
INTRODUCTION OF CHEMISTRY TERMS RELATED TO NOXIOUS LIQUID 

SUBSTANCES IN BULK 

NOTIONS OF CHEMISTRY RELATED TO HARMFUL TO THE MARINE 

ENVIRONMENTS (HME) PACKAGED FORMS 

 

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

➢ the requirements applicable of Annex II for ships carrying noxious liquid substances 

(NLS) in bulk. 

➢ Identify of main physical-chemical properties of NLS in order to prevent pollution 

➢ NLS classification 

➢ the knowledge of the associated dangers as well as the protection measures, 

regarding the transport of noxious liquids in bulk, onboard chemical tankers, 

➢ an overall summary of the main chemical terms used in Annex III.  

Annex II of the International Maritime Organization's Pollution Convention through 

Regulations for the Control of Pollution by Noxious Liquid Substances in Bulk gives the 

requirements applicable to ships carrying noxious liquid substances (NLS) in bulk. These 

requirements deal with: 

✓ categorizing Noxious Liquid Substances (NLS),  

✓ discharging of Noxious Liquid Substances (NLS) residues or mixtures,  

✓ pumping, piping and unloading arrangements, 

✓ reception facilities,  

✓ unloading procedures, including efficient stripping and tank washing,  

✓ cargo record book; surveys,  

✓ International Pollution Prevention Certificate for the Carriage of Noxious Liquid 

Substances in Bulk,  

✓ compliance with the International Code for the Construction and Equipment of 

Ships Carrying Dangerous Chemicals in Bulk (IBC Code) or the Code for the 

Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk 

(BCH Code) by chemical tankers,  

✓ carrying and discharging oil-like NLS; procedures and arrangements manuals; and 

shipboard marine pollution emergency plans. 

 

Noxious liquid substance (NLS) means any substance indicated in the Pollution Category 

column of chapter 17 or 18 of the International Bulk Chemical Code or provisionally assessed 

under the provisions of regulation 6.3 as falling into category X, Y or Z. 

The NLS concentration is expressed in ppm (mL/m3). 

Liquid substances are those having a vapour pressure not exceeding 0.28 MPa absolute at 

a temperature of 37.8 °C. 

Residue means any noxious liquid substance which remains for disposal. 

Residue/water mixture means residue to which water has been added for any purpose (e.g. 

tank cleaning, ballasting, bilge slops). 

Solidifying substance means a noxious liquid substance which: 
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• in the case of a substance with a melting point of less than 15 °C, is at a 

temperature of less than 5 °C above its melting point at the time of unloading, 

or 

• in the case of a substance with a melting point of equal to or greater than 15 °C, 

is at a temperature of less than 10 °C above its melting point at the time of 

unloading. 

Non-solidifying substance means a noxious liquid substance, which is not a solidifying 

substance. 

Viscosity 

❖ High-viscosity substance means a noxious liquid substance in category X or Y with a 

viscosity equal to or greater than 50 (mPa·s) at the unloading temperature. 

❖ Low-viscosity substance means a noxious liquid substance which is not a high-viscosity 

substance. 

 

Bulk Chemical Code means the Code for the Construction and Equipment of Ships carrying 

Dangerous Chemicals in Bulk adopted by the Marine Environment Protection Committee of 

the Organization by resolution MEPC.20(22), as amended by the Organization, provided that 

such amendments are adopted and brought into force in accordance with the provisions of 

article 16 of the present Convention concerning amendment procedures applicable to an 

appendix to an Annex. 

International Bulk Chemical Code (according to MARPOL) means the International Code 

for the Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk adopted 

by the Marine Environment Protection Committee of the Organization by resolution 

MEPC.19(22), as amended by the Organization, provided that such amendments are adopted 

and brought into force in accordance with the provisions of article 16 of the present Convention 

concerning amendment procedures applicable to an appendix to an Annex. 

 

For the purpose of the regulations of Annex II (MARPOL), noxious liquid substances 

(NLS) shall be divided into four categories as follows: 

1. Category X: Noxious liquid substances which, if discharged into the sea from tank 

cleaning or de-ballasting operations, are deemed to present a major hazard to either 

marine resources or human health and, therefore, justify the prohibition of the 

discharge into the marine environment. 

2. Category Y: Noxious liquid substances which, if discharged into the sea from tank 

cleaning or de-ballasting operations, are deemed to present a hazard to either marine 

resources or human health or cause harm to amenities or other legitimate uses of 

the sea and therefore justify a limitation on the quality and quantity of the discharge 

into the marine environment. 

3. Category Z: Noxious liquid substances which, if discharged into the sea from tank 

cleaning or de-ballasting operations, are deemed to present a minor hazard to either 

marine resources or human health and therefore justify less stringent restrictions on 

the quality and quantity of the discharge into the marine environment. 

4. Other substances: Substances indicated as OS (Other substances) in the pollution 

category column of chapter 18 of the International Bulk Chemical Code which have 

been evaluated and found to fall outside category X, Y or Z as defined in regulation 

6.1 of this Annex because they are, at present, considered to present no harm to 
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marine resources, human health, amenities or other legitimate uses of the sea when 

discharged into the sea from tank cleaning or de-ballasting operations. The 

discharge of bilge or ballast water or other residues or mixtures containing only 

substances referred to as ‘‘Other Substances’’ shall not be subject to any 

requirements of the Annex. 

 

It is very important to know the associated dangers as well as the protection measures, 

regarding the transport of noxious liquids in bulk, onboard chemical tankers.  

Health Hazards 

Most of the chemical present more than one hazard to health, for example, it may: 

• Be corrosive 

• Be poisonous 

• Produce toxic vapours 

• Pose an asphyxiation hazard 

• Result in long term damage to eyes or the nervous system 

• Have long term carcinogenic effects. 

 

Some of the dangers concerning the transport of NLS on board ships are listed below: 

➢ Toxicology and associated hazards onboard chemical tankers. 

Toxicity is the ability of a substance, when inhaled, ingested, or absorbed by the skin, to cause 

damage to living tissue, impairment of the central nervous system, severe illness or, in extreme 

cases, death. The amounts of exposure required to produce these results vary widely with the 

nature of the substance and the duration of exposure to it. Acute poisoning occurs when a large 

dose is received by exposure to high concentrations of a short duration, i.e. a single brief 

exposure. Chronic poisoning occurs through exposure to low concentrations over a long period 

of time, i.e. repeated or prolonged exposures.  

Toxicity is objectively evaluated on the basis of test dosages under controlled conditions and 

expressed as threshold limit values (TLVs). Threshold Limit Value (TLV) means the "Time 

Weighted - Average (TWA)" concentration of a substance to which it is believed workers may 

be repeatedly exposed, for a normal 8 hour working day and 40 hour working week, day after 

day, without adverse effect. It may be supplemented by other limits. 

Prevention of exposure is achieved through a combination of cargo containment, which 

prevents toxic fumes or liquid from contaminating the workplace, and the use of personal 

protective equipment (PPE). 

To ensure safety on board one must adhere to the following points:  

❖ Knowledge, training, and strict routine.  

❖ Knowledge of the cargo to be loaded, knowledge of your ship and her equipment; 

training in the use of safety equipment on board; strict routines in cargo handling, 

tank cleaning, strict routine in command and reporting, strict routine in using 

protective clothing etc.  

It is a clear responsibility for the owner, the master and the officers to inform their personnel 

about the cargoes to be carried, safety procedures etc and to arrange for the proper training. 

The associated hazards related to the toxicity of the carry of noxious liquids are: 



▪ Asphyxia is unconsciousness caused by lack of oxygen and means suffocation. Any 

vapour may cause asphyxiation, whether toxic or not, simply by excluding oxygen in air. 

Danger areas include cargo tanks, void spaces, and cargo pumprooms. But the atmosphere of 

a compartment may also be oxygen-deficient through natural causes, such as decomposition or 

putrefaction of organic cargo or rusting of steel in void spaces such as cofferdams, forepeak 

and afterpeak tanks. Precautions to be observed before entering any such enclosed spaces. 

▪ Anaesthesia is caused by certain vapours, which produced a loss of consciousness due 

to their effect on the nervous system. In addition, anesthetic vapours may or may not be toxic. 

▪ Additional health hazards may be presented by non-cargo materials used on board 

during cargo handling. One hazard is that of frostbite from liquid nitrogen stored on board for 

use as atmosphere control in cargo tanks. Another hazard is that of burns from accidental 

contact with equipment used while handling heated cargoes. 

▪ Exposure may be either acute or chronic. With acute exposure, the victim is subjected 

to a one-off high-level dose and the symptoms are usually immediately apparent, although there 

can be a delayed reaction. The damage caused may be irreversible, even with treatment. 

Chronic exposure is associated with a relatively low level of exposure over a period of time. 

Symptoms may not be apparent until many years later, which in some cases, could be over 30 

years after exposure ceases. Exposure to the product may be by inhalation, skin absorption or 

ingestion. 

▪ Inhalation of vapour or mist is by far the most likely route for harmful substances to 

enter the body. The effect of exposure will depend upon the toxicity of the vapours, the level 

of contamination and the volatility of the product. Exposure to the vapours may cause a variety 

of effects that could include systemic poisoning, irritation of the nose, throat, and respiratory 

system and even asphyxiation. 

▪ Absorption may be directly through skin contact and any physical injuries, such as cuts 

or abrasions, will server to increase the absorption rate. Exposure may cause skin irritation 

which, in its mildest form may result in dermatitis, and systemic effects. 

▪ Ingestion may be caused, for example, by accidentally swallowing a chemical when 

splashed by it. Some liquids have corrosive properties such that if they come into contact with 

the skin, they may completely or partly destroy living tissue, causing acute pain. Others, 

although only causing slight skin irritation at the outset, can eventually result in severe damage 

to the eyes and other mucous membranes. 

➢ Hazards caused by vapors released from a flammable liquid, which is transported by 

sea. Vapours given off by a flammable liquid will burn when ignited provided it is mixed with 

certain proportions of air, or more accurately with the oxygen in air. But if there is too little or 

too much vapour compared to the air, so that the vapour-and-air mixture is either too lean or 

too rich, it will not burn. The limiting proportions, expressed as a percentage by volume of 

flammable vapour in air, are known as the lower flammable limit (LFL) and the upper 

flammable limit (UFL), and the zone, in between is the flammable range. The range of 

flammable vapour concentrations in air between the lower and (Explosive Range) upper 

flammable limits. Mixtures within this range are capable of being ignited and of burning. 

➢ Reactivity of various noxious liquid chemicals 

A chemical may react in a number of ways; with itself, with water, with air, with other 

chemicals or with other materials. 

Self-reaction: The most common form of self-reaction is polymerisation. Polymerization 

generally results in the conversion of gases or liquids into viscous liquids or solids. It may be 



a slow, natural process which only degrades the product without posing any safety hazards to 

the ship or the crew, or it may be a rapid, exothermic reaction evolving large amounts of heat 

and gases. 

Heat produced by the process can accelerate it. Such a reaction is called a run-off 

polymerization that poses a serious danger to both the ship and its personnel. Products that are 

susceptible to polymerization are normally transported with added inhibitors to prevent the 

onset of the reaction. 

 

• Reaction with water: 

Certain cargoes react with water in a way that could pose a danger to both the ship and 

its personnel. Toxic gases may be evolved. The most noticeable examples are the isocyanates; 

such cargoes are carried under dry and inert condition. Other cargoes react with water in a slow 

way that poses no safety hazard, but the reaction may produce small amounts of chemicals that 

can damage equipment or tank materials or can cause oxygen depletion. 

Certain chemical cargoes, mostly ethers and aldehydes, may react with oxygen in air or 

in the chemical to form unstable oxygen compounds (peroxides) which, if allowed to build up, 

could cause an explosion. Such cargoes can be either inhibited by an antioxidant or carried 

under inert conditions. 

• Reaction with other cargoes: 

Some cargoes react dangerously with one another. Such cargoes should be stowed away 

from each other (not in adjacent tanks) and prevented from mixing by using separate loading, 

discharging and venting systems. When planning the cargo stowage, the master must use a 

recognized compatibility guide to ensure that cargoes stowed adjacent to each other are 

compatible. 

Reaction with other materials: 

The materials used in construction of the cargo systems must be compatible with the 

cargo to be carried, and care must be taken to ensure that no incompatible materials are used 

or introduced during maintenance (e.g. by the material used for replacing gaskets). Some 

materials may trigger a self-reaction within the product. In other cases, reaction with certain 

alloys will be non-hazardous to ship or crew but can impair the commercial quality of the cargo 

or render it unusable. 

Heat adjacent: 

The maximum temperature of adjacent cargo permitted for each cargo to be loaded shall 

be obtained from shippers when handling heated cargo. In addition, care shall be taken to avoid 

indirect heating of adjacent cargoes and bulkheads during hot water washing of adjacent tanks. 

 

➢ Most corrosive chemicals carried onboard chemical tankers 

Acids, anhydrides and alkalis are among the most commonly carried corrosive substances. 

They can rapidly destroy human tissue and cause irreparable damage and can also corrode 

normal ship construction materials and create a safety hazard for a ship. 

 

➢ Precautions against static electricity 

Static electricity is generated by friction that occurs between different materials during 

relative motion. Electrostatic charges can then accumulate in materials which are poor 

conductors of electricity, or which are good conductors but are insulated. If two such bodies 



with accumulated static electricity charges are brought close together, and if the difference of 

potential is great enough, the accumulated charge will jump between them. 

Anyone who has received a mild shock when touching a doorknob after walking across 

a carpeted room has experienced such a phenomenon. In such cases the individual has become 

charged by friction between the carpet and the soles of the shoes and the potential accumulated 

in the body is discharged to the knob. This, though annoying, is harmless. But if a strong 

discharge of static occurs as a spark where a flammable atmosphere is present, there is a risk 

of igniting the atmosphere. 

 

 

Notions of chemistry related to Harmful to the marine Environments (HME) packaged 

forms (Annex III-MARPOL) 

 

Chemicals which are carried in packaged form, in solid form or in bulk are regulated 

by Part A of SOLAS Chapter VII - Carriage of dangerous goods, which includes provisions 

for the classification, packing, marking, labelling, and placarding, documentation and stowage 

of dangerous goods. 

MARPOL Annex III also sets out regulations for the prevention of pollution by harmful 

substances in packaged form and includes general requirements for the issuing of detailed 

standards on packing, marking, labelling, documentation, stowage, quantity limitations, 

exceptions and notifications for preventing pollution by harmful substances. For the purpose 

of Annex III, “harmful substances” are those identified as “marine pollutants” in the IMDG 

Code. 

According to Annex III - Regulations for the prevention of pollution by harmful 

substances transported by sea in packaged form, harmful substances are those substances, for 

which the correct technical name of each such substance is used (not only trade names will be 

used) and the substance identified in continued by adding the words "MARINE POLLUTANT". 
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