
CHEMICAL TREATMENT OF THE BALLAST WATER 

 

The learning objectives of this part are to get familiarized with: 

➢ awareness of the importance of using ballast on board, 

➢ notions related to chemical treatments used to treat ballast water in order to minimize 

pollution of the marine environment. 

 

Around the world 80% of the cargo is carried by ships. Increasing cargo volumes, 

demand for greater number of ships for transportation has expanded navigation. While 

unloading cargo, the ships pump in water for buoyancy from a port and discharge the pumped 

in water onto another port. So, the movement of vessels around the world oceans requires the 

intake of sea water as ballast water to give them safe degree of stability when light. This intake 

and discharge of seawater to give the ships its stability and manoeuvrability during the loading 

and unloading operations is termed as Ballast water. Ballast water is essential for the safe 

operation of ships in marine environment. Management of ballast water reduces the hull stress 

caused by adverse sea conditions or by changes in cargo weight as well as fuel and water. 

Ships are designed with an optimal waterline that depends on shape and weight. The 

more weight you put in the ship, the higher the waterline will be on the ship’s hull. Yet, the 

optimal waterline ensures safe balancing and prevents ship from keeling over. Ballasts are 

huge water tanks located all around the ship in specific spots and allow to increase the ship’s 

weight in order to keep the optimal waterline. 

Ballast water is used for balancing the ship and maintain the waterline at its optimal 

level. When the ship has been loaded, if its overall weight is lesser than its maximum weight, 

ballasts need to be filled until getting in enough water to reach the optimal waterline. 

 

 
Ballast water treatment scheme[en.bio-uv.com/ballast-water-treatment]  

 

Ballast water is recognized as one of the principal vectors for the spread of potentially 

invasive alien species and is estimated to be responsible for the transfer of approximately 7,000 

to 10,000 different species of marine microbes, plants and animals globally each day. It is 



estimated that every 9 weeks new invasive species are introduced to the ecosystem. Around 

the world, because of invasive species there is an economic loss near to tens of billions of US 

dollars per year. Human health is affected by invasions through spread of diseases like paralytic 

poisoning, cholera outbreak etc. Ballast water discharge typically contains a variety of 

biological materials, including plants, animals, viruses, and bacteria. There are hundreds of 

organisms carried in ballast water that cause ecological effects outside their natural 

environment. The International Maritime Organization lists the ten most unwanted species in 

ballast water operations. 

Every country around the world is affected by the ballast water discharge which carries 

with them many invasive species along with other pathogenic organisms. Treatment and 

dispersal of ballast water is identified as one of the major procedures for the management of 

marine ecosystem. Canada and Australia are among the first countries to experience problems 

with harmful aquatic invasive species. Their concerns were brought to the attention of 

International Maritime Organization’s (IMO) Marine Environment Protection committee 

(MEPC). Finally, after many years of negotiations, the International Convention for the Control 

and Management of ship’s ballast water and sediments (Ballast Water Management 

Convention, 2004) was eventually adopted by an IMO Diplomatic Conference in February 

2004. The ballast water management (BWM) convention has been signed by 81 countries as 

of January 9, 2020. The Convention directs all ships in international trade to manage their 

ballast water and sediments to certain standards, according to a ship-specific ballast water 

management (BWM) plan. The convention specifies standards for discharge of biological 

organisms to the port of call. But there is no mention in the convention regarding the physical-

chemical aspects of ballast water discharge. It is known that ballast water management is 

dynamic and dependent on the specific design of a ship and the sea conditions in which it 

operates. To maintain optimal balance in changing sea and weather conditions, a crew must 

continually adjust the ballast levels either by taking up additional water or by discharging 

water. Thus, ballast water management occurs at both ports and on high seas. Thousands of 

marine species could enter a ship’s ballast tanks while pumping in ballast waters. 

According to the article 9 of the BWM convention, the Port officers are required to 

check the ship’s compliance with the applicable requirements, which involves checking 

certificates, crew familiarization and BW sampling.  

There are two types of sampling, required for checking compliance with the Ballast 

water convention. One is to verify compliance with Regulation D-1 (BW exchange standard) 

and the other is to verify compliance with Regulation D-2 (BW performance standard). To 

check with the D-1 compliance is relatively easy as it needs to check with whether the ship’s 

ballast water is being exchanged in the mid sea before entering the port. These can be checked 

with a salinometer.  

The compliance of the ship with the D-2 regulation is difficult as it needs more complex 

and precise testing to evaluate the complex organisms in the ballast water. The sampling and 

analysis of the ballast water are in a growing stage and lot of uncertainties prevails around 

them. Moreover, some of the member states and ship owners claim that if the ship is 

operationally compliant with the Type approved BWMS and correctly maintained and operated 

(IMO, 2014), then there is no need for sampling and quality analysis. So, technical uncertainty 

concerning the ballast water sampling remains an evolving area for the implementation of the 



BWM convention. Ballast water along with invasive species is known to have physical-

chemical parameters not permitted and acceptable in the marine ecosystem. Colour, turbidity, 

temperature, salinity, conductivity, dissolved oxygen; radioactivity and suspended solids are 

some of the water quality parameters which have been used as indicators of physical data which 

are vital for the proper management of the marine environment. Changes in the physical-

chemical parameters in coastal waters have been attributed to human activities and there is 

dearth of data on how much is contributed by ballast water and how much is being discharged 

by ships all over the world on daily basis. Species introductions have become even more 

evident in recent decades as transit times have diminished and ballast water volumes have risen.  

When ballast water is taken up from the port of origin many microscopic organisms 

and sediments are introduced into the ballast tanks of ships. Many of these organisms can 

survive in these tanks and when ballast water is discharged in the port of loading, they are 

released into new environments. In some cases, there is high probability that the alien species 

will become dominant, resulting in extinction of endemic species, affecting the local/regional 

biodiversity. Restricting the invasion of phytoplankton, zooplankton, microorganisms etc into 

a foreign environment, is the need of the hour thereby protecting the endemic species and 

maintaining the ecosystem balance. Ballast water convention 2004 has approved certain 

management methods such as ballast water exchange, ballast water treatment, and discharge of 

ballast water to port reception facilities. The treatment and dispersal of ballast water is 

identified as one of the major procedures for the management of marine ecosystem. The IMO, 

2004 has mandated performance standards limiting the concentrations of live organisms 

allowed to be released (D-2) are: 1) Fewer than 10 organisms per m3 ≥ 50 μm size. 2) Fewer 

than 10 organisms per ml between <50 μm and ≥10 μm. 3) Fewer than set concentrations for 

harmful or indicator organisms (E.coli, Vibrio cholera). Different treatment systems are 

available in the market but none of the treatments and combination of treatment systems are 

able to remove 100% of the organisms especially for organisms less than 50 μm size range. 

Ballast water exchange is a ballast water management method most widely practiced 

and relied upon to minimize the risk of ballast water mediated invasions. For providing 

supplementary guidance for ships, IMO (2006c) has developed guidelines for ballast water 

exchange “Guidelines for ballast water exchange design and construction standard (G11)”. 

According to the Ballast water convention, Ballast water exchange should be carried out at 

least 200 nautical miles from the nearest land and in water at least 200 m in depth (IMO, 2004). 

In addition, the regulation D-1 of the BWM convention specifies that “ships performing ballast 

water exchange shall conduct such operation with an efficiency of a minimum 95 % volumetric 

exchange” (IMO, 2004). Different methods of ballast water exchange are followed, and they 

are sequential method, flow through method and dilution method. CEPA, 2002 studied the 

effectiveness of these methods and found that flow through method can remove 95% of 

organisms in the ballast tank. Variable safety issues occur during these exchange processes. 

Safety aspects like stability, longitudinal stress, wave induced hull vibrations, forward and aft 

droughts and bridge visibility must be considered while performing mid-sea exchange. 

 

 

 



Chemical treatment 

Treatment of ballast water with biocides is an attractive option due to their potential for 

eradicating a broad range of organisms and the potential ease of incorporating the technology 

into existing and future vessel designs. 

Biocides may be used to eliminate aquatic organisms in either a primary (without pre-

treatment) or a secondary treatment approach. The secondary treatment approach requires the 

initial removal of interfering compounds and materials prior to the biocide being applied. Many 

believe that the chemical treatment of ballast water cannot be a stand-alone treatment because 

of the high dosages required to kill larger organisms. However, a higher kill or removal rate 

may be accomplished when the biocide is applied as a secondary or tertiary treatment 

technique, such as application after filtration. 

The information on the biocides used in BW treatment was reviewed and organized into a 

searchable relational database based on a specific set of evaluation criteria. These criteria were 

developed to provide a consistent means of comparison and to help guide the assessment of 

each identified biocide in its potential application for ballast water treatment. The criteria 

included: 

• Dosage/toxicity information. 

• Inhibitors/interferences to/with biocide reactivity. 

• Efficacy on classes of organisms. 

• Stability of the biocide. 

• Biocide degradation/by-products (rates and causes) and environmental acceptability. 

• Crew safety. 

• Availability of the biocide (includes whether the biocide is a common commercial 

product, a specialty product, etc.). 

• Shipboard application considerations (e.g., on board storage, on board generation, 

biocide unit costs [i.e., $/unit volume or mass]). 

• Conventions, laws, and regulations governing the use of biocides. 

 

Biocides may act through any of several modes of organism inactivation. These include: 

✓ disruption of membrane, envelope, or capsid lipid or protein constituents, 

✓ blockage of receptor-ligand interactions essential for infectivity,  

✓ inhibition of replication of pathogens, 

✓ alteration of the environment and reduction of susceptibility of infection, 

✓ enhancement of the local immune responses.  

In addition to the mode of action, there are many other factors that influence the efficacy 

of biocides on microorganisms and other aquatic species. These factors include the biocide’s 

chemical properties, treatment process, the size, and characteristics of the (micro)organism, 

biocide concentration, dosage and contact time, and water quality (e.g., salinity, pH, 

temperature, oxygen content). 

Chlorine is a strong oxidizing agent. The main disinfectant species are hypochlorous acid 

(in both ionic and protonated forms) and chloramines. Its effectiveness as a disinfectant 

depends on temperature, residual chlorine, and reaction time. Chlorine can be added through 

chlorinator installed in-line to the ballast tank. Excess chlorine can be neutralized before 

discharging through de chlorination using sulphur dioxide. Sulphur dioxide reacts with chlorine 



to form chloride ions. Concentrations of chlorine above 3 ppm are not recommended due to 

formation of high values of Tri-halo methanes (>100 mg/L). The lowest chlorine concentration 

tested (1 ppm) presented the lowest Tri-halo methane concentration. It is suggested to use low 

concentration of chlorine in continuous flux, to improve the chlorine efficiency. Available 

chlorine with concentration of 20 mg/L is able to kill almost all the bacteria in the sea water. 

So, the concentration needed for phytoplankton, zooplankton and benthic invertebrate’s 

treatment vary depending on the species and the density ranging from 5 mg/L to 100 mg/L. 

Bolch et al. (1993) reported 100 % and 90 % deactivation of Gymnodinium catenatum cysts 

with chlorine dosages of 500 ppm and 100 ppm respectively. Australian Quarantine and 

inspection species (AQIA) 1993, suggest that chlorine dosages between 100 and 500 mg/L 

have been used for ballast water disinfection. While the study also suggests that usage of 

filtration unit with chlorination could decrease the chlorine dosage to 5 mg/L. Maximum 

mortality of total zooplankton and phytoplankton was found to be 76.4 % and did not find 

significant differences (<0.05) among treatments. 

Chlorine dioxide is a strong disinfectant produced on site. Ichikawa et al. (1992) examined 

effectiveness of chlorine dioxide on inactivating the cysts of Alexandrium catenella and 

Gymnodinium catenatum with dosages of Alexandrium C (100 mg/L) and Gymnodinium C (3–

6 mg/L). Mortality was more than 97 % for both microorganisms and, also tested Chattonella 

marina using a dose of 15 mg/L. Bolch et al. (1993) achieved 98 % removal on Gymnodinium 

catenatum cysts with a concentration of 500 mg/L. One of the disadvantages of using chlorine 

dioxide is its cost and formation of toxic by-products. 

Peraclean – biocide 

The main bio reactive component of Peraclean product is peroxyacetic acid (PAA), with 

hydrogen peroxide (H2O2) as the secondary active ingredient that acts as a weak biocide for 

bacteria. Peraclean is a biocide solution used for disinfection. It is effective against various 

bacteria, yeasts, molds and viruses. Peraclean can be applied to various sources and surfaces to 

reduce and prevent certain bacteria such as E.coli, Staphylococcus, Aureus (MRSA), 

Salmonella enetrica, Lysteria and cholera. Its fast-acting properties can be used as an 

alternative to chlorine, ozone, chlorine dioxide, and UV light technology. It produces no 

corrosion to stainless steel and produces no persistent by-products (biodegradable within 2–6 

weeks). Different laboratory test showed complete mortality of different species with 400 ppm 

Peraclean Ocean. Field trial conducted in a ship found that with 200 ppm of Peraclean ocean 

99–100 % removal of phytoplankton, zooplankton, and bacteria can be achieved. The ATS 

(Artemia Testing Standard) data showed that the addition of 50–350 ppm Peraclean Ocean with 

an exposure time of 2–72 h resulted in 100% mortality of different species especially the 

zooplankton Artemia. Another study revealed that at 400 ppm of Peraclean, it could effectively 

inactivate resting cysts of marine dinoflgellates G. catenatum, A. catenella and P. reticulatum. 

Moreover at 125–250 ppm E. coli, Staphylococcus aureus, Listeria innocua, Vibrio 

alginotylicus and other such bacteria species were inactivated. At 100 ppm concentration 

vegetative dinoflagellates were eliminated. 

Sea Kleen – biocide 

Sea Kleen biocide is a mixture of naphthoquinone, menadione (vitamin K3) and its 

bisulfate. Sano et al. (2004) observed in their studies that this biocide is found to be effective 

against fresh water amphipod, Hyalella azteca and Lumbriculus variegates for a period of 24h 

with less than 2.5 mg/L. Naphthoquinones were found to be highly effective against estuarine 

and fresh water organisms. Cyprinodon variegates, Eurytemora affinis, Isochrysis sp, 



Neochloris sp, Glenodinium foliacium cysts, edible oyster, Mytilus galloprovincialis. Wright 

et al. (2002) examined the toxicity of biocide compound group naphthoquinones to 

phytoplankton and bacteria. They examined juglone, plumbagin, menadione and naphthazarin 

over phytoplankton and bacteria. Biocide eliminated vegetative micro algae at 2 ppm and could 

control resting cysts of the dinoflagellates Gymnodinium catenatum and Protoceratium 

reticulatum at a concentration of 6 and 10 ppm respectively when exposed for a period of 2 

weeks. But it did not inactivate resting cysts of Alexandrium catenella at a concentration of 10 

ppm. So, it was observed that the biocide is effective at lower doses without any combination 

with primary treatment. 

Vibrex - biocide  

Vibrex is not a popular ballast water treatment product due to the need of HCl acid as an 

activator. But it was found to be effective in complete inhibition against bacteria at a 

concentration of 15 ppm. 

Hypochlorite biocide  

Hypochlorite toxicity test was conducted with various organisms present in ballast water 

sediment. It was observed that mortality for most microorganisms and adult organisms were 

achieved with total residual chlorine (TRC) levels of 10 ppm or less. For 9 ppm total residual 

chlorine, the highest 48hr LC90 for 1000 ppm sediment was achieved. A concentration of 5 

mg/L of Sodium hypochlorite was effective for removing bacteria (anaerobic (99.85%); Vibrio 

(100 %); and E. coli (85.2 %) from ballast water. Different algae Nitzschia closterum (diatoms); 

Platymonas sp (green algae); Dicrateria sp (chrysophyta); pyramidomonnas sp (green algae) 

were tested with sodium hypochlorite and was found to be very effective. Zooplankton 

(Artemia salina) was inactivated with a dose of 2 mg/L of sodium hypochlorite in the ballast 

water. Silva et al. (2001) studied the effect of sodium hypochlorite on zooplankton and 

phytoplankton. They observed that zooplankton mortality varied from 96 to 99% at the end of 

the journey while the mortality of phytoplankton varied from 75 % to 100 % in all tanks in the 

bulk carrier. Gray et al. (2006) used sodium hypochlorite on cysts from Lake Erie and found 

that up to 10,000 mg/L of sodium hypochlorite for 24 hrs could inactivate the cysts for more 

than 89 %. 

Electrolytic chlorine generation 

Over 25 years onsite generation of sodium hypochlorite is done by passing electric current 

through the solution. The electrolytic cell consists of anode and cathode manufactured from 

seamless titanium pipe. The anode surface is coated with ruthenium, iridium and more recently 

diamond is being used. Faimali et al. (2006) conducted inactivation of Legionella using 

diamond electrodes. Matousek et al. (2006) used sodium hypochlorite in concentrations higher 

than 3 ppm and found that 99% of bacteria, zooplankton, phytoplankton, meso zooplankton 

were removed. When Nakayama et al. (1998) used an electrode with titanium nitride covered 

anode, approximative 98.7% of the marine bacteria Vibrio alginolyticus was inactivated in 30 

min time. When Dang et al. (2003) applied electrolysis to ballast water in a small-scale pilot 

plant with a flow rate of 2.5 m3/h to zooplankton Artemia salina, 95 % removal was achieved. 

Acrolein technology 

Acrolein technology is proved to be effective biocide against bacteria, algae and other 

microorganisms. The efficiency was observed to be at 1–3 ppm concentration of acrolein for 

various marine microorganisms. When 9 ppm treatment dose of acrolein was applied, the 

inactivation was 99.9 % for 2 days but when 15 ppm was applied the inactivation was 

maintained at 99.9 % for 3 days. When the acrolein residual was maintained at ≥2 ppm, 



regrowth of organisms was minimized. Acrolein technology can be discharged safely to the 

environment and is found to be economical in the control of organisms in ballast water. 

Ozone 

Ozone, an unstable but powerful oxidizing agent can kill bacteria and viruses when used as 

a disinfectant in water treatment. When ozone was treated for 5–10 h, 71–99% reduction of 

selected marine phytoplankton, zooplankton and bacteria was achieved. Significant organism 

mortality was achieved when ozone produced oxidants reach 1–3 mg/L (as chlorine 

equivalents) and when oxidation - reduction potential reach levels of 700–800 mV. Herwig et 

al., 2006 investigated the production of bromate and bromoform and observed that bromoform 

was 145 μg/L after 5h of ozonation while bromate concentration was below the detection limit. 

Depending on the storage conditions and exposure to sunlight, residual oxidant-bromine 

produced from ozone treatment may persist for 1–2 days. Herwig et al. (2006) reported that 

with ozone treatment on oil tanker S/T Tonsina, large portions of culturable bacteria (>99.9 

%), and phytoplankton were inactivated. Oemcke et al. (2004) used ozone doses of 9 mg/L 

(pH=7) and 14 mg/L (pH = 8.2) to Bacillus subtilis spores and came to the conclusion that 

ozone is not suitable for the control of spores forming organisms in ballast water. But in 2005 

they evaluated the action of ozone on marine dinoflagellate alga Amphidinium sp and found 

that at higher doses of ozone (5–11 mg/L) and contact time of 6 h, inactivation of Amphidinium 

sp could be achieved. When ozone treatment was compared with ballast water exchange, it was 

found that efficiency of ozone treatment was as good as ballast water exchange aboard the same 

vessel. But the ozone chemistry in sea water is different from fresh water because of the 

presence of bromide and chloride ion to form oxidants in sea water. It reacts with chlorine to 

produce several corrosive substances and moreover, ozone treatment is very expensive. All the 

factors make it unsuitable for ballast water treatment. 

De-oxygenation  

De-oxygenation is a biocide method by bubbling nitrogen or other inert gases into ballast 

water to reduce the oxygen content. Low oxygen causes the death of several animals, fish 

invertebrates’ larvae and aerobic bacteria. Studies of Tamburi et al., (2002) &Husain et al., 

(2002) conducted mesocosm experiments and found that mortality of marine zooplankton was 

99 % and 90 % respectively. Husain et al. (2002) used an inert gas to deoxygenate the water 

using a standard marine generator. It is found to be effective against dinoflagellate, cysts, and 

several benthic organisms. But anoxic condition will contribute to the growth of anaerobic 

bacteria. Degradation of anaerobic bacteria will cause the production of gases such as methane, 

hydrogen sulphide etc thereby creating a toxic environment inside the ballast tank. However, 

high carbon dioxide level in the combustion gas decreases the pH in water and cause 

introduction of several trace compounds such as nitrogen oxides or aldehydes, which may 

contaminate the treated water. 

Strong ionization discharge – hydroxyl radical  

Using strong ionization is a form of biocide for treatment of ballast water. About 0.63 mg/L 

concentration of strong ions like hydroxyl radical can be used for killing mono cell algae, 

bacteria, and protozoa. Hydroxyl radical act very fast and takes only 2.67 s. It acts very strongly 

by oxidation and degradation of the photosynthetic pigments of phytoplankton. It decreases the 

chlorophyll a, b, and c and carotenoid in 8 secs. Action of hydroxyl radical reduced the 

chemical oxygen demand, nitrite, and ammonium salts by 100 %, 98.3 % and 99.5 % 

respectively. It also reduces the turbidity by 50 %. Due to the decomposition of residual 

hydroxyl radical, dissolved oxygen in the ballast tank increases by 77 %. Many advantages of 



using strong ionization discharge are that it requires very small volume of active substance, it 

is simple in operation and its running cost is very low. It requires only 1/30th the cost of open 

ocean exchange of ships. 
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