
DEFINITION AND PRESENTATION OF THE MAIN CHEMICAL 

COMPOUNDS USED IN MARINE LEGISLATION 

 

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

• The main chemical compounds used in MARPOL regulations, 

• The notion of hazardous chemicals and Hazard classification of chemicals by the 

GHS system, 

• Information Required on a GHS label, 

• Types of product hazards of covered by IBC Code, 

• Differences between hazardous chemicals and dangerous goods. 

 

Hazardous Chemicals  

Any substances or mixtures that may pose harm to property, human health, and the 

environment, if they are not managed correctly.  

UNGHS (Globally Harmonized System of classification and labelling of Chemicals) 

purple book-professional definition: Any substances or mixtures meeting GHS classification 

criteria for physical hazards, health criteria and environmental hazards. GHS uses three hazard 

classes: Health Hazards, Physical Hazards and Environmental Hazards. These aren’t required 

by OSHA (Occupational Safety and Health Administration). 

Health hazards present dangers to human health (i.e., breathing or vision) while 

physical hazards cause damage to the body (like skin corrosion). There are 29 hazard classes, 

including 17 physical hazards, 10 health hazards and 2 environmental hazards, each hazard is 

then further divided according to different severity levels. 

Physical Hazards 

Hazard Class Associated Hazard Category 

Explosives 
Divisions 1.1-1.6 (with 1.1 being the most 

hazardous, 1.6 the least hazardous) 

Flammable gases Categories 1 and 2 

Flammable aerosols Categories 1 and 2 

Oxidizing gases Category 1 

Gases under pressure 

4 Groups include: Compressed gas, Liquefied 

gas, Dissolved gas, and Refrigerated liquefied 

gas 

Flammable liquids Categories 1 - 4 

Flammable solids Categories 1 and 2 

https://www.osha.gov/


Self-reactive substances Types A-G 

Pyrophoric solids Category 1 

Pyrophoric liquids Category 1 

Self-heating substances Categories 1 and 2 

Substances which in contact with water 

emit flammable gases 
Categories 1 - 3 

Oxidizing liquids Categories 1 - 3 

Oxidizing solids Categories 1 - 3 

Organic peroxides Types A-G 

Substances corrosive to metal Category 1 

 

Hazards 

Hazard Class Associated Hazard Category 

Acute toxicity Categories 1-4 (with 1 being the most dangerous) 

Skin corrosion Categories 1A, 1B, 1C, and 2 

Skin irritation Categories 1A, 1B, 1C, and 2 

Eye Effects Categories 1, 2A, and 2B 

Sensitization (Skin or Eye) Category 1A and 1B 

Germ cell mutagenicity Categories 1A, 1B, and 2 

Carcinogenicity Categories 1A, 1B, and 2 

Reproductive toxicity 
Categories 1A, 1B, 2, and additional category for 

effects on or via lactation 

Target organ systemic toxicity: single and 

repeated exposure 

Single: Categories 1-3 

Repeated: Categories 1 and 2 

Aspiration toxicity Category 1 and 2 

 

Environmental Hazards 

Hazard Class Associated Hazard Category 

Acute Aquatic Toxicity Categories 1 -3 



Chronic Aquatic Toxicity Categories 1 - 4 

 

The Hazard Communication Standard (HCS) requires pictograms on labels to alert users of the 

chemical hazards to which they may be exposed. Each pictogram consists of a symbol on a 

white background framed within a red border and represents a distinct hazard(s). The pictogram 

on the label is determined by the chemical hazard classification  

Information required on a GHS label  

 

➢ Signal words are used to indicate the relative level of severity of hazard and alert the 

reader to a potential hazard on the label. The signal words used in the GHS are “Danger” 

and “Warning”. “Danger” is used for the more severe hazard categories (i.e., for 1 and 

2 hazard categories, mostly), while “Warning” is used for the less severe.  

➢ Hazard statement is a phrase assigned to a hazard class and category, that describes the 

nature of the hazards of a hazardous product, including, the degree of hazard. 

 

Hazards of product covered by IBC Code include: 

o Fire hazard, defined by flashpoint, explosive/flammability limits/range and auto 

ignition temperature of the chemical substances. 

o Health hazard defined by: 

▪ Corrosive effects on the skin in the liquid state, or 

▪ Acute toxic effect considering values of: 

• LD50(oral): a dose which is lethal to 50 % of the test subjects 

when administered orally. 

• LD50(dermal)- a dose which is lethal to 50 % of the test subjects 

when administered to the skin. 

• LD50(inhalation)_the concentration which is lethal by inhalation 

to 50 % of the test subjects. 

▪ Other health effect such as carcinogenicity and sensitization. 

o Reactivity hazard, defined reactivity with: 

▪ water, 

▪ air, 

▪ other products, 

▪ of the product itself, like polymerization. 

o Marine pollution hazard, as defined by: 

▪ bioaccumulation, 

▪ lack of ready biodegradability, 

▪ acute toxicity to aquatic organisms, 

▪ chronic toxicity to aquatic organisms, 

▪ long-term human health effects, 

▪ physical properties resulting in the product floating or sinking and so 

adversely affecting. 

 



 
 

Dangerous goods 

Dangerous goods are materials or items with hazardous properties which, if not 

properly controlled present a potential hazard to human health and safety, infrastructure 

and/or their means of transport. 

Dangerous goods are solids, liquids, or gases substances, that can harm people, living 

organisms, or the environment. From the professional point of view, dangerous goods are 

any goods listed in the dangerous goods list or meeting dangerous goods classification 

criteria for 9 classes. 

There are 9 classes of dangerous goods, and the class is determined by the nature of the 

danger they present: 

• Class 1: Explosives 



• Class 2: Gases 

• Class 3: Flammable liquids 

• Class 4: Flammable solids 

• Class 5: Oxidising agents & organic peroxides 

• Class 6: Toxins and infectious substances 

• Class 7: Radioactive material 

• Class 8: Corrosives 

• Class 9: Miscellaneous dangerous goods 

 

In the United States and in Canada, dangerous goods (DG) are more commonly known as 

hazardous materials (HC). 

Not all hazardous chemicals belong to dangerous goods. There are only 9 classes of 

dangerous goods, and they only consider acute toxicity hazards. Even CMR (carcinogenic, 

mutagenic, or reproductive toxicant) substances which are considered as of the greatest health 

concern under GHS are not covered by the 9 DG classes. 

Not all dangerous goods are hazardous chemicals. This is because dangerous goods not 

only include hazardous chemicals, but also include articles. For example, air bags and lithium 

batteries belong to dangerous goods. However, they are not regarded as hazardous chemicals. 

Chemicals that belong to dangerous goods are usually hazardous chemicals. The only 

exceptions are infectious substances/mixtures and radioactive substances/mixtures. They are 

covered by the 9 DG classifies but not covered by GHS classification criteria. 

 

Biocide is a chemical substance or microorganism intended to destroy, deter, render 

harmless, or exert a controlling effect on any harmful organism by chemical or biological 

means. Biocides are chemicals designed to kill all sizes and life stages of microorganisms in 

the system, because of the rapid response. In maritime industry, biocides are used for ship 

ballast water treatment, disinfectants and as antifouling agents that prevent mollusks from 

accumulating the industrial pipes. Biocides are produced in liquid and powder forms, in ready-

to use formulations and or as concentrates and are applied using a variety of techniques. 

Biocides are divided into two types, oxidizing and nonoxidizing. The oxidizing biocides 

attack microorganisms by oxidizing (an electron transfer reaction) the cell structure, disrupting 

nutrients from passing across the cell wall. Common oxidizing biocides used in marine industry 

are chlorine, peracetic acid, sodium bromide, and so on. On the other hand, the nonoxidizing 

biocides interfere with reproduction, stop the respiration process, or break the cell wall. The 

kill time of the bacteria can take several hours up to a day. Common nonoxidizing biocides 

used in marine industry are 1,2-benzisothiazolin-3-one, 5-chloro-2-methyl-4-isothiazolin-3-

one, and so on. 

Marine pollutants 

Marine pollutants or environmentally hazardous substances are materials that can pose 

a risk to aquatic ecosystems. Marine pollutant is a term mainly used by IMDG code while the 

term "environmentally hazardous substances" are used by other dangerous goods regulations 

such as ADR and IATA. 

https://www.sciencedirect.com/topics/engineering/biocides


A shipper who offers a hazardous material for transport must determine the hazard class 

of the material including "environmentally hazardous substances (aquatic environment)" 

applicability, assign a proper shipping name that best describe it and mark the material 

according to dangerous goods regulations. 

A material is identified as a Marine Pollutant (MP) if it is listed in the IMDG Code 

Index, or if it meets the criteria for classification as "Environmentally Hazardous Substance 

(aquatic environment)". 

A substance, material, or article that is a marine pollutant and meets the classification 

criteria for inclusion in another hazard class (es) shall be declared under the most appropriate 

UN number and proper shipping name relevant for that hazard(s). 

When shipping marine pollutants by sea, the proper shipping name shall be 

supplemented with the technical name of the marine pollutant. The term "MARINE 

POLLUTANT" shall be put in the end of dangerous goods descriptions. 

UN 1263, PAINT (triethylbenzene), Class 3 PG III (27 clesius degrees c.c.), MARINE 

POLLUTANT 

It shall be noted that the technical name of the marine pollutants and the term MARINE 

POLLUTANT are only required by IMDG code (transport by sea). 

The picture below shows the marking for a marine pollutant that also meets the 

classification criteria for another hazard class (UN 1263) (fig.1)  

 

 
Fig. 1 Marking for a marine pollutant that also meets the classification criteria for another 

hazardous class (UN 1263) 

 

If a substance, mixture, or article is a marine pollutant and does not meet the 

classification criteria for inclusion in any other hazard class, it shall be declared under either 

UN 3077 ENVIRONMENTALLY HAZARDOUS SUBSTANCE, SOLID, n.o.s. or UN 

3082 ENVIRONMENTALLY HAZARODUS SUBSTANCE, LIQUID, n.o.s. as 

appropriate. 

If you assign UN 3077 or UN 3082, the proper shipping name shall also be supplemented with 

technical names. 

http://www.imo.org/Publications/IMDGCode/Pages/Default.aspx
http://www.imo.org/Publications/IMDGCode/Pages/Default.aspx


Example: UN 3082, ENVIRONMENTALLY HAZARDOUS SUBSTANCE, LIQUID, 

N.O.S. (cadmium sulfide), 9, III 

The picture below (fig.2) shows the marking for a marine pollutant that does not meet the 

classification criteria for any other hazard class (UN 3082). 

 
Fig. 2 Marking for a marine pollutant that does not meet the classification criteria for any 

other hazard class 

 

Halons 

They are chemical compounds derived from hydrocarbons in which, one or more 

hydrogen atoms have been replaced by halogens atoms (bromine, chlorine, fluorine, or iodine. 

Halons (short for halogenated hydrocarbon) is a liquefied gas that is used to extinguish fire by 

chemically interrupting the combustion chain reaction. They are used primarily as fire 

extinguishing agents, both in built-in systems and in portable fire extinguishers. There have 

been some reported uses as tracers for studies of circulation both in the atmosphere and in 

buildings. All halons contain bromine which is 40-100 times more effective at destroying ozone 

than chlorine. Synergistic interactions between bromine, derived mainly from the halons and 

methyl bromide, and chlorine in the stratosphere are responsible for 30-40% of the Antarctic 

ozone hole. 

The Montreal Protocol on Substances That Deplete the Ozone Layer and its subsequent 

amendments called for the elimination of production on January 1, 1994. The most used halons 

are halon-1211 (CBrClF2), halon-1301 (CBrF3), and halon-2402 (C2Br2F4). T 

The numbering system for the halons is different but simpler than for that of the CFCs. 

The first digit from the left is for the total number of carbon atoms, second is for the number 

of fluorine atoms, third is for the number of chlorine atoms, and last is the number of bromine 

atoms. 

Halon - 1211 is used primarily in portable fire extinguishing systems in the Western 

Hemisphere and Western Europe. Halon - 1301 is used in flooding systems for fire and 

explosive containment. Halon - 2402 is used as a fire extinguishing agent in Japan, Russia, 

China, and the former states of the Soviet Union. At the present, there are no known drop-in 

replacements for the halons, although many groups are working on potential replacements. 

Polycyclic aromatic hydrocarbon (PAH) 

PAH is an important group of organic contaminants that has been monitored in marine 

sediments in different marine areas of the region.  

https://gml.noaa.gov/dv/spo_oz/
https://gml.noaa.gov/dv/spo_oz/
http://ozone.unep.org/new_site/en/montreal_protocol.php
http://ozone.unep.org/new_site/en/Treaties/treaties_decisions-hb.php?sec_id=344
https://gml.noaa.gov/hats/about/cfc.html
http://www.epa.gov/ozone/snap/index.html


Polycyclic aromatic hydrocarbons (PAHs), a chemical group that has two or more condensed 

aromatic rings, are ubiquitous compounds in air, water, and soil and are categorized as general 

environmentally harmful pollutants. PAHs are especially widely detected in the aquatic 

environment, including water, sediment, fish, benthic invertebrates, sea birds, and sea 

mammals. PAHs in the aquatic environment are mainly considered to be of four types: derived 

from fuels (petrogenic), derived from an incomplete combustion process (pyrogenic), 

generated by organic metabolism (biogenic), and generated by the transformation process in 

sediment (diagenetic). Of these four types of sources, petrogenic and pyrogenic sources are 

mainly artificial and are important contributors of environmental PAH pollution in aquatic 

ecosystems. 

Polycyclic aromatic hydrocarbons (PAH) are a group of persistent organic pollutants 

(POP), which can migrate in big distances and remain in the environment for many years. The 

route of exposure of PAH in the environment basically depends on the number of rings in the 

molecule and pH of environmental conditions, temperature, and salinity. 

Hydrocarbon chemicals are major components of crude oil and are classified as PAHs, 

aliphatic saturated hydrocarbons, aliphatic unsaturated hydrocarbons, and alicyclic saturated 

hydrocarbons. The impact of these four categories on the ecosystem from PAHs is especially 

concerning because of their specific toxicity. In the last several decades, several oil spill 

accidents have happened all over the world, and enormous amounts of crude oil have been 

released into the aquatic environment. Many studies found that crude oil contained PAHs that 

had toxic effects, such as immunotoxicity, embryonic abnormalities, and cardiotoxicity, for 

wildlife including fish, benthic organisms, and marine vertebrates (fig. 3). 

 

 
Fig. 3 General environmental fate and toxic mechanism of PAHs in the aquatic ecosystem. 

 

Organometallic compound 

Organometallic compounds are a class of substances containing at least one metal-to-

carbon bond in which the carbon is part of an organic group. The physical and chemical 

properties of organometallic compounds vary greatly. Most are solids, particularly those whose 

hydrocarbon groups are ring-shaped or aromatic, but some are liquids, and some are gases. 

Their heat and oxidation stability vary widely. Some are very stable, but a few compounds of 



electropositive elements such as lithium, sodium, and aluminium are spontaneously flammable. 

Many organometallic compounds are highly toxic, especially those that are volatile. The 

properties of the organometallic compounds depend in large measure on the type of carbon-

metal bonds involved. Some are ordinary covalent bonds, in which pairs of electrons are shared 

between atoms. Others are multicentre covalent bonds, in which the bonding involves more 

than two atoms. A third type are ionic bonds, in which the bonding electron pair is donated by 

only one atom. In donor-acceptor bonds, the metal atom is connected to hydrocarbons with 

multiple bonds between carbon atoms. Where metal atoms form covalent bonds with carbon 

atoms, the electrons are usually shared unequally. As a result, the bond is polarized—one end 

is more negative than the other. The extent of polarization depends on the strength with which 

the metal atom binds electrons. Organometallic compounds range in polar power from methyl 

potassium, in which the bond is almost like certain ionic bonds, to lead, which bonds with 

carbon with very little polarization. 

Organometallic compounds occur in the environment either because they are naturally 

formed, or because of direct anthropogenic inputs. Some organometallic species of mercury, 

arsenic and now tin have been observed to have potent biocidal properties and this has been 

applied to the synthesis of a large variety of pesticides and biocides, which has led to their 

direct introduction into the marine environment. 
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