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all about chemical spills 

Find out 

   caused by ships



In the field of accidental marine pollution, oil spills bask in the limelight of media 

coverage due to their spectacular crowd-pulling nature. However, another threat 

is just as much of a reality: that of the dangers generated by chemical shipping. 

Today, the chemical industry is at the heart of the global economy and requires 

major flows of goods from production sites to consumption areas. Some 37 million 

chemicals are used by the world’s population and 2,000 are regularly transported by 

sea. The volumes shipped are currently on the rise, with maritime chemical trans-

port having more than tripled in the past 20 years.

The risks have become increasingly acute, in particular due to the growing number 

of ultra-large ships together with the high intensity imposed by global market 

pressure. The threat of a chemical spill at sea concerns many public and private 

interest groups as the pollution caused is often invisible and may appear difficult 

to manage.

Transport Canada is aware of this issue and strives to ensure more efficient, safer 

and more sustainable maritime transport through its Marine Safety Directorate. 

In order to improve maritime safety, Transport Canada works in cooperation with 

various foreign experts, including the French Centre of Documentation, Research 

and Experimentation on Accidental Water Pollution (Cedre). 

Through this cooperation, Transport Canada came to know of the learning guide 

produced by Cedre on oil spills entitled “Understanding Black Tides”. Based on the 

observation that no such educational guide existed worldwide on chemical spills, 

Transport Canada produced this document in partnership with Cedre.

Because certain limits had to be set, we have chosen here to address only acci-

dental pollution at sea, in ports and estuaries, and to exclude chronic pollution and 

pollution of inland waters. Our approach focuses on pollution generated by ships, 

thus excluding coastal industrial facilities and offshore installations.

We can only effectively combat what we fully understand. We hope that this docu-

ment will help younger generations to better understand such pollution and will 

arouse interest in more effectively combating it.

Yvette Myers,
Director of Operations and  
Environmental Programs, 

Transport Canada

Gilbert Le Lann,
Director, 

Cedre



Chemistry is a science that lays the foundations for a 

vast industrial sector involved in the production of virtu-

ally all the objects and products we use and consume 

on a daily basis. Chemistry contributes greatly to the 

fields of transport (automotive and aeronautical indus-

tries), safety (fire fighting), health (pharmaceuticals), 

clothing (textiles, dyes), food (agriculture, conserva-

tion, cookery), public works (concrete, paints, insula-

tion), water management (controls, discharge treat-

ment, water treatment, drinking water) and hygiene 

(perfumes, soaps, beauty products). The chemical 

industry is also, sadly, a major source of chronic and 

accidental pollution.

Chemical trade generates major traffic flows for the 

transport of products between extraction, processing 

and consumption sites, in particular by sea. Shipping 

can lead to spills in the marine environment. Studies on 

this subject often highlight the lack of available infor-

mation. Feedback is limited due to the small number of 

listed and documented accidents and the vast number 

of products transported. 

With this as a backdrop, a major data collection effort 

was implemented to produce this comprehensive docu-

ment, which specifically targets 12 to 18-year-olds. It 

is also intended as an education tool to help teachers 

to prepare lessons on this subject.

The general public will find in this an interesting source 

of information to better understand this type of pollu-

tion.

Alongside this handbook, two posters present a few 

cases of significant spills and the response techniques 

that may be used in the event of a chemical spill. Addi-

tionally, a website featuring original animations is 

available at: www.chemical-pollution.com.

The teams at Cedre and Transport Canada who designed and produced this document would like to thank all those who contributed to this project. 

Particular thanks go to: Alain Baert (Centre Hospitalier Universitaire de Rennes); Eric Philipp (Direction de la Sécurité civile); Benoit Rouyer (Centre de sécurité des navires de Seine-Maritime 

Ouest); Tim Bowmer and Andreas Othage (GESAMP); Frank Haeseler (IFP Energies Nouvelles); Jean Croquette (Ifremer); Philippe Croguennec (Marins-Pompiers de Brest); Ronny Schallier 

(Management Unit of the North Sea Mathematical Models); Anne Rognant (Océanopolis); Céline Etasse (Total); Capitaine de Frégate Marc Gander (Préfecture maritime de l’Atlantique); 

Alexandra Balloré (TREDI); the teachers and pupils of Saint-Stanislas school (St Renan) and Kroas Saliou school (Plouzané); Amélie Lapierre and Carmen Bertrand of St. Joseph High School 

in Hull (Gatineau, Quebec); François Marier and Denise Topp (Transport Canada).

Purpose of this guide

Acknowledgements



Chemicals
Chemistry and industry  .................................................................................................  8 
Production .........................................................................................................................  10 
Classification  ....................................................................................................................  11
Examples of chemicals  ..................................................................................................  12 
Labelling  ............................................................................................................................  14
Material safety data sheets  .........................................................................................  15

Shipping
Concept of HNS  ...............................................................................................................  18 
Shipping routes  ...............................................................................................................  18 
Port organization  ............................................................................................................  20
Ship types  ..........................................................................................................................  22
Substances transported  ................................................................................................  25
Regulations  .......................................................................................................................  26

Sources of pollution
Chronic pollution  ............................................................................................................  30 
Accidental pollution  .......................................................................................................  31 
Substances spilt  ..............................................................................................................  33 
Reactivity = danger  ........................................................................................................  34
Behaviour  ..........................................................................................................................  35

Prevention and preparedness
Organizational framework  ...........................................................................................  38 
Contingency planning  ...................................................................................................  40 
Operator training  ............................................................................................................  41 
Protective equipment ......................................................................................................  41 
Ship inspection  ................................................................................................................  43

Spill response
General methodology  ....................................................................................................  46 
Situation assessment  .....................................................................................................  47 
Decision-making...............................................................................................................  49 
Emergency measures  .....................................................................................................  49 
Response to bulk cargoes  .............................................................................................  50
Response to containers and packages  ......................................................................  56
Waste management  .......................................................................................................  58

Impact
Health impact  ..................................................................................................................  62 
Environmental impact  ...................................................................................................  65 
Economic impact  ............................................................................................................  68

 Glossary  ................................................................   p. 84

 Index of main uses ..................................  p. 87

 Bibliography  ....................................................   p. 90

 Photo credits  ..................................................   p. 93

i
 

The words and expressions followed by • in the text are 
defined in the glossary.

The main uses of each of the chemicals mentioned can be 
found in the index of main uses at the end of the document.

The links to all the websites referred to in this document are 
also available at: www.chemical-pollution.com/links/

.

.

Test your knowledge  
with the quiz 

on page 72
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 CHEMISTRY AND INDUSTRY

Chemistry, atoms and molecules

"Chemistry"… For many, this word often conjures up 
an image of a mad scientist mixing substances in 
a cluttered laboratory in which hundreds of flasks 
gather dust on the shelves. This image often over-
shadows the fact that chemistry is a strict science 
which studies the constitution of matter. It focuses on 
atoms• — which are assembled together in an organ-
ized and structured fashion to form molecules• — as 
well as all the mechanisms, processes and interac-
tions in which they are involved. Moreover, chemicals 
are often assimilated with hazardous substances. This 
is not necessarily the case. All matter is made up of 
chemicals or a mixture of chemicals.

.....................................................................................................................

 Did you know? 
The word chemistry is derived from the Arabic al-kimi “al-

chemy”, which was borrowed either from the Greek khumeia 

“pouring together”, or from the Egyptian khemet meaning 

“earth”. Chemistry was therefore originally the art of prepar-

ing, purifying, transforming and utilizing naturally occurring 

substances.

.....................................................................................................................
..................................................................................................................

Find out more
To find out about the scientists who have transformed 

chemistry from antiquity to the present day, see the website:  

www.chemheritage.org/discover/chemistry-in-history/index.aspx

.....................................................................................................................

Elements and compounds

From a scientific point of view, chemicals may be 
pure substances made up of a single type of compo-
nent, or mixtures. Pure substances can be elements 
(i.e. composed of a single type of atom) or compounds 
(i.e. composed of different atoms).
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Types of industrial products

From an industrial point of view, chemicals are defined 
according to their place in the production chain. The 
following categories can be distinguished:
• raw materials which are naturally present in 

the environment and are used to obtain certain 
primary products,

• primary products which are manufactured from 
raw materials or artificially synthesized. The 
same primary product can be used in a very large 
number of different industrial processes,

• intermediate products which are obtained from 
primary products and which enter into the 
composition of finished products

• finished or manufactured products which are 
mixtures or intermediate combinations and are 
used in our everyday lives.

This document will mainly focus on raw materials, 
primary products and intermediate products.

Element: H
2

Compound: CO
2

H

O

O

H H C

Example of two chemicals: dihydrogen (H
2
) and carbon 

dioxide (CO
2
)

Production chain for a finished product: fertilizer
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Mendeleev's Table: the Periodic Table

In 1869, the Russian chemist Dimitri Mendeleev 
designed a table presenting all the chemical 
elements identified at the time in an orderly manner. 
Since then, this table has undergone many changes.

In 2011, it comprised 118 elements sorted according 
to their atomic number, i.e. their number of protons• 
(positive charges).

Each column is made up of elements with 
similar physical and chemical properties. Each 
row comprises elements with a similar electron• 
(negative charges) arrangement around the nucleus•.

An interactive version of the Periodic Table can be 
found on the National Research Council Canada 
website:  
http://www.nrc-cnrc.gc.ca/eng/education/elements/

Where can chemicals be found in our everyday lives?

 

Chlorine is used to
bleach paper

BOOK

It can contain around fifteen pure
substances such as sodium lauryl 

sulphate as a foaming agent 
or citric acid as a pH regulator

SHOWER GEL

WOODEN CHAIR

The coating of varnish is
an acrylic resin made from

acrylic acid

INSULATION

Insulation wool is made
from silica

The synthetic fibres
it contains are made

of polyester

PILLOW
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Open pit copper mine in the US

 PRODUCTION

Extraction of raw materials

Raw materials are extracted from naturally occur-
ring deposits in the environment.

Solid materials are extracted from mines or quar-
ries. The ground is dug up and the fragments of rock 
recovered are sorted. Deposits containing a large 
quantity of the material sought are selected first.  
This is the case for copper, rock phosphate, iron, coal, 
lead and salt.

Liquids and gases accumulate in pockets 
in bedrock, and can only be extracted by 
drilling and introducing suitable pipes.  
This is the case of crude oil and natural gas  
(e.g. methane). 

Synthesis

Many primary or intermediate products are obtained 
from a series of processes gathered under the 
term "synthesis". This involves the processing of 
several pure substances, through a number of reac-
tions•, in order to produce the desired products. 
Synthesis is employed in many industries such as: 
the food industry (flavourings), the pharmaceutical 
industry (medicines), the cosmetic industry (soaps, 
perfumes).

Separation

Some primary or intermediate products can be 
obtained by separating elements from a mixture. The 
three main types of industrial processes used in this 
case are distillation, evaporation and filtration.

During distillation, the mixture is heated until the 
products evaporate. They are then recovered sepa-
rately by vapour condensation.

Evaporation is employed to separate a volatile 
solvent• from a non-volatile liquid phase• in which 
it is in solution. 

Filtration is used to separate components from a 
mixture, through a selective filter.

Example of the synthesis of ammonia from methane 
and dinitrogen

Products obtained by refining• crude oil

Crude oil distillation tower, Germany

CH
4
 + N

2
 + 2H

2
O 2NH

3
 + CO

2
 + H

2
 

Methane

Dinitrogen

Ammonia

Carbon
dioxide

Hydrogen
Water

 

 

 

 

 

Gasoline
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Main families of chemicals CLASSIFICATION

Chemicals can be classified according to extremely 
varied criteria such as: their molecular structure, 
their behaviour, the hazards they present... giving 
rise to complex classifications. Nevertheless, five 
broad families can be distinguished based on the 
chemicals’ nature:
• raw ore, which come from rocks extracted from 

mines or quarries,
• mineral or organic salts, which, in an aqueous 

solution•, become ionic compounds composed 
of cations• (positively charged) and anions• 
(negatively charged),

• petrochemical products, which may be compo-
nents of oil or synthetic products of these 
components,

• corrosive• substances, which are mainly acids• 
and bases•,

• gases, which may be liquid at very low tempera-
tures or under high pressure.

.....................................................................................................................

 Find out more
IUPAC (International Union of Pure and Applied Chemistry) 

nomenclature: find out about the rules in force on the no-

menclature of organic compounds at:  

www.chemexper.com/misc/iupac

.....................................................................................................................

.....................................................................................................................

 Find out more
Industry Canada, a source of information on the chemical 

industry in Canada and abroad:

http://www.ic.gc.ca/eic/site/chemicals-chimiques.nsf/eng/home

.....................................................................................................................

Organic or inorganic?

Organic chemistry by definition covers all 
that relates to the living and concerns the 
description and study of a vast range of 
mainly carbon-based molecules. Its scope 
has slightly expanded over recent years to 
include the field of chemistry that aims to 
synthesize molecules composed exclu-
sively of carbon, different to those found 
in nature. 

In addition to these naturally occurring 
or synthetic carbon molecules, organic 
chemistry includes molecules containing 
elements such as hydrogen, oxygen, ni-
trogen, phosphorus, sulphur and halogens. 

The purpose of inorganic chemistry, for-
merly known as mineral chemistry, is to 
study molecular substances that are not 
of biological origin. It particularly focuses 
on minerals (e.g. quartz, aluminosilicates, 
cements), mineral acids (e.g. hydrochloric 
acid), metals (e.g. iron, aluminum, silicon) 
and alloys.

RAW ORES
e.g. bauxite, rock phosphate, 
iron, coal

MINERAL OR ORGANIC SALTS
e.g. ammonium nitrate, 
magnesium phosphide

PETROCHEMICAL PRODUCTS
e.g. phenol, ethanol, 
vinyl chloride, styrene

CORROSIVE LIQUIDS
e.g. hydrochloric acid, 
acetic acid, sulphuric acid

GASES
e.g. butane, chlorine, ammonia,  
propylene
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 ExAMPLES OF CHEMICALS

Below are some examples of unmixed substances 
belonging to each of the main families identified on 
the previous page.

A raw ore: aluminum (Al)

Aluminum is a relatively malleable, silvery metal. 
Its uses include the manufacture of soda cans and 
food packaging. It is also found in the composition of 
alloys used in ironworks, shipbuilding, and the aero-
nautical and aerospace industries.

This metal is also used in construction (pyramid at 
the Louvre in Paris), the automotive industry (alloy 
wheels, engine blocks) and leisure activities (camping 
and skiing equipment). 

Most of the metals we currently employ have been 
in use since antiquity, while aluminum was discov-
ered relatively recently. It was in 1821 that French 
engineer Philippe Berthier discovered aluminum-
rich ore near the village of Baux-de-Provence. This 
ore was named bauxite after this place. Six years 
later, German chemist Friedrich Wöhler isolated the 
element in its pure form in the laboratory.

Aluminum production involves several stages. The 
ore, called bauxite, is first extracted from mines or 
quarries then treated with caustic soda to obtain 
alumina. An electric current is then passed through 
the alumina using two electrodes: the anode 
(connected to the positive generator terminal) and 
the cathode (connected to the negative generator 
terminal). It is through this process, known as elec-

trolysis, that the metal we know is obtained. Four 
to five tonnes of bauxite are required to produce 
one tonne of aluminum. The waste generated when 
producing alumina and aluminum is known as "red 
mud". Canada is the world's third largest producer of 
aluminum, behind the United States and Russia.

In humans, the consumption of water containing a 
high aluminum concentration for a prolonged period 
of time may lead to harmful effects to the nervous 
system (memory loss, tremors or fatigue) in certain 
vulnerable populations. Aluminum can also be toxic 
for animals and plant roots.

A mineral salt: ammonium nitrate 
(NH4NO3)

Ammonium nitrate is an odourless, crystalline 
substance, with hygroscopic behaviour (i.e. it tends 
to absorb the humidity in air). It is used in the manu-
facture of explosives and as a chemical fertilizer. It is 
also found at low concentrations in the smoker fuel 
used by beekeepers to calm bees.

It has been known to be responsible for some major 
explosions (PCT plant in Tessenderlo, Belgium; ship 
Ocean Liberty in Brest, France; AZF plant in Toulouse, 
France; cargo ship Grandcamp, Texas).

A petrochemical product: vinyl chloride 
(C2H3Cl)

Like chlorine, vinyl chloride is a gas at room temper-
ature. It is a petrochemical monomer• mainly used 
to produce a polymer• known as polyvinyl chloride 
(commonly abbreviated to PVC), one of the world’s 
most commonly used plastics.

PVC is used to make many of the products and 
objects found in our everyday lives, such as shoes, 
bank cards and telephones. It is also frequently used 
in public health (catheters, blood bags), construction 
(window frames, pipes, electric cable ducts) and the 
automotive industry (bumpers, dashboards).

Vinyl chloride molecules can be obtained by adding 
hydrogen chloride gas to acetylene, or by cracking 
1,2-dichloroethane. They are then assembled into 
long chains during a reaction known as polymeriza-
tion to form PVC.

Bauxite mining
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Vinyl chloride was 
produced for the 
first time in 1835 
by German chemist 
Justus von Liebig and 
French chemist Henri 
Victor Regnault. PVC 
was discovered acci-
dentally the same 
year: a white solid 
appeared in bottles 
of vinyl chloride 
following exposure 
to sunlight. 

However, it was not until 1926 that the American 
inventor Waldo Lonsbury Semon developed a method 
to make PVC more flexible by introducing additives.

Vinyl chloride is an extremely flammable, irritating 
gas, that is a known human carcinogen. It is also 
dangerous for the environment. It is very mobile 
in soil and is only biodegradable• in specific condi-
tions. It is very soluble in water and can accumulate 
in groundwater•. PVC is an inert substance but its 
persistence in the environment is particularly prob-
lematic in terms of waste management (such as 
pollution by certain types of plastic bags).

A corrosive substance: acetic acid 
(C2H4O2)

Pure acetic acid is a colourless liquid with a sharp, 
pungent odour. Vinegar contains 3 to 8 % of this 
acid, yet its use extends far beyond the kitchen. It is 
used in the production of certain plastics and various 
pharmaceutical products. It is also used, for instance, 
in perfumes, photography and printing.

The vast majority of acetic acid produced today is 
synthesized from methanol and carbon monoxide. A 
small proportion is however obtained from ethanol 
by bacterial fermentation•. The use of biologically-
produced acetic acid dates back to antiquity, but it 
was Arab alchemist Jabir Ibn Hayyan who, in the 18th 
century, managed to obtain a concentrated form by 
distilling vinegar. It was not until 1847 that German 
chemist Hermann Kolbe first synthesized acetic 
acid.

At certain concentrations, acetic acid is a flammable 
product whose vapours can form explosive mixtures 
with air. It can cause burns when in contact with the 
skin or mucous membranes• (stomach, lungs). It has 
low bioaccumulation• potential and rapidly breaks 
down in water and soil.

A gas: chlorine (Cl2)

At room temperature, chlorine is a strong-smelling 
greenish yellow gas. It is used to purify water and 
bleach paper. It is contained in the composition of 
plastics, antiseptics, insecticides, paints, dyes and 
medicines.

Chlorine was discovered in 
1772 by Swedish chemist 
Carl Wilhelm Scheele. Like 
aluminum, it is produced 
by electrolysis from an 
aqueous solution of sodium 
chloride (table salt). During 
this process, the chlorine 
gradually accumulates at 
the anode, while a cluster 
of sodium forms at the 
cathode.

Chlorine is an oxidant, i.e. in the presence of flam-
mable substances it may cause or exacerbate a fire. 

In its gaseous state, it irritates the mucous membranes 
and respiratory system, and can even be fatal at high 
concentrations. 

In an aqueous solution, it is corrosive and can cause 
burns when in contact with the skin. Chlorine can 
cause environmental damages at low concentra-
tions. It is particularly harmful for living organisms 
in the water and soil.

Henri Victor Regnault
(1810-1878)

Chlorine gas
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 LABELLING

It is important to alert chemical transporters and 
users as to the risks they incur. To do so, many 
countries have their own classification and hazard 
labelling system (see box on REACH and WHMIS 
p. 15). In an effort to establish international harmo-
nization, the United Nations adopted the Globally 
Harmonized System (GHS) in July 2003. The GHS 
is a classification system for chemicals presenting 
certain risks for humans or the environment, based 
on common, harmonized criteria according to the 
hazard presented. 

These hazard classes are divided into 3 major 
groups: 
• physical hazards (explosion, burning),
• health hazards,
• environmental hazards. 

Nine pictograms• have been established to represent 
these classes. 

.....................................................................................................................

 Did you know? 
The pictograms recommend-

ed by the GHS (diamond-

shaped labels edged in red 

with a white background) 

replace the square labels 

edged in black with an orange background.

.....................................................................................................................

GHS pictograms

GHS 05

Corrosive 
Skin/eye corrosion

GHS 07

Harmful/irritant 
Poisonous at high concentrations

GHS 02

Flammable

GHS 06

Acute toxicity 
Poisonous even at low concentrations

GHS 03

Oxidizer

GHS 08

Health hazard

GHS 01

Explosive  
Unstable materials

GHS 09

Hazardous to the aquatic environment

GHS 04

Gas under pressure

Physical hazards Health hazards

Environmental hazards

Warning: some hazards are not represented by a picto-
gram. It is very important to read the label fully.
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Pictograms

DREAM
KLEAN

Avoid breathing spray.
Do not get in eyes, on skin, or on 
clothing.
Keep container tightly closed.
Wear protective gloves and eye 
protection. Wear respiratory protection.
Store in a well ventilated place. Keep 
cool.
If inhaled: Remove victim to fresh air 
and keep at rest in a position 
comfortable for breathing. Call a  
doctor if you feel unwell.
If on skin: Remove immediately all 
contaminated clothing. Wash skin with 
soap and water.
If in eyes: Rinse cautiously with water 
for several minutes. Remove contact 
lenses if present and easy to do – 
continue rinsing.

Contains sulphuric 
acid and ethoxylated 
nonylphenol 

Danger 

XYZ Chemicals Ltd

Fatal if inhaled
Causes severe skin 
burns and eye damage
May cause respiratory 
irritation

123, World Street
ANYVILLE (AN) X1Z 6Y3
CANADA
(123) 456-7890

Signal
words

Hazard
statements

Supplier
identification

Precautionary
statements

Product 
identifier

REACH (Europe)

REACH (Registration, Evaluation, Authorisation and 
Restriction of Chemicals) is a regulation adopted 
by the European Union in 2006. It aims both to 
enhance knowledge of chemicals and to improve 
risk management for the environment and human 
health, without causing any negative economic 
impact on industry. It draws upon many elements 
of the GHS, in particular in terms of labelling.

WHMIS (Canada)

The Workplace Hazardous Materials Information 
System (WHMIS) is Canada's national standard 
providing information on the safe use of 
hazardous materials in the workplace, through 
cautionary labelling, material safety data 
sheets and worker education programs. The 
harmonization of this system with the GHS has 
resulted in changes to labelling.

.....................................................................................................................

Find out more 
The Canadian Centre for Occupational Health and Safety 

provides general information on Material Safety Data Sheets 

on its website: www.ccohs.ca/oshanswers/legisl/msdss.html

.....................................................................................................................

 MATERIAL SAFETY DATA SHEETS

Material safety data sheets (MSDS) are required 
when selling hazardous chemicals. The user must be 
provided with the relevant MSDS by the manufac-
turer, importer or retailer.

MSDS are organized into 16 sections and provide 
important information in addition to that provided 
on the label. 

They include the measures to be taken in the event 
of fire or spillage, indications on disposal of the 
product and information on its transport and the 
relevant regulations. 

It is important to note however that the different 
sections of material safety data sheets are filled in 
very inconsistently according to the manufacturer 
and the product.

Example of a label in compliance with the GHS guidelinesA pictogram or combination of picto-
grams indicates the type of hazard(s). 

A complete label should include:
• the product identifier (chemical and 

trade names),
• the supplier identification (name, 

address, phone number),
• the relevant hazard pictogram(s) 
• signal words indicating the severity 

of the hazard,
• hazard statements describing the 

nature of the hazard(s),
• precautionary statements.

All products transported and sold must 
have a complete label and a material 
safety data sheet (MSDS).
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2. From ore to acid

1. Natural origins

3. A surprising use in foods

From my
extraction
to my use

Hi! My name is
PhosphaCola and I'm

a cola flavoured soda.
This story tells you about 

where I come from.

To start with, I'm a natural resource,
rock phosphate, extracted from mines

mainly in Morocco, the US and China.

Then, I'm treated with 
sulphuric acid. The liquid

obtained is filtered to 
remove as much residue 

as possible.

This gives us concentrated 
phosphoric acid, used in 

many different fields 
(agriculture, mechanics,

food industry).

Phosphoric acid is used as
a pH regulator and a preservative

in cola flavoured sodas.
And that's how I end up

on your table!
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 CONCEPT OF HNS

Shipping is a practical way of transporting large 
quantities of goods over long distances. This is 
particularly the case for large volumes of chemi-
cals. In order to more accurately identify the risks 
that chemical transport presents, the concept of 
Hazardous and Noxious Substances (or HNS) was 
created. A HNS is defined as any substance other 
than oil which, if introduced into the marine envi-
ronment, is likely to create hazards to human health, 
to harm living resources and marine life, to damage 
amenities or to interfere with other legitimate uses 
of the sea (definition from the OPRC-HNS Protocol).

 SHIPPING ROUTES

Shipping routes are the paths taken by ships across 
the world's seas. They are channels a few kilome-
tres wide, defined by compulsory points of passage 
(capes, straits, channels...), physical constraints 
(current speed, depth, presence of reefs) and geopo-
litical contexts.

The busiest shipping routes connect production and 
consumption areas. The main chemical exporters 
and importers are Europe, the United States, Japan 
and China. Three major focus areas therefore emerge 
on a global scale: Europe, North America and Eastern 
Asia.

Across the globe, some thirty-odd ports have an 
annual throughput in excess of 100 million tonnes. 
The port of Shanghai (China), the world's busiest port, 
exceeds 500 million tonnes alone. Ten of the world’s 
15 busiest ports are in China. Furthermore, chemical 
production in countries such as Brazil, South Africa, 
Saudi Arabia and India is rapidly increasing, while 
the growth of production in North America and 
Europe is levelling out.

....................................................................................................................

 Did you know? 
Because of climate change, ship-

ping routes in the Arctic (mainly 

the Northwest Passage and the 

Northern Sea Route) are now 

navigable increasingly early in 

the year.

Shipping traffic could therefore increase in the Arctic in the 

coming years, despite the risks related to the presence of 

icebergs.

....................................................................................................................

Rotterdam (Netherlands), a fast-growing terminal• 

Rotterdam is the world’s fourth 
port and Europe’s number one 
port in terms of the volumes 
handled. It has an extraordi-
nary oil and HNS handling and 
storage capacity. The port of 
Rotterdam is currently rapidly 
growing to face the challenges 
of globalization and increasing 
competition.

www.portofrotterdam.com
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Busiest shipping routes and port terminals for bulk chemical transport in 2011
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 PORT ORGANIZATION

When travelling from their production site to their 
final destination, chemicals transit through ports 
where they are stored, packaged and loaded onto 
vessels. 

Ports are divided into several distinct terminals, each 
specifically dedicated to the handling and storage of 
a particular type of cargo. The size and specializa-
tion of the port determine the presence and extent 
of these different terminals.

Liquefied gas terminals

Transporting a chemical in gaseous form is not cost-
effective as its volume is far too great. To resolve this 
problem, gases are liquefied by maintaining them 
either at very low temperature or under pressure, 
according to their critical temperature•.

Refrigerated gases mainly comprise: lique-
fied petroleum gas or LPG (at –45°C), ethylene   
(at –104°C) and liquefied natural gas or LNG (at 
–162°C). 

Pressurized gases mainly comprise: butane  
(at 5 bars•), ammonia (at 16 bars) and propane  
(at 18 bars).

Certain ports are equipped with liquefaction• plants 
where gases can be transformed into liquids then 
transported by insulated pipes to storage tanks. 
Liquefied gases are transported to the loading 
dock through above-ground pipes. These pipes are 
connected to the ship's loading/unloading manifold 
by flexible or articulated arms. 

Bulk liquid terminals

Most cargoes of this type are liquid at ambient tem-
peratures (acids•, alcohols…). They are stored and 
loaded in exactly the same way as liquefied gases. 
However, certain substances, such as palm oil or sul-
phur, are solid at ambient temperatures and must be 
heated in order to be handled.

Bulk solid terminals

Bulk solids are stored either outdoors (coal, iron ore), 
or in warehouses or silos in the case of putrescible• 
matter (e.g. grain). The goods are transported from 
the loading dock to the ship's tanks• by conveyors. 
They are unloaded using large clamshell buckets, 
vertical elevators or suction systems fixed to cranes.

Liquefied natural gas loading terminal

Solid bulk cargo (ore) loading terminal 

Container loading terminal

Container terminals

Containers• are loaded onto and unloaded from ships 
using specialized cranes designed to rapidly and 
accurately move the cargo. A dock equipped with 
four cranes can handle up to five million tonnes of 
goods a year.



 



 Chemical Pollution at Sea 21 
 Shipping

Different operating terminals within a port

Liquefaction plant

Tanks

Open air storage

Silos

Insulated pipelines

Pipelines

Gas carrier

LIQUEFIED GASES

BULK LIQUIDS

BULK SOLIDS

CONTAINERS

Conveyor belts

Bulk carrier

Cranes equipped with clamshells

Storage area

Loading frame

Loading and unloading
dock

Container ship

Chemical tanker

Loading and unloading
dock
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 SHIP TYPES

Gas transport

Vessels designed to transport liquefied gases are 
known as "gas carriers" or sometimes "LNG tankers". 
The capacities of these ships are variable and depend 
on the liquefaction•* method. A refrigerated vessel 
can transport up to 225,000 m3 of liquid gas, while 
vessels with pressurized storage facilities have a 
maximum capacity of 6,000 m3 as their reinforced 
tanks are extremely heavy.

Gas carriers are frequently inspected due to the 
properties of their cargoes (flammability, volatility) 
and the transport conditions (low temperatures). 
They are equipped with sophisticated safety systems, 
for instance alarms linked up to atmosphere control 
systems to rapidly detect leaks.

The number of vessels transporting liquefied natural 
gas has risen sharply over the past twenty years. 
This phenomenon is due to the growing demand for 
natural gas, although the world fleet of gas carriers 
remains low in comparison to other types of ships.

Chemical tanker

Bulk liquid transport

Bulk liquids are transported by chemical tankers. 
These ships are designed to transport hazardous 
substances and are smaller in size than oil tankers. 
Their capacity ranges between 3,000 and 50,000 
tonnes. Most chemical tankers have stainless steel 
tanks (with up to 40 of these tanks per ship) which 
are totally separate from one another, enabling 
simultaneous transport of different incompatible 
substances.

International regulations define the requirements in 
terms of ship design according to the hazard level, 
for humans and the environment, of the products 
transported. Type 1 ships are those designed for 
products considered to present the greatest overall 
hazard and type 2 and type 3 for progressively lesser 
hazards. Chemical tankers, like gas carriers, undergo 
frequent technical controls.

 

 

 

 

1990 1998 2008 2020

71
100

300

500

Evolution over time of the number of vessels  
transporting liquefied natural gas worldwide

(1) Gas carrier 
(2) Inside the tank of a gas carrier 


Source: www.witherbyseamanship.com

(1)

(2)
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Container ship under construction

Arrangement of containers

Cell guides

Lashing rods

Stacking cones

Bulk solid transport

Bulk solids are transported by "bulk carriers" whose 
load capacity ranges between 35,000 and almost 
400,000 tonnes. The main hazard with this type of 
vessel is damage to its structure either because of the 
severe stress exerted during loading and unloading 
operations, or because of extreme weather condi-
tions.

Container transport

The substances packaged and placed in containers 
are transported by container ships. Over the past 
years, the size and capacity of these ships has been 
relentlessly rising.

In December 2007, the Eugen Maersk left its Danish 
shipyard. Its dimensions are impressive; 397 m 
long by 56 m wide, with a capacity of up to 14,500 
twenty-foot containers (14,500 TEU for Twenty-

foot Equivalent Unit). And the ever-increasing size 
of ships continues to rise, with orders placed for 
the coming years. Between 2013 and 2015, several 
dozen container ships with an 18,000 TEU capacity 
are set to be delivered.

In the hold•, containers are stacked on top of each 
other in cells, divided by guide rails fixed to the 
vessel's structure. On deck, the containers are held in 
place by semi-automatic twistlocks and lashing rods 
located at the base of each stack.

When loading ships, particular attention should be 
paid to containers carrying HNS. Such containers 
will be positioned far apart due to incompatibilities 
between substances. This is an important factor in 
the development of the container ship’s stowage• 
plan.

The high capacity of these vessels constitutes both 
their strength and their weakness. Cargoes are 
sometimes loaded very high on the deck, causing 
stability problems for the vessel and its cargo. The 
structure also suffers severe stress, in particular in 
adverse weather conditions.

Bulk carrier
Ultra Large Container Vessel (ULCV) 

....................................................................................................................

 Did you know? 
In 1956, American entrepreneur Malcom McLean had the 

brilliant idea of loading only the trailers and not the whole 

trucks onto ships. This is how the container was invented. 

....................................................................................................................
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Containers and packages 
 
The most common type of packages are drums• (steel, plastic, 
cardboard...), but bags, sacks, bottles and other forms of unit loads 
are also used. These packages are generally placed in metal boxes 
known as intermodal or shipping containers, which are internation-
ally standardized:
• twenty foot (6 m) long containers with a load capacity of 

around 20 tonnes,
• forty foot (12 m) long containers with a load capacity of around 

25 tonnes.

Specialized containers have been developed to meet specific needs, 
for instance, tank containers or refrigerated containers.

...............................................................................................................................................

Find out more
The container ship stowage plan is drawn up by a person known as the 

ship-planner. Specialized software is used to virtually position the contain-

ers, taking into account their weight and the type and destination of their 

cargo. This plan is then approved by the ship's captain and applied by the 

terminal staff during loading and unloading.

The diagram opposite illustrates a cross-sectional view, or profile, of a con-

tainer ship: a full stowage plan includes over 30 profiles. Each container is 

labelled with its number, destination and weight. The colours indicate spe-

cific containers, for instance red containers contain hazardous substances.

...............................................................................................................................................

Occasional carriers

Other types of vessels may be required to transport 
HNS. This is the case of cargo ships• or vessels trans-
porting various goods which are able to handle bulk 
and/or packaged goods.

Mention should also be made of ferries, whose main 
purpose is to transport vehicles with their load and 
their passengers on sea crossings. Certain trucks or 
wagons loaded onboard these vessels may contain 
hazardous substances. This aspect is however subject 
to strict regulations. The quantities transported are 
limited and only moderately hazardous products are 
accepted.

Containers

Tank containers
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 SUBSTANCES TRANSPORTED 

Each country or region of the world has its own statis-
tics in terms of maritime HNS transport and no global 
system currently exists to centralize these data.

It is however possible to provide a overview of HNS 
transported around the world by ship in bulk liquid 
form (including gases). In 2007, 155.6 million tonnes 
of liquid goods were transported, which can be divided 
into three main categories:
• 50 % were petrochemical• products, such as 

benzene, xylenes and styrene,
• 30 % were animal or vegetable oils and fats such 

as palm oil,
• 10 % were inorganic substances such as mineral 

salts, most ores, certain corrosive• substances 

(caustic soda, sulphuric and phosphoric acid) and 
certain gases (ammonia, chlorine),

• 10 % were miscellaneous products, grouped 
together in a separate category. 

 
 

....................................................................................................................

 Did you know? 
Palm oil exports, mainly shipped from Malaysia and Indo-

nesia, dominate the vegetable oil trade. This oil is used in 

margarine and ready meals. 

....................................................................................................................

Vegetable oils are used in foods and in the manu-
facture of biofuels•.

Methanol is mainly used to produce formalin, 
commonly used in permanent glues, and methyl 
tert-butyl ether (MTBE) is a very common additive 
in unleaded gasoline.

Benzene is used to obtain ethylbenzene which 
in turn is used to produce styrene. Styrene forms 
polystyrene by polymerization.

Caustic soda is used in the composition of soaps, 
detergents and plastics.

xylenes, derivatives of benzene, are solvents• used 
in the manufacture of paints, varnishes, glues and 
printing inks.

For more information, see the “Index of main uses” 
on p. 87.

The 15 bulk HNS most handled in European ports

Source: European project HASREP, 2005
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The different codes governing goods transport by ship
 REGULATIONS

HNS transportation by ship is governed by various 
international regulations to prevent and identify the 
pollution risks presented by this type of goods.

International conventions

Shipping regulations draw upon 3 main international 
conventions:
• the UNCLOS Convention (United Nations 

Convention on the Law of the Sea) came into 
force in 1994. Based on other international 
texts, it establishes the guiding principles of 
international law on the boundaries defining 
maritime areas and the main rules applicable in 
the world's oceans,

• the current version of the SOLAS Convention 
(Safety of Life at Sea) came into force in 1980. 
The aim of this treaty is to prevent accidents and 
guarantee the safety of human lives at sea,

• the MARPOL 73/78 Convention came into force 
in 1983. This convention focuses on the preven-
tion of pollution by ships.

Goods transport codes

In addition to these international conventions, four 
codes have been established: the IGC Code for ships 
carrying liquefied gases in bulk, the IMDG Code for 
packaged dangerous goods, the IBC Code for liquid 
chemicals in bulk and the IMSBC Code for solid bulk 
cargoes.

LIQUEFIED GASES

BULK LIQUIDS

BULK SOLIDS

CONTAINERS
AND

PACKAGES

IGC Code 
International Code for 
the Construction and Equipment 
of Ships Carrying Liquefied Gases in Bulk

IBC Code 
International Code for the
Construction and Equipment
of Ships Carrying Dangerous 
Chemicals in Bulk

IMSBC Code 
International 
Maritime Solid
Bulk Cargoes Code

IMDG Code 
International Maritime
Dangerous Goods codeSO
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.................................................................................................................................................................................................

         Did you know? 

Among the four codes governing merchant shipping, the IMDG (International Maritime Danger-

ous Goods) Code concerns the greatest number of chemicals, as it covers all noxious substances 

transported in packages or containers. It governs the shipping of hazardous materials worldwide and 

applies in addition to each country's texts and regulations. The IMDG Code determines the rules on 

the packaging and storage of products, according to their hazards, as well as their marking, labelling 

and stowage• to ensure safe loading of ships.

................................................................................................................................................................................................
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These codes include a list of substances liable to be 
transported, classed according to the hazard they 
represent. These documents also provide the instruc-
tions to be followed to ensure maximum safety, when 
preparing, transporting or loading and unloading the 
cargo.

The International Maritime Organization 
(IMO)

Established upon the initiative of the United Nations 
in 1948, the International Maritime Organization is 
a body which defines the rules relating to maritime 
safety on a global scale. Its headquarters are located 
in London (United Kingdom). In 2011, IMO had 169 
Member States and 3 Associate Members.

The main objectives of IMO are:

• to establish collaboration between Member 
States on maritime regulations,

• to define and adopt shipping safety standards,

• to prevent pollution of the marine environ-
ment caused by ships and port facilities. 

GESAMP classification and hazard profiles

GESAMP (the Group of Experts on the Scientific Aspects of Marine Environmental Protection) is a 
body that advises on the scientific aspects of marine pollution and marine environmental protection. 
It works in close collaboration with IMO. It is organized into several working groups, one of which is 
charged with establishing the hazard profiles of bulk liquid chemicals, in terms of environmental and 
health risks.

These profiles are organized into five main effects: persistence in the environment, aquatic eco-
toxicity, mammalian toxicity, effects on human health and interference with uses of the sea. These 
products, evaluated by experts, are recorded in a database. Based on this work, the following are 
defined for each substance: its pollution category, the type of ship suitable for transporting it and 
the precautions to be taken in terms of tank residues.

 .....................................................................................................................
Find out more
International Maritime Organization website: www.imo.org

.....................................................................................................................

GESAMP classification of phosphoric acid
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1. Departure from Moroccan mines

My travel

journal

2. From the ship to
the chemical factory 3. From the chemical factory

Before becoming a cola 
flavoured soda, I travel a
long way across the world's

oceans and undergo 
various changes.

Once I've been extracted from
the mine, I start off on a long journey!
After being extracted from the ground,
rock phosphate is sent along conveyor

belts to the phosphate terminal.
The rock is then loaded

in bulk onto a bulk carrier
to cross the oceans.

1st stop: the chemical factory
where I will be transformed 

into phosphoric acid. This liquid
is stored in tanks then loaded

onto a chemical tanker.

... and I'm off on a
journey across the

world's oceans!

2nd stop: the packaging factory
where I'm put in drums which
are then placed in containers

and sent across the globe
on container ships.

Part of the cargo of phosphoric 
acid will go to the food industry,
for instance to be incorporated

in tiny quantities in cola
flavoured sodas.

to the food industry



    

 Sources of pollution

  Chronic pollution

  Accidental pollution

  Substances spilt

  Reactivity = danger

  Behaviour
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Marine pollution is the chronic or accidental 
release into the environment of natural or artifi-
cial substances that are harmful to ecosystems, 
human health and/or water-related uses. Natural 
phenomena, such as volcanic eruptions, are there-
fore not covered by the term pollution as used in this 
document.

        CHRONIC POLLUTION

Chronic marine pollution is caused by 
permanent or periodical releases of  
polluting substances. 

Japanese tragedy in Minamata

From 1932 to 1966, a chemical plant discharged 
methylmercury (mercury in organic form) on a daily 
basis into the waters of Minamata Bay in Japan. 
Methylmercury is an extremely toxic substance that 
accumulates in the tissues of living organisms and 
persists for a very long time in the environment. It 
settles on the bottom and gradually contaminates the 
food chain, in particular fish and seafood.

Local populations, as major seafood consumers, were 
contaminated by the poison which, in humans, mainly 
affects the nervous system. Consequently, in the 1950s, many lives were lost. Babies born in the vil-
lages bordering Minamata Bay suffered malformations and neurological defects. Many children and 
adults showed a lack of balance, shaking and delirium.

It was not until 1959 that a group of scientists made the link between these releases of methylmer-
cury and the symptoms observed in local populations. However, due to the factory's failure to cooper-
ate, the situation did not change. It was not until 1966 that the discharge of mercury stopped, follow-
ing the introduction of a more economical synthesis process. Now many years later, the compensation 
procedure is still in progress.

Some releases of chemicals are authorized subject 
to compliance with certain standards, designed to 
reduce impact on health and the environment. 

However, chronic discharge is often illegal for 
different reasons: non-compliance with standards, 
release in unauthorized areas or of unauthorized 
substances.

Chronic pollution can come from different sources: 
wastewater from rural and urban areas; industrial 
discharge (chemical, oil and agri-food industries) 
and farming practices (fertilizer, livestock manure, 
pesticides).
Polluting substances may be discharged directly into 
the marine environment or be carried there by the 
hydrographic network•. 

....................................................................................................................

 Did you know? 
It all starts with tributyltin (or TBT), a 

chemical which was used, a few years 

ago, in antifouling paints applied to the 

bottom of ships. Although it has not been 

used since 2008, tributyltin persists in port 

environments as it has very low biodegra-

dability. Studies have shown that the presence of TBT causes 

the appearance of a male reproductive organ in female 

dog whelks Nucella lapillus, small marine gastropods•. This 

masculinization of individuals is responsible for the disap-

pearance of this species in certain coastal areas with intense 

boating activity.

.................................................................................................................
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          ACCIDENTAL POLLUTION

Contrary to chronic pollution, accidental pollution is 
the result of sudden events, independent of human 
will. It may, for example, occur following the rupture 
of a pipeline, a fire or a shipwrecking.

Accidental chemical pollution at sea is generally 
caused by ship-source spills. These events may be due 
to:

• structural failure or lack of maintenance of the 
ship, causing a crack in the hull or damage in 
the machine room,

• adverse weather conditions,

• inappropriate manoeuvres during navigation 
(leading to collision or grounding•),

• incidents during cargo loading/unloading opera-
tions,

• problems related to the cargo such as explosion 
or containers breaking loose.

Such pollution can also be caused by incidents 
occurring at port facilities or chemical plants. 

In the event of an incident, the pollution may be: 
- immediate if the pollutant is released directly into 
the environment. Flora and fauna may be affected 
over a varying period of time according to the type 
and quantity of substance spilt.
- deferred and appear in the longer term in an 
expected manner. This is the case, for instance, of 
corroded wrecks which begin to leak several dozen 
years after sinking.

....................................................................................................................

 Did you know? 
Seveso is a town in Italy where an extremely serious chemi-

cal accident occurred in 1976. 

In Europe, this name is now used for industrial sites classi-

fied as hazardous as well as the corresponding regulations 

(96/82/EC directive).

....................................................................................................................

Unknown

Loading / unloading

Fire / explosion

Grounding

Collision

Structural damage

Severe weather conditions
16 %

26 %

7 %

11 %

9 %

13 %

18 %

Causes of ship-source accidents involving HNS worldwide (between 1917 and 2010)

Container ship Rena grounded on a reef 
(2011, New Zealand)
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..........................................................................................

 Find out more 
"Spills" section of Cedre's website: www.cedre.fr

.............................................................................................

26 examples of maritime incidents  
involving HNS worldwide
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 1   Grandcamp 
April 16th, 1947,  
ammonium nitrate: 
2,200 t.

 2   Amalie Essberger 
January 13th, 1973,  
phenol: 400 t.

 3   Yuyo Maru N°10 
November 9th, 1974,  
butane: 6,400 t., propane: 
200 t., naphtha: 20,800 t.

 4   René 16 
January 16th, 1976,  
anhydrous ammonia: 
550 t.

 5   Sindbad  
December 10th, 1979,  
chlorine: 50 t.

 6   Stanislaw Dubois  
April 2nd, 1981,  
calcium carbide: 900 t., 
caustic soda: 1,000 t.

 7   Puerto Rican  
October 31st, 1984,  
caustic soda: 1,000 t.

 8   Herald of Free Enterprise 
March 6th, 1987,  
various HNS: 50 t.

 9   Cason  
December 5th, 1987,  
various HNS: 1,100 t.

 10   Ocean Spirit  
April 15th, 1988,  
lead concentrate: 2,850 t.

 11   Julie A  
November 4th, 1989,  
hydrochloric acid: 300 t.

 12   Val Rosandra 
April 28th, 1990,  
propylene: 1,800 t.

 13   Continental Lotus 
January 21st, 1991,  
iron ore: 51,600 t.

 14   Stora Korsnäs Link I 
November 5th, 1991,  
sodium chlorate: 40 t.

 15   Rosa M 
November 30th, 1997,  
various HNS: 70 t.

 16   Bahamas  
August 24th, 1998,  
sulphuric acid 95 %: 
19,000 t.

 17   Eurobulker IV 
September 8th, 2000,  
coal: 17,000 t.

 18   Ievoli Sun 
October 31st, 2000,  
styrene: 4,000 t., 
methylethylketone: 
1,000 t., 
isopropyl alcohol: 1,000 t.

 19   Fu Shan Hai 
May 31st, 2003,  
potash: 66,000 t.

 20  Bow Mariner 
February 28th, 2004, 
ethanol: 11,000 t.

 21   Vicuña 
November 15th, 2004,  
methanol: 14,000 t.

 22  Ece 
January 31st, 2006,  
phosphoric acid: 10,000 t.

 23  MSC Napoli 
January 18th, 2007,  
various HNS: 1,700 t.

 24  Gülser Ana 
August 26th, 2009,  
phosphorite (phosphate 
ore): 39,000 t.

 25  Rena 
October 5th, 2011,  
various HNS.

 Ores
 Mineral or organic salts
 Petrochemical products
 Corrosive substances 
 Gases
 Multi-products

The quantity indicated for each accident is 
the quantity transported (potential danger)
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When foodstuffs become  
hazardous substances

In 1996, the grain carrier 
Fénès ran aground in a 
small bay in the Lavezzi 
Islands (Corsica, France). 
Its hull was ripped open 
due to severe weather and 
2,500 tonnes of wheat 
were released into the sea. 

Across more than a 
hectare of seabed, the marine vegetation 
(including protected species) and sessile• 
animals (sponge, coral) were covered with a 
thick layer of wheat, ranging from dozens of 
centimetres to several metres.

Wheat removal operations by pumping began 
two months later. The recovered wheat was 
drained through a sieve system positioned in a 
hosepipe used to dispose of the wastewater.

During recovery operations, toxic products 
resulting from the fermentation of the wheat 
were detected: hydrogen sulphide, methanol 
and ethanol.

The surface personnel and divers were 
equipped accordingly. The pumping operations 
were completed 3 months after the incident.

 SUBSTANCES SPILT

An analysis of 196 accidents which occurred between 
1917 and 2010 across the world's seas resulted 
in the identification of the hazardous substances 
transported in bulk most frequently spilt and in the 
greatest quantities.

For solids, these substances are:
1. iron ore: iron is extracted from this ore and is 

used in different alloys such as steel and cast 
iron,

2. potash: used in the production of fertilizers, 
soaps, detergents and synthetic rubber,

3. phosphate: mainly used to manufacture phos-
phoric acid,

4. fertilizers: substance added to soil to supply 
nutrients essential to plant growth,

5. ammonium nitrate: mainly used to produce 
fertilizers and explosives.

For liquids, these substances are:
1. sulphuric acid: mainly used in the production of 

phosphate fertilizers and pigments,
2. vegetable oils: used in the food industry and in 

the manufacture of biofuels•,

3. caustic soda: used in the composition of soaps, 
detergents and plastics,

4. naphtha: produced from the distillation of oil, 
this substance is a key intermediate product in 
the manufacture of petrochemical products•,

5. sulphur: mostly used to synthesize sulphuric 
acid.

Chemical spills from ships are often accompanied by 
oil pollution, caused by the ship's fuel.

Grounding of the bulk carrier Gülser Ana (2009, 
Madagascar). Double spill: rock phosphate in 
white and oil in black

....................................................................................................................

 Did you know? 
Sulphuric acid, historically known as oil of vitriol, has been 

produced by humans since the 15th century. In those days, it 

was obtained by distilling ferrous sulphate with sand.

The first industrial process using to manufacture this acid, 

known as the lead chamber process, was developed in 1746 

by British inventor John Roebuck. It was used until 1946.

...................................................................................................................
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 REACTIVITY = DANGER

Particular attention is paid to the transport condi-
tions of HNS as they are often liable to react, some-
times violently, with other products or upon contact 
with an element in the environment. This danger 
is even greater if the optimal transport conditions 
determined (temperature, pressure) are accidentally 
altered.

Reaction with water

Certain substances can react with water through 
different processes: hydrolysis•, hydration• or oxida-
tion•. These reactions• can cause an explosion or lead 
to the formation of dangerous products (corrosive•, 
toxic or flammable).

In 2003, the deoxidized iron balls contained 
in the tanks of bulk carrier Adamandas reoxi-
dized in the presence of excessive humidity 
in the air. This caused the cargo to heat (up 
to 300°C) and dihydrogen to be released, 
leading to an explosion risk. 

In 2000, the chemical tanker Ievoli Sun 
sank in the Channel with 3,998 tonnes of 
styrene onboard. Several experiments were 
conducted to determine whether the cargo 
was liable to react violently. As the results 
did not show any polymerization risk, the 
styrene was pumped out of the wreck.

In 1977, when loading the cargo vessel 

Burgenstein, in Germany, sodium peroxide 
was spilt onto wet plastic sheeting. The 
substance reacted violently with the damp 
plastic, causing a fire.

The Adamandas (2003, Réunion Island)

Explosion of the Ocean Liberty (1947, port of 
Brest, France)

Reaction with the oxygen in air

Certain gases or volatile substances can react with 
the oxygen present in air and ignite or explode. Their 
Lower Explosive Limit (LEL) and Upper Explosive Limit 
(UEL), which determine the concentrations in air 
allowing these reactions, must therefore be known.

Reaction by polymerization

Monomers• are generally stable substances but can 
react with each other in an uncontrolled manner to 
form polymers•, which may cause violent explosions. 
To prevent this, an inhibitor is often added to mono-
mers, in particular for their transportation. Polym-
erization is a highly exothermic reaction and can be 
triggered by different factors: a rise in temperature, 
inhibitor expiry date exceeded, friction or shock.

Reaction with other substances

Certain substances are incompatible with each other 
and legislation requires them to be kept far apart 
during transportation. If they accidentally come into 
contact, this may cause fire, explosion or the release 
of toxic vapours.

15.50 50

EXPLOSION

UELLEL

Concentration
too high

% ammonia in air

Concentration
too low

26.2

LEL and UEL of ammonia







 Chemical Pollution at Sea  35  
 Sources of pollution

Different types of behaviour of substances spilt

 BEHAVIOUR 

The behaviour of a substance spilt at sea is the way 
in which it is altered during the first few hours after 
coming into contact with water. Predicting this be-
haviour is one of the most important stages in the 
development of a response strategy. The Standard 
European Behaviour Classification (SEBC) deter-
mines the theoretical behaviour of a substance ac-
cording to its physical and chemical properties, and 
classifies it into one of five main families: 

methane

GAS

ammonia benzee

dissolver

palm
oil

butanol phosphoric
acid 

acetone sulphur dichloro-
ethane

evaporator
dissolverevaporator dissolver dissolverdissolver

EVAPORATOR

vinyl
acetate

FLOATER

xylenes ethyl
acrylate 

DISSOLVER

evaporator

SINKER

• gases (G),
• evaporators (E),
• floaters (F),
• dissolvers (D),
• sinkers (S). 

Most of the time, a substance does not have one 
single behaviour but rather several behaviours due 
to its nature and environmental processes (wind, 
waves, current). For example, ethyl acrylate is clas-
sified as FED as it floats, evaporates and dissolves.  

However, the SEBC code has its limits. It is based 
on experiments conducted in the laboratory on pure 
products at a temperature of 20°C in fresh water. 
These conditions are quite different from those en-
countered in the case of incidents at sea, and the ac-
tual behaviour of the product may be quite different 
from its theoretical behaviour. Yet the SEBC code re-
mains a valuable tool for use in the elaboration of spill 
response strategies, although it is important to bear in 
mind its limitations when using it. 

Research into behaviour

The behaviour of hazardous substances should 
be tested on different scales, ranging from the 
laboratory to the field, in order to come close to 
the actual conditions that may be met at sea. 
Such experimentation is conducted in different 
laboratories across the globe, including at Cedre 
and Environment Canada.

test
tube

column

at sea trials

experimental cells
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3. Message in a bottle

1. A dead weight

2. Did you say solution?

My
behaviour

Other than the soda that
quenches your thirst, I come
in different forms that alter

my behavior in water.

When I'm in the form of 
rock phosphate (boulders of rock), 

if I fall overboard during my journey, 
I will usually sink because

I'm heavier than water.

As phosphoric acid, if the
chemical tanker transporting me 

breaks in two, I will leak out and dissolve 
almost completely in the sea. 

This phenomenon will result in a 
local acidification of the seawater.

Contained in plastic bottles filled
with soda, if I fall overboard, 

I will float at the surface.

If the bottles are not 
recovered at sea, some day they will 

wash up on the shore.



	 	 	 	

  Prevention and preparedness

  Organizational framework

  Contingency planning

  Operator training 

  Protective equipment

  Ship inspection 



38 Chemical Pollution at Sea  
 Prevention and preparedness

  ORGANIZATIONAL FRAMEWORK

International organization

The International Maritime Organization (IMO, see 
p. 27) is behind a certain number of important trea-
ties such as the OPRC Convention (International 

Convention on Oil Pollution Preparedness, Response 
and Co-operation) for oil spill response.

The OPRC Convention gave rise to the OPRC-HNS 
Protocol, which came into force in 2007. The obliga-
tions of signatory States to the Protocol comprise:

• international cooperation with the aim of  
providing advice and technical support in the 
event of a spill,

• a contingency plan for all ships and sea ports 
handling HNS,

• a national preparedness system to respond 

L’image symbolique : un oiseau englué A chemical industry initiative:  
the Responsible Care® project

This initiative was 
launched in Canada in 
1985. The world’s main 
chemical industries, repre-
senting 60 countries, are 
members.

Managed by the Inter-
national Council of Chemical Associations 
(ICCA), this global voluntary initiative is a 
code of good practice established by the 
chemical industries, independently of all 
mandatory standards and regulations.

With Responsible Care® companies commit 
themselves to permanently improving their 
performance in the areas of health, safety 
and environmental protection. They also 
commit to communicating with complete 
transparency with local government, the 
authorities, non-governmental organizations 
and the general public about their perfor-
mance in these areas.

More information at www.icca-chem.org,  
"Responsible Care" section.

Global maritime traffic (all ship types)

Due to the high potential pollution risks gener-
ated by shipping traffic, prevention is essential and 
involves the construction of international networks 
and shared response efforts.

rapidly and efficiently to chemical spills,

• exchange of the results of research and develop-
ment to improve surveillance, response and envi-
ronmental restoration techniques.

Source: ExactEarth
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An original European initiative: the MAR-ICE network

The MAR-ICE network (Marine Intervention in Chemical Trans-
port Emergencies), inspired by the ICE network for accidents 
on land, is a European initiative launched in 2008 under the 
auspices of the European Maritime Safety Agency (EMSA), the 
European Chemical Industry Council (Cefic) and the Centre of 
Documentation, Research and Experimentation on Accidental 
Water Pollution (Cedre).

This network is available to all Member States of the European 
Union or of the European Free Trade Association (EFTA) in the 
event of a chemical spill in their waters. Through this network, 
the chemical company(ies) able to provide information on the 
products involved and to advise on pollution response methods 
can be contacted via Cedre.

Regional cooperation

Regional cooperation is organized around initiatives 
initially set up for oil pollution, which have evolved 
to be adapted to HNS. Some of these initiatives have 
resulted from the work of international bodies, while 
others have arisen from more local efforts. 

Below are a few examples: 

• in North America: the Canada–United States 
Joint Marine Pollution Contingency Plan,

• in Europe: the Bonn Agreement which covers 
the countries bordering the North Sea,

• in Eastern Africa: the Indian Ocean Commission 
(IOC),

• in the Northwest Pacific: the Northwest Pacific 
Action Plan (NOWPAP),

• in the Mediterranean: the Regional Marine 
Pollution Emergency Response Centre for the 
Mediterranean Sea (REMPEC), established 
through the Barcelona Convention,

• in the Caribbean: the Regional Marine Pollution 
Emergency, Information and Training Center 
(REMPEITC), established through the Carthagena 
Convention,

• in the Arctic: the Arctic Monitoring and Assess-
ment Programme (AMAP).

............................................................................................................................................................................................................................................................... 

 Did you know? 
Cedre is a French not-for-profit association. It was created in 1978, in the aftermath of the Amoco Cadiz oil 

spill, to improve preparedness for accidental water pollution but also to strengthen the French national response 

organization.

Cedre is responsible, on a national level, for documentation, research and experimentation on pollutants (oil and 

chemicals), their effects as well as the response methods and specialized equipment that can be used to combat 

them. It is charged with providing advice and expertise both for marine and inland waters•. 

...............................................................................................................................................................................................................................................................

www.cedre.fr

www.emsa.europa.eu/documents.html 
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L’image symbolique : un oiseau englué

Main stages of contingency planning CONTINGENCY PLANNING

The first stage in preparing for response involves 
developing a contingency plan that specifies the 
methodology to be adopted in the event of an acci-
dent. 

In many countries, all ships, factories and port facili-
ties must have a contingency plan before beginning 
operations. Countries also often have one or more 
such plans. They are established in anticipation of 
incidents and should be regularly updated according 
to the products involved but also with regards to 
changes to regulations and improved expertise.

Generally speaking, contingency plans address five 
crucial points:

• the identification of the risks related to substances 
handled or transported,

• the identification of potential stakeholders and 
their responsibilities,

• the inventory and preparation of equipment 
(protective equipment, response equipment),

• the actions to be taken in the event of a spill,

• the training of persons liable to be involved in 
response.

Finally, through training and exercises, contingency 
plans can be implemented, validated and improved.

What are the
response options?

What equipment
is available?

What are the risks? 
What is at stake?

Validation or
revision of 

contingency plan

Strategy

Actions

Who does what?

Operator training

Exercises 
(to test contingency 
plan and equipment)

CONTINGENCY

PLAN

Drafting of 
contingency plan

Procurement or review
of equipment
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 OPERATOR TRAINING 

Vessel crews

Crews are trained to protect their own lives as well 
as to preserve the vessel in the event of a spill, 
fire and/or explosion. They are therefore trained to 
rapidly stop a leak and to correctly use the appro-
priate personal protective equipment (PPE).

Response teams

In order to be operational, response teams must 
attend in-class and practical training sessions on 
HNS, but more importantly must regularly imple-
ment this knowledge through exercises simulating 
chemical spills. Exercises are the opportunity to 
validate the contingency plan, deploy response 
equipment and to ensure that it is in good working 
order, while testing the response organization.

Several countries have already implemented such 
initiatives for operators belonging to the adminis-
tration. Through the ratification of the OPRC-HNS 
Protocol, a global standard is set to be created for 
training in response to chemical spills at sea. Along-
side these government initiatives, certain chem-
ical companies with very large sites have private 
response teams that are trained internally.

Independent training organizations offering courses 
on HNS pollution remain scarce, as efforts are still 
focused on oil.

L’image symbolique : un oiseau engluéL’image symbolique : un oiseau englué

 (1) Type 1 protection (level A) 
 (2) Type 6 protection (level D) 

 PROTECTIVE EQUIPMENT

Vessel crews and response teams must have access to 
Personal Protective Equipment (PPE) stockpiles. The 
content and size of these stockpiles is closely linked 
to the type and quantity of substances handled or 
liable to be handled.

Marine response PPE comprises protective clothing, 
either single-use or reusable, often combined with 
respiratory protection. In addition, different accesso-
ries may prove essential to ensure optimal operator 
protection: gloves, boots, goggles, helmet and ear 
protectors. The materials of which they are made will 
vary according to the substances to which they must 
be resistant and the circumstances surrounding the 
incident.

(1) (2)



Training in Canada

In Canada, environmental response training 
courses can be provided by: 

• the Canadian Coast Guard: 

 The training program is designed to 
ensure that all Environmental Response 
(ER) personnel are well trained and able 
to effectively respond to a marine pollu-
tion incident. The program consists of 
5 courses; refresher training as well as 
exercising are other key components of 
the overall training program. 

• Environment Canada: 

 The Emergencies Science and Tech-
nology Section provides training to 
Environment Canada’s Environmental 
Emergencies Officers and Enforce-
ment Officers and other government 
departments in responding to spills of 
hazardous materials, sampling protocols, 
personal portable analytical equip-
ment, and the use of personal protec-
tion equipment. These courses combine 
lectures, table-top exercises, and prac-
tical, hands-on exercises. 
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European system

Type 1 

Protects against liquid and gaseous chemicals. Gas-tight.

Type 2

Protects against liquid and gaseous chemicals. Non-gas-tight.

Type 3

Protects against liquid chemicals. Liquid-tight.

Type 4

Protects against liquid chemicals. Spray-tight.

Type 5

Protects against solid particulates.

Type 6 

Splash-tight.

North American system

Type A 

Maximum respiratory and skin protection.

Type B

Maximum respiratory and moderate skin protection.

Type C

Minimal respiratory and skin protection.

Type D

No respiratory and minimum skin protection.

Description of PPE categories

Respiratory protection

Air-purifying respirators (APR) are composed of an 
air-tight mask and a cartridge that contains a filter 
suitable for one or more gases. They are compact and 
light, but are specific to a given substance.

Self-contained breathing apparatus (SCBA) are 
bulkier than APR. They are used to work in an 
asphyxiating atmosphere as those wearing them 
breathe the compressed air container in the bottle.

...................................................................................................................

 Did you know? 
Self-contained breathing apparatus (SCBA) provides a 

service time of 20 to 45 minutes according to the type of 

response operations and the equipment used. 

...................................................................................................................

(1) Air-purifying respirator (APR) 
(2) Self-contained breathing apparatus (SCBA) 

(1) (2)



Protective clothing

European standards define six types of clothing 
(ranked from 1 to 6) according to their level of 
protection. Canada and the United States, on the 
other hand, have their own classification which 
combines both protective clothing and breathing 
apparatus (ranked from A to D). There is no direct 
correlation between the two standards but some 
equivalences can be drawn. For instance, an Amer-
ican level B is comparable with a European type 3.

Preparedness resources

The International Maritime Organiza-
tion (IMO) has developed a wide range of 
tools, including standard training courses, 
manuals and guidance documents to help 
countries to develop their capacity to deal 
with incidents involving hazardous and 
noxious substances (HNS). Member States 
can also request assistance from IMO, 
through its Integrated Technical Co-oper-
ation Programme, in order to satisfy their 
obligations and implement the provisions 
of the Protocol on Preparedness, Response 
and Co-operation to Pollution Incidents by 
Hazardous and Noxious Substances, 2000 
(OPRC-HNS Protocol).
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L’image symbolique : un oiseau englué

 SHIP INSPECTION 

Ships carrying HNS are regularly inspected to ensure 
that they comply with international maritime safety 
and environmental protection regulations. This 
control may be conducted by the Flag State, i.e. the 
country in which the ship is registered, or by the Port 
State when the ship is in an foreign port.

In addition to these controls, vetting can generally 
be organized by charterers•. This involves controls 
on more operational aspects, such as cargo manage-
ment or accident prevention. 

..................................................................................................................

 Find out more
The Chemical Distribution Institute (CDI) is an independ-

ent organization, gathering several chemical companies, 

whose mission is to improve the safety of chemical shipping 

worldwide.

This structure has created an inspection system specifically 

designed for vessels carrying HNS.

Regular controls are conducted by CDI and inspection can 

last up to 16 consecutive hours.

For more information on this organization, visit its website 

at: www.cdi.org.uk

..................................................................................................................

Inspection of a cargo vessel

A ship safety inspector 
gives us the lowdown…

"Being a ship safety inspector 
is a fascinating job because 
vessels themselves are of 
such great interest, so different from tankers to 
container ships to passenger vessels, not forget-
ting fishing vessels, dredgers•, cable ships… This 
gives rise to so many different technologies and 
vocations for onboard personnel and inspectors. 

Inspectors control the vessel itself (SOLAS, 
MARPOL conventions...) but their inspection can 
also cover operational procedures and labour 
regulations. It is important to quickly get a feel 
for the “atmosphere” onboard and establish re-
lations with all nationalities of seamen, taking 
into account their culture.

It is therefore a field job with both techni-
cal and legal aspects, which requires human 
qualities to impose safety standards in shipping 
activities which are subject to strong economic 
constraints.”

Benoît Rouyer, Vessel Safety Centre for Seine-
Maritime West, Interregional Directorate of the 
Eastern Channel – North Sea, France.
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2. Maximum protection

1. Basic protection

3. Bare hands

Beware
of me!  

In your glass, 
I'm a refreshing drink, 

but in other forms, you need 
to be careful when 

handling me!

To handle me in the form
of rock phosphate, an ordinary

protective suit is sufficient (building
site clothing). At this stage I am an

ore and am not particularly 
hazardous.

When taking samples in an area
where I've been spilt in the form of 

phosphoric acid, you will need to wear 
maximum respiratory and skin protection. 

I am very corrosive and 
therefore very hazardous.

And when I'm in a cola bottle
floating at sea, you can pick me up 
with your bare hands. No specific
protective equipment is needed,

I'm no longer dangerous for humans.
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  Response to containers and packages
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Account of a Communication Officer

“When an event occurs at sea involving toxic products, for me, the first thing is to quickly establish a 
communication plan with the maritime authorities, in direct relation with the Prime Minister.

The specificity of my job is that it requires good knowledge of field operations and of all the media. I 
think you also need to be a maritime professional and be aware of what is happening at sea. This ena-
bles you to communicate messages to journalists in understandable terms and to ensure that there are 
no errors when interpreting positions and what is said by those in charge of response.

We are constantly preparing for incidents at sea through exercises. If an incident occurs and we feel it 
is escalating, we set up a crisis organization with a media room and a crisis management centre. This 
system enables us to meet the press onsite while preserving the work of operational personnel to avoid 
disturbing them.”

Commander Marc Gander, spokesman for the Maritime Prefect for the Atlantic, France.

Methodology in the event of a spill at sea

 GENERAL METHODOLOGY 

Spill response is based on an initial incident assess-
ment which is supplemented, throughout opera-
tions, by regular situation updates. The results of 
this assessment determine the actions to be taken. 
However the options remain limited, and response 
often comes down to simply monitoring the pollu-
tion.

Monitoring

02

Decision
making

Accident

04

Situation
assessment

01

03

Response

L’image symbolique : un oiseau englué

...................................................................................................................

 Did you know? 

When a major spill occurs, the general public is kept informed 

mainly via the media (television, press, internet, social net-

works). Communication is an integral part of crisis manage-

ment. Those in charge of communication work hand in hand 

with the response coordinator.

...................................................................................................................
French newspaper article entitled  
“Ievoli Sun: why was it at sea?”
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 SITUATION ASSESSMENT 

Information gathering

Initially, it is important to acquire full knowledge of 
the situation in order to be able to assess the conse-
quences of the accident as accurately as possible. 
The authorities will seek to obtain information on:
• the nature and location of the incident,
• the characteristics of the vessel,
• the stowage plan,
• the type and quantity of products transported and 

spilt,
• the prevailing and forecast sea and weather 

conditions in the accident area,
• the response resources able to be rapidly mobi-

lized,
• nearby ecologically and economically sensitive 

areas.

This type of information can be collected from 
different sources: the crew, reconnaissance teams, 

L’image symbolique : un oiseau englué

Dangerous Cargo Manifest

Captains of all container ships carrying haz-
ardous materials must have in their possession 
a document known as a manifest which lists 
all hazardous materials onboard. This docu-
ment should include information such as the 
proper shipping name of substances (pro-
vided by the IMDG code), the position of the 
containers• (see p. 24) containing hazardous 
materials and the description of the packages 
within these containers (number, weight). 
Manifests, however, sometimes contain vague, 
incomplete, illegible or even unreliable infor-
mation.

Remote sensing

The gathering of information often occurs concur-
rently with detection of the pollution. 

In the case of HNS, visual or olfactory detection can 
rarely be performed as many chemicals are colour-
less and odourless. A set of technologies gathered 
under the term remote sensing• can be used. 

For floating substances, specialized spill response 
vessels and aircraft• can be equipped with radars and 
sensors to detect different types of signals: micro-
wave, infrared, ultraviolet and fluorescent radiation. 
The analysis of satellite imagery can also contribute 
to detection. 

Slick of palm oil observed from a plane  
by remote sensing

Monitoring

02

Decision
making

Accident

04

Situation
assessment

01

Response

03

the ship owner, ship manager and insurer, the char-
terer, the ports of origin and destination, the cargo 
owner, the product manufacturer, the local authori-
ties and certain websites.
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Pollutant measurement and analysis

Wherever possible, assessment teams or drones• are 
often sent into the accident area to identify the type 
of pollutants but also to determine their location 
and behaviour.

These human oper-
ators or remote-
operated vehicles 
are responsible for 
taking measure-
ments in the water 
and air. Different 
types of apparatus 
can be used to 
determine whether 
there is a risk of 
variation in pH 
(pH meter), explo-
sion (explosimeter), 

asphyxiation (oxygen meter) or intoxication (toxi-
meter, photoionization detector•).

Meanwhile, an initial series of samples of the 
product(s) spilt, either alone or mixed with seawater, 
is taken and analysed onsite with ready-to-use 
reagents. These reagents are specific to a given 
product and may require several different trials 
before resulting in the identification of a pollutant. 

There is no system able to analyse all types of vapours 
or liquids currently available on the market.

The results obtained from these first measurements 
and analyses provide a better understanding of the 
situation and help to determine the emergency 
measures to be taken. 

A second series of samples should be collected and 
sent to the laboratory to more accurately determine 
the pollutant concentrations in the water column• 
and the atmosphere. Studies to determine the fate 
of the pollutant in the environment should also be 
conducted.

Risk analysis

Several parameters come into play in risk quantifica-
tion. The first to be considered is the accident area. 
In the case of an incident in a port area, for instance, 
with populations in the vicinity and industrial plants 
with water intakes in the area, the situation is quite 
different to that of a incident in the open sea.

When the type of pollutant is known, data on its 
reactivity and behaviour must be obtained as rapidly 
as possible, bearing in mind that these data are the 
result of laboratory experiments which therefore do 
not take into account the environmental conditions 
in the accident area. The reality in the field may 
therefore be entirely different.

When defining the response strategy, it is crucial 
to anticipate the evolution of the situation. To do 
so, computer modelling is a valuable tool. It can be 
used to predict the behaviour of a product for the 
coming hours, or even days, taking into account a 
certain number of parameters (marine currents, wind 
speed and direction, air and water temperature, type 
and quantity of product spilt). It should therefore 
be launched as soon as the first information on the 
situation is available. 

Several software programs for modelling HNS behav-
iour are available on the market. Simple programs 
which focus on a specific aspect, such as the iden-
tification of areas potentially threatened by a toxic 
cloud, also exist.

Response team at sea

Launching a drone



(1) Explosimeter
(2) Gas detector



(1) (2)



 Chemical Pollution at Sea 49 
 Spill response

L’image symbolique : un oiseau englué

DECISION-MAKING

L’image symbolique : un oiseau englué

EMERGENCY MEASURESThe first information gathered, followed by the 
results of measurements and analyses, as well as 
the predictions made by modelling dictate the emer-
gency measures to be taken and the response tech-
niques to be deployed. Three possible scenarios exist 
in terms of response:

• response is impossible because the window of 
opportunity is too small, for instance in the case 
of the sudden complete disintegration of a ship,

• response is too risky because the substance is 
too reactive or because no information is avail-
able on the substance(s) involved,

• response is possible because the risk is known, 
measured or even controlled.

In terms of response to spills of hazardous 
substances, there is no cure-all solution and each 

situation is unique. It 
is therefore essential 
to anticipate events as 
much as possible and 
be able to adapt to the 
prevailing conditions 
in the field. Certain 
measures can be taken 
very rapidly by crew 
members or a response 
team airlifted onto the 
vessel, if the situation 
allows. However, in 
the case of failure to 
neutralize the risk, all 
these people must be 
evacuated.
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 RESPONSE TO BULK CARGOES

The choice of response strategy is essentially dictated 
by three criteria: 

• the accident area (offshore, inshore, port area),

• the location of the product (in the vessel or 
released),

• the behaviour of the product spilt (G - gas, 
E - evaporator, F - floater, D - dissolver or  
S - sinker, see p. 35).

Varying degrees of response may be required: 
prevention measures, monitoring of the spreading of 
the pollution and/or clean-up actions.

As the situation may evolve very quickly, the chosen 
strategy must be adjusted according to the reality in 
the field.

Decision support for response to spills of bulk HNS cargoes

L’image symbolique : un oiseau englué
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Inflatable plug

Spill prevention

Towing the ship

When a vessel carrying HNS is in difficulty offshore, 
it may be towed to a place of refuge, i.e. a place 
where the situation can be stabilized while minimizing 
the environmental impact. On the other hand, if the 
incident occurs in a coastal or port area and the cargo 
onboard the ship presents too high a risk for nearby 
populations, it may be towed offshore to be lightered• 
or even scuttled•.

Defining the exclusion zone

Generally speaking, an exclusion zone is defined around 
the vessel prohibiting shipping traffic, fishing and over-
flights in the hazard area. If the substance spilt is a 
gas or an evaporator, it may form a toxic cloud which 
presents a danger for nearby populations. In this 
case, computer modelling provides valuable infor-
mation on the dispersion and movement of the cloud 
of pollution, helping to determine the measures to 
be taken in terms of local populations.

Protecting sensitive areas

If a floating substance is spilt in a coastal area, 
floating or filter booms resistant to the pollutant 
must be deployed. This will protect ecologically 
or economically sensitive areas such as ports, fish 
farms, marshes and bird reserves.

Protecting water intakes

If the spill occurs in a coastal or port area, one of the 
priorities will be to protect water intakes to prevent 
the pollutant from entering sites or installations that 
use seawater (fish farms, factories). 

In addition to shutting down pumps, different types 
of plugging or filtering systems can be deployed to 
protect water intakes: inflatable plugs•, drain covers 
or even sometimes more unexpected materials (e.g. 
wire mesh, straw).

Tourism

Industrial area

Estuary

Fish farm

Water intake

Sailing school

Fishing port

Bird reserve

Pollutant

Protection of sensitive areas
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Pollution monitoring

It is important to monitor the pollution in order to 
track changes to the situation and adjust the response 
strategy if the initial approach proves to be ineffec-
tive or inappropriate. The transfer of information to 
response coordinators is a key stage.

Modelling

Together with marking, computer modelling 
performed during the risk assessment is used to 
monitor the pollution throughout the response 
phase. Through modelling, hazards for operators can 
be predicted and optimal response conditions can be 
ensured in the case of a release of gases or evapora-
tors.

Measurements and samples

Generally speaking, when a non-floating chemical is 
spilt or liable to be spilt, the response options are 
rather limited, especially in the open sea.

Seawater sampling in the area of the Ievoli Sun 
incident (2002, France)

When the Ievoli Sun accident occurred in the 
English Channel in 2000, a cargo monitoring 
system was set up as small leaks of styrene, 
a hazardous floater/evaporator, were detected 
from the wreck. 

Air and water samples were taken around 
the vessel and regularly analysed for several 
months by the French Navy laboratory in Cher-
bourg. Ifremer• also implemented a sampling 
plan to monitor the quality of the marine envi-
ronment (water column and living organisms). 
The different analyses conducted did not show 
any contamination by styrene.

Meanwhile, during the first weeks following 
the accident, the Marseille Navy Fire Depart-
ment and a Civil Protection Unit set up a 
network on land to detect styrene vapours in 
the atmosphere, giving rise to negative results.

The pollution should be monitored via air measure-
ments and water, sediment and/or living organism 
samples. These actions follow on from the analyses 
performed during the initial risk assessment phase.

Marking

It is often difficult, or even impossible, to observe a 
chemical pollutant spilt at sea. It is therefore essen-
tial to mark the pollution so as to identify it more 
easily, to monitor its movements and to regularly 
update drift• predictions.

In coastal areas, certain dyes (organol red, fluores-
cein) can be used to track the movements of invisible 
pollution. 

However, there are two 
limiting factors: marking 
can rarely be carried out 
at the beginning of the 
spill and the behaviour 
of the dye is not always 
identical to that of the 
pollutant. We there-
fore refer to the prob-
ability area where the 
substance spilt is likely 
to be found. 

The slicks formed by floating products can also be 
identified using marker buoys deployed from an 
aircraft or a vessel. These buoys can then be located 
via different systems (satellite-tracked buoys, GPS• 
buoys).
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Scuttling the Adamandas (2003, Réunion Island)

Lightering of the Igloo Moon (left) by the Selma 
Kosan (1996, Florida)

In 1996, the gas carrier Igloo Moon ran 
aground south of Florida. Due to the shallow 
waters, the fuel was first pumped out, then 
15 % of the cargo of liquefied butadiene was 
transferred to another ship: Selma Kosan. The 
ballast• water was discharged into the sea 
following decontamination. It was not until 
after these lightering operations that the Igloo 
Moon could be refloated. 

In 2003, the bulk carrier Adamandas, at anchor 
near a port on Réunion Island, turned into a 
potential bomb due to the rising temperature 
of its cargo (up to 300°C) together with the 
release of dihydrogen. The French authorities 
decided to scuttle the vessel using explosives, 
20 km off the coast.

In 2000, the chemical tanker Ievoli Sun sank 
in the English Channel, in waters 70 m deep 
with its cargo of 3,998 tonnes of styrene, 
1,027 tonnes of methylethylketone and 996 
tonnes of isopropyl alcohol.

In order to define the most appropriate response 
strategy, experiments were conducted, mainly 
by Cedre, on the styrene from the Ievoli Sun. 
These experiments showed that this product, 
which is dangerous for the environment, did 
not present a risk of sudden polymerization. 
Pumping operations were conducted. 

The methylethylketone and the isopropyl 
alcohol, which are soluble substances that are 
totally biodegradable• and have little environ-
mental impact, were released in a controlled 
manner into the environment. 

The treatment of the wreck of the Ievoli Sun 
required the assistance of a remote-controlled 
underwater robot which was used for subsea 
observations and to drill holes in the hull to 
enable pumping and controlled release of the 
cargo.

Response techniques when the cargo 
remains onboard

Transhipment 

When a ship is grounded, on a reef or sand bank for 
example, in order to refloat the ship its cargo must 
often be transhipped• to make the ship as light as 
possible. In the case of a wreck that has sunk with 
its cargo, the pollutant may be removed by pumping 
it to a surface vessel. 

Controlled release

If the product entails only a low risk for humans and 
the environment, it may be possible to release it into 
the environment in a controlled manner, thereby 
diluting it in a large quantity of seawater. This tech-
nique must not be used in coastal or port areas, as 
dilution is too low and the risk for populations too 
high.

Scuttling

Taking a more radical approach, it is possible to 
consider sinking the cargo offshore, if it is too 
dangerous to allow intervention. This solution 
involves scuttling• the vessel.
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Response techniques when the cargo 
has been released

Reducing the vapours emitted by evaporators

In port areas, two techniques may be employed to 
reduce evaporation and restrict the spreading of 
vapours. The first involves reducing vapours using 
water spray curtains, which dilute the toxic cloud, 
reduce the concentration of gas and limit the size 
of the danger area. This is effective on hydrophilic• 
products. The second technique involves spreading a 
layer of foam over the pollutant to reduce its evapo-
ration rate.

Example of water spray curtains set up in series

Water curtains

Toxic cloud

Wind

In 1976 in the port of Landskrona (Sweden), a 
pipe burst when unloading a cargo of anhydrous 
ammonia from the gas carrier René 16. A vast 
cloud enveloped the ship and drifted towards a 
shipyard. The response team used water spray to 
reduce and dissolve part of the gas cloud and 
to protect the operator in charge of closing the 
valve above the leak point.

Containment and filtration of dissolvers in water

When a soluble substance is spilt in a port or harbour, 
it is sometimes possible to contain the pollution by 
shutting off the doors of a drydock facility or the 
sluice gates•. The pollutant can then be treated 
using mobile truck-mounted units. These units are 
composed of high flow rate pumps which send the 
polluted water through large filter cartridges that 
retain the pollutant.

Mobile filtration unit for liquids

Dredging of the Panama Canal

.....................................................................................................................

 Find out more
Some information on the use of activated carbon to filter 

wastewater:  

http://www.lenntech.com/library/adsorption/adsorption.htm

.....................................................................................................................

Recovery of sinkers

In coastal or port areas, sinking substances can be 
recovered on the bottom by dredging. This mud 
and sediment mechanical excavation• technique is 
implemented by vessels or barges• equipped with 
a dredge• which may simply consist of buckets or 
be fitted with pumps. The waste collected is loaded 
onto the vessel to be treated in specialized centres 
on land.

In 1973, while the Amalie Essberger was 
unloading molten phenol from a tank in the 
port of Gothenburg (Sweden), the tank burst 
and 400 tonnes of phenol were spilt onto the 
dock and into the water. Analysis detected 
the presence of large clusters of solidified 
pollutant on the bottom. These clusters were 
brought to the surface using a dredger•.
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Sorbent pads

Containing palm oil with a boom and recovering 
with a skimmer

Containment, recovery and dispersion of floaters

The response equipment used for persistent floating 
products (vegetable oils and viscous chemicals) are 
inspired by those existing for oil pollution, but are 
preferably made of materials resistant to the chemi-
cals in question.

Containment and recovery: when floating 
substances form a sufficiently thick and continuous 
slick, they can be contained by deploying floating 
booms then recovered using skimmers• if the sea and 
weather conditions allow.

In 1997, the Allegra lost 900 tonnes of palm 
nut oil following a collision with a bulk carrier 
in the English Channel. The oil rapidly solidi-
fied to form a surface slick. Part of the oil was 
recovered offshore by trawling.

Dispersion: dispersants are products which speed 
up the natural dispersion of pollutants in the water 
column, by taking advantage of wave agitation. They 
help to fragment slicks into a multitude of micro-
droplets spread throughout the water column, which 
speeds up their breakdown and bioassimilation in 
the marine environment. Because of dispersants' 
mode of action, their use is regulated. They should 

not, for instance, be used in areas where dilution 
levels are too low. 

Trawling: if the pollutant is a paste, it can be recov-
ered offshore using trawl nets• towed by a single or 
pair of vessels.

Sorbents: these products can be used in coastal or 
port areas on small-scale spills. They are solid mate-
rials used to retain floating substances by sorption, 
in order to facilitate their subsequent recovery.

Example of response in inland waters•

Response operations are also conducted 
in the case of chemical spills in inland 
waters•. In 2008, a truck transporting 
33.6 tonnes of concentrated phenol 
veered off the road and spilt part of its 
cargo into the Zhesang River (China). The 
pollutant quickly reached a dam located 
15 km upstream of a water intake sup-
plying drinking water to 200,000 people. 

The local authorities banned over 1,000 
households in the city of Yangyu from 
consuming the potentially polluted water 
supply. Response teams built makeshift 
dams to contain the pollution and spread 
lime and activated carbon to capture as 
much pollutant as possible.

On land clean-up: when large quantities of vegetable 
oil agglomerates are washed up on difficult access 
sites (riprap•, pebble beaches), manual recovery is 
necessary. If the areas affected are sandy beaches, 
specialized equipment such as sand screeners• can 
be used. 

When the oil on the shoreline is liquid, the area 
can be cleaned at low tide by flushing• with cold 
water. The effluent• is recovered and settled, before 
pumping off the oil.
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  RESPONSE TO CONTAINERS  
 AND PACKAGES

Pollution monitoring

Containerized cargoes, whether onboard the vessel or 
lost overboard, require efficient information transfer 
and seamless coordination between the authorities 
on land and the resources on site.

Modelling and search operations

If containers• and packages are lost at sea, search 
operations are carried out to locate them as they 
may pose a hazard for shipping traffic and the envi-
ronment, and even for nearby populations if they 
are washed up on the shore. They may float at the 
surface, be submerged or even sink.

L’image symbolique : un oiseau englué

Initially, computer software can be used to model 
the drift of containers and packages to determine 
the area in which they are most likely to be found. 
Meanwhile, the search for objects at the water 
surface is conducted visually or using side-looking 
airborne or shipborne radar. Sunken containers 
sitting on the bottom can be detected using vessels 
equipped with sonar•, magnetometers• or even ROVs• 
equipped with underwater video cameras.

Deploying a SPVDS
(Self-Propelled Variable Depth Sonar)

Container removal from the MSC Napoli  
(2007, English Channel)

Marking

Once they have been located, containers or packages 
are marked to make them easier to track if recovery 
operations cannot be conducted immediately. At the 
surface, objects are marked using a system composed 
of a magnet, a float and a satellite-tracked buoy. 
On the bottom, containers or packages are identi-
fied using an ultrasonic acoustic emitter known as 
a "pinger".

Response techniques when the cargo 
remains onboard

Containers and packages located onboard a 
grounded ship can be transhipped as long as the 
risk for response teams is controlled. This type of 
operation reduces the risks of subsequent response 
operations and lightens the ship in order for it to be 
removed from the accident area (by being refloated 
or cut up then towed away).

In 2007, the container ship MSC Napoli, 
caught in a storm in the English Channel, 
suffered a leak then a steering system failure. 
After having lost containers at sea, the vessel 
was towed then beached on the English coast. 
All the containers remaining on board (over 
2,000) were removed by two barges equipped 
with giant cranes, able to lift up to 500 tonnes.
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Attaching a sling to a container floating at the 
surface

In 2002, the container ship Lykes Liberator 
lost three tanks of chemicals off the coast 
of Finistère (France). To locate them, over-
flights were conducted and drift modelling 
was launched simultaneously. Once they had 
been found, the tanks were towed to the port 
of Brest.

Response techniques when the cargo 
has been released

Recovery at the surface

Once the risk has been assessed and controlled, 
floating containers and packages lost overboard can 
be attached to cables known as slings and towed to 
a place where they can be safely handled.

Non-hazardous containers can be winched and 
hoisted aboard at the rear of the vessel. This type of 
operation requires a support boat as well as divers 
to attach the cables to the corners of the container.

Recovery on the bottom

Containers sitting on the bottom can be recovered 
by divers protected with appropriate equipment or 
using ROVs.

Abandonment on the bottom

If there is no risk of pollution, a containerized cargo 
may sometimes be abandoned on the bottom, if it is 
not liable to disturb fishing activities.

Recovery on the shore

If they do not sink and are not located and recovered, 
floating containers may wash up on the shore. If the 
cargo is hazardous, the area should be cordoned off 
and public access prohibited. In the case of a very 
high risk, the evacuation of nearby populations may 
need to be considered. Response teams can then 
neutralize the risk on site or transport the container 
to a safe area.

Destruction

Rather than being recovered, containers may be 
destroyed in a controlled manner using explosives.

Divers recovering a drum

In 1989, the container ship Perintis sank in the 
English Channel with its cargo, which included 8 
tonnes of pesticides in drums•. Within 6 weeks 
following the accident, most of the drums had 
been located on the bottom. It was decided that 
they would be left there. As pesticides have low 
solubility in seawater, in the event of a leak, only 
a small area was expected to be affected.

In 1979, the cargo ship• Sindbad, sailing off 
the coast of the Netherlands, lost 51 one-tonne 
cylinders of chlorine in the North Sea. Recovery 
operations on the bottom were launched 
but only a small proportion of the cargo was 
brought to the surface. Five years later, a new 
strategy was adopted as the cylinders had been 
too corroded by the seawater to be handled. 
They were located on the bottom using sonar 
and ROVs, then explosives were placed on 
each of the cylinders by divers. The cargo was 
then destroyed in a controlled manner. At the 
surface, traffic was suspended until the gas had 
dispersed.





.....................................................................................................................

 Find out more
Operational Guide "Containers and Packages Lost at Sea". 

Available at: www.cedre.fr, "Publications" section

.....................................................................................................................
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 WASTE MANAGEMENT 

It is rare for waste to be collected following response 
to a chemical spill. Most of the time, the pollutant 
spreads rapidly in the marine environment and/or in 
the atmosphere, making it impossible for response 
personnel to contain it.

Management by the owner

When the owner of the product has been identified, 
he is requested to manage the collected waste.

L’image symbolique : un oiseau englué

Upon their arrival in the port of Brest (France), 
the three tanks lost at sea from the container 
ship Lykes Liberator, in 2002, were returned to 
the manufacturer to be dealt with (see p. 57).

The cargo of butadiene from the gas carrier 
Igloo Moon (1996, Florida) was sold after 
having being transhipped onto the Selma 
Kosan and sent back to the continent (see 
p. 53).

Industrial use

If the cargo recovered during response is unspoiled, 
it can be transported to the industries concerned 
for normal use, after having undergone the relevant 
legal procedures.

Waste upgrading

The possibilities of upgrading waste will depend on 
three factors: the type of waste, the degree of pollu-
tion and the existence of suitable upgrading solu-
tions. Several options exist, such as: distillation and 
refining• for solvents•, energy production for certain 
flammable wastes and recovery for metals.

Biological treatment

It is possible to use micro-organisms that are able 
to break down certain chemical products such as 
chlorinated compounds (e.g. tetrachloroethylene) or 
nitro compounds (e.g. trinitrotoluene, also known as 
TNT), alcohols or organic acids•. 

Thermal treatment

Collected waste can be sent to special industrial 
waste incineration plants. In addition to energy 
recovery•, this option has two other advantages: 
it decreases the volume of waste and reduces the 
hazardous nature of the substances involved.

The atmospheric and aqueous discharges generated 
by this activity undergo different treatments and 
are strictly controlled before being released into the 
environment. Meanwhile, incineration residues, such 
as mud• and clinker•, are sent to specialized landfill 
sites.

Special industrial waste treatment plant 
in Bassens, Gironde (France)

...................................................................................................................

 Did you know? 
Special industrial waste is incinerated in furnaces in which 

the temperature can reach up to 1,100°C. In comparison, 

this is almost as hot as molten lava when it erupts from the 

crater of a volcano. 

...................................................................................................................
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Physical and chemical treatment

Some waste is neutralized by inerting. An initial 
solution involves incorporating it with a mineral 
substance such as lime, cement, clay or activated 
carbon. Through this process, the waste forms clus-
ters of varying sizes. This type of treatment is cost-
effective but has the drawback of increasing the 
volume of waste.

There exists an alternative, known as vitrification, 
whereby the waste is melted at a high temperature 
(between 1,200°C and 4,000°C according to the 
process) to form a glass matrix. It is then molded 
into ingots or granules. This technique requires 
investments in substantial equipment and involves 
non-negligible energy consumption. It does however 
considerably reduce the volume of waste. Inerted 
waste can in some cases be buried.

Asbestos detoxification

Vitrification is the only industrial technique 
that can be used to definitively neutralize 
asbestos fibres present in waste. This is 
however a costly solution. Treating one tonne 
of asbestos-containing waste costs 1,200 
euros (around CAD$1,600) while disposal at 
a landfill site certified to receive such waste 
costs half as much.

Burial

Waste burial is subject to increasingly tight regula-
tions. For instance, in France, only so-called ultimate 
waste, i.e. waste that cannot be recycled or upgraded, 
can be sent to ultimate waste storage sites.

These sites are made up of storage units known 
as cells. Each cell is made watertight to prevent 
contamination of the subsoil and groundwater•. A 
drainage network is set up to evacuate leachate• to 
a treatment pond. When the cells are full, they are 
sealed with a watertight covering and vegetation 
is planted over the top. Environmental checks are 
conducted for a 30-year period after their use. 

Cell at a landfill site ready for use

Diagram of a specialized landfill site
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3. Catch me if you can!2. Where's that pollution gone?!

1. What a dredge!

How to get 
rid of me!

I may seem nice with
my fizzy bubbles, but when
I'm spilt in an inappropriate
place, it's not always easy

to get rid of me.

When I'm spilt in the open sea,
in the form of solid rock phosphate,
I'll be in a large volume of water and

will gradually break down. 
I will be left there.

If the same thing happens in a
more restricted area, close to 

human activities, I will be recovered
using a dredger.

Phosphoric acid dissolves rapidly in water.
When I'm spilt in this form, the only option

is to take water samples to measure the severity
and monitor the evolution of the pollution 

because I'm colorless.

When I'm floating in my 
cola bottle, I can be caught 
using a surface trawl net.



	

   

 Impact 

  Health impact

  Environmental impact

  Economic impact
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Notion of toxicity

The toxicity of a substance is its capacity to generate 
noxious effects on health. Chemicals do not all have 
the same toxicity. Some must be absorbed in large 
quantities to cause intoxication while for others, 
small quantities are sufficient. Toxicity is closely 
linked to the quantity of the substance involved and 
the exposure time.

The term acute toxicity is used when noxious effects 
on health appear rapidly following sudden exposure 
to relatively high concentrations of a chemical. This 
may typically be the case of shipping accidents.

Inversely, the term chronic toxicity is used when 
noxious effects on health are caused by repeated 
exposure, day after day, for many years, to low 
concentrations of a chemical. This is what happened 
in the case of the Minamata tragedy in Japan (see 
p. 30).

L’image symbolique : un oiseau englué

Restes de pétrole vieilli dans le milieu en l’absence 
de toutes opérations de lutte

...................................................................................................................

 Did you know? 
In the 15th century, Paracelsus, a renowned Swiss doctor, 

wrote: "Poison is in everything, and no thing is without 

poison. The dosage makes it either a poison or a remedy.” 

....................................................................................................................

Penetration into the human body

Chemicals can enter the body in three different ways: 
via the skin and mucous membranes• (contact), the 
respiratory tract (inhalation) or the digestive system 
(ingestion).

respiratory
tract

digestive
system

skin & mucous
membranes

..................................................................................................................

 Did you know? 
On average, in human beings, the total surface area of the 

skin is 2 m², that of the pulmonary alveoli is 130 m² and 

that of the intestines is 250 m² (equivalent to a tennis 

court).  

..................................................................................................................

The 3 ways chemicals can enter the body

HEALTH IMPACT Acute effects 

In the case of acute intoxication, the effects may be 
restricted to a specific area or organ, or may affect 
the entire body.

Local effects are directly connected to the way in 
which the toxic product enters the body: 

• contact with skin or eyes: irritation, burns or 
allergies,

• inhalation: irritation, lesions in lung tissue, 
coughing, dyspnea•, edema•, asthma or asphyxi-
ation,

• ingestion: irritation and/or burns to the oesoph-
agus and stomach, nausea, vomiting.

Generalized effects can include severe cardiac, 
respiratory, and central nervous system conditions 
which can, in certain cases, lead to death.

...................................................................................................................

Find out more
To better understand what is meant by heavy metal toxicity 

and see some examples of the symptoms caused by the most 

commonly encountered metals, visit the website:  

http://emedicine.medscape.com/article/814960-overview

....................................................................................................................
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Chronic effects

In the case of chronic intoxication, the effects often 
appear after several years, or even several dozen 
years. 

Examples of pathologies due to chronic intoxication

Aluminium

Tetrachloroethylene

ChlorineDioxin

Lead

Chemicals

Cadmium

Mercury

Caesium-137

Blindness

Methanol

Cyanide

Hepatitis
Ethanol

Kidney failure

Arrhythmia

Memory loss

Chronic bronchitisImmunodepression

Anemia

Cancer

Foetal malformation

Bone weakening

Teflon®

Female sterility

•

Assessment of toxicity

The acute toxicity of a substance is quantified using 
a value known as the median lethal dose (LD50) 
which is the dose of a substance that will kill 50 % 
of a given population (often mice or rats) in specific 
experimental conditions. It is expressed in milligrams 
of a substance per kilogram of animal body mass 
(mg/kg). 

In the case of a gas or liquid, the median lethal 
concentration (LC50) is calculated and expressed in 
milligrams per litre (mg/L) or parts per million (ppm).

LD50

Dose (mg/kg)

M
or
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)

100

75

50

25

Assessment of toxicity based on the LD
50

Most of the time, this results in the development of 
severe, chronic pathologies.
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By comparing the LD50 and LC50 of several chemicals, 
it is possible to rank them from most to least toxic. 
However, these values are today highly controversial 
due to the reliability of certain studies, preventing 
the comparison of different substances from the 
point of view of their acute toxicity.

Toxicological threshold values

A toxicological threshold value is the minimum 
concentration of a substance that causes a negative 
effect, that may be of varying severity, on a human 
population for a given exposure time. It is the result 
of the extrapolation of data obtained from experi-
ments on animals to humans. 

There is no globally harmonized system of toxicolog-
ical threshold values. Many countries have therefore 
developed specific tests and use their own values. 

Chronic toxicity remains, at present, difficult to 
assess, as it is not easy to prove the link between 
the effects observed and the, sometimes long-past, 
exposure. The studies conducted on this question 
call upon various disciplines (immunotoxicology, 
cancerology) and can last several months or years. 

Complementary studies can be conducted on bacte-
rial populations, which reproduce very quickly. This 
has the advantage of providing rapid results, but 
that must be extrapolated to obtain valid data for 
humans.

Arsenic trioxide

Phenol

Vinyl chloride

Benzene

Styrene

Ethanol

14.6 mg/kg

 414 mg/kg

500 mg/kg

930 mg/kg

1,000 to 5 000 mg/kg

5,000 to 10,000 mg/kg
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An example of toxicological threshold values for gases:  
the American Emergency Response Planning Guidelines (ERPG)

The Emergency Response Planning Guidelines (ERPG) apply to the general population. They were 
established in 1988 by the American International Hygiene Association (AIHA) based on 
a one-hour exposure time. They represent the maximum concentrations below which a 
category of effects is not expected.

ERPG 1: The maximum airborne concentration below which it is believed nearly all indi-
viduals could be exposed for up to one hour without experiencing other than mild tran-
sient adverse health effects or perceiving a clearly defined objectionable odour.

ERPG 2: The maximum airborne concentration below which it is believed nearly all indi-
viduals could be exposed for up to one hour without experiencing or developing irrevers-
ible or other serious health effects or symptoms that could impair an individual’s ability to 
take protective action.

ERPG 3: The maximum airborne concentration below which it is believed nearly all in-
dividuals could be exposed for up to one hour without experiencing or developing life-
threatening health effects.

Examples of the LD
50

 of different chemicals  
(tests conducted on rats by oral administration):
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....................................................................................................................

Find out more
The World Health Organization, in collaboration with the 

United Nations Environment Programme and the Interna-

tional Labour Organization, have published an education 

and public awareness document entitled “Guidelines on the 

Prevention of Toxic Exposures” which can be downloaded 

from: www.who.int/ipcs/features/prevention_guidelines.pdf

....................................................................................................................
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Fate of chemicals in the environment according to their behaviour ENVIRONMENTAL IMPACT

Fate of chemicals
The behaviour of a chemical in the water heavily 
influences its fate in the marine environment over 
the days, months and years following its release. In 
most cases, a substance does not have one single 
behaviour but rather several behaviours. 

Gases (G) and evaporators (E) disperse into the 
atmosphere.

Floaters (F) spread across the surface to form a slick. 
Then, under the action of waves and currents, they 
form aerosols or split up into smaller and smaller 
patches and/or form an emulsion with seawater 
(emulsification), or are sometimes even naturally 
dispersed. They can also undergo oxidation• when 
exposed to the sun's rays (photolysis).

Dissolvers (D) will be diluted in the water column•, 
leading to a drop in their concentration, therefore 
reducing their effects. They can then be broken 
down by sunlight (photolysis) or by micro-organisms 
(biodegradation). They can also sometimes cling onto 
organic or mineral particles in suspension (adsorp-
tion) or can gradually accumulate in living organ-
isms (bioaccumulation•).

Sinkers (S) will initially settle on the bottom. They 
can then be buried by sediment movements or be 
returned to the water column (dissolution).

days weeks monthshours

Dissolution

Spreading

Wind

Current Burial

Fragmentation

Evaporation

Atmospheric dispersion

Emulsification

Photolysis

Biodegradation

Adsorption

Bioaccumulation

Settling

Bioaccumulation of mercury

Mercury can be found in three forms: metallic, ionic 
and organic. It is most toxic in its organic form and 
accumulates throughout the food chain (see "Japa-
nese tragedy in Minamata", p. 30). In polluted areas, 
when it is present in seawater, mercury is taken up by 
plankton. It is then found in the flesh of small carni-
vores that feed on this plankton then in large preda-
tors such as tuna. Humans, as the final consumers, 
end up consuming fish with a high mercury content.

L’image symbolique : un oiseau englué

Restes de pétrole vieilli dans le milieu en l’absence 
de toutes opérations de lutte

small carnivores

zooplankton

large predators

final consumer

phytoplankton
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Effects of chemicals

The negative effects of chemicals on the environ-
ment are gathered under the term ecotoxicity. This 
may be direct or indirect.

Direct ecotoxicity can result in:

• lethal effects, i.e. mortality of individuals due to 
interruption to one or more vital bodily func-
tions

• sublethal effects which involve a decrease of 
certain capacities of individuals (reproduc-
tion, breathing, feeding). These effects seriously 
compromise the survival of a population. This is 
typically the case of marine pollution by tribu-
tyltin which leads to the masculinization of dog 
whelks (see p. 30) 

• secondary effects such as the tainting• of 
animal flesh or plant tissues used for human 
consumption. For instance, a concentration of 
5 mg of styrene per kilogram of crab flesh can 
be detected by olfaction.

Chemicals also have indirect effects on the environ-
ment which are reflected in populations and not 
only in individuals. The ecosystem's structure and 
productivity can therefore be disturbed. This can 
for instance result in changes in terms of dominant 
species and in a decrease, or even loss, of biodiver-
sity. Chemicals also affect all links in the food chain, 
from the smallest (plankton) to the largest (whale).

Animal communities affected according to the chemical's behaviour

Benthic
communities

Plankton

Birds

Pelagic
fish

Mammals

Air

Surface

Water column

Sediment

.............................................................................................................................................................................................................................

Find out more 
UK study on post-incident monitoring and impact assessment: www.cefas.defra.gov.uk/premiam.aspx

..............................................................................................................................................................................................................................
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Monitoring of chemical pollution

In addition to the monitoring program that is often 
set up during response, follow-up can be conducted 
in the longer term (over several years). 

Measurements in the air and water and sediment 
samples can be taken on site, as determined by a 
pre-established sampling plan, in order to study the 
evolution of the pollutant in the environment. This 
will indicate, for example, whether the pollutant has 
begun to dissolve in the water column once again 
after having first settled on the bottom. A fishing 
ban may be issued until the situation has improved 
sufficiently.

The other method of monitoring pollution is to use 
bioindicators, i.e. species (plant, animal or micro-
organism) that provide information on the health 
status of a given ecosystem. Mussels and oysters 
have been frequently used for many years now to 
detect the presence of pollutants such as heavy 
metals in the marine environment.

The Mosselmonitor®, an example of an experimental system using bioindicators

The Mosselmonitor® was designed by a team of Dutch researchers. This experimental system can be 
used to detect aquatic pollution using mussels as bioindica-
tors. In normal conditions, mussels open to filter water. In 
a polluted environment, they close their shell, but very fre-
quently open and close to “taste” the surrounding water and 
determine whether the pollution is still present.

The Mosselmonitor® is a plastic cube in which eight mussels 
are placed. A small electromagnetic frequency sensor, attached 
to each valve, is connected to a recorder that centralizes the 
results. The system indicates the presence of aquatic pollution 
when the opening and closing (flapping) of the shells is rapid.

Time (in hours)

Unpolluted water Polluted water

Mussel n°1

Mussel n°3

Mussel n°4

Mussel n°5

Mussel n°6

Mussel n°7

Mussel n°8

Mussel n°2

....................................................................................................................

Find out more 
For further reading on bioindicators see the following page 

on the US Environmental Protection Agency website:  

www.epa.gov/bioiweb1/html/marinetidal.html

....................................................................................................................
Shell gape recordings of 8 mussels placed in the Mosselmonitor®
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ECONOMIC IMPACT

Assessment of economic impact

Chemical marine pollution can cause many distur-
bances which, in the shorter or longer term, can have 
a negative impact on the economy. These effects 
may be related to living organisms, ecosystems as 
well as humans and their activities.

The methods used to assess economic impact distin-
guish all that is of commercial value from all that 
is not.

Resources of commercial value can easily be calcu-
lated as they cover all that can be invoiced. An 
example of this is a professional fishing ban due 
to intoxication of fish flesh or due to a decrease in 
tourism in the incident area.

Resources of non-commercial value are difficult to 
calculate as they cover all that cannot be invoiced. 
Some examples of this are a ban on recreational 
shellfish collection, sterility in certain mammals or 
damages caused to protected areas.

The other difficulty often encountered when 
assessing economic impact is the lack of relative 
data for the reference condition, i.e. before the 
pollution. For instance, in many countries, there is 
no water quality control network. The quantity of 
the substance normally present in the environment 
is unknown, making it impossible to compare this 
with the quantity found in the polluted water.

Examples of economic impact due to chemical marine pollution

Sterility in marine mammals

Decreased oxygen content in water

Decreased number of tourists

Commercial
Non-commercial

Fishing ban

Less demand for holiday accommodation

Pollutant

Shellfish harvesting ban

Drop in pleasure boating

Canadian Shellfish Sanitation Program

Certain countries are beginning to set up systems to obtain data on the 
reference condition of the natural environment. In Canada for example, three 
federal government agencies work together to run the Canadian Shellfish 
Sanitation Program: Environment Canada, the Canadian Food Inspection 
Agency and Fisheries and Oceans Canada.

This program detects any aquatic contamination and is the basis for impos-
ing shellfish harvesting bans in the concerned areas where necessary. Once 
analyses indicate that the pollution has disappeared, the area can be reo-
pened to the public.

www.mollusca.gc.ca

L’image symbolique : un oiseau englué

Restes de pétrole vieilli dans le milieu en l’absence 
de toutes opérations de lutte
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Liability and compensation

While the assessment of economic impact can prove 
to be a fastidious task, the question of compensation 
is a complex issue. Very few compensation systems 
for chemical pollution currently exist worldwide. 

2010 HNS Protocol

The 2010 HNS Protocol deals with the liability and 
compensation for damages caused by HNS transport. 

The types of damages covered by the protocol are: 
personal injury and/or loss of life, damage to prop-
erty, economic loss due to HNS pollution, as well as 
the cost of environmental protection and restora-
tion. All individuals, companies, local and national 
authorities of a country that has ratified the Protocol 
can claim compensation.

The 2010 HNS Protocol provides for the establish-

ment of a two-tier compensation system:

• the first tier is paid by each shipowner, who must 
take out strict civil liability insurance to cover all 
damages that may be caused. This liability may 
vary between 10 and 100 million Special Drawing 
Rights (SDR) according to the gross tonnage of 
the ship.

•  the second tier is paid by the International 
Hazardous and Noxious Substances Fund which 
offers additional compensation for up to 250 
million SDR. This fund is financed by levies paid 
by receivers of HNS that have passed through 
port terminals in countries having ratified the 
protocol.

2010 HNS Protocol - Compensation tiers

...................................................................................................................

 Did you know? 
In October 2009, an aerospace company was ordered to 

make a CAD$14,000 contribution to the EDF for the use of 

an unlawfully high quantity of solvent. 

....................................................................................................................

...................................................................................................................

 Did you know? 
The Special Drawing Right (SDR) was created by the Inter-

national Monetary Fund (IMF) in 1969 to replace monetary 

gold in major international transactions. Its value is based 

on 4 major currencies (US dollar, euro, British pound and 

Japanese yen).

At the end of 2011, for instance, one SDR was worth 

US$1.55.

....................................................................................................................

Canadian Environmental Damages Fund

In the 1990s, Canada and the United States 
introduced environmental damages sys-
tems.

Created in 1995, the Environmental Dam-
ages Fund (EDF) follows the Polluter Pays 
Principle. It is mainly funded by contribu-
tions through fines and penalties that 
polluters are ordered to pay when their li-
ability is established by the courts. The EDF 
provides funding to universities, provincial, 
territorial and municipal governments 
and non-governmental organizations that 
develop projects related to environmental 
restoration, environmental quality im-
provement, research and development and 
education and awareness on environmental 
damages.

HNS Fund
(tier 2)

250 million SDR
(max. compensation)

100 million SDR

10 million SDR

Shipowner

(tier 1)



70 Chemical Pollution at Sea  
 Impact

2. Bad day for fish

3. A lively ocean

1. Party time for seaweed!

My impact
on the environment

When I'm spilt, I can cause 
severe damage to the marine environment.

So it's best to be careful with me, 
no matter what form I'm in, and not to 

throw me away anywhere except 
in the trash can when I'm bottled!

Rock phosphate on the seabed can
increase the local phosphate concentration

and promote high seaweed growth 
in the area.

The fish in the water contaminated
by phosphoric acid can suffer from
lesions, and can even die, if the pH

is low (very acidic water).

Cola flavoured sodas 
are high in sugar and caffeine, 

two molecules that provide energy. 
Little damage is caused 

by such a spill.

Plastic bottles that you 
may find lying on the beach

are a type of pollution
that we call "litter"...
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with the quiz
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LEVEL 1 - BUDDING CHEMIST

Chapter 1: Chemicals

1. The word chemistry comes from:

a. The Arabic "al-kemi"
b. The Latin "chimium"
c. The German "Die Chemie"

2. Iron ore is obtained: 

a. Through the synthesis method
b. From the natural environment 
a. Through the filtration method

3. Which pictogram means: "Health hazard"? 

a.    b.    c.

4. What is an atom? 

a. The constituent of a molecule
b. A type of ship
c. A friend

5. What colour is chlorine gas? 

a. Yellow
b. Pink
c. Blue
  

Chapter 2: Shipping

6. Where is the port of Singapore located? 

a. Africa
b. Asia 
c. America 

7. What is the place where goods are loaded and unloaded in a port called? 

a. A basket 
b. A terminal
c. A garage

8. How is gas transported on ships? 

a. In tubs
b. In tanks
c. In suitcases 

9. Ships that transport bulk solids are called: 

a. Bulk carriers
b. Gas carriers
c. Chemical tankers

10. Which vegetable oil is most transported by sea? 

a. Palm oil
b. Coconut oil
c. Olive oil
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Chapter 3: Sources of pollution

11. What is chronic pollution? 

a. Pollution caused by a shipwrecking  
b. Pollution caused by permanent releases of pollutant 
c. Pollution caused by the explosion of a chemical plant

12. What is a dog whelk? 

a. A shellfish
b. A cheese 
c. A scientist 

13. What is a collision? 

a. A crash between two boats
b. A type of seashell
c. A fishing net

14. What was the ship Fénès transporting when it ran aground off the coast of Corsica? 

a. Bananas
b. Wheat 
c. Teddy bears

15. What are fertilizers used for? 

a. To feed farm animals
b. To improve plant growth 
c. To make people laugh

Chapter 4: Prevention and preparedness

16. What is a convention? 

a. An agreement
b. A song 
c. A prison

17. Before a spill occurs, it is important to have: 

a. A back-up plan 
b. A contingency plan
c. A table plan

18. What is personal protective equipment? 

a. Special clothing that protects the body
b. An animal
c. A dance

19. What equipment can be used to protect the head? 

a. Gloves
b. Boots 
c. A helmet

20. Who is in charge of controlling ships? 

a. Sailors 
b. Plumbers
c. Ship inspectors
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Chapter 5: Spill response

21. In the event of a spill, is the same action always taken?

a. Yes 
b. No, it depends on the type of ship, the products transported…

22. What method is used to move a ship? 

a. Towing
b. Scuttling
c. Dredging

23. What does scuttling a vessel mean? 

a. Cleaning it
b. Sinking it
c. Selling it

24. What is a sonar? 

a. An underwater detection device
b. A device for measuring the speed of cars
c. A device for recording music

25. What happens to waste collected after a spill? 

a. It is eaten
b. It is left on site
c. It is treated

Chapter 6: Impact

26.  Do all chemicals present the same risks? 

a. Yes 
b. No

27. What does acute toxicity mean? 

a. Immediate, severe toxic effects
b. Low toxicity with little effect
c. Dangerous to lungs

28. What is the total surface area of the skin? 

a. 2 m²
b. 130 m²
c. 250 m²

29. Which of these animals is a mammal? 

a. A seal
b. A mussel 
c. A fish 

30. Can chemical pollution at sea have harmful effects on the economy? 

a. Yes
b. No
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LEVEL 2 - TRAINEE CHEMIST 

Chapter 1: Chemicals

31. Chlorine is used to make which of these objects? 

a. A book (it is used to bleach the papermaking pulp)
b. A wooden chair 
c. A pillow

32. Copper is extracted from: 

a. Plants
b. Oil
c. Mines

33. What is the purpose of filtration? 

a. To mix different products 
b. To separate the components of a mixture 
c. To heat a product

34. Which of these products is derived from petrochemistry? 

a. Ammonium nitrate
b. Vinyl chloride
c. Aluminum

35. Which of these pictograms indicates a flammable substance? 

a.      b.                c.

Chapter 2: Shipping

36. Which of these three ports handles the largest volume of chemicals? 

a. Singapore
b. Brest 
c. Vancouver 

37. In what year was the shipping container invented? 

a. 1975 
b. 1960
c. 1956

38. What is the person called who is in charge of preparing the container ship 
stowage plan? 

a. Charterer 
b. Ship-owner
c. Ship-planner

39. What are the 3 main international conventions governing shipping safety? 

a. SOLEIL, MARCO and UNIC Conventions
b. SOL, MARTO and UNO Conventions
c. SOLAS, MARPOL and UNCLOS Conventions

40.  Other than in food, what can vegetable oils be used for? 

a. As biofuel
b. As herbicide
c. As disinfectant 
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Chapter 3: Sources of pollution

41.  What effect can tributyltin have on dog whelks? 

a. The appearance of a male reproductive organ in females
b. Shell deformation in females
c. The appearance of a coloured mark on the shell of females

42. What does the term Seveso designate? 

a. The name of a convention
b. Industrial sites classified as hazardous in Europe
c. The name of a ship

43. Which of the following is the most common cause of HNS shipping incidents? 

a. Structural damage
b. Fire/explosion
c. Loading/unloading

44. What is the bulk solid most frequently spilt and in the greatest quantities for the 
period 1917-2010? 

a. Rock phosphate 
b. Potassium hydroxide
c. Iron ore

45. How is a product that sinks classified according to the SEBC code? 

a. S
b. F
c. G

Chapter 4: Prevention and preparedness

46. What does IMO stand for? 

a. Incredibly Magnificent Organization 
b. International Maritime Organization
c. Infinite Maritime Order

47. What is Responsible Care? 

a. A convention 
b. An initiative
c. A law

48. What does PPE stand for? 

a. Physical Prevention Equipment 
b. Private Pottery Equipment 
c. Personal Protective Equipment

49. In the case of chemical pollution, it is important to have: 

a. A screwdriver
b. An umbrella
c. A respirator

50. To ensure that ships are in good condition they are: 

a. Observed from the quayside as they pass  
b. Regularly inspected
c. Painted every year 
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Chapter 5: Spill response

51. What does remote sensing mean? 

a. A set of techniques used to detect pollution remotely
b. A set of means used to inform the public of an accident
c. A set of people able to detect an accident

52. What is an explosimeter? 

a. An instrument that determines the explosion risk
b. An explosive used to scuttle vessels
c. An instrument used to measure the size of an explosion

53. What is the place a vessel in difficulty is towed to called? 

a. Place of prevention
b. Place of refuge
c. Place of surveillance 

54. Floating booms are used to: 

a. Prevent fish from passing 
b. Contain liquids floating at the water surface
c. Filter the water

55. Special industrial waste is incinerated in furnaces at temperatures of up to: 

a. 600 °C
b. 950 °C
c. 1,100 °C

Chapter 6: Impact

56. Which 15th century Swiss doctor said: "Poison is in everything, and no thing is 
without poison. The dosage makes it either a poison or a remedy."? 

a. Paracelsus
b. Pasteur
c. Dakin

57. In human beings, the total surface area of the intestines is equivalent to: 

a. An olympic swimming pool
b. A tennis court
c. A football pitch 

58. Which term represents the harmful effects of chemicals on the environment? 

a. Fatality
b. Noxiousness 
c. Ecotoxicity

59. What are bioindicators? 

a. Plant, animal or microbial species 
b. Scientists who study the environment  
c. Measurement instruments

60. On what principle is the Canadian Environmental Damages Fund based? 

a. The polluter pays principle
a. The claimant pays principle
a. The insurer pays principle
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LEVEL 3 - SUPER CHEMIST 

Chapter 1: Chemicals

61. What is provided in each of the boxes of the periodic table? 

a. The graphic representation of each chemical element 
b. The atomic number of each chemical element 
c. The year of discovery of each chemical element  

62. Which is the correct definition of the word synthesis? 

a. A method used to combine several substances, through one or more reactions, 
to produce the desired products
b. A method used to separate the constituents of a mixture using a selective filter
c. A method used to separate a volatile solvent from a non-volatile liquid phase 
in which it is in solution

63. Which of these methods is not a separation technique? 

a. Filtration 
b. Dilution
c. Distillation

64.  Which of these chemicals is a mineral salt? 

a. Rock phosphate 
b. Vinyl chloride
c. Ammonium nitrate 

65. For what purpose did the United Nations adopt the Globally Harmonized System 
in July 2003? 

a. To provide an international classification of chemicals
b. To provide a classification of chemicals specific to each country
a. To provide a European classification of chemicals

Chapter 2: Shipping

66. What does HNS stand for? 

a. Hazmat and Noxious Substances
b. Hazardous and Noxious Substances 
c. Harmful and Noxious Substances 

67. At what temperature is liquefied natural gas transported? 

a. - 45 °C
b. - 104 °C
c. - 162 °C 

68. What category of ship is used to transport very hazardous cargoes? 

a. Category 1 
b. Category 2
c. Category 3

69. Where is palm oil mainly produced? 

a. In the West Indies
b. In the Philippines
c. In Malaysia and Indonesia

70. What type of transport does the IGC code concern? 

a. The transport of liquids in bulk
b. The transport of packaged goods
c. The transport of liquefied gases

Chapter 3: Sources of pollution
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71. What part of the human body does methylmercury affect? 

a. The bones 
b. The heart
c. The nervous system

72. What does the term "sessile" mean? 

a. Cast of an animal or plant preserved in sedimentary rock
b. Organism permanently attached to a base
c. Introduction of plants to barren land

73. What are the Lower Explosive Limit (LEL) and Upper Explosive Limit (UEL) of 
ammonia? 

a. LEL: 0%    UEL: 15.5%
b. LEL: 15.5%   UEL: 26.2%
c. LEL: 26.2%   UEL: 50%

74. Which substances can react between each other and lead to violent explosions? 

a. Polymers
b. Monomers
c. Pentagons

75. What do the initials "SD" stand for according to the SEBC code? 

a. Substance/Derivative
b. Sinker/Dissolver
c. Soluble/Dense

Chapter 4: Prevention and preparedness

76. The OPRC-HNS Protocol resulted from:

a. The OPRC Convention 
b. The ICCA Protocol
c. The IMO Convention

77. When was Cedre created? 

a. 1960 
b. 1978 (following the sinking of the oil tanker Amoco Cadiz)
c. 1986

78. This photo illustrates:  

b. An Air-Purifying Respirator (APR)
b. A Self-Contained Breathing Apparatus (SCBA)
c. An Insulated Air Respirator (IAR)

79. What does level D personal protective equipment correspond to in the North 
American system? 

a. Maximum respiratory and skin protection
b. Maximum respiratory protection and moderate skin protection
c. No respiratory protection and minimum skin protection

80. What does the term Flag State mean? 

a. The country in which the ship is in dock
b. The country in which the owner is resident
c. The country in which the ship is registered

Chapter 5: Spill response
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81. Which response techniques were used in the case of the Ievoli Sun accident? 

a. Pumping and controlled release of the pollutant 
a. Scuttling and controlled release of the pollutant
c. Pumping and dredging 

82. What response option should be used in a port area when the spilt pollutant 
floats and the risk is controlled? 

a. Containment and recovery
b. Scuttling
c. Transhipment

83. What is a sorbent? 

a. A product which retains floating pollutants 
b. A product which speeds up the natural dispersion of pollutants 
c. A product which colours pollutants 

84. What equipment can be used to detect sunken containers? 

a. Glasses
b. Magnetometers
c. Argos buoys

85. Which word designates the residual liquid once water has passed through matter? 

a. Clinker 
b. Leachate 
c. Effluent 

Chapter 6: Impact

86. The acute toxicity of a substance is quantified by: 

a. The Median Lethal Dose
b. The Median Fatal Dose
c. The Median Mortal Dose

87.  In some very specific cases, aluminum could have effects on: 

a. Memory 
b. Sight 
c. The urinary system

88. What is one of the possible consequences of the tainting of fish? 

a. An unpleasant odour
b. A decrease in reproduction
c. A weakening of bones  

89. In the Mosselmonitor®, how do the mussels react to polluted water?

a. They stay open to filter out the pollution 
b. They move away from the pollution
c. They close their shell but periodically open up to “taste” and see if the pollution 
has gone

90. What is the HNS Protocol? 

a. Prices negotiated by exporters
b. A text on liability and compensation in case of chemical marine pollution
c. Commercial agreements within the chemical industry



81 Chemical Pollution at Sea  
 Quiz

?
?? ?

.

.

.

Answers

1.a; 2.b; 3.a; 4.a; 5.a; 6.b; 7.b; 8.b; 9.a; 10.a; 11.b; 12.a; 13.a; 14.b; 15.b; 16.a; 17.b; 18.a; 19.c; 

20.c; 21.b; 22.a; 23.b; 24.a; 25.c; 26.b; 27.a; 28.a; 29.a; 30.a; 31. a; 32.c; 33.b; 34.b; 35.c; 36.a; 

37.c; 38.c; 39.c; 40.a; 41.a; 42.b; 43.a; 44.c; 45.a; 46.b; 47.b; 48.c; 49.c; 50.b; 51.a; 52.a; 53.b; 

54.b; 55.c; 56.a; 57.b; 58.c; 59.a; 60.a; 61.b; 62.a; 63.b; 64.c; 65.a; 66.b; 67.c; 68.a; 69.c; 70.c; 

71.c; 72.b; 73.b; 74.b; 75.b; 76.a; 77.b; 78.a; 79.c; 80.c; 81.a; 82.a; 83.a; 84.b; 85.b; 86.a; 87.a; 

88.a; 89.c; 90.b
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Some of the definitions provided below are specific to 
the chemical or shipping industry and may have different 
meanings in everyday language.

Acid: a substance that yields hydrogen ions in water and 
accelerates the corrosion of metals. When dissolved in 
water, acids results in a pH of less than 7.

Aircraft: device that is able to fly (plane, helicopter, 
balloon).

Anemia: decreased concentration of hemoglobin and 
generally of the number of red blood cells.

Anion: ion carrying one or more negative electric charges.

Aqueous solution: liquid containing several chemical 
substances and in which water is the major component.

Arrhythmia: disturbance to the heartbeat affecting the 
frequency, regularity and force of heart contractions.

Atom: fundamental constituent of matter, composed 
of a nucleus which accounts for 99.9 % of its weight, 
around which one or more electrons form a cloud.

Bacterial fermentation: set of metabolic processes 
whereby bacteria use organic molecules in the absence of 
oxygen and produce alcohol or lactic acid from glucose, 
or acetic acid from alcohol.

Ballast: on ships, ballast tanks can be filled with seawater, 
to regulate the vessel’s stability.

Bar: unit of measure for pressure. One bar is equivalent 
to atmospheric pressure at sea level.

Barge: flat-bottomed boat.

Base: substance which, contrary to acid, is capable of 
capturing one or more hydrogen ions. When dissolved in 
water, acids lead to a pH greater than 7.

Bioaccumulation: the accumulation of a substance in 
living organisms up to concentrations far higher than 
those in the environment. 

Biodegradable: qualifies a substance that can be broken 
down by living organisms.

Biofuel: alternative fuel produced from organic, non-
fossil, renewable matter (alcohol, beetroot...).

Cation: ion carrying one or more positive electric charges.

Charterer: company that, on its own behalf or that of its 
customers, hires a ship to transport its goods or those of 
its customers.

Clinker: solid residue that remains after waste incinera-
tion.

Container: metal box with internationally standardized 
dimensions (20 or 40 feet), used to transport goods by 
different modes of transport (road, rail, air, river and sea).

Corrosive: capacity of a product to damage living tissues 
and attack materials such as metals.

Critical temperature: temperature above which a subs-
tance cannot exist in liquid phase, whatever the pressure. 

Dredger: machine used to remove mud and solids from 

the seafloor.

Drift: trajectory taken at sea or in a river by a floating 
slick, according to the currents and/or weather condi-
tions.

Drone: remote-controlled unmanned device.

Drum: cylindrical container.

Dyspnea: breathing difficulties.

Edema: swelling of an organ or tissue caused by the infil-
tration of water or lymph. 

Effluent: wastewater or liquid waste discharged into the 
water during clean-up operations in pollution response.

Electron: part of an atom carrying an negative elemen-
tary electric charge.

Energy recovery: recovery of the energy released by 
different processes such as incineration.

Excavation: act of digging up land.

Flushing: clean-up technique used to dislodge residual 
clusters of trapped pollutant or to wash and rinse rocks 
and pebbles.
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Gastropod: large class of animals that are a subgroup of 
molluscs (e.g. snails, slugs, limpets, whelks). 

GPS: Global Positioning System.

Grounding: accidental event in which a ship becomes 
immobilized on a shoal, beach…

Groundwater: underground water contained in soil pore 
spaces and the fractures of rock formations, which is 
renewed by the infiltration of surface waters.

Hold: place below the deck of a ship where solid goods 
are stored (in bulk or in containers).

Hydration: combination of a substance with one or 
several water molecules.

Hydrographic network: all the aquatic environments 
(lakes, rivers, groundwater, marshes etc.) present within 
a given area of land.

Hydrolysis: chemical decomposition by reaction with 
water.

Hydrophilic: a hydrophilic substance has an affinity for 
water and tends to dissolve in water.

Ifremer: French Research Institute for Exploration of the 
Sea.

Immunodepression: weakening of an organism’s immune 
defenses.

Inland waters: all surface or ground waters present 

within emerged land (rivers, lakes...).

Ion: atom or group of atoms having won or lost one or 
more electrons.

Leachate: residual liquid once water has passed through 
matter (polluted or not).

Lighter: lightering a vessel involves emptying it of all or 
part of its cargo to make it lighter, in order, for example, 
to refloat it.

Liquefaction: physical process of turning a gas into a 
liquid.

Magnetometer: instrument used to measure the magni-
tude and direction of a magnetic field.

Molecule: set of atoms held together by chemical bonds.

Monomer: molecule that can combine with other mono-
mers to form the basic structural unit of polymers.

Mucous membrane: a layer of cells lining the inner wall 
of cavities such as the digestive tract, bronchial tubes, 
mouth...

Mud: residual sediment following waste or wastewater 
treatment.

Nucleus: central part of an atom, positively charged and 
composed of protons and neutrons.

Oxidation: loss of one or more electrons by a molecule.

Petrochemistry: industry which uses compounds 
obtained from crude oil as primary products.

pH: measure of the acidity of an environment. Ranges 
from 0 (very acidic) to 14 (very alkali).

Phase: homogeneous part of a system. For instance, 
water (liquid phase) and ice (solid phase) are two phases 
of the same pure substance.

Photoionization detector: machine used to detect and 
quantify volatile organic compounds (trichloroethylene, 
benzene…).

Pictogram: universally understood illustration represen-
ting a particular notion.

Plug: device used to seal off an opening or pipe.

Polymer: large molecule composed of a chain of mono-
mers held together by strong bonds.

Proton: positively charged constituent of an atom’s 
nucleus.

Putrescible: that is liable to decay.

Reaction: transformation of matter whereby the consti-
tuent chemical species (atoms, ions or molecules) are 
rearranged to form new substances.

Refining: operation or series of operations whereby 
a mixture of substances is processed, to obtain one or 
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more pure substances or even one or more mixtures with 
specific properties.

Remote sensing: set of techniques used to detect pollu-
tion remotely (e.g. satellite).

Riprap: manmade pile of rocks intended to protect a 
coastal area from wave action.

ROV: Remotely Operated Vehicle.

Sand screener: machine used to sieve the top layer of 
sand, 5 to 20 cm deep, in order to remove pollutants or 
waste.

Scuttle: to deliberately sink a vessel.

Sessile: qualifies a living organism attached to a base 
(e.g. mussel). 

Skimmer: device used to recover liquids floating at the 
water surface. 

Sluice gate: a type of gate designed to regulate the 
inflow or outflow of water. Generally a vertical slide gate.

Solvent: substance able to dissolve and dilute other 
substances without chemically altering them or being 
altered itself.

Sonar: underwater detection and communication equip-
ment like radar, based on the reflection of acoustic waves.

Stowage: arrangement of goods in a ship’s hold. 

Tainting: alteration to the taste and/or odour of seafood. 

Terminal: part of a sea port where goods are loaded onto 

and unloaded from ships.

Transhipment: process of transferring the load of a ship 
onto another ship.

Trawl net: funnel-shaped fishing net towed along the 
seafloor or midwater by a single vessel or pair of vessels.

Water column: volume of water between the surface and 
the bottom in a real or imaginary vertical tube.
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Acetic acid: an essential constituent of vinegar, also used 
in the manufacture of many solvents, certain plastics 
and different pharmaceutical products. It is also used in 
perfumes, photography, printing…

Acrylic acid: used in the manufacture of plastics and 
paints.

Activated carbon: used to remove impurities from liquids.

Aluminum: used to produce soda cans and for food 
packaging. It is also found in the composition of alloys 
used in ironworks, shipbuilding, and the automotive, 
aeronautical and aerospace industries. In the pharma-
ceutical industry, it is used in very small quantities as an 
adjuvant in vaccines to increase their efficiency.

Ammonia: used in the manufacture of explosives, fertili-
zers and synthetic fibres such as nylon. It is also used as 
a fluid in industrial refrigeration systems.

Ammonium nitrate: mainly used to produce fertilizers 
and explosives.

Asbestos: composed of fibrous minerals, it has been used 
since the 1960s to insulate buildings. Due to the severe 
pulmonary defects it generates, its use has been extre-
mely strictly regulated since the late 1970s.

Bauxite: ore from which aluminum is extracted.

Benzene: used to obtain ethylbenzene which in turn is 
used to produce styrene.

Butadiene: used in the manufacture of synthetic rubber, 
nylon, varnishes and paints.

Butane: used as an auxiliary fuel. It can also be used to 
synthesize acetic acid or butadiene.

Butanol: used as a solvent in many products (paints, 
varnishes, resins, cleaning agents, brake fluid) as well as 
in extraction and purification processes in vegetable oils, 
perfumes, antibiotics, vitamins...

Calcium carbide: used in the past to produce acetylene 

which is employed as a fuel for welding.

Carbon dioxide: constitutes the bubbles of carbonated 
fizzy drinks. It is also used in certain types of extin-
guishers. In solid form, it is known as carbon dioxide 
snow.

Caustic soda: used in the composition of soaps, deter-
gents and plastics.

Citric acid: naturally present in lemon, it is used as a food 
additive. It is also used to prevent fungal, bacterial and 
algal growth.

Coal: burnt in thermal power plants and used in the 
manufacture of coke which is employed in the produc-
tion of steel.

Copper: a good electrical conductor, commonly used in 
the production of cables used for electrical and electronic 
power distribution networks. The water pipes in buildings 
and individual houses can also be made of copper.

Cyanide: used as a pesticide but also in the mining 
industry to extract precious metals such as gold or silver.

Dichlorine: used to purify water and bleach paper. It is 

found in the composition of plastics, antiseptics, insecti-
cides, paints, dyes and medicines.

Dichloroethane: mainly used as an intermediary in the 
production of other products such as vinyl chloride. It 
is also found in the composition of gasoline antifreeze, 
paint stripper and varnishes, as well as metal degreasers.

Dihydrogen: used in the production of ammonia, 
methanol, hydrochloric acid and cooking oils. It is also 
employed as a rocket propellant and as a coolant for the 
alternators of nuclear power stations.

Dinitrogen: used in liquid form for freezing at very 
low temperatures (< –150°C) as well as in gas form to 
preserve foods and certain medicines.

Ethanol: used as a fuel, disinfectant and solvent. It is also 

used in the manufacture of perfumes, paints and dyes.

Ethyl acrylate: mainly used in the production of polymers 
for instance for the textile, paper, leather and adhesive 
industries.

Ethylene: used as an anesthetic by inhalation, as well as 
in welding, in the industrial production of ethanol and in 
many organic products.

Ferrous sulphate (or iron sulphate): used as a moss killer 

and to treat wood.

Hydrochloric acid: very commonly used in different 

processes in the chemical industry, in particular to 
produce vinyl chloride, activated carbon, ascorbic acid 
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(vitamin C)...

Hydrogen sulphide: used in the manufacture of certain 
organosulphur compounds such as methylmercaptan 
(odorant added to odourless gases) or thioglycolic 
acid (stabilizing agent in PVC, active ingredient in hair 
removal creams).

Iron: found in the composition of different alloys such as 

steel and cast iron.

Isopropyl alcohol: also known as isopropanol, used as a 
solvent in a wide range of products: varnishes, paints, 
inks, paint strippers, adhesives, insecticides, window 
cleaning products, perfumes, shampoos, nail varnishes, 
deodorants...

Lead concentrate: intermediate product between the ore 

and the metal of the same name.

Lead: mainly used for car batteries. It is also used to 
produce alloys for welding, pigments…

Lime: used to treat waste to make it inert.

Liquefied natural gas (LNG): mainly composed of 
methane. It is mostly used to produce energy. It consti-
tutes one of the fundamental raw materials for the 
chemical and petrochemical industries.

Liquefied petroleum gas (LPG): mainly composed of 
butane and propane. It is used as a fuel for certain vehi-
cles, as well as for heating and cooking.

Magnesium phosphide: used as a pesticide.

Mercury: used in the manufacture of batteries, light 

bulbs, disinfectants and to obtain gold and silver.

Methane: main constituent of natural gas, mostly used 
to produce energy. It also constitutes one of the funda-
mental raw materials for the chemical and petroche-
mical industries.

Methanol: mainly used to produce formalin, commonly 
used in permanent glues, and methyl tert-butyl ether, 
very common additive in unleaded gasoline.

Methylethylketone: mainly used as a solvent in various 
coatings (vinyl, acrylic) but also in paint stripper, lacquers, 
varnishes, glues and printing inks...

Methylmercury: waste derived from mercury and 
generated through different processes in the chemical 
industry.

Molasses: very thick syrup produced by refining sugar. It 
is used in human foods and cattle feeds. It is also used in 
biotechnological industries and to produce ethanol.

Naphtha: key intermediary in the manufacture of 

products from petrochemistry.

Nitric acid: mainly used to produce fertilizers and explo-
sives.

Palm nut oil: very commonly used in the food industry 

(chocolate, margarine) and in soapmaking.

Palm oil: used in the agri-food industry, it is found in 
cereal, margarine, biscuits, mayonnaise, chocolate…

Phenol: mainly used as an intermediary in the synthesis 
of plastics, adhesives, insulation, solvents... It is also used 
in the manufacture of certain cosmetics and medicines.

Phosphate (rock): mainly used to manufacture phos-

phoric acid.

Phosphoric acid: used almost exclusively in the synthesis 
of fertilizers.

Polyester: mainly used to manufacture textile fibres.

Polystyrene: used to make the casing for objects such 
as hair driers, computers and electrical household 
appliances.

Polyvinyl chloride (PVC): found in the composition of 
many objects such as shoes and bank cards. It is also 
used in public health (catheters, blood bags), construc-
tion (window frames, pipes, electric cable ducts) and the 
automotive industry (bumpers, dashboards).

Potash: also known as potassium hydroxide, used in the 
production of fertilizers, soaps, detergents and synthetic 
rubber.

Propane: used as a fuel for heating and cooking.

Propylene: raw material widely used in the chemical 
industry, in particular to produce polypropylene, a 
commonly used plastic.

Silica: principal constituent of glass.

Sodium chlorate: mainly used to bleach papermaking 
pulp.

Sodium lauryl sulphate: used in cosmetics but also in 
scientific research as a detergent.

Sodium peroxide: involved in the synthesis of oxyge-
nated water, but also found in certain air regeneration 
systems.

Styrene: used to synthesize polystyrene.

Sulphur: pale yellow chemical element used to synthe-
size sulphuric acid.
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Sulphuric acid: mainly used in the production of phos-
phate fertilizers and pigments.

Tetrachloroethylene or perchloroethylene: used as a 
solvent, a dry cleaning agent and a degreaser for metal 
parts.

Toluene: used as an intermediary in the manufacture 
of many products (benzene, xylenes, phenol...) and as a 
solvent for paints, varnishes, printing inks and glues.

Tributyltin (TBT): used as an antifungal agent (paper, 
leather, textiles, cooling systems), a disinfectant (hospi-
tals, power stations) and a parasite control agent 
(brewing, masonry).

Trichloroethylene: used to synthesize many organic 
compounds as well as to degrease metals.

Trinitrotoluene: also known as TNT, used as an explosive.

Vinyl acetate: used to synthesize polyvinyl acetate which 
is used in adhesives and quick drying paints.

Vinyl chloride: mainly used to synthesize polyvinyl chlo-
ride (PVC).

Xylenes: used as solvents in the manufacture of paints, 
varnishes, glues and printing inks.
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