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a b s t r a c t
Hazardous and noxious chemicals are increasingly being transported by sea. Current estimates indicate some
2000 hazardous and noxious substances (HNS) are carried regularly by sea with bulk trade of 165 million tonnes
per year worldwide. Over 100 incidents involving HNS have been reported in EU waters. Incidents occurring in a
port or coastal area can have potential and actual public health implications. A methodology has been developed
for prioritisation of HNS, based upon potential public health risks. The work, undertaken for the Atlantic Region
Pollution Response programme (ARCOPOL), aims to provide information for incident planning and preparedness.
HNS were assessed using conventional methodology based upon acute toxicity, behaviour and reactivity.
Tonnage was used as a proxy for likelihood, although other factors such as shipping frequency and local
navigation may also contribute. Analysis of 350 individual HNS identiﬁed the highest priority HNS as being
those that present an inhalation risk. Limitations were identiﬁed around obtaining accurate data on HNS handled
on a local and regional level due to a lack of port records and also political and commercial conﬁdentiality issues.
To account for this the project also developed a software tool capable of combining chemical data from the study
with user deﬁned shipping data to be used by operators to produce area-speciﬁc prioritisations. In conclusion a
risk prioritisation matrix has been developed to assess the acute risks to public health from the transportation of
HNS. Its potential use in emergency planning and preparedness is discussed.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction
Hazardous and noxious substances (HNS) are deﬁned as “Any substance other than oil, which, if introduced into the marine environment
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”(IMO, 2000). This is a very broad deﬁnition and
encompasses chemicals ranging from vegetable oils used in foods and
pharmaceuticals through to highly toxic compounds such as corrosive
gases (chlorine and ammonia), acids and alkalis (sulphuric acid and
sodium hydroxide), and harmful volatile organic compounds (styrene,
benzene), all of which have a range of industrial applications.
Maritime transport of chemicals shipped is rising with an annual
bulk trade of 165 million tonnes world-wide and is expected to grow
to 215 million tonnes by 2015 (Purnell). Approximately 90% of all
European Union external trade is by sea and current estimates suggest
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50,000 hazardous and noxious substances (HNS) carried by sea, and
around 2000 carried on a regular basis (Purnell) (Public Health Wales,
nd) (European Maritime Safety Agency website, nd). The next generation of container ships are also far larger at 12,000 twenty foot equivalent units (TEU), compared to current ships. In 2007, the container ship
MSC Napoli which was holed by storm damage and ran aground off the
coast of Devon, UK carried 2318 containers at 4419 TEU (Purnell).
In terms of HNS transported by sea this will typically comprise tankers
for carriage of bulk chemicals, whilst cargo vessels may carry smaller
quantities of many different HNS as packaged goods. In this latter case
the packaging of the goods will play an important role in deﬁning the
type of response to any incidents (as discussed in later sections).
Given projections of increased shipping of chemicals and an
expanding range of HNS being transported, an increase in the number
of incidents involving HNS may be expected (Purnell). About 100
incidents involving HNS have been reported in EU waters from 1987
to 2007 (CEDRE, 2009), whilst many more minor incidents or
discharges of HNS also occur every year as illustrated by routine
reported data recorded for UK waters (MCGA, 2010). Furthermore,
new controls restricting ship to ship transfer of cargo to licenced

158

P.D. Harold et al. / Environment International 72 (2014) 157–163

harbour or coastal waters, whilst enabling better control of such
activities, could potentially increase risks to public health since many
ports and harbours are near populated areas (The Merchant Shipping,
2010).
The public health impact of maritime incidents involving HNS
is poorly deﬁned. The Cason caught ﬁre and ran aground 100 m off
the Galician coast, Spain, 1987. The cargo of 1100 tonnes of mixed
HNS including xylenes, butanol and phosphoric acid necessitated the
evacuation of 15,000 people from the surrounding area overnight as a
precaution against risk of an airborne exposure to harmful chemicals
(Public Health Wales, nd).
Land based incidents clearly show the impact of HNS on public
health impact. In January 2005 the release of pressurised liquid chlorine
following a rail accident in South Carolina resulted in the death of nine
people. A further 72 were hospitalized in nine hospitals, 525 were
examined as outpatients, and over 5,000 people had to be evacuated
following that incident. (Cevik et al., 2009).
Experience of the health effects from maritime incidents involving
oil, are also relevant here. The Sea Empress spilled 70,000 tonnes of
crude oil along the coast of west Wales in 1996. A retrospective cohort
study of coastal populations identiﬁed exposure to oil to be signiﬁcantly
associated with higher physical and psychological symptoms, such as
headache, sore throat and eyes and anxiety (Lyons et al., 1999). Similar
effects have been reported following the Braer oil spill off the coast of
Shetland in 1993 (Campbell et al., 1993).
Such examples demonstrate that HNS incidents can have a potentially
signiﬁcant impact on public health, similar in scale to a major industrial
incident as illustrated by the requirement for international, national and
local contingency plans such as the UK National Contingency Plan for
Maritime Incidents (National Contingency Plan for Marine Pollution
from Shipping and Offshore Installations).
Risk assessment and prioritisation techniques are now widely used
for transport of hazardous materials and a range of quantitative
approaches of varying complexity exists with several of these models
having been applied to maritime systems (Erkut and Ingolfsson, 2005;
Mullai and Paulsson, 2011). Extensive work has been undertaken
within the Baltic and North Sea areas (Mullai et al., 2009), whilst
ecological models have been reported for the English Channel (CEFAS,
2009). However studies in prioritising risks to public health from HNS
transported within the EU Atlantic Region have not been reported
in the literature.
This paper provides an overview of the approach developed by
Public Health England (formerly the Health Protection Agency) to
prioritise HNS based upon public health impact in the EU Atlantic
Region. The work was undertaken for the Atlantic Region Coastal
Pollution Response project (ARCOPOL) a project framed in the
Atlantic Area Transnational Programme and includes participation
by Spain, Portugal, Ireland, France and the UK. Partners encompass
a wide range of bodies including government agencies, regional
authorities, maritime institutes and several universities. The project
is overseen by members of several national maritime agencies. The
project is focused on the preparedness, response to and mitigation
of accidental marine pollution impacting on the shoreline. This will
enable an integrated and risk-prioritised approach to emergency
planning, providing a scientiﬁc basis for subsequent preparedness
(www.arcopol.eu).
Key objectives of the work described in this paper comprised:
• Production of a robust and simple methodology to prioritise risk from
HNS carried by sea in respect of public health;
• development of a public health risk prioritisation of HNS transported
in the European Atlantic Region;
• development of datasheets for priority HNS identiﬁed for the EU
Atlantic region; and
• development of a usable software tool to enable operators and
planners to undertake local and regional prioritisation assessments.

2. Methods
A risk prioritisation process was developed based upon potential
acute public health risks from HNS and aimed to provide strategic risk
information for public health planning and preparedness. Acute health
impacts were chosen as the key risk driver in order to reﬂect the type
of incident scenario envisaged and because the principal aim of chemical incident planning and response is focussed on immediate acute effects, which can have catastrophic impacts and make signiﬁcant
demands upon emergency services and resources (Public Health
Wales; Cevik et al., 2009). Chronic health effects are clearly an important aspect of planning and preparedness but there are inherent difﬁculties associated with attributing chronic effects such as excess cancers to
speciﬁc events/agents (Mishra et al., 2009). The key receptors were considered to be the local population on shore, the shipping crew and
emergency responders. No ecological receptors were included.
The risk prioritisation process used conventional risk assessment
methodology, which can be described as: (Haimes, 2009)
Risk ¼ Severity x Likelihood
where: Severity is expressed as a function of toxicity and behaviour of the
chemical, whilst the Likelihood is expressed as a function of the (annual)
tonnage.
For the prioritisation work undertaken, the terms of the equation
comprised the following:
ðRelativeÞ Risk
¼ ðChemical Toxicity x BehaviourÞ x ðAnnual Tonnage shippedÞ:

2.1. Calculation of severity
Severity was estimated as a measure of acute human health effects
by determination of the toxicity of the HNS under investigation, together
with the potential to reach a target receptor based on the fate and behaviour as describe by a chemical's physico-chemical properties.
Priority HNS were identiﬁed from the GESAMP/EHS Composite List
(18 Group of Experts on Scientiﬁc Aspects of Marine Environmental
Protection (GESAMP) Working Group on the Environmental Hazards
of Substances Carried by Ships (EHS) (GESAMP List &, 2010), nd).
GESAMP is an advisory body consisting of expert scientists for assessment
of marine pollutants. Following the International Convention for the
Prevention of Pollution from Ships, 1973 (MARPOL), GESAMP has
been evaluating relevant chemicals in respect of marine pollution. To
date around 2500 chemicals and formulations have been assessed in
terms of risks to human health and the marine environment (Group
of Experts on Scientiﬁc Aspects of Marine Environmental Protection
(GESAMP) Working Group on the Environmental Hazards of
Substances Carried by Ships (EHS) (GESAMP List &, 2010)).
Toxicity hazards were allotted scores ranging from 2 to 4 based upon
their GESAMP rating, with scores applied for inhalational toxicity as
well as dermal and ocular irritation and corrosion (Group of Experts
on Scientiﬁc Aspects of Marine Environmental Protection (GESAMP)
Working Group on the Environmental Hazards of Substances Carried
by Ships (EHS) (GESAMP List &, 2010)). Chemical behaviour was
based upon physico-chemical properties as described by the
European Behaviour Classiﬁcation System for accidentally spilled
chemicals (CEDRE, 2004). Scores were allotted based upon potential
for exposure via inhalation/airborne pathways and to a lesser extent
their potential for dermal contact (Table 1). Inhalational exposure
was considered to pose the main route for widespread public
exposure. The reactivity of chemicals with water and air was also
considered. Severity was subsequently calculated as the product of the
scores for toxicity and behaviour to maximise differences between
chemicals (CEFAS, 2009).
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Table 1
Behaviour scores for HNS (CEDRE, 2004), based upon Standard European Behaviour
Classiﬁcation System for Accidentally Spilled Chemicals (SEBC, 1991; (National Contingency
Plan for Marine Pollution from Shipping and Offshore Installations)).
Category

Score

Vapour pressure (k Pa)a

Solubility
(mg/l)a

Density
(kg/l)a

Gas
Gas-dissolver
Evaporator
Evaporato–ﬂoater
Evap–dissolver–ﬂoater
Evap–dissolver
Floater
Floater–dissolver
Dissolver
Sinker

10
9
8
7
6
5
4
3
2
1

N101.3
N101.3
N3
N0.3
N0.3
N3
b0.3
b0.3
b10
b0.3

b100,000
N100,000
b10,000
b1000
1000–50,000
10,000–50,000
b1000
b1000
N50,000
b1000

na
na
b1.025
b1.025
b1.025
b1.025
b1.025
b1.025
na
N1.025

a

Results at 20 °C.

2.2. Calculation of likelihood

Table 3
Top 20 priority HNS for EU Atlantic Region based upon acute public health impact.
Chemical name
Chlorine
Ethylene oxide
Methylamine solution
Ammonia
2–(2–aminoethoxy) ethanol
Vinyl chloride
2–amino–2–methyl–1–propanol
3–methyl pyridine
Formaldehyde
Dimethylamine
Hydrofluoric acid
Methylamine
Trimethylamine
Ethylene glycol acrylate
Aluminium chloride
Zinc bromide
Zinc chloride
Aniline
Carbon disulphide
Key

Likelihood was deﬁned as the probability of occurrence of a spill
within European Atlantic waters and was scored to reﬂect the amounts
of HNS transported by sea as reported elsewhere (CEDRE, 2004; CEFAS,
2009) (Table 2). In our methodology tonnage transported was used as a
proxy measure of likelihood of an incident, based on the assumption
that larger tonnages reﬂect greater numbers of shipping, increasing
the potential for mishaps either during the voyage or handling in port.
Information was obtained via a hierarchy of sources namely; UK trade
data (UK Ofﬁce of National Statistics), EU shipping data for Atlantic
and English Channel routes (HASREP, 2005) and EU statistics (http://
www.esds.ac.uk/international/support/user_guides/eurostat/
cronos.asp). A default score of 1 was applied where no data were
available.
The ﬁnal risk assessment was calculated as the product of the severity
and corresponding likelihood scores. This in turn formed the basis for
subsequent risk prioritisation with the highest scoring HNS representing
the highest priority (Table 3). A worked example is shown in Box 1.
In addition to the methodology described above, which was used to
undertake an assessment of transport within the EU Atlantic Region,
further work was undertaken to reﬁne the tool for use at local and regional levels within the EU. Similar risk assessments have included
shipping frequency (CEDRE, 2004; CEFAS, 2009) and this was included
as a function of likelihood leading to a revised risk prioritisation equation
as below;
ðRelativeÞ Risk
¼ ðToxicity x BehaviourÞ x ðAnnual Tonnage x Frequency shippedÞ:
The assessment methodology described above has been incorporated
into a Microsoft access database which prioritises selected HNS based
upon their preloaded chemical toxicity and behaviour data combined
with user deﬁned shipping data, namely annual tonnage and frequency.
A total of 350 HNS has been assessed within the initial phase of the
study. The software generates a risk based priority list of the HNS handled
by that port or region, which can be saved, updated and revised as

Table 2
Likelihood scores (based upon tonnage shipped) (CEDRE, 2004; National Contingency
Plan for Marine Pollution from Shipping and Offshore Installations).
Annual tonnage (or cubic metres for gases)

Score

N1,000,000
100,000–1,000,000
10,000–100,000
1000–10,000
b1000 or no data

5
4
3
2
1
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= Gaseous HNS

Toxicity
score
7
7
7
5
7
4
7
6
7
6
6
4
6
9
7
7
7
5
10

Behaviour
score
10
10
9
9
8
10
7
7
9
9
9
9
9
3
5
5
5
5
5

Tonnage
score
4
4
3
4
3
4
3
3
2
2
2
3
2
4
3
3
3
4
2

Final risk
score
280
280
189
180
168
160
147
126
126
108
108
108
108
108
105
105
105
100
100

= Solid or liquid HNS

information develops over time (Figs. 1 and 2). Furthermore the system
enables users to add additional HNS to the database by inputting basic
chemical toxicity and behaviour data as prompted by the software.

3. Results
A total of 350 HNS have been assessed using this risk prioritisation
matrix and a top 20 priority chemical list has been established for the
EU Atlantic Region (Table 3). Many of the highest priority chemicals are
those that are volatile or gaseous, reﬂecting their potential to result in
wide dispersion in the environment and result widespread public health
exposure. Several HNS also fell within the top 20 priority chemicals based
upon their reaction products. For example several metal halides react
with water to produce acids, increasing their subsequent severity rating
as a result of increased toxicity and exposure risk from the daughter
products.
The majority of the top 20 HNS for the EU Atlantic Region were also
found to relate to chemicals transported in relatively large amounts (i.e.
scoring 3 or 4 on the tonnage score). However, none of the highest
scoring HNS for tonnage made the top 20, but were in the top 100.
This was because such HNS typically scored lower for severity, for
example methanol scores high for tonnage but only has moderate
toxicity and dissolves in water which further reduces the potential for
widespread public exposure (see Box 1). This illustrates that in terms
of public health it is severity as a function of toxicity and the potential
for exposure that are more important than tonnage.

Box 1
An example of risk prioritisation calculation for HNS.
Name: Methanol
Toxicity Score = 4… Source GESAMP
(Sum of Inhalation = severe = 4 + Skin corrosion = low = 0
+ Eye irritation = low = 0)
Behaviour Score = Dissolver = 5…… Source SEBC
Severity Score = Toxicity × Behaviour = 20
Likelihood Score = Tonnage Shipped = N1,000,000 = 5 ……..
UK Trade Statistics
Risk Score = Severity × Likelihood = 20 × 5 = 100
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Fig 1. HNS Prioritisation Software.

Fig 2. Illustration of Prioritisation Report.
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Fig 3. Distribution of Prioritised HNS based upon Behaviour Class.

When one looks beyond the top 20, the results of the risk
prioritisation encompasses a broader range of chemical categories as illustrated for the top 100 HNS in Fig. 3. This reﬂects the importance of
other factors such as toxicity and quantities handled as well as behaviour in the overall prioritisation process and illustrates that score
weighting of these parameters does not appear to over emphasise
any one particular aspect of the risk equation.
The top 20 priority HNS have been compared with international
data on maritime accidents. Comparison with global maritime accident
databases such as that maintained by CEDRE (CEDRE Spill Database),
suggest that whilst several of the top 20 HNS prioritised during this
study such as ammonia, vinyl chloride, and aniline have been involved
in spills, there was no clear relationship between the highest priority
HNS derived for the EU Atlantic and recorded global accidents. This is
not surprising as many of the HNS reported to be involved in accidents
have not, to date, presented an acute risk to public health e.g. spillages of
vegetable oils. However, data on the number and type of HNS involved
in incidents and near misses is limited and does not lend itself to more
detailed statistical analysis.
This prioritisation process has highlighted some difﬁculties in
obtaining accurate HNS shipping data. The matrix is dependent on
accurate, timely data and potential uncertainties exist from solely
applying tonnage from national trade statistics as a proxy measure
of likelihood. Other parameters such as frequency of shipping, distance
transported and local aspects may also be inﬂuential (CEDRE, 2004;
CEFAS, 2009).
A number of other approaches have been developed to assess risks
from maritime and land based transportation of hazardous chemicals.
These generally involve quantitative assessment using detailed algorithms and statistical analysis to calculate absolute risk (Erkut and
Ingolfsson, 2005; Mullai and Paulsson, 2011) and when applied to
maritime shipping require collation of detailed information and rely
on operators to release information on HNS handled at ports, much of
which is often withheld due to commercial conﬁdentiality as well as
concerns regarding public perceptions (Mullai et al., 2009; CEFAS,
2009). This has been the case in studies undertaken within the Baltic
and Bonn Agreement Regions, where complex data sets for maritime
trafﬁc obtained from AIS (Automated Identiﬁcation System) data for
shipping and detailed cargo inventories were used to undertake quantitative assessment of the highest risk locations within these seas for various
accident types including grounding, malfunction, and collision with other

vessels or offshore installations. However, the use of such complex
datasets can introduce considerable challenges in terms of collecting,
maintaining and updating accurate and timely datasets. In contrast, the
system has been developed to provide a rapid means of prioritising
HNS on a qualitative or semi quantitative basis in order that resources
can be quickly focussed on those HNS indicated to pose the highest
relative risk in comparison to the other HNS assessed. Furthermore, the
database has been designed to allow prioritisation on a port, region or
wider operational basis where operators could add their own shipping
data without the need for revealing sensitive information. It is anticipated
that this tool will allow regional, national and international planners to
prioritise HNS applicable to their areas enabling resources and procedures
to be focussed on those most likely to pose risks. Using this information
planners and responders can then train and test emergency procedures
with exercises and maintain resilience and preparedness.
Currently the risk prioritisation matrix is principally aimed at the
transportation of bulk chemicals, but feedback from ports and operators
piloting the matrix suggest potential use for risk assessing packaged
goods using the same annual tonnage and frequency data, although
the matrix would have to assume that the packages become compromised and have released the HNS. Furthermore it is felt that if such an
approach was used for packaged goods then an additional step in the
assessment would be beneﬁcial in order to estimate the typical quantity
of the particular packaged HNS per shipment in order to establish
whether loss during a single incident would result in a realistic risk to
wider public health. Packaged goods may be carried very frequently
but in relatively small amounts and whilst the annual tonnage may be
high, the individual cargos may be small and unlikely to result in a
widespread issue should an incident occur. However even with a small
incident on board a vessel the crew and responders could be in danger
whilst on the stricken vessel and an exclusion zone may be needed to
avoid risks for passing vessels.
4. Main ﬁndings of the study
The study has developed a method for rapid prioritisation of the
acute public health risks from the transportation of HNS. The process
can provide useful information for port operators, emergency planners
and maritime agencies when developing strategic plans and contingency
measures, such as response resources and training programmes. This can
also help in identifying options where rapid proactive sheltering and
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Fig 4. Illustration of HNS Datasheet.
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evacuation advice may be necessary following an incident. It therefore
forms a basis for multi-agency/multi-disciplinary planning at regional,
national and international levels and one that can supplement existing
response materials such as the WHO Guidance for response to chemical
incidents (WHO, 1999) as well as the Protocol on Preparedness, Response
and Co-operation to pollution Incidents by Hazardous and Noxious
Substances, 2000 (OPRC) HNS Protocol (IMO, 2000).
The matrix has undertaken a prioritisation of HNS carried in the EU
Atlantic region and the results of this have been further used to inform
current risk assessment works being undertaken for the Bonn Agreement area. The ﬁnal BeAware conference, held in December 2013,
outlined how the project had prioritised HNS transported within the
North Sea area by obtaining cargo and shipping data from major ports,
where available and validated this against other prioritisations, including that undertaken as part of the ARCOPOL project.
The project has identiﬁed a number of areas requiring further work
and reﬁnement. The suitability of weightings used in scoring system can
be challenged, although review of assessment data in respect of the
chemical groups prioritised suggests that weightings were not biassed.
The availability and accessibility of timely and accurate shipping data
can be major limitation. This limitation has, in part, been addressed by
developing a ﬂexible system allowing operators to utilise accurate
shipping data from their own ports and regions to aid risk prioritisation.
The study identiﬁed certain limitations within the methodology including the difﬁculty in obtaining shipping data, the need for proxies and the
scaling of risk parameters. Whilst these have been on the whole
addressed by development of a usable prioritisation tool, it must be
acknowledged that the process remains a semi-quantitative one. Such
limitations are not unique to this study and from anecdotal evidence,
have been encountered even within highly detailed assessments (http://
beaware.bonnagreement.org/http://www.brisk.helcom.ﬁ/publications/
en_GB/publications/).
The aim of this matrix is to enable selection of HNS for further detailed
assessment. This could involve development of supporting datasheets on
priority HNS to aid planning, preparedness and response to incidents. The
existing tool developed for the ARCOPOL project includes a number of
HNS datasheets for the highest ranking HNS, comprising a summary
page for reference in emergency situations together with supporting
technical details for use in planning and training (Fig. 4).
The tool also provides a template and instructions for creating sheets
for other priority HNS, identiﬁed during region speciﬁc assessments.
Using this information planners and responders can then train and
test emergency procedures with exercises and maintain resilience and
preparedness as well as being able to routinely audit and update assessments to reﬂect current activities.
To date (and as part of the continued works on ARCOPOL) the tool
has undergone limited pilot testing in actual operational ports. Feedback has overall been positive in terms of its usability and outputs,
whilst some improvements have been identiﬁed. When trialled in
Spain, it was possible to provide an initial prioritisation of HNS handled
at the port taking part, identifying several chemical groups as the
highest priority and appropriate datasheets were prepared based
upon these ﬁndings. Feedback identiﬁed 2 key areas for future works,
namely; a requirement for training of operators in the application of
the tool, and the need to include further entries in the chemical database
in order for searches to be more successful.
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Finally and in addition to the amendments incorporated into the tool
following its initial trial, further works are to be undertaken to include
development of a mobile web based version and development of a
training package for users.
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