for removing suspended solid particles of larger size but is not very handy in removing particles and organisms of smaller sizes.
Note: It has been noticed that though screens are highly effective in removing majority of suspended solid particles and organisms from ballast water, they alone are not sufficient to treat the ballast water according to IMO standards.
Hydrocyclone : 
Hydrocyclone technology is also used as an alternative to filtration, providing enhanced sedimentation by injecting the water at high velocity to impart a rotational motion which creates a centrifugal force (Fig. 3b) which increases the velocity of the particle relative to the water. The effectiveness of the separation depends upon the difference in density of the particle and the surrounding water, the particle size, the speed of rotation and residence time.
Since both hydrocylcones and filters are more effective for larger particles, pre-treatment with coagulants to aggregate (or ‘flocculate’) the particles may be used upstream of these processes to increase their efficacy. However, because flocculation is time dependent, the required residence time for the process to be effective demands a relatively large tank. The processes can be advanced, however, by dosing with an ancillary powder of high density (such magnetite or sand) along with the coagulant to generate flocs which settle more rapidly. This is sometimes referred to as ‘ballasted flocculation’, and is used in some municipal water treatment installations where space is at a premium and has been used in one of the systems included in this publication
Hydrocyclone is an effective equipment for separating suspended solids from the ballast water. High velocity centrifugal force is used to rotate the water to separate solids. As hydrocyclone doesn’t have a moving part, it is easy to install, operate and maintain on board ships.
Note: It has been found that as the operation of hydro cyclone heavily depends on the mass and density of the particle, they are not successful in removing smaller organisms from the ballast water.
Coagulation :
 As most of the physical filtration methods are not able to remove smaller solid particles, the method of coagulation is used prior to the filtration process to join smaller particles together to increase their size. As the size of the particles increase, the efficiency during the above mentioned filtration processes increases. Such treatment involving coagulation of smaller particles into small flocs is known as flocculation. The flocs settle more quickly and can be removed easily.
Note: Some ballast water treatment systems using coagulation and flocculation utilize ancillary powder (sand, magnetite etc.) or coarse filters to produce flocs. An additional tank is required for treating ballast water for this process and thus extra space is required on board ships.
Media Filters : 
Physical ballast water treatment systems with media filters can also be used in order to filter out smaller sized particles. It has been found that compressible media filters (Crumb rubber) are more suited for shipboard use because of their compact size and lower density as compared to conventional granular filtration systems.
Magnetic Field Treatment
The magnetic field treatment uses the coagulation technology. Magnetic powder is mixed with the coagulants and added to the ballast water. This leads to the formation of magnetic flocs which includes marine organisms. Magnetic Discs are used to separate these magnetic flocks from the water. (Refer the figure above)
Chemical Disinfection (Oxidizing and non-oxidizing biocides) Ballast Water Treatments
A number of different chemicals or chemical processes have been employed in the ballast water treatment systems reviewed including: • Chlorination • Electrochlorination • Ozonation • Chlorine dioxide • Peracetic acid • Hydrogen peroxide • Menadione/Vitamin K The efficacy of these processes varies according to the conditions of the water such as pH, temperature and, most significantly, the type of organism. Chlorine, whilst relatively inexpensive is virtually ineffective against cysts unless concentrations of at least 2 mg/l are used. Chlorine also leads to undesirable chlorinated byproducts, particularly chlorinated hydrocarbons and trihalomethanes. Ozone yields far fewer harmful byproducts, the most prominent being bromate, but requires relatively complex equipment to both produce and dissolve it into the water. Chlorine dioxide is normally produced in situ, although this presents a hazard since the reagents used are themselves chemically hazardous. Peracetic acid and hydrogen peroxide (provided as a blend of the two chemicals in the form of the proprietary product Peraclean) are infinitely soluble in water, produce few harmful byproducts and are relatively stable as Peraclean. However this reagent is relatively expensive, is dosed at quite high levels and requires considerable storage facilities
Biocides (Oxidizing and non-oxidizing) are disinfectants which have been tested to potentially remove invasive organisms from ballast water. Biocides removes or inactivates marine organisms in the ballast water. However, it is to note that the biocides used for ballast water disinfectant purpose must be effective on marine organisms and also readily degradable or removable to prevent discharge water from becoming toxic in nature.
On the basis of their functions, biocides are mainly divided into two types:
· Oxidizing
· Non-Oxidizing
Oxidizing biocides :
 Oxidizing biocides are general disinfectants such as chlorine, bromine, and iodine used to inactivate organisms in the ballast water. This type of disinfectants act by destroying organic structures of the microorganisms such as cell membrane or nucleic acids.
Non-oxidizing biocides : 
Non-oxidizing biocides are a type of disinfectants which when used interfere with reproductive, neural or metabolic functions of the organisms.
Oxidizing Biocides
Some of the processes utilizing oxidizing biocides used on board ships are:
Chlorination – Chlorine is diluted in water to destroy the micro-organisms.
Ozonation – Ozone gas is bubbled into the ballast water using an ozone generator . The ozone gas decomposes and reacts with other chemicals to kill organisms in the water.
Other oxidizing biocides such as chlorine dioxide, peracetic acid, and hydrogen peroxide are also used to kill organisms in the ballast water.
Non-Oxidizing Biocides
Though there are several non-oxidizing biocides available in the market, only a few such as Menadione/ Vitamin K are used in ballast water treatment system as they tend to produce toxic by-products. A lot of research is being made in this field to make more non-oxidizing biodes feasible for use in ballast treatment plant.
Ultra-Violet Treatment Method
Ultraviolet ballast water treatment method consists of UV lamps which surround a chamber through which the ballast water is allowed to pass. The UV lamps (Amalgam lamps) produce ultraviolet rays which acts on the DNA of the organisms and make them harmless and prevent their reproduction. This method has been  successfully used globally for water filtration purpose and is effective against a broad range of organisms.

SUMMARY

After studying these methods of ballast water treatment, we found how each methods works ,how efficient it is to install it on board, what environment consequences it has . Also the relative disadvantages of one over the other method. 
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